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Crossing the Borders:

The

MDQRC Field Trip

1991.

Robert E. Reynolds, Division of Earth Sciences, and ]ennifer Reynolds, Mojave Desert
Quaternary Research Center, San Bernardino County Museum, Redlands CA 92374

INTRODUCTION
This two-day trip explores the far eastern Mojave Desert, western Nevada, and southern Death
Valley. We cross the political borders of California and Nevada, and we cross geologic borders
between the Mojave Desert Province and the Basin and Range Province. We alio "cioss" the
boundary between the Mesozoic, the Tertiary, and the Quaternary as we examine landforms,
sediments, and processes that created the landscapes and environments we see today.
The first day starts east of Baker at Halloran Spring. It is important that all vehicles fill up with
gasoline and check fluid levels at Baker, the last reliable stop for vehicle services for 150 miles. The
two-day trip will not require four-wheel drive, but vehicles with high clearance are recorrunended.
From Baker, proceed east toward Las Vegas on Interstate 15 for 13 miles to the Halloran Spring exit.
Exit and go north about 1/4 mile to the 9:00 am meeting place on the west side of the road-, atihe
only large tree in the area.

Day

L

MILEAGE LOG
MILEAGE INTERVAL

DESCRIPTION

MEET at STOP 1, the Halloran Spring Athol Tree. Move a/z mile north to
discuss the late Tertiary sedimentary section and the sense of timing of
structural events in the area. The dated sequence of events spans the past 20
million years, from the late Tertiary through the Pleistocene (see Reynolds,
this volume). At Halloran Spring, the red, steeply east-dipping Miocene
fluviatile section contains clasts of Teutonia QuNtz Monzonite, pyroxene
andesite, and gravity slide blocks. Rocks from sources near Mountain Pass
were shed into the basin later. We are in the Mojave Desert Province; we
will cross into the Basin and Range Province between here and Stateline (see
Meek, this volume).
RETURN TO VEHICLES, proceed to freeway onramp. Turner (1991)
provides a discussion and catalog of the petrolyphs found in this area.
0.0

0.0

Go south over freeway, take onramp on the south side, and proceed easterly
on Interstate 15.

1,.2

1.2

on the north side of the freeway, red scoria is visible above the lower basalt
flow dated at 5.1210.16 Ma. The upper flow has a date of 4.24+0.17 Ma
(Turrin and others, 1985).
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Fig.

1. Easfd@ing a*osic

sedimmts

nur Halloran Spring; up-xction (tward the hill), vilimolts ontain buWers tnd graoity

slide

bbcks.

1,.7

0.4

Basalts on left (north) overlie coarse arkose which dips NE at 10" and sit

9.2

1.5

The Telegraph gold mine, to the south, was located in 1930 and most
productive from 1932 to 1938. It contains three inclined shafts, and several
hundred feet of workings. Ore, treated at a flotation plant on the property,
yielded $300 to $400 per ton (Wright and others, 1952).

4.5

1.3

At 10:00, tremolite was explored for talc deposits in the Proterozoic Crystal

unconformably on Teutonia Quartz Monzonite. Assuming dip is primary and
noting imbrication, the arkose may have been derived from the south. The
erosional surface beneath the lava flow was cut by drainage westward into
Soda Basin prior to 5.1 Ma (Turrin and others, 1985).

Spring Formation.
The road cut upcoming in one mile exposes a middle Late Miocene
sedimentary section which includes, from the west, a dark purple Pyroxene
andesite (12.8 Ma, Wilshire, this volume), green and brown silts, and latest
Miocene arkosic sediments.

5.9

-1,.4

6.3

0.4

TURN south and go 1./10 mile and through gate at the end of the Pavement,
facing the Cima Volcanic Field. TURN EAST (left) after passing through the
gate. Close the gate behind the last vehicle. Take the east (left) branch of
the dirt road.

6.9

0.5

Continue eastward as the road branches.

Page 6

EXIT FREEWAY at Halloran Summit, go to stop sign at top of offramp.

SBCMA Spa. Publ. MDQRC 91

7.4

0.5

View north of Kingston Peak. In the near foreground, at L0:00, basalts with
megacrysts have been stepped down to the east by faulting within the last 3
million years. Dated basalts are visible to the northwest, at 8:00. The cone in
the distance at 9:00 contains a rare occurrence of the mineral, faujasite (see
Wise, this volume).

8.7

1.3

STOP 2: HUCKLEBERRY RIDGE ASH. Inspect exposures of the 2.02Ma
Huckleberry Ridge Ash (Reynolds and ]efferson, this volume) and the tufa
0.1 mile to the east. This section of silts, ash and tufa and elevation 3920' is
similar to the section at Valley Wells, 5 miles east and at 3720' elevation.
This indicates more than 200' of offset since tufa deposition tirca 0.3 Ma.

The structure of the Mescal Range, to the east, is discussed by Nance (1988).
Sedimentary and volcanic rocks of unknown age were folded and
metamorphosed during a collisional event correlated with the Hudsonian
Orogeny, -1550 Ma, and an episode of continental rfiting is marked by
intrusion of alkalic and carbonatitic rocks in the area at -1400 Ma. Mesozoic
age thrust faults, intrusive and extrusive igneous rocks, and sedimentary
rocks containing clasts eroded from older formations reflect regional
compression accompanied by thrusting and regional uplift. Major normal
faults (previously thought be be Mesozoic in age) are now interpreted as
Tertiary faults resulting from extension, probably between 17 and 11 Ma.
Tertiary extension is represented by intrusion of dikes at deeper levels as well
as the formation of three-dimensional, curving, listric normal faults.
The view north-northwest is toward Kingston Peak (see Calzia, this volume;
McMackin, 1988; and McMackin and Prave, this volume) for a discussion of
the Kingston detachment).

8.8

0.1

Turn around at intersection and RETRACE route to gate.

11.1

2.3

Gate. Do your part to keep cattle off the freeway; last vehicle closes the gate.
Enter freeway east, proceed easterly toward Cima Road.

12.2

1.1

View of Kingston Peak (9:00), Charleston Peak, Spring Mountains, Clark
Mountain (11:00), Mohawk Ridge, Mescal Range, Ivanpah Range, New York
Mountains, and Cima Dome (2:00)(Dohrenwend, this volume).

12.8

0.6

Mid-distance on the north side of the freeway (left), observe Quaternary
lacustrine sediments which contain Hucklebery Ridge Ash (Reynolds and
|efferson, this volume) seen at last stop. We are 200' above the same tufa we
will see at Valley Wells.

'14.7

1,.9

Approaching the rest stop, late Tertiary debris flow sheets of Paleozoic
limestone breccia and fanglomerate at 10:00 sit on fine-grained Tertiary
lacustrine sediments; Tertiary lacustrine sediments overlie weathered
Cretaceous quartz monzonite. Cretaceous QM is seen at the west end of the
low hills % mile north of the freeway, at 10:00. This east-tilted section is
within the upper plate of the Shadow Valley detachment fault (Reynolds, in
press and this volume).

'16.9

2.2

Valley Wells rest stop. Continue on freeway to Cima Road exit.
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18.5

1,.6

EXIT FREEWAY at the Cima Road offramp, where gas and souvenirs are
available. Go north, over freeway, Sl'10 mile to a gas line road runnint east

(right) toward Mohawk Ridge.
18.8

0.3

Stop sign

79.2

0.4

Leave pavement

19.4

0.2

STOP

3: VALLEY WELLS SEDIMENTS. Turn right and park along the gas
line road. Inspect Quaternary lacustrine sediments and the Valley Wells
stratigraphic section (Reynolds, 1988; Reynolds and |efferson, this volume).
From lowest and oldest, the section consists of green lacustrine silts, black
peat, pink fluvial silts and conglomerate, green silts, resistant white tufa, and
pink playal silts. We are near the trace of the north-south structural axis
which folds and faults a portion of the section older than about 400 ka. On
the west side of the axis, a younger lacustrine section has been deposited
above the deformed tufa. The depositional sequence spans 2 million years.
RETRACE route to freeway onramp on the south side of Interstate 15. To
take a side trip through the Cima volcanic fields, see Dohrenwend, herein'

19.9

0.5

ENTER FREEWAY and go easterly toward Las Vegas.

23.0

3.1

To the left (northeast) at 11:00, the red-brown dumps of the Mohawk Mine
are visible on the flanks of Mohawk Ridge. The lead-silver-zinc mine was
discovered and worked during World War I and again from 1942 through the

Fig.

2.

Vallcy Welb Basin: mid-Plcistocene (oreground) &

frngbmerates, lmdslide breccias, B blocks;

Page 8

quru Mt.

Late Plcistocene

@idground) xdimmts are doumt'aulted against Tertiary

dist@lt.
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Fig.

3.

fonbs of syeaite $oreground); Mt. Pass Rare Earth mine (mrter); CLa* Mt. dominates the *yline.

1950s (Wright and others, 1953) The Mohawk has yielded more than 45

distinct mineral species (Wise, 1990). The A&M Mercury Mine is at 10:00; the
Copper World Mine on Clark Mountain is at 10:30, just above Mohawk
Ridge. The Copper World was mined for copper, lead, and silver between
1899 and 1920; it is known today for azuirte, malachite, and chrysocolla of
jewelry and lapidary quality.
24.0

1.0

View at 2:00 toward Antelope Cave (see Reynolds and others, this volume).

25.4

1.4

View at 2:00 toward Mescal Cave, SBCM 01.010.012, a limestone solution
cavity that has yielded a Pleistocene fauna of reptiles, birds, and mammals,
including extralocal species suck as plka (Ochotona) and chipmunk (Eutamias)
(Brattstrom, 1958).

28.3

2.9

The Molycorps Mountain Pass rare earth mine is on the left. To the south,
the Mesquite thrust (Nance, 1988) places Paleozoic limestone on furassic
sediments.

28.8

0.5

EXIT FREEWAY at Bailey Road offramp.

29.1

0.3

Stop sign at intersection. Turn south and then east on frontage road.
The Mollusk (Mescal) mine, to the south, produced silver, antimony and,
when the price of silver plummeted in the 1890s, counterfeit coinage (see
Bennett, this volume). Paleozoic limestone is thrust over the |urassiclTriassic
section.

SBCMA Spec. Publ. MDQRC 91
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29.7

0.5

STOP 4. TERTIARY CRAVELS are exposed in the fourth road cut east on
Frontage Road (see Castor, this volume).

30.0

0.3

s. MOLINTAIN PASS HISTORY AND MINERALOGY. Park in
turnout to right just past pavement end. Outcrop to the right contains
maroon syenite and garnet augen gneiss, two of the rock types in late
Tertiary fanglomerate deposits in Shadow Valley Basin. See Ririe and Nason,
this volume. CONTINUE south.

30.4

0.4

Road bends eastward (left) at corral.

30.6

0.2

STOP

STOP

5. Turn south and stop at Syenite outcrop. Morton, this

volume,

discusses the emplacement of the syenite body and shonkinite dikes.
30.8

0.2

Continue along road en route to Kokoweek Peak.

31.2

0.4

Exposures of garnet gneiss occur until we cross the trace of the Clark
Mountain Fault, a northwest-trending normal fault with east-side-up aspect,
of probable Tertiary age (Nance, 1988).

32.5

1.3

Bear right across the trace of the Clark Mountain Fault (Nance, herein) at

road junction, continue on the west road north of the sign toward \A/hite
Eagle Camp. Note the maroon Chinle Formation in the fault slice in the
road, and anticlinally overturned Aztec Sandstone to the northwest.
Kokoweef Peak is visible to the left at 10:00 (Reynolds, 1989).

Fig.

4. Vial N from road to White Eagb's

Page 10

Cnnp to Mescal Ranga MomaoelKrymta e4uitsalent, Aztec Sandstone, DelPnt whanics.
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TRIASSIC-JURASSIC SECIION. Dirt track turns off to the
northwest (tighg. Park and hike along road to reach the Triassic-]urassic
section whicliincludes gray to yellow lower Triassic Moenkopi Formation,
maroon Triassic Chinle Formation and shale, brick red lower Triassic
sandstone, and alternating white and red Aztec
Moenave-Kayenta equivalent
^by
dark green, purple, and black Delfont Volcanics' This
Sandstone, overlain
stratigraphic section ij unique to Califoinia, and differs from the type section
(see Marzolf, 1988). The only dinosaur tracks known in California occur in
the Aztec Sandstone to the west (see Reynolds, 1989)'

STOP

Fig,

5.

rukoweef Peok. Erum

7.

left: crystal colv, Kokowe4 Cnn, Carbnate King mine, Quim sabe caoe.

To the south, crystal Cave, Quien sabe cave, and Kokoweef Cave, to the
east, contain diverse late Pleistocene faunas that indicate floral and climatic
change (see whistler, this volume; Reynolds and others, this volume; Force,
this volume)
RETRACE route to Bailey Road on ramP.
37.4

4.1

ENTER FREEWAY and continue east toward Las Vegas on I-15'

41.0

3.6

McCulloh Range is at 11.:00; Crescent Peak at 12:30; and the Castle Peaks at
1:30. The Lucy Gray Range is west of the McCulloh Range'

42.3

1.3

Nipton Road; continue on freewaY.

43.0

0.7

View of Ivanpah Lake, with Roach Lake in distance. Ivanpah Lake has no
recognized shoreline features and was probably always an ephemeral lake

SBCMA Spu. Publ.
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(Carlisle and others, 1980; Swanson and others, 1980). In addition to fossil
rodents, hackberry seeds were recovered from subsurface deposits in the lake
sediments, suggesting climatic change (Reynolds, 1986).
47.0

4.0

The BIa& Hills are at 10:00.

52.9

9.7

Offramp to Stateline, Nevada. Gasoline is available here. Continue on
Interstate 15. A Mississippian fauna near Stateline Pass, to the west, has
produced 29 ta><a from the Yellow Pine Member of the Mississippian age
Monte Cristo Limestone (see Moore, this volume).
We are intersecting a traction road built by Frances M. 'Borax' Smith as a
short-term solution to transporting borax ore from Death Valley to the
railhead at Ivanpah. After closing the Harmony Borax Works in Death
Valley, Pacific Coast Borax had operated mines at Borate in the Calico
Mountains since'1890; as the ore in the Calicos began to be exhausted, Smith
began planning to open his earlier-claimed borate deposits at the Lila C mine
in Death Valley. Transportation was a major problem. Initial attempts to
capitalize a railroad between the California Eastern (later Santa Fe) at Manvel
or Ivanpah were unsuccessful. In 1903 Smith started construction of a
traction (hard surface) road between the Lila C and Ivanpah which would be
used by a 'Gibbs engine' (a tractor driven by a gasoline engine that
generated electric power to motors geared to the rear wheels of the borax
wagons). The $100,000 traction road was built before the Gibbs engine was
tested-and the tractor proved impractical. Smith therefore rebuilt Old
Dinah, a huge Best steam tractor that had failed in the Calico Mountains to
negotiate steep grades and sand. Dinah was shipped by rail to lvanpah,
empty borax wagons were attached, and she headed up the new traction
road. At Stateline, Dinah blew out a boiler flue, spelling the end of the
traction road project (Hildebrand, 1982). |ust as at Borate, the failure of
technology led to the brief revitalization of 20-mule teams.

56.0

3.9

Devil Peak is at 10:00. Red-brown butte below limestone contains eastdipping Tertiary rhyolite and obsidian.

57.3

1.3

Las Vegas Visitors' Center rest stop. The Devil Peak sloth and associated
fauna were recovered near here (Reynolds and others, this volume).

63.0

5.7

Potosi Peak (elevation 8512') is at 10:00, to the northwest. Wood rat middens
have produced a Late Pleistocene fauna and flora (see Mead, this volume).
The type section of the Aztec Sandstone (Hewett, 1931) can be seen at the
base of Potosi Peak. To the southwest of Goodwprings, Table Mountain
consists of Tertiary volcanics on Paleozoic limestone.

65.6

2.6

fean. The San Pedro-Los Angeles-Salt Lake Railroad (SPLA&SL) was built
from Daggett in 19034 and reached ]ean in the spring of 1905 (Norris and
Carrico, 1978). Its completion led to the establishment of |ean as a shipping
point, and ore production in the Goodsprings District (by the Yellow Pine
Mining Company, in particular) quadrupled. When, in fune 791'1,, a narrowgauge was constructed from fean to Goodsprings, production quadrupled
again (Paher, 1973). The SPLA&SL became a part of the Union Pacific
system in'1921(Myrick, 1962). William Andrews Clark, a millionaire copper
magnate, the United States Senator from Montana, and the dwner of the
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SPLA&SL RR, played direct and indirect roles in the construction of other
railroads and traction roads we will encounter during this trip.
The Bird Spring Range to the north is the type section for the
Mississippian/Pennsylvanian Bird Spring Formation.
76.5

10.9

Tertiary volcanics are along the railroad at 9:00. At 1:00, a cut exposes black
thin bedded scoria with ripple marks.

78.0

1.5

Sloan. The Sloan Limestone and Dolomite Quarry has been mined actively
since 1910. ln 19"12 Sloan supplied lime to operate the cyanide plants at
Goldfield and Tonopah. Since 1928, dolomite has been the primary product,
with principal markets in southern California for the sugar beet, oil, and iron
industries. Most of the dolomite has been removed from the Dawn member
of the Monte Cristo Limestone (Longwell and others, 1965).

87.4

8.4

EXIT freeway at Highway 160 (Exit 33).

87.9

0.5

At stop sign, turn left onto Highway 160. Proceed westward toward BIue
Diamond/Red Rmk Recreation area.

92.1

4.3

Cross Rainbow Boulevard.

93.0

0.9

Cross abandoned Union Pacific railroad grade to Blue Diamond.

97.0

4.0

Between 3:00 and 12:00 you can see the transition from the Permian Kaibab
Limestone to the lower Triassic Moenkopi Formation to the Triassic Chinle
Formation (see Marzolf and Dunne, 1983). Below the high ridge at 1:00, a
fault repeats the section. Since 1925, the mines at BIue Diamond have
produced typsum from the upper member of the Kaibab Limestone. The
Blue Diamond company operated a quarry, a plaster mill, and a gypsum lath
and wallboard plant (Longwell and others, 1965). Underground gypsum
mines about 4 miles east were first worked in 1909 (Papke and Schilling,
197s).

99.2

2.2

TURN RICHT (north) at Highway 159, toward Red Rock and Blue Diamond"
Potosi Mountain (Mead, this volume) is to the southwest.
The Spanish Trail, about one mile west of this intersection on Highway 160 is
discussed by Rolf, this volume. The trail was pioneered by Antonio Armijo
in 1829-30 as a commercial trade route from New Mexico to California. The
route is traditionally recognized as via Pahrump Valley to Resting Spring, Salt
Spring, Bitter Spring, and then to the Barstow area and along the Mojave
River to Cajon Pass and San Gabriel (Norris and Carrico,1978). Casebier
("1975) and Von Till Warren and Roske (1981) suggest that the route was more
southerly, utilizing Mesquite Valley to Kingston Spring, or even as far south
as Piute Valley (= the Old Government Road). As the trail was used by
traders, emigrants, and trappers, other alternatives came into use north of
Armijo's route, between Death Valley and Shadow Mountain ( = the Salt
Lake-Los Angeles Wagon Road). Americans began using the trail in 1841,
but the outbreak of the Mexican War slowed traffic and by 1848 it was
effectively abandoned (Casebier, 7975).
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101.0

1.8

Road loops north toward fames Hardie gypsum plant at Blue Diamond. The
Spanish Trail ran from Las Vegas, through the Cottonwood Narrows, then
southwest to Potosi Pass. The road passes through steep cliffs of Kaibab
Limestone.

102.3

1.3

Cottonwood Spring and the Blue Diamond community is on the left.

l0

.4

2."1

Bonnie Spring/Old Nevada

105.2

0.8

Spring Mountain Ranch turnout.

105.4

1.2

Turnout at Oak Creek. View west of Shinarump Conglomerate at base of
Triassic-furassic section: the maroon Triassic Chinle, the brick-red
Moenave/Kayenta equivalent, and the white, early furassic Aztec Sandstone.
View north to Paleozoic limestone overlying the ]urassic section.

108.s

2.1

Turn left into Red Rock overlook and park.
STOP 8. SEVIER TRUST BELT. Park at turnout on left.
Exposed in the Red Rock area of the Spring Mountains are two major thrust
faults of the Mesozoic Sevier thrust belt, the Red Spring and the Keystone
thrusts. The Red Spring thrust is older, having moved in Late |urassic or
Early Cretaceous time, and is the structurally lower of the two. It placed
Cambrian strata over |urassic to Cretaceous strata, including its own erosional
debris. High-angle faults then cut across the Red Springs thrust, tilting
portions of it. In Late Cretaceous time, the Keystone thrust moved, placing a
thick thrust plate over the Red Spring thrust plate. The high-angle faults
reactivated and cut up through the Keystone thrust plate. Following the
latest movement on the high-angle faults, extensive landslide breccias were
deposited (Fryxell, this volume).

108.6

0.1

ENTER Highway east, passing down-section through the lower Triassic
Moenkopi and Permian Kaibab formations.

110.2

1.6

Bureau of Land Management visitors' center and scenic drive to left.

111.8

"1.6

Calico Basin/Red Spring to left.

118.0

5.2

You are now heading easterly on Charleston Blvd.
Las Vegas was founded as a freight and passenger depot for the SPLA&SL
railroad in 1905, but Las Vegas Springs had been a camp site along the
Spanish Trail since 1830; Fr6mont stopped at the springs on his second
expedition of '18M. A way station along the mail route between Utah and
San Bernardino was established here in 1851, and in 1853 Mormons built a
mission with a post office (named Bringhurst, after the Mormon leader),
crops, ditches, corrals, outbuildings, and a fort. The complex was abandoned
in 1858. The U.S. A*y organized Fort Baker here in 1851, but it was never
activated. Octavius D. Cass purchased the springs and fort buildings in the
middle 1860s and established the Las Vegas Ranch. The ranch was sold to
Archibald Stewart in 1882; he was shot and killed in 1883 but his widow
maintained the property until she sold the 1800 acres to the SPLA&SL in
1903. Clark's railroad company developed the townsite and by 1905 he was
selling lots (Paher, 7973).
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179.2

1,.2

Cross Durango

121.3

2.1

TURN LEFT at Rainbow Boulevard- Subsidence due to water withdrawal in
this portion of the Las Vegas Valley is discussed by Bell (1981). Continue
north, past Westcliff Road.

122.7

1.4

TURN LEFT onto Highway 95

l',N.2

2.5

Cross Cheyenne

125.9

1.7

D$T RIGHT at Craig Road.

127.2

0.4

Go east on Craig Road.

1:28.0

0.8

Cross Rancho

128.4

0.4

TURN LEFT (north) onto fones

130.0

1.6

Cross Ann Road

131.1

1.1

TURN EAST (righQ on Centennial Parkway

133.4

2.1.

STOP 9 at SBCM 02.006.001, the Centennial Parkway site, in the Las Vegas
Formation (Haynes, 1967). Recent excavations by the SBCM have yielded a
45,000+ ybp fauna somewhat different than that described by Mawby
(1967)(see Reynolds, Mead, and Reynolds, this volume). The prehistoqy and

ry=

Fig.

8.
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environment of the area is described by Apple and others (this volume) and
by Quade (1986). Look south across the Eglington escarpment (Haynes,1967;
Bell, 1981). The origin of this and similar escarpments in the Las Vegas
Valley had been attributed to natural dewatering and differential
consolidation of the basin sediments. Bell (1981), howevet, presents evidence
that the magnitude of faulting suggests that its origin was at least in part
tectonic. Spring tufa dates along the Eglington Escarpment led Haynes (196n
to conclude that the scarp formed about 14,000 ybp.
We are not far south of the axis of the Las Vegas Valley Shear Zone
(Longwell, 1974). North of the shear zone, Guth (1988) describes extension
of Tertiary basins in the western Las Vegas Range and eastern Sheep Creek
Range. Duebendorfer and Wallin (1991) place 9 m.y. constraints on
detachment and related movement on the Las Vegas Valley Shear Zone.
RETRACE route to ]ones

136.1

2.7

TURN LEFT (south) on ]ones

143.7

2.6

TURN RICHT on Craig

744.1,

0.4

TURN RIGHT on Rancho Drive, proceed north. Fill tanks with fuel and
check fluid levels in vehicle in preparation for Day 2.

145.7

1.6

Intersection of Rancho and Highway 95. We are now on Highway 95
heading north toward Lathrop Wells and Tonopah.

748.7

3.0

Cross Durango Drive. Right turn leads to Tule Springs State Park, where
work by Haynes (196n and Mawby (195n described the late Pleistocene
sedimentary section and the Rancholabrean LMA faunas. Spaulding (this
volume) notes that pack rat middens from the Sheep Range have been used
to establish lower limits of subalpine conifer woodland in Pleistocene times.
Tule Springs ws the first watering spot along the route from Las Vegas to
Goldfield in 1909. The waters at Las Vegas Springs, at 71' and 73", were "too
warm to be agreeable" (Mendenhall, 1909).

150.1

7.4

Tule Springs sediments can be seen to the right at 3:00

151.9

1.8

Highway 157; Kyle Canyon Road leads left to Charleston Peak.

153.9

2.0

We are on the Kyle Canyon Fan. East across the valley, old dissected fans of
the Gass Peak bajada separate Las Vegas Valley from Corn Creek Flat, to the
north (Haynes,7967). The Las Vegas Range is to the east at 4:00; the Sheep
Range to the northeast at 2:00. Between them is Fossil Ridge, a striped
strike- ridge complex of Cambrian carbonates (Deibert, in Cuth and others,
1988).

'157.1

3.2

View at 1:00-3:00 of Corn Creek Playa. Note that Pleistocene sediments at
elevation 2880' (at 1:00) are higher than playa and sediments at 3:00,
elevation 2800'. Tertiary sediments of the Sheep Range at 3:00 have
undergone east tilting by faulting during Tertiary extension (Guth and others,
1988). West at 10:00 are anticlinally folded and overturned Bird Spring
Formation, Kaibab and Moenkopi Limestones.
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Fig.

9.

Viao across Com Creek Pkrya to the Desert Rmge rnd Fossil Ridge

bt

nght).

761.6

4.5

Lucky Strike Canyon at left. Desert National Wildlife Range.

762.9

1.3

A right turn on a dirt road leads into Corn Creek sediments. Corn Spring
was another regular, reliable watering spot on the Las Vegas to Bullfrog route

(Mendenhall, 1909).

A classic case of double-dealing was played out here. After the failure of his
traction road, Borax Smith persevered with plans to build an independent
railroad to haul borax from Death Valley and, with an eye to gaining the
lucrative trade to the silver camp of Tonopah and the gold booms at
Goldfield, Rhyolite, and Bullfrog, incorporated the Tonopah and Tidewater
Railroad in 19(X. Although he began to survey a route from Ludlow, on the
Santa Fe line, to the Lila C near Death Valley Junction, a chance meeting in
April 1905 in San Francisco with William Clark led to cigars, brandy, and a
gentlemen's agreement that Smith would abandon the Ludlow route for a
more direct line connecting to Clark's SPLA&SL RR at Las Vegas. Smith set
up a construction camp near here, at Corn Creek Ranch, with plans to start
grading in both directions to Las Vegas and the Lila C. Meanwhile, Clark
organized the Nevada Rapid Transit Company to build a hard-surfaced road
to parallel the Smith route-and to charge high shipping rates for the T&T
supplies arriving in Las Vegas (Hildebrand, '1982). Then, in an "historic
doublecross" (Belden, 7966), as Smith's crew prepared to install a connecting
switch at Corn Creek in August, 1905, Clark's attorney popped out of a
private car and served a cease-and-desist warrant for trespassing on the right
of way of the Clark Road. Having disposed of Smith, Clark started
construction of his own rail line, the Las Vegas and Tonopah, in October
1905; it was completed to Goldfield in October, 1907 (Hildebrand, 1982).
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166.3

3.4

Lee Canyon, left, leads to Charleston Peak, elevation 77,918'. Great Basin
species of Rocky Mountain ponderosa pine (Pinus ponderosa var. sapulorum),
Rocky Mountain white fir (Abies concolor concolor) and narrowlead cottonwood
(Populus angustifolia) are found in the high elevation Spring Mountains, as are
widely disparate populations of quaking aspen, Populus tremuloides) (Lanner,
1e84).

END Day 1.

Day 2
We are in the Basin and Range Province, characterized by north-trending fault block mountains
separated, in general, by internally-draindd basins (see Meek, this volume). In contrast, the Mojave
Desert has ranges and structures trending northwest, roughly parallel to the San Andreas Fault and
the Death Valley Fault Zone (Troxell, '1970,lgg})lEastern Mojave Shear Zone (Dokka,1988, Skirvin
and Wells, 1990). We are in a portion of the Basin and Range Province that drains into the Colorado
River at Henderson. Tributaries expose extensive Tertiary sediments of the Horse Spring Formation
and Muddy Creek Formation (Bohanan, 1983, Duebendorfer and Wallin, 1991) to the east. Drainages
also disseci the Pleistocene sediments deposited in the Las Vegas Shear Zone which parallels the

portion of Highway 95 that we will follow.
Tertiary history on the north and east side of Highway 95 includes syntectonic deposition (15 Ma)
and Miocene (13 Ma) detachment faulting (Guth and others, 1988). The detached and normally
faulted Tertiary section lies to the north and east of the Las Vegas Shear Zone, which separates the
Tertiary topography from the Paleozoic and Mesozoic sections to the south and west in the Spring
MountainJ(Fryxell, this volume). Duebendorfer and Wallin (1991) discuss east-tilting of the Tgrtiary
Horse Spring Formation by the Saddle Island detachment south of the west Las Vegas Valley _Sh"T
Zone. Basi.rl we.e subsequently filled by the Red Sandstone unit which contains volcanic rocks of
Calville Mesa as young as 8.5 Ma. Structural differences and geographic limits to sedimentation
suggest that the activity of the Saddle Island detachment was coupled with strike-slip movement
along the Las Vegas Valley Shear Zone. The most recent activity on the shear zone may have been
between '12 and 9 Ma, prior to deposition of the Muddy Creek Formation. Longwell (1974) notes
distinctive landslide *isses of Gold Butte granite within the Horse Spring Formation (=15 Ma)
which are approximately 64 km from their source. This occurrence indicates right lateral movement
on the Las Vegas Valley Shear Zone and gives an approximate magnitude of offset.
The Pleistocene record has been preserved in the sediments of the Las Vegas Formation and is also
represented in a dated volcanic record (McFadden and others, this volume; Wells and others, 1990)
and in studies of woodrat middens which record changes in Late Pleistocene/Early Holocene faunas
and floras (Spaulding, this volume; Mead, this volume). For the first 24 miles, we will travel along
the Las Vegas Shear2one and see Pleistocene sediments in the Las Vegas drainage system as far
northwest ar Me.cury, Nevada. We will then enter the Amargosa drainage and follow the Amargosa
River to the Mojave River. From Mercury and Lathrop Wells in Nevada until we reach Cajon Pass in
the San Bernardino Mountains of inland California, we will be in drainages that eventually flowed
into Lake Manly, which filled Death Valley during Pleistocene times.

MILEAGE LOG
MILEAGE INTERVAL

DESCRIPTION
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0.0

0.0

STOP 1. EXTENDED TERRANES. Meet at l,ee Canyon at 9:00 am.
The Desert Range is northeast; the Sheep Range is to the east. Black Hills
Basin lies between the two. fthmidt (in Guth and others, 1988) describes the
geology of the northern part of the late Tertiary Black Hills Basin, which
includes Quaternary alluvium, the Horse Springs Formation (with
conglomerate facies, megabreccia facies containing slide-blocks, lacustrine
facies, and ash-fall beds), and carbonate rocks of the Ordovician Pogonip
group and the Cambrian Nopah Formation.

5.7

5.7

Cold Creek Road

13.0

7.3

Note the Pleistocene sediments above the playa surface at 2:00 as we
approach Indian Springs.

14.0

1.0

Indian Springs, again an important water stop on the Las Vegas-Bullfrog
route. The spring marks the present-day southernmost range of mammalian
species found in the Pleistocene fossil record of the eastern Mojave Desert,
including Spermophilus townsendi certus and Lagurus curtatus (|efferson, this
volume).
The 35 mph zone is radar-enforced.

17.3

3.3

Cactus Spring; the sharp peak to the southwest is Mt. Stirling; the Spotted
Range is at 3:00. Guth and others (1988) discuss Tertiary extended terrains
north of this area, separated from the Paleozoic section to the south by the
Las Vegas Valley Shear Zone.

21.5

4.2

Note Pleistocene sediments at elevation 3430' exposed along the dissected
Indian Springs Valley on both sides of the road.

25.0

4.5

The playa on the north (right) side of Highway 95 is the headwaters for the
Indian Springs drainage (Quade and Pratt, '1989), which runs through Corn
Creek, Tule Springs, and the Las Vegas Formation to the Colorado River at
Henderson, approximately 70 miles southeast. The Spotted Range is north of

the playa.
27.2

1..2

Nye County line. In about 4 miles we will ooss the divide between the Las
Vegas drainage and the Amargosa drainage. We will follow the Amargosa
drainage for the next 90 miles, until it joins the Mojave River and then runs
to the interior of Death Valley. Until we reach Cajon Summit, all drainages
run toward Death Valley.
The Spectre Range is at 12:00; the flat-topped range at 1:00 is Skull
Mountain. Mercury Ridge is at 2:00.

31.5

4.3

Enter the Amargosa drainage system.

32.0

0.5

Calichified gravels in road cut contain Proterozoic quartzite and Paleozoic
limestone from Mt. Stirling, to the southeast.

33.2

1,.2

Road north to Mercury. Continue on Highway 95.
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36.6

3.4

Highway 95 passes between the Spring Mountains on the south and the
Spectre Range on the north. We are in Upper Cambrian Bonanza King and
Nopah carbonates. To our south lies Proterozoic Stirling Quartzite. To the
north, in the Spectre Range, are the Ordovician Pogonip and Ely Springs
carbonates.

38.6

2.0

2. LATE PLEISTOCENE FLORAL CHANGES. Point of Rocks is on
the left. Two packrat midden sites are immediately north of the road (the
Point of Rocks -1 and -3 sites) and easily accessible. One site is at 930 m
elevation on a xeric, southwest facing slope. It contains units that have been
dated from ca. 77,500 to 10,000 yr B.P. The other is from near the bottom of
the wash that drains into the Amargosa Desert from Mercury Valley at 910 m
elevation. Macrofossil assemblages from it offer perspectives on the
vegetation of a large wash at the close of the last glacial age (ca. 11,800 to
9400 yr B.P.) (Spaulding, this volume).

40.6

2.0

East-dipping greenish gray tuffaceous and lacustrine Tertiary? sediments are
at elevation 2940' to the southwest at 9:00, under gravels.

47.6

1.0

Highway 160 to Pahrump. The Amargosa Desert stretches west to the
Funeral Mountains on the horizon. Telescope Peak is visible on the far side
of Death Valley.

STOP

The townsite of Amargosa is on our route just beyond the junction of
Highway 160. Established in the spring of "1906 as a temporary construction
site for the Las Vegas and Tonopah railroad (see MP 1,62.9 on Day 1), it
became a railroad station serving local mines, particularly the |ohnnie gold
mine in Pahrump Valley. At one time, Amargosa was called |ohnnie Station.
The town supported a blacksmith shop, a store, hotel, restaurant, and an
agent for 'Alkali Bill' Brong's Amargosa-Greenwater auto stage, the 'Death
Valley Chug Wagon" that made the 45 mile trip west through Fairbanks
Ranch to Creenwater on less than 3 hours. In'1907, Amargosa was also the
terminus of a railroad line to Greenwater via Fairbanks Ranch, and for a daily
stage to ]ohnnie (population 300 in Dln. When mining at |ohnnie declined
in 1912, Amargosa disappeared (Paher, 1970).
46.6

5.0

The Las Vegas & Tonopah railroad grade. After being hornswoggled by
Clark at Corn Creek, Borax Smith abandoned plans for railroad construction
between Las Vegas and the borate mines in Death Valley and returned to his
Tidewater and Tonopah route north from Ludlow. Clark completed the Las
Vegas & Torropah railroad from the SPLA&SL in Las Vegas to Goldfield in
October, 1906; we will follow this grade for the next 6 miles. Clark's motives
for double-dealing with Smith may have been two-fold. He may have been
attempting to stall Smith's construction of the T&T by dangling a promise of
a cheaper route to a main line connection, thus giving Clark the advantage in
reaching the boom camps at Rhyolite and Bullfrog with his own line. Or,
Clark may have courted Smith's participation to increase traffic on his
Nevada Rapid Transit haul road, only later deciding to tap the gold and silver
markets at Tonopah and Bullfrog himself. Or perhaps his business sense
overwhelmed the temporary, if sincere, conviviality of the San Francisco
offer. Meanwhile, the Bullfrog-Goldfield Railroad was completed in 1907 to
Gold Center, south of Beatty, by the Tonopah Mining Company, and Smith
arranged to affiliate this short line with the Tonopah and Tidewater. The
T&T from Ludlow connected directly with the B&G, and Smith refused to
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with Clark's lines-the LV&T or the SPLA&SL. In 1914 the
LV&T Bave up its short connection between Goldfield and Beatty, and in
1918 abandoned the rest of the line (Hildebrand, 1,982; Myrick, 7962; Belden,

exchange traffic

1es3).
53.3

6.7

Rock Valley Wash. The Skeleton Hills are on left at 11:00. Tertiary basalts of
Skull Mountain and Little Skull Mountain are at 2:00-3:00. The Striped Hills
are in north foreground at 2:00. We have passed through the Spectre Range

to our northeast.
55.5

2.2

Enter Amargosa Valley. Big Dune is directly ahead; the Yucca Mountains are
low hills at 1:00.

s8.9

3.4

TURN LEFT (south) at Lathrop Wells junction with Nevada Highway 373.
The Lathrop Wells Cone is 6 miles northwest of Lathrop Wells and 1/2 mile
north of Highway 95. Wells, McFadden and Renault (1990 and this volume)
discuss a 20 ka age for the Lathrop Wells cone and the polycyclic nature of
volcanism in the Crater Flats volcanic field and the Cima volcanic field (see
Dohrenwend, herein).

65.2

6.3

The Skeleton Hills on left at 9:00. Charleston Peak is at 9:30. The Nopah
Range is taller and farther away than Resting Spring Range; both are at 11:00
Eagle Mountain is visible at 1-1:30. The Funeral Mountains run the length of
west side of Amargosa Valley.
We are near'Miller's Well", where the stage road and auto road from Las
Vegas to Bullfrog crossed Amargosa Valley. Until 1905, the well at tl're
intersection provided 100 barrels of water per day, which was sold to
travelers (Mendenhall, 1909).

67.3

2.1

Sage Road and the Amargosa Valley Post Office.

68.5

1.2

Fairbanks Clay Pit and Fairbanks Spring are 4.5 miles east at the wl-rite, flattopped lacustrine sediments. Clay mining in the Ash Meadows district
started in 1918. The clays include berrtonite and a number of montmorillonite
deposits derived from the alteration of tuffaceous Pleistocene lake beds

(Cornwall, 1972).
Fairbanks Ranch was well-known to travelers stopping for supplies, water,
and directions along roads between Ivanpah and Manvel to Bullfrog, from
Las Vegas to Bullfrog, and from Amargosa to Greenwater (Mendenhall, 1909;
Paher,1973).
71.3

2.8

Calichified Pleistocene sediments are visible on both sides of the road.

74.0

2.7

Spring Meadows Road; mesquite mounds are to the east. Mistletoe is
parasite on mesquite that is transported by phainopepla who feed on
mistletoe berries and leave seeds in their droppings on the mesquite.

75.0

1.0

The American Borate Plant at Amargosa in altered Pleistocene lake sediments
produces bentonite. Bentonite is used primarily as a filtering and clarifying
agent for mineral oils.
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75.9

0.9

Welcome to California! Through the magic of geopolitical borders, Nevada
State Highway 373 turns into California State Highway 127.

it meets the

77.5

1,.5

Cross the Amargosa River. We will be following the river until
Mojave River.

82.4

4.9

Death Valley ]unction, elevation 2W0', and the site of the famous Amargosa
Opera House. Highway 190 runs west toward the Greenwater Range,
comprised of late Tertiary sediments covered by Pliocene basalts. The
sediments contain the borate mines (McAllister, 1970) of historic Ryan (named
for ]ohn Ryan, manager of Pacific Coast Borax). Nearby are the Thompson
mine and Billie mine, which have produced exceptional colemanite and
celestite specimens and rare hydroboracite (Kampf and others, 1989). Be
cautious; take a sharp turn at a5 mph.
The borax deposits in the Furnace Creek Formation were mined for
colemanite, ulexite, and probertite. Pacific Coast Borax claims were mined
extensively between 1907 and 1928; the mines are clustered within 3 miles of
Ryan. The PCB was anxious to maintain production levels by shipping from
the Lila C mine as the Calico deposits at Borate declined a{ter 1900. With the
failure of the steam tractor in 1904, construction of the Tonopah and
Tidewater started. The demand for borax was so great that the Lila C began
shipments in |une, '1907, before the T&T was completed to Death Valley
]unction. 'Borax' Smith reactivated the 20 mule teams that had been used at
Borate, and for two months the mule wagons hauled borax ore from the mine
30 miles to the T&T railhead at Zabriskie (also named for a PCB employee).
These two months of mule activity translated into decades of advertising
exposure tor 20 Mule Team Borax. The Lila C was a rich but shallow deposit
and lasted only 7 years. Smith, however, had acquired claims from Coleman
in the surrounding Greenwater Range and in 1915 moved operations west to
New Ryan (formerly Devair). Mining continued until 1928 when the
company moved again, to Kramer, where Boron open pit mine continues to
produce borates today (Norris and Carrico, 1978; Gudde, 1969; Hildebrand,
1eB2).

(:

Ash Meadows Road) runs northeast to Ash Meadows and
Devil's Hole. Isolated populations of pupfish (Cypinodon spp) remaining in
permanent water sources in Ash Meadows and Death Valley had led to the
formulation of hypotheses about the nature of drainage regimes, Pleistocene
hydrology, and interconnections between Pleistocene Lake Manly in Death
Valley, Lake Lahontan in Nevada, the Mojave River, and the Colorado River
(Hubbs and Miller, 1948; McGinnis, 1984; Miller, 1945,1948; Soltz and
Naiman, "1978).
Stateline Road

86.3

4.1

At bend in road, Highway 127 is crossed by the steam tractor road from the
Lila C mine 4.5 miles west and from Ryan in Death Valley. The road (if not
the tractor) ran on the north side of Eagle Mountain, south through Stewart
Valley, Pahrump Valley, and then to Stateline (see MP 55.5, Day 1).

91.3

7.0

The alkali playa to the north is where the Amargosa River joins Carson
Slough drainage from Ash Meadows and Rock Valley Wash. Notice the
dark, dissected desert pavement at the base of Eagle Mountain, to the east
(left). The Resting Spring Range and the closer Nopah Range are at 12:00;
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the Greenwater Range is at 1:00. We are crossing the Furnace Creek fault
zone (North Death Valley fault zone) which runs southerly toward Shoshone.
93.3

2.0

Sediments between "Pliocene" basalt flows consist of coarse, fl^Bgy sandstone
and gravels of Paleozoic carbonates, Proterozoic quartzite, and clasts of red
Tertiary sandstone, suggesting a source from the Greenwater Range to the
northwest.

94.4

1.1

Cross the Amargosa River, flowing at this point on March 7,7991'. To the
north are the steeply east-dipping Paleozoic sediments of Eagle Mountains.
The sediments on the east margin have been mapped as the Oligocene Titus

Canyon Formation (|ennings, 1958).
95.5

2.1

The Amargosa River crossing of the Tonopah-Tidewater Railroad.
Construction of the railroad began in November 1905 at Ludlow on the
AT&SF railroad line, and proceeded routinely 75 miles to Sperry (named for
Charlotte Crace Sperry, niece of "Borax Smith). Then came a difficult and
costly stretch of right of way through Amargosa Canyon to Tecopa, after
which construction proceeded easily to Death Valley |unction and the branch
to the Lila C. As Smith had foreseen, the T&T was vital for hauling borates
out of Death Valley, but was not cost-productive without additional traffic
from the silver mines at Tonopah and the gold of the Bullfrog district.
Within ayear, the Bullfrog boom collapsed; the T&T took over the Bullfrog &
Goldfield railroad in 1908 and began advertising itself as the 'Nevada Short
Line'. Despite intentions (and promises to investors), the T&T was

throughout its history predominantly a shortline supply and passenger
railroad. Offering rail service, via connections, from Los Angeles
("Tidewater") to Goldfield and Tonopah until 1928, including pullman service
and buffet meals until 1911, it was instrumental in opening up Death Valley
to travelers. In the mid 1920s, after PCB moved to Kramer, the company
built the Furnace Creek Inn and a group of cabins at the old Greenland
Ranch in an effort to attract tourists as railroad passengers; in 7927 the PCB
dormitories were converted to hotels (the 'Amargosa" at Death Valley
Junction and the 'Death Valley View' at New Ryan). By then, however,
tourists had turned to automobiles. Borate shipments stopped in1927; the
Bullfrog to Goldfield link was abandoned in 1928. Service was cut to 3 cars
weekly between Ludlow and Beatty, and that with a transfer to motor cars
north of Death Valley |unction. The T&T tracks between Ludlow and
Crucero were taken up in 1933, and the T&T was left connected to the
outside world only by the old Clark transit road. The last of the T&T
stopped operations in 1940 (Hildebrand,1982; Norris and Carrico,7978).
99.7

1.1

Pink Pleistocene playa sediments are located under gravels exposed east of
the highway in Amargosa River cuts at elevation 1860'.

108.7

9.0

View of Lake Tecopa sediments. The Spanish Trail (Rolf, this volume) ran
from Las Vegas Springs via Cottonwood Springs and Potosi Pass, through
Emigrant Pass to Resting Spring at south end of Resting Spring Range, to our
southeast. East of the Resting Spring Range is Chicago Valley, once filled by
an arrn of Pleistocene Lake Tecopa (see Woodburne and Whister, this
volume). We cannot see California Valley, further east, which also contains
Pleistocene sediments. We are in middle Pleistocene sediments at elevation
1760',.
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109.2

1.2

The Gerstley mine is also named for a PCB employee (Hildebrand,7982).

110.0

0.8

The Dublin Hills, on the immediate right at 2:N, are comprised of Cambrian
sediments. Highway 178 leads to Badwater and the Harmony Borax Works.
The Harmony Work, operated under the control of W.T. Coleman and F.M.
Smith, opened in 1883 and was operational through 1888. Ore was hauled to
Mojave by 20 mule teams. Borax was extracted from cottonball ulexite in
marsh deposits.

Troxel and
others (1986),
Adams and
others (1990),
and Pluhar and
others (1989)
describe a
sequence of
dated ashes
from 1.6 to 2.0
Ma in the
Confidence
Hills that
compares to
ashes in the
Manix Basin.
111,.6

1.6

STOP 3.
SHOSHONE,
with the

Crowbar and
other services.
The Shoshone
Museum is
open Saturday,
Sunday, and
Monday.
Highway 178
passes unique
cabins dug into
the sediments
of Lake Tecopa.
These

sediments were

mined for
Fig. 1O. A tree-shaded dugout east of Shoshone.
pumicite and,
later, zeolites.
Petroglyphs are located east of Shoshone School on Pliocene basalt.
114.8

3.2

Note salts on the playa.

116.3

2.1

The powerline road leads to fire opal localities (Strong, 1966).

716.4

0.'l

STOP 4 at the highway to Tecopa. 1.3 BILLION YEARS OF GEOLOCIC
HISTORY. The Resting Spring Range and Chicago Valley are at 11:00. The
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Nopah Range runs south to Tecopa Pass at 11:00. Kingston Peak, elevation
7323', is at 10:00 (Calzia, this volume; McMackin and Prave, this volume).
The Amargosa River cuts through late Tertiary gravels of the Sperry Hills,
forming Sp".ry Wash and exposing sediments with tracks of giant camels
(preserved in the Alf Museum, Claremont, CA). To the west, the Ibex
Mountains are at 3:00, the Calico Peaks to the northwest at 4:00, and Black
Mountain beyond, to the north-northwest at 4:00.
1.3 billion years of geologic history can be seen from this point in Tecopa

Basin. Proterozoic eucaryotes, the oldest preserved fossils of mitosing cells,
are found in the Beck Spring Formation north of Kingston Peak (Cloud and
others, 1959). Ollenellid trilobites, the most complex life forms of the early
Paleozoic, are preserved in early Cambrian Carrera Shale along Highway 178
to our northeast (Palmer and Halley, 1979). Tertiary structural events have
tilted both the Proterozoic/Paleozoic and Tertiary volcanic rocks eastward.
Intrusion of the Kingston Batholith took place only about 12.1 Ma (Calzia,
this volume), an extremely young age.
Tuff C, the 2.02 Ma Huckleberry Ridge Ash, is exposed immediately to the
southwest (Hillhouse, 1987). Lake Tecopa sediments contain volcanic ashes
and vertebrate fossils that suggest lacustrine deposition spanned the late
Blancan to late Irvingtonian land mammal ages, about 1.5 million years.
Fossils in fractures (Reynolds, this volume) indicate that lacustrine sediments
stopped being deposited during the Rancholabrean LMA. An unusual fossil
occurrence was found in Standing Camel Basin north of Tecopa. Camels
crossing the mud flat became buried up to their bellies in sticky clay. Mud
chips buried next to their feet suggest that the animals struggled
unsuccessfully to extricate themselves. Mired and exhausted, they became

i:;::i':::lliN:+E

Fig. 11. Talc loading chute suth of Shoslnne.
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easy prey for carnivores. Eventually, skeletal elements were scattered,

leaving four limbs positioned at 9ff to the bedding plane to be preserved as
fossils (Whistler and Woodburne, this volume).
Continue southerly along Highway 127.
117.3

0.9

Tecopa Peak is the sharp peak at 5:00. The SPetry Hills are surrounded by
tan granitic gravels derived from the Kingston Peak pluton.
The historic mill site on the Tonopah and Tidewater Railroad on the west side
of Highway 127 is the Amargosa Borax Works. From 1882-1890, borax was
crystallized from spring water. The site is higher in elevation and

significantly cooler than the contemporary Harmony Works, where the
temperatures prevented crystallization of borax during suruner months
(Chesterman 1973).
119.4

2.1

STOP 5. Loading chutes for tall wagons are located at the intersection of the

Spanish Trail and Highway 127. Paddy's Pride and the Eclipse talc mines are
to the west along Highway 127 near Zabriskie Station on the T&T railroad.
The Eclipse mine is one of the first talc mines in Death Valley, worked as
early as 1910 and nearly continuously since. Talc is mined from a faultbounded block comprises of units of the Crystal Spring Fm. (Wright, 1968).
Tuff B (Bishop Ash, 0.73 Ma) is to the immediate left; upcoming on the right,
contain Tuff A (Pearlette OlLava Creek B, 0.6 Ma) ash (Hillhouse, DBn.

In California, the Spanish Trail ran from Resting Spring through Amargosa
Canyon to Salt Spring, then branched. One branch went south across Silver
Lake and Soda Lake, following the Mojave River to east of the Calico

Fig. 12. Pearbtte O ash (0.6 Ma) is offset by faulting near the Shoshone Zm loulity.
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Mountains. The other branch left Salt Spring and went southward along the
east edge of the Avawatz Mountains to Tomaso Springs and/or Bitter Spring,
then along the east edge of the Alvord Mountains to rejoin the branch east of
the Calico Mountains (Mendenhall, 1909). Chambers (1991) has compiled the
notes of historical Dix Van Dyke in a detailed study of alternate routes of the
Spanish Trail in eastern California.
The Shoshone Zoo local fauna is near this intersection. Early? Rancholabrean
camels, horses, and mammoths were trapped in fractures cutting the
Irvingtonian LMA sediments of Lake Tecopa (Reynolds, this volume).
Morrison.(in press) discusses the hydrology of the Tecopa lake beds.
120.5

1.1

For the next % mile, the 0.6 Ma Pearlette O ash is exposed on the west side
of the highway. It has been prospected for zeolites.

722.9

2.4

McClain Park. View northeast of extensive lacustrine sediments in Tecopa
Basin.

126.0

3.1

Ibex Pass, elevation 2W0'. Pale tan granitic boulders and blocks from the
Kingston pluton (-12 Ma, Calzia, this volume) dominate the late Tertiary
sediments. The granite was tectonically separated from Kingston Peak, 12
miles east.
Welcome to San Bernardino County. The Dumont Dunes are visible at 11:00.

127.9

't.9

STOP 5. THE KINGSTON RANGE. Park at the turnout at the road to Ibex
Spring toward the microwave station.

Fig. 13. Kingston Peak aiewed frcm the tak mines suth of Slnslone.
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The Kingston Range in the southern Death Valley region consists of Early
Proterozoic gneiss unconforrnably overlain by the Middle Proterozoic
Pahrump Group. The gneiss and the Pahrump Group are intruded by
Middle Proterozoic diabase dikes and sills and are unconformably overlain by
Late Proterozoic and Cambrian miogeoclinal deposits. The miogeoclinal
deposits are disconformably overlain by the middle Miocene sedimentary and
volcanic rocks of the Resting Springs Formation. All of these rocks define a
broad dome intruded by the middle Miocene granite of Kingston Peak. The
granite of Kingston Peak is divided into a feldspar porphyry facies, a quartz
porphyry facies, and an aplite facies. The feldspar porphyry and the quartz
porphyry facies contain mafic xenoliths and are characterized by rapikivi
textures and miarolitic cavities; miarolitic cavities also are common in the
finer grained aplite facies. Biotite and hornblende from the feldspar porphyry
facies yield concordant K-Ar ages of 12.1 and 12.4 Ma, respectively.
The Kingston Range detachment fault dips 10"-2ffS and places the Pahrump
Group, the miogeoclinal rocks, and the Resting Springs Formation over
gneiss and folded miogeoclinal deposits. Rocks in the upper plate dip 25o to
50"NE, are cut by numerous northwest-trending planar and listric normal
faults and northeast-trending tear faults, and were transported up to 6 km to
the southwest. The detachment fault is cut by the 12.4 Ma granite of
Kingston Peak; 12.5 Ma andesite flows and 14.1 Ma tuff occur in the upper
plate. These data bracket the age of the Kingston Range detachment fault
between'14.1 and 12.4Ma. (Calzia, this volume).

Kingston Peak is at 9:00, Clark Mountain at 9:30, the Mescal Range is south
of Clark Mountain. Squaw Mountain is the highest hill on the Halloran
skyline; Turquoise Mountain is at 10:30; the Silurian Hills are at 11:00. Old
Dad Mountain is a knob to the left of the Granite Mountains, at 11:30
(Skirven and Wells, 1990). The Dumont Dunes are at 10:00, Salt Spring Hills
at 12:00, and the Avawatz Mountains and the Mule Spring Fault (Brady,
1990) at 1:00. The junction of the Amargosa and Mojave rivers is near the
Salt Spring Hills (Troxel, 1990).
129.s

1,.6

Red gravels on the west side of Highway 727 appear to be dominated by
metamorphic rocks and tuffaceous rocks from the Ibex Mountains. The
tuffaceous shale contains distinct leisingang stains.

130.8

1.3

This conglomerate hill is dominated by crystalline Paleozoic limestone, clasts
from the Ibex Mountains, and clasts of conglomerate and Proterozoic
quartzite. Clasts of Kingston granite and concentrated at the top of the hill'
We are in the Amargosa National Forest.

134.3

3.5

The Avawatz Mountains and a view of the Mule Spring Fault are at 12:30;
Sheep Springs Canyon is at 1:30. Brady (1990) discusses the timing of
deposition and the structure of the Avawatz Mountains. The Military
Canyon formation was laid down in a basin receiving clasts of rocks from the
Halloran Hills (Brady, 1990).

136.9

2.5

Cross the Amargosa River (Troxell, 1990). Butler (1986) discusses the
relationship of tectonic activity on the Southern Death Valley fault zone to
terrace formation along the Amargosa River. The Southern Death Valley
Fault Zone trends below the northeastern corner of the Avawatz Mountains.
Activity on the Southern Death Valley Fault Zone deformed sediments
containing ashes dated at less than 0.6 Ma (Troxell, 1990).
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139.0

2.1

Cross the Mojave River (flowing March 1991) as it runs northwest into the
Amargosa River and then into Death Valley.

"t42.8

3.8

The monument for California State Historical Landmark 522 markes the Harry
Wade Exit Route. Wade was a member of the 'Sand Walkers', a 40O-person,
50-wagon party of Mormon emigrants under the leadership of Captain
|efferson Hunt who left Sdt Lake City to late in 1849 to be able to cross the
Sierra Nevada range into California. After leaving Salt Lake, the party
encountered a train of traders led by Cap't O.K. Smith who had a maP
purporting to show a short cut used by Paiute Chief Walkara to reach the

gold fields. Most of Hunt's party chose to follow Smith. Although
Walkara's "short cut" apparently turned off the esttablished trail in the
Pahrump Valley and continued via Resting Spring, Smith directed the
Mormons west into the middle of Death Valley (although the captain himself
had deserted the- wagon train long before they arrived there). The hapless
Sand Walkers fragmented into platoons, most of which managed to get
themselves individually into further trouble. The Harry Wade family and the
Manly-Bennett-Arcan party traveled south to join the established Spanish
Trail at this junction (Belden, 1966).
7M.6

1.4

Salt Spring, % mile to the east, was a stop on the Spanish Trail, and visited
by traders since the 1830s. The waters, however, are an almost-saturated
solution of glauber and epsom salts, and Fr6mont in 1844 complained, 'a
very poor camping place-a swampy, salty spot, with...unwholesom trass'
(Wells, Ritter and Dohrenwend, 1985). The site has nonetheless been almost
continuously in use since 1849, when the Mormon Sand Walkers who had rct
abandoned the leadership of Captain Jefferson Hunt discovered gold while
stopping for an equipment check. Mining at the gold deposit started in
Ianuary, 1850. Transportation difficulties and Indian attacks did not
permanently deter mining operations, which yielded $60,000 worh of ore in a
single memorable week in 1907. Prospecting and exploration continued at
least through the 1960s (Belden, 1966; Paher, 1973; Wells and Reynolds,
19e0).

745.6

1.4

STOP 7. LAKE DUMONT. Park off the highwry in the cleared area on the
west side:. 4 m thick lacustrine/playa silts exposed along Highway 127
represent Pleistocene Lake Dumont. Fed by the ancestral Mojave River, it
ponded on the southeast side of the Salt Spring Hills. Salt Creek, which cuts
through the lacugt4le sediments and flows through a gap in the Salt Spring
Hills, follows this anirj5tral Mojave River drainage course (Wells and others,
7985,7990; Brown and others, 1990; Ritter,1985,1990). Fossils in the lake
sediments (SBCM 0'1,.067.C01., SBCM 01.067.003) include migratory waterfowl
and extinct camels and mammoth. The faunal assemblage and detailed
studies by Ritter (1985, 1990) of the development of alluvial fans from the SaIt
Spring Hills indicate that the deposits are latest Wisconsin in age and may be
correlative with lacustrine events in the Silver Lake basin (]efferson, 1990).
We have traveled through the southern Basin and Range Province and
returned to the Mojave Desert Province. We have seen the results of Tertiary
extensional events in both areas that range in age from 16 to 9 million years
before present. Our route paralleled strike-slip faulting in the Las Vegas
Valley Shear Zone, and in the South Death Valley area. Faulting on the
Amargosa River more than 650,000 years b.p. and in Shadow Valley more
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than 300,000 ybp. Pleistocene and early Holocene faunas have been
described in caves, in rat middens, and in lake sediments.
146.0

0.4

Highway 127 bends westerly.

151.2

5.2

Site of Renoville. A faint dirt road leads southwest to Old Mormon Springs
in the Avawatz Mountains. The same road trends northeasterly past the site
of Valjean to Kingston Springs and the Shadow Mountains. Continue on
Highway 727.

153.4

2.2

Silurian Dry Lake and the Silurian Hills are to the east at 8:00 (Kupfer,'1954).

165.2
175.0

11

.8

9.8

Cross the powerline road at Silver Lake.

Main Street in Baker (formerly Berry, until Borax Smith renamed it after a
shareholder in Pacific Coast Borax), and end of Day 2. Return to the San
Bernardino Valley via Interstate 15, following the Mojave River drainage until
you cross the border of the Mojave Desert Province into the Transverse
Range Province at the San Bernardino Mountains.

END DAY TWO

REFERENCES CITED

Geological Society of America Memoir,
157:1,'25-148.

Adams, R.W., C.I. Pluhar, and |.C. Kirshvink,
1990. Paleomagnctism and tephrochronology
as aids in stratigraphic studies, ir Abstracts of
Papers, Mojave Desert Quaternary Research
Center 4th Annual Symposium. Redlands,
San Bernardino County Museum Association

Quarterly, 37(2):21.
Apple, R.M., I.H. Cleland, and M. Kelly, 1991.
Some recent archaeological investigations in
northern Las Vegas Valley: this volume.
Ball, S.H., '1907. A geologic reconnaissance in
southwestern Nevada and eastern California.

U.S. Geological Survey Bulletin, 308: 218 p.
Bard, R.C., '1973. Settlcment pattern of the eastern
Mojave Desert. PhD dissertation, University
of California, Los Angeles.
Belden, L.B., 1953. Double-cross by Senator delays
borax railroad. San Bernardino Sun-Telegram,
January 25.
_, "1966. Mines of Death Valley. Glendale, La
Siesta Press: 71 p.
Bennett, I.E., 1895. The mint at the Mescal mine.
Los Angeles Sunday Times, December 8.
Bohanan, R.G., 1983. Mesozoic and Cenozoic
tectonic development of the Muddy, North
Muddy, and northern Black mountains, Clark
County, Nevada, ir Tectonic and stratigraphic
studies in the eastern Great Basin, D.M.
Miller, |.R. Todd and K.A. Howard (eds).

SBCMA Spec. Publ. MDQRC 91

Brady, R.H. m, 1990. Geology at the intersection
of the Garlock and Death Valley fault zones,
northern Avawatz Mountains, in At the end of
the Mojave: Quaternary studies in the eastern
Mojave Desert, R.E. Reynolds, S.G. Wells, and
R.H. Brady Itr (compilers). Redlands, San
Bernardino County Museum Special
Publication, Mojave Desert Quaternary
Research Center:1 19-128.

Brattstrom, 8.H., 1958. New records of Cenozoic
amphibians and reptiles from California.
Southern California Academy of Sciences

Bulletin, 57(1):5-13.
Brown, W.I., Y.Enzel, S.C. Wells, R.Y. Anderson,
and L.D. McFadden, 1988. Lake stands of
pluvial Lake Mojave: a recording mechanism
for climate, Silver and Soda Lake playa,
Mojave Desert, California, in Abstracts of
Proceedings, 1988 Mojave Desert Quaternary
Research Symposium. Redlands, San
Bernardino County Museum Association

Quarterly, 35(3, a):33.
Brown, W.J., S.G. Wells, Y.Enzel, R.Y. Anderson,
and L.D. McFadden, 1990. The late
Quaternary history of pluvial Lake
Mojave-Si-lver Lake and Soda Lake basins,
California, in At the end of the Mojave:
Quaternary studies in the eastern Mojave
Desert, R.E. Reynolds, S.G. Wells, and R.H.

Page 31

Brady Itr (compilers). Redlands, San
Bernardino County Museum Special
Publication, Mojave Desert Quaternary
Research Center:55-72.
Butler, P.R., 1986. Fluvial response to ongoing

tectonism, lower Amargosa River, southern
Death Valley, California, in Quaternary
tectonics of southern Death Valley, B.W.
Troxell (ed). Friends of the Pleistocene,
Pacific Cell field guide:77-23.
Calzia, J.P., 1991. Geology of the Kingston Range,
Southern Death Valley, California: this
volume.
Carlisle, C.L., B.P. Luyendyk, and R.L. McPherron,
1980. Geophysical survey in the Ivanpah
Valley and vicinity, eastern Mojave Desert,
California, in Geology and mineral wealth of
the California desert, D.L. Fife and A.R.
Brown (eds). Santa Ana, South Coast
Geological Society :485-494.
Casebier, D.G., 1975. Tales of the Mojave Road
Number 5. Norco, Tales of the Mojave Road
Publishing Company.
Castor, S.8., 1991. Tertiary and Quaternary gravels
in the Mescal Range, San Bernardino County,
California: this volume
Chambers, Wes (ed), 1991. The Van Dyke papers:
historic routes in the Mojave Desert compiled
from the notes of Dix Van Dyke. Redlands,
San Bernardino County Museum Association

Quarterly, 37(1):31-45.
Chesterman, C.W., 1973. Geology of the northeast
quarter of Shoshone quadrangle, Inyo County,
California. California Division of Mines and
Geology Map Sheet, 18.
Cloud, P.E. jr., G.R. Licari, L.A. Wright, and B.W.
Troxel, 1969. Proterozoic eucaryotes from
eastern California. Proceedings National
Academy of Sciences, 62(3)$23.

Coney, P.1., 1978. Mesozoic-Cenozoic plate
tectonics, in Cenozoic tectonics and regional
geophysics of the western cordillera, R.B.
Smith and G.P. Eaton (eds). Geological
Society of America Memoir, 152:33-50.
Cornwall, H.R., 1972. Geology and mineral
deposits of southern Nye County, Nevada.
Nevada Bureau of Mines and Geology Bulletin,
77: 49 p.
Dohrenwend,I.C., 1991,. Surficial Geology of the
Cima Volcanic Field, Eastern Mojave Deserf
California: this volume
Dokka, R.K., 1988. Synthesis of middle and late
Cenozoic tectonic history of the Mojave Desert
block. Geological Society of America 84th
Annual Meeting, Abstracts with Program:155.
Duebendorfer, E.M. and E.T. Wallin, 1991. Basin
development and syntectonic sedimentation
associated with kinematically<oupled strile-

Page 32

slip and detachment faulting, southern

Nevada. Geology, 79:87-90.
Force, Chris, 1991. Late Pleistocene-Early Holocene
woodrat (Neotoma sp.) dental remains from
Kokoweef Cave, San Bernardino County,
California: this volume.
Fryxell, 1.8., 1997. Outline of Structural Geology in
the Red Rock area, Spring Mountains,
Southern Nevada: this volume.
Gudde, 8.G.,7969. California place names.
Berkeley, University of California Press: 4L5 p.
Guth, P.L., D.L. Schmidt, |ack Deibert, and |.C.
Yount, 1988. Tertiary extensional basins of
northwestern Clark County, Nevada, ir This
extended land: Geological journeys in the
southern Basin and Range, D.L. Weide and
M.L. Faber (eds). Geological Society of
America, 84th Cordilleran Section Meeting
Field Trip Guide, University of Nevada Special
Publication, 2 :239 -25 4.
Haynes, C.V., 1967. Quaternary geology of the
Tule Springs area, Clark County, Nevada, lz
Pleistocene studies in southern Nevada, H.M.
Wormington and D. Ellis (eds). Carson City,
Nevada State Museum Anthropological
Papers, 13:105-128.
Hewett, D.F., 1931. Geology and ore deposits of
the Goodsprings quadrangle, Nevada. U.S.
Geological Survey Professional Paper, "162: "172
p.
_, 1956. Geology and mineral resources of the
Ivanpah quadrangle, California and Nevada.
U.S. Geological Survey Professional Paper,
775: 172 p.
Hildebrand, G.H., 1982. Borax pioneer: Francis
Marion Smith. San Diego, Howell-North
Books:318 p.
Hillhouse, !.W., 1987. Late Tertiary and
Quaternary gology of the Tecopa Basin,
southeast California. U.S. Geological Survey
Misc. Invest. Series, MapI'7728.
Hubbs, C.L. and R.R. Miller, 1948. The zoological
evidence: correlation between fish distribution
and hydrologic history in the desert basins of
the western United States, in The Great Basin,
with emphasis on glacial and postglacial times.
University of Utah Bulletin, 39(20):18-1'66.
|efferson, C.T., 7991. Rancholabrean Age
vertebrates from the southeastern Mojave

Desert Callfornia: this volume.
|ennings, C.W., 1958. Geologic map of California,
Death Valley sheet, scale 1:250,000. California
Division of Mines and Geology
Kampf, A.R., C. Graeber, K. Graeber, M. Gray, P.
Gray,I. Hardman, R.E. Reynolds, |. Reynolds,
R. Trimingham, |. Walker, M.F. Walker,7989.
California locality index. Mineralogical Record,
20(2):129-142.

SBCMA Spec. Publ. MDQRC 91

Kupfer, D.H., 1954. Geology of the Silurian flills,
San Bernardino County, California. California
Division of Mines and Geology Bulletin, 170:
Map Sheet 19.
Lanner, R.M., 1984. Trees of the Great Basin.
Reno, LJniversity of Nevada Press: 215 p.

Longwell, C.R.,7974. Measure and date of
movement on Las Vegas Valley shear zone,
Clark County, Nevada. Geological Society of
America Bulletin, 85 :985-990.
l.ongwell, C.R., E.H. Pampeyan, Ben Bowyer and
R.|. Roberts, 1958. Geology and mineral
deposits of Clark County, Nevada. Nevada
Bureau of Mines and Geology Bulletin, 62:.278
p.

MarzolI, I.E., 1988. Reconstruction of Late Triassic
and Early and Middle |urassic sedimentary
basins: southwestern Colorado Plateau to the
eastern Mojave Desert, in This extended land:
Geological journeys in the southern Basin and
Range, D.L. Weide and M.L. Faber (eds).

Geological Society of America, 84th Cordilleran
Section Meeting Field Trip Guide, University
of Nevada Special Publication, 2:777-200.

Marzolf, ].E. and G.C. Dunne, 1983. Evolution of
Early Mesozoic tectonostratigraphic
environments, southwestern Colorado Plateau
to southern Inyo Mountains. Geological
Society of America field guide.
Mawby, J.8., 7967. Fossil vertebrates of the Tule
Springs site, Nevada, ir Pleistocene studies in
southern Nevada, H.M. Wormington and D.
Ellis (eds). Carson City, Nevada State
Museum Anthropological Papers, 13:105-128.
McAllister, 1.F., 1970. Geology of the Furnace
Creek borate area, Death Valley, Inyo County,
California. California Division of Mines and
Geology Map Sheet, 74:9 p.
McFadden, L.D., S.G. Wells and C.E. Renault,
1991. The age and history of the volcanic
center near Lathrop Wells, Nevada: this
volume.
McGinnis, S.M., 1984. Freshwater fuhes of
California. Berkeley, University of California
Press: 315 p.
McMackin, M.R., 1988. Cenozoic sedimentation
and tectonics of the Kingston Range, ir This
extended land: Geological journeys in the
southern Basin and Range, D.L. Weide and
M.L. Faber (eds). Geological Society of
America, 84th Cordilleran Section Meeting
Field Trip Guide, University of Nevada Special

Publication, 2221,-222.
McMackin, M.R. and A.R. Prave, 1991.
Stratigraphic framework of the Kingston
Range, Kingston Wash, and surrounding
areas, California and Nevada: this volume.

SBCMA Spec. Publ. MDQRC 91

Mead, |.I. and L.K. Murray, 1991. Late Pleistocene
vertebrates from the Potosi Mountain packrat
midden, Spring Range, Nevada: this volume.
Meek, Norman, 1991. Overview of the geological
history of southern California and Nevada: this

volume.

Miller, R.R., 1945. Four new species of fossil
Cyprinodont fishes from eastern California.
)ournal Washington Academy of Sciences,
35:315-321.

,1948. The Cyprinodont fishes of Death
Valley system of eastern California and
southwestern Nevada. Univrsity of Michigan
Misc. Publications, Museum of Zoology, 8: 155
p.

Moore, M.B., 1991. A Mississippian invertebrate
assemblage from the Monte Cristo Limestone
near Stateline, Nevada: this volume,
Morrison, R.B., in press. Chapter 10, in
Quaternary stratigraphy, hydrology, and
climatic history of the Great Basin. Geological
$ociety of America, DNAG series.
Morton, D.M., K.D. Watson, and A.K. Baird, 1991.
Alkalic silicate rocks of the Mountain Pass
district, San Bemardino County, California:
this volume.

Myrick, D.F., 1962. Railroads of Nevada and
eastern California, Volume

II,

eastern

California. Berkeley, Howell-North.
Nance, M.A., 1988. Geology of the Mountain Pass
area, San Bernardino County, California. MS
thesis, University of California, Davis: 175 p.
Norris, F. and R.C. Carrico, 7978. A history of land
use in the California Desert Conservation
Area. Rlverside, Bureau of Land Management,
Desert Planning Staff: 133 p.
Paher, 5.W., 1973. Nevada ghost towns and
mining camps. Las Vegas, Nevada
Publications: 492 p.
Palmer, A.R. and R.B. Halley, L979. Physical
stratigraphy and trilobite biostratigraphy of the
Carrara Formation (Lower and Middle
Cambrian) of the southern Great Basin. U.S'
Geological Survey Professional Paper, 19472
131 p.
Papke, K.G. and |.H. Schilling, 1975. Road log:
Las Vegas to Death Valley and t\return.
Nevada Bureau of Mines and Geology Reporf
25.5-17.

Pluhar, C.I., I.C. Kirshvink, and R.W. Adams,
1989. Preliminary magnetostratigraphy of PlioPleistocene lake sediments near Manix Wash,
central MojaveDesert, ir Abstracts of papers,
Mojave Desert Quaternary Research Center 3rd
Annual Symposium, ]. Reynolds (comp.).
Redlands, San Bernardino County Museum
Association Quarterly, %(2):63.

Page 33

Quade, lay, 19f36. Late Quaternary environmental
changes in the upper Las Vegas Valley,
Nevada. Quaternary Research, 26340-357.
Quade, ]ay, and W.L. Pratt, 1989. Late Wisconsin
groundwater discharge environments of the
southwestern Indian Springs Valley, southern
Nevada. Quaternary Research, 31:351-370.
Reynolds, R.E., 1985. Paleontologic resources
assessment, Biogen power project, Ivanpah
Lake, San Bernardino County, California.
Redlands, San Bernardino County Museum,
pr Southern California Edison Company,
Rosemead: 13 p.

, 1988. Timing of deposition and deformation
in Pleistocene sediments at Valley Wells,

Pleistocene, Pacific Cell field trip
guidebook:101-112.

,7990. The response of alluvial fan systems
to late Quaternary climatic change and local
base-level change, eastern Mojave Desert,

California, ,n At the end of the Mojave:
Quaternary studies in the eastern Mojave
Desert R.E. Reynolds, S.G. Wells, and R.H.
Brady Itr (compilers). Redlands, San
Bernardino County Museum Special
Publication, Mojave Desert Quaternary
Research Center:117-118.

Rolf, S.D., 1991. The Old Spanish Trail-Mormon
Road in l"as Vegas Valley, Nevada: this
volume

eastern San Bernardino County, California.

Skirvin, T.M. and S.G. Wells, 1990. Late Cenozoic

Geological Society of America, Abstracts with
m, 20 (3) :22T224.
, 1989. Dinosaur trackways in the lower
|urassic Aztec Sandstone of California, in
Dinosaur tracks and traces, D.D. Gillette and
M.G. Lockley (eds). Cambridge University

structure, geomorpholo {y, and landscape
evolution of the Old Dad Mountain area,
California, rt At the end of the Mojave:
Quaternary studies in the eastern Mojave
Deserf R.E. Reynolds, S.G. Wells, and R.H.
Brady Itr (compilers). Redlands, San
Bernardino County Museum Special
Publication, Mojave Desert Quaternary
Research Center:7348.
Soltz, D.L. and R.J. Naiman, 1978. The natural
history of native fishes in the Death Valley
system. Los Angeles County Museum of
Natural History Science Series, Nz 76 p.
Spaulding, W.G., 1991. A brief overview of the
late Quaternary paleoecology in the upper Las
Vegas Valley and the Amargosa Desert,
Nevada: this volume.
Swanson, S.C., R.L. McPherron, C.A. Searls, and
B.P. Luyendyk, 1980. A geological and
geophysical investigation of the extension of
the Clark Mountain Fault into Ivanpah Valley,
Ivanpah quadrangle, California, ir Geology
and mineral wealth of the California desert,
D.L. Fife and A.R. Brown (eds). Santa Ana,
South Coast Geological Society:495-504.
Strong, M$., 1955. Desertgem hails. Mentone,

Pro gra

Press:285-292.
, \997. The Halloran Hills: a record of

extension and uplift: this volume.
, in press. Erosion, deposition, and
detachment: the Halloran Flills area,
California, in Terttary shatigraphy of the
highly extended terrances, California, Arizona,
and Nevada, D.R. Sherrod and f.E. Nielson
(eds). U.S. Geological Survey Bulletin.
,7997. The ShoshoneZaot a Rancholabrean
assemblage from Tecopa: this volume.
Reynolds, R.E., R.L. Reynolds, and C.]. Bell, 1991.
The Devil Peak sloth: this volume.
Reynolds, R.E., R.L. Reynolds, C.]. Bell, and B.
Pila.er, 1991. Vertebrate remains from
Antelope Cave, Mescal Range, San Bernardino
County, California: this volume.
Reynolds, R.E., R.L. Reynolds, CJ. Bell, N.f.
Czaplewski, H.T. Goodwin, ].I. Mead, and
Barry Roth, 1991. The Kokoweef Cave faunal
assemblage: this volume.

Reynolds, R.E., G.T. ]efferson, and R.L. Reynolds,
1991. Sequence of vertebrates from PlioPleistocene sediments at Valley Wells, San
Bernardino County, California: this volume.
Reynolds, R.E., J.I. Mead, and R.L. Reynolds, 1991.
A Rancholabrean fauna from the Las Vegas
Formation, North Las Vegas, Nevada: this

volume.
Ririe, G.T. and G. Nason, 1991. Molycorp's
Mountain Pass Mine: this volume.
Ritter, ].8., 1985. Late Quaternary piedmont
stratigraphy of the Salt Spring Hills area,
eastern Mojave Desert, California, lr
Quaternary lakes of the eastern Mojave Desert,

California, G.R. Hale (ed). Friends of the

Page 34

Gembooks:31.

Troxel, 8.W., 1970. Anatomy of a fault zone,
southern Death Valley area, California.
Geological Society of America Abstracts with
Program, 2:154.
,1990. Pleistocene and Holocene deformation
on a segment of the southern Death Valley
fault zone, California, rl At the end of the
Mojave: Quaternary studies in the eastern
Mojave Desert, R.E. Reynolds, S.G. Wells, and
R.H. Brady Itr (compilers). Redlands, San
Bernardino County Museum Special
Publication, Mojave Desert Quaternary
Research Center:129-133.

Troxel, 8.W., A.M. Sarna-Wojcicki and C.E. Meyer,
1985. Age, correlations, and sources of three
ash beds in deformed Pleistocene beds,

SBCMA Spec. PubI. MDQRC 91

Confidence Hills, Death Valley, California, in
Quaternary tectonics of southern Death Valley,
California. Friends of the Pleistocene, Pacific
Cell, field trip guidebook:29-30.
Turner, W.G., 1991. The Halloran Spring
petroglyphs. Redlands, San Bernardino
County Museum Association Quarterly,
37(1):1-30.

Turrin, B.D., I.C. Dohrenwend, R.E. Drake, and
G.H. Curtis, 1985. Potassium-argon ages from
the Cima volcanic field, eastern Moiave Desert,
California. Isochron/We st, 44:9 -1'6.
Warren, E. von T., and R.]. Roske, 1981. Cultural
resources of the California desert, 7776-1'880:
historic trails and wagon roads. Bureau of
Land Management, California Desert District,
Cultural Resources Publications,

Wise, W.S., 1990. The mineralogy of the Mohawk
mine. Redlands, San Bernardino County
Museum Association Quarterly, 35(1): 31 p.
, 1991,. Occurrence of fauiasite west of Valley
Wells: this volume.
Woodburne, M.O. and D.P. Whister, 1991. The
Tecopa Lake Beds: this volume
Wright, L.A., 7968. Talc deposits of the southern
Death Valley-Kingston Range region,
Cali:fornia. California Division of Mines and
Geology Special Report, 95:79 P.
Wright, L.A., R.M. Stewart, T.E. Gay Jr. and G.C.
Hazenbush, 1952. Mines and mineral deposits
of San Bernardino County, California.
California Division of Mines ]ournal,
49(7,2):49-792.

Anthropology-History.
Wells, S.G., R.Y. Anderson, Y. Enzel, and W.J.
Brown, 1990. An overview of floods and lakes
within the Moiave River drainage basin:
implications for latest Quaternary
paleoenvironments in southern California, in
At the end of the Molave: Quaternary studies
in the eastern Moiave Desert, R.E. Reynolds,
S.G. Wells, and R.H. Brady Itr (compilers).
Redlands, San Bernardino County Museum
Special Publication, Mojave Desert Quaternary

Photographye by R.E. Rrynods

Research Center:31-38.

Wells, S.G., L.D. McFadden, C.E. Renault, and
B.M. Crowe, 1990. Geomorphic assessment of
late Quaternary volcanism in the Yucca
Mountain area, southern Nevada: implications
for the proposed high-level radioactive waste
repository. Geology, 18:549-533.
Wclls, S.G. and R.E. Reynolds, 1990. Desert wind,
water, and brimstone: Quaternary evolution in
the eastern Mojave Desert-Moiave Desert
Quaternary Reseach Center field trip road log,
day 1,, in At the end of the Mojave:
Quaternary studies in the eastern Mojave
Desert, R.E. Reynolds, S.G. Wells, and R.H.
Brady trI (compilers). Redlands, San
Bernardino County Museum SPecial
Publication, Molave Desert Quaternary
Research Center:5-15.

Wclls, S.G., J.B. Ritter, and ].C. Dohrenwend,
1985. Late Quaternary geomorphic history of
the Silver Lakc and Salt Spring Hills areas,
eastern Moiave Desert, California, in
Quaternary lakes of the eastern Moiave Desert,
California, R.G. Hale (ed). Friends of the
Pleistocene, Pacific Cell field guide:11-24.
Whistler, D.P., 1991. Quien Sabe Cave, middle to
late Holocene fauna from the Ivanpah
Mountains, San Bernardino County, California
:this volume
Wilshire, H.G., 1991. Mioeene basins, Ivanpah
Highlands area: this volume.

SBCMA Spec. Publ. MDQRC

91

Page 35

Overview of the Geological History
of Southern California and Nevada
Norman Meek, Department of Geography, California State University, San Bernardino, CA
92407

INTRODUCTION
The purpose of this paper is to present a
simplified geologic history of southern
California and southern Nevada so that fieldtrip participants will have the background to
understand many of the sites that will be
visited. Such a synthesis must necessarily
omit many local details and alternative
interpretations. More thorough discussions
and interpretations of the geological history of
this region are presented by Dickinson (1981)
and Oldow and others (1989).
Broadly speaking, the styles of tectonic
development in southern California and
Nevada roughly correspond to geologic eras:
plate convergence during Proterozoic time;
plate divergence during latest Proterozoic and
early Paleozoic time; convergence during late
Paleozoic and Mesozoic time; and complex
extensional, strike-slip and rotational
displacements during Cenozoic time. This
paper has been organized by geologic eras so
that readers will have a
simple framework for
remembering the regional
history.

southeast in several orogenic events (Fig. 1;
Bennett and DePaolo, 7987; Karlstrom and
Bowring, 1990). This rapid growth may
represent the collapse of inter-arc and fore-arc
basins developed above one or more

northwest-dipping slabs (Hoffman, 1989).
Thus, the Proterozoic coastline of
southwestern North America trended mostly
east-west, and episodically grew towards the
south as volcanic arcs collided with the North
American craton.
An interesting discovery of the isotopic
mapping is that during Proterozoic time, a
large crustal block which included southern
Nevada and California appears to have shifted
more than 400 km southeastwards along a
boundary roughly paralleling the CaliforniaArizona border and extending into Nevada
(Bennett and DePaolo,1987). Thus, the age
and affinity of Proterozoic crust in the Mojave
Desert may be closer to the Proterozoic crust
in central Nevada than the adjacent region in
southern Arizona.

PROTEROZOIC TIME
(2.5 Ca to 570 Ma)

The modern
configuration of
southwestern North
America bears little
resemblance to the
Proterozoic configuration.
Isotopic studies of
Proterozoic rocks in
southwestern North
America indicate that from
-1.9 to 1.5 Ca the North
American craton rapidly
Brew towards the south-
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Fig."1. Ietopiccrustalprouincesof catralNorthAmeica.Theprouinceagesareinbillionsof
years (after Bennett ond DePrclo, 1987,

fig.

7).
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Throughout southwestern North America,
crystalline Proterozoic rocks are overlain by a
westward-thickening sequence of relatively
undeformed Upper Proterozoic and lower
Paleozoic shelf strata derived from the east
(Fig. 2; Wright and others, 1981). Although a
few disconformities eist within this thick
sequence, the shelf strata indicate the
establishment of a passive margin in
southwestern North America during
Proterozoic time after -1.3 Ga.
A noteworthy deposit within the Upper
Proterozoic sequence is the Kingston Peak
Formation, which is a diamictite interpreted to
be of glacial origin (Miller, 1985) within a
mostly tropical shelf sequence. This is a
perpledng interpretation, given the inferred
equatorial location of southwestern North
America about this time (Bally and others,
1e8e).

PALEOZOIC TIME
(570 to 245 Ma)
This span of time was initially
characterized by continued clastic deposition
due to late Proterozoic rifting, followed by a
long period of carbonate shelf sedimentation
along a passive continental margin that
resulted. It has been suggested that the block
rifted from southwestern North America could
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be Siberia (Sears and Price, 1978), and that the
block rifted from the region to the north is
Australia (Bell and |efferson, B9n.
In southern California and Nevada, the
shelf sequence is several kilometers thick, and
is mostly continuous from the Upper
Proterozoic to the Permian. As expected with
continental rifting, the lower part of the
stratigraphic column contains basalts
interbedded with continentally derived clastic
rocks. However, the overlying Cambrian and
younger portions of the sequence consist of
shallow-marine carbonates typical of a tropical
continental shelf.
Discontinuous sections of the shelf
sequence can be found as far west as
Victorville and the San Bernardino Mountains,
but many of these isolated remnants within
the Mojave block do not readily fit into
regional trends, and suggest that substantial
lateral translations have occurred (Burchfiel
and Davis, 1981).
In central California and Nevada,
monotonous shelf sedimentation during the
Paleozoic was punctuated by two orogenies:
the Late Devonian Antler orogeny and the
Late Permian Sonoma orogeny. The cause of
the Antler orogeny has long been
controversial. The most recent hypothesis
invokes foreland deformation similar to late
Cenozoic deformation in the Mediterranean
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region (Burchfiel and Royden, 199L). In
California, distal sediments shed from the
Antler orogenic belt can be found in Middle
Mississippian through Lower Pennsylvanian
strata of the northern Inyo-Death Valley
region, and in an allochthonous block in the
El Paso Mountains (Burchfiel and Davis, 1981).
Significant sedimentation or deformation
associated with the Antler orogeny has not
been documented farther to the southeast.
The first significant disruption of the thick
shelf sequence in southern California and
Nevada occurred during the Sonoma orogeny
near the end of Paleozoic time. The Sonoma
orogeny was caused either by the collision of a
southeastward-moving island-arc mass and
related sediments with a northeast-trending
coastline in northern California and
northwestern Nevada (Fig. 3; Speed, 1979),
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and/or the eastward collision of an elongated
arc-terrane with a north-trending coastline in
California (Schweickert and Lahren, 1990).
Although significant deformation occurred
in east-central California (Stone and Stevens,
1988), an important development associated
with the Sonoma oroteny in southern
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California was the probable truncation of the
shelf deposits by a southeast-trending leftlateral strike-slip fault roughly coincident with
Owens Valley and possibly extending far to
the southeast (Burchfiel and Davis, 1981).
Evidence for this fault system includes
dlochthonous Paleozoic blocks moved to the
south on the west side of the fault. Significant
deformation along this trend also occurred in
the Victorville area and perhaps the San
Bernardino Mountains (Burchfiel and Davis,
1981).

MESOZOIC TIME
(245 to 55 Ma)
Sometime near the beginning of Mesozoic
time, the direction of relative plate motions in
southern California changed by almost 90
degrees (Speed,'1978), perhaps related to the
inception of continental rifting along the
Atlantic and Gulf Coast margins. At this time,
North America began to move rapidly "west"
(Steiner, 1983), and a north-south subduction
zone developed along the recently truncated
continental margin.
The change in relative plate motions was
followed by the collision and accretion of an
island arc during the Nevadan orogeny
(Schweickert, 1978), arching (Reynolds and
others, 1989) and thrust-faulting of the
continental shelf deposits, and the growth of
an Andean-type volcanic chain (Fig. 4;
Burchfiel and Davis, '1975). High-angle normal
faulting also developed throughout the region,
typical of an intra-arc setting (Busby-Spera,
1988), as well as approximately 400 km of slip
along a major dextral fault system
(Schweickert and Lahren, 1990). Because the
volcanism and faulting lasted for nearly the
whole of Mesozoic time, many phases of
magmatism and thrust faulting have been
recognized. A detailed summary of these
phases is presented by Burchfiel and Davis
(1e81).

The most spectacular remnant of the
Mesozoic magmatism is the Sierra Nevada
batholith, and its discontinuous equivalents to
the south in the San Gabriel, San Bernardino,
and Peninsula Ranges. However, the
longitudinal position of the volcanic chain

shifted slowly through time (Burchfiel and
Davis, 1981). The oldest Mesozoic intrusions
occur in the central and southern Mojave
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Desert, with progressively younger granitic
bodies towards the northeast. These shifts in
magmatism may be due to changes in the
angle of subducting plates beneath North

America, as well as shifts in the positions of
subduction zones following collisional
orogenies.

Where the intrusions passed through the
thick Paleozoic shelf sequence, intense heat
metamorphosed the strata and concentrated
minerals into economically valuable deposits.
Severd of the largest mines in the Mojave
Fsert are recovering minerals in Paleozoic
formations that were metamorphosed during
Mesozoic time.
Associated with the early Mesozoic
volcanic chain in southern California was the
edge of a giant sea of sand, stretching as far
east as Colorado. Because California was at
equatorial latitudes during early Mesozoic time
(Steiner, 1983), the region was dominated by
prevailing easterlies and an intense monsoonal
effect. Regional aridity increased as a result of
a rainshadow created by rising rift shoulders
in eastern North America, and
'megarnonsoons' developed due to the
presenc€ of a large landmass in a zone of

extreme heating (Kutzbach and Gallimore,
1989). Due to the broad doming of the

Appalachian region, a giant westwarddraining stream network formed, carrying
sediments thousands of kilometers to the
shallow Triassic and ]urassic coastal plain in
Colorado and Wyoming. The Navajo
sandstone and its western equivalent, the
Aztec sandstone, are the products of a sand
sea derived from this coastal plain (Stanley
and others, 1971; Kocurek and Dott, 1983).
Marzolf (1988) has calculated that a river
system the size of the Mississippi would have
taken between 6 and 14 million years to
deliver the volume of sands that make up this
eand sea. Prevailing easterly winds and
northerly monsoonal winds blew the sand
towards the west and south where it ramped
up against the eastern margins of the volcanic
chain in southern California. Today, the Aztec
sandstone, possibly derived from as fN away
as the Appalachians, can be found
interbedded with volcanic deposits in several
mountain ranges in the Baker vicinity
(Burchfiel and Davis, 1981) and as far west as
the Rodman Mountains (Miller and Carr,
1e78).

NORTH AMERICA
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The most renowned Mesozoic thrust fault
in the region is the Keystone thrust just west
of Las Vegas. Exposed on the steep east face
of the Spring Mountains is a section of the
Paleozoic shelf sequence that has been thrust
eastward over Cretaceous formations (Fleck

and Carr, 1990).
Several otherJesozoic formations which
are widespread in Cahf,srnia are attributed to
the trench and forearc regions just west of the
Andean-type arc. For example, the Franciscan
Complex, the Bedford Canyon Formation, the
Santa Monica Slate, as well as the Pelona,
Orocopia and Catalina Schists are believed to
have formed and been metamorphosed in
such settings. As a result, most of the
basement rock west of the NewportInglewood fault zone (Hill, 1971) and several
areas of basement rock southwest of the San
Andreas fault in southern California are
believed to be metamorphosed trench and
forearc strata associated with the subduction
zone (Hamilton, 1978).
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CENOZOIC TIME
(65 Ma to present)
Comparatively speaking, the Cenozoic Era
is the most complex of the various periods to
understand, especially from a tectonic point of
view. In part, this is due to the fact that more
Cenozoic rocks are present,'and thus
simplistic hypotheses can be easily refuted.
However, the Basin and Range is unique
among the world's landscapes; no similar
landscape exists at such a scale which can
provide analogous clues to the physiographic
development of this region. Thus, until a
widely accepted tectonic paradigm has been
developed to decipher the regional geology, it
is difficult to fully understand local geological
phenomena.
The volcanic arc that had dominated the
west coast for more than 170 million years
became inactive near the end of Mesozoic time
(Snyder and others, 7976). In early Cenozoic
time, a wave of spatially irregular volcanism
shifted towards the east, reaching as far east
as central Colorado. This was accompanied by
mild compressional deformation throughout
western North America. The Rocky Mountains
were uplifted during this period of
deformation in what has become known as
the Laramide orogeny.
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(after Ahoater, 1970, fig. 18)

Dickinson (1981) and Coney (1987) have
summarized a case for the Laramide orogeny
being caused by the angle of the subducting
plate becoming very acute with respect to the
overlying plate. Such an event is plausible if
the North American plate moved swiftly to
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the west with the rapid growth of the Atlantic
Ocean, thereby forcibly overriding the
subducting plates to the west. However,
Atwater (1970) and Nilsen (1978) have also
presented convincing cases for right-lateral
strike-slip motion along a proto-San Andreas
fault (Fig. 5), which would have caused
subduction and volcanism to cease during
Late Cretaceous and early Paleocene time
(Snyder and others, 1975). An important

implication of the Paleocene plate
reconstructions is that compressional stresses
caused by the westward movement of North
America against buoyant crust of the nearly
perpendicular Kula/Farallon spreading center
could be partially responsible for Laramide
deformation in western North America
In southern California, almost no
Laramide structures have been documented,
possibly because few lower Tertiary strata
exist. The absence of Paleocene, Eocene and
lower Oligocene rocks has been attributed
tentatively to regional doming, which caused
the sediments to be shed to distant locales
(Hewitt, 7954), and would be in accord with
the crustal-thickening hypothesis presented by
Coney (198n as a major cause of mid-Tertiary
extension.

During Oligocene time, the wave of
volcanism that had previously shifted to the
east began to shift back to the west. By early
Miocene time, the volcanism had almost
returned to its Mesozoic position (Snyder and
others, 1976; Castil and others, 1979). This
wave of Cenozoic volcanism and resultant
local metamorphism throughout southwestern
North America is responsible for a large
number of the ore deposits in the region, in
much the same manner that Mesozoic
magmatism had previously concentrated
valuable minerals in the Paleozoic shelf
deposits of southern California.
Just before arc magmatism returned to the
southern California region, events began to
get complicated due to the interaction of the
Pacific-Farallon spreading center with the
California coast in the San Diego vicinity
during middle Oligocene time (-29 Ma). The
geometry of the oblique plate interaction was
such that a transform plate boundary between
the North American and Pacific plates has
grown northwards and southwards from the
point of initial contact (Fig. 6), accompanied
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by the late Cenozoic enlargement of a
triangular 'slab window' east of the transform
boundary (Dickinson and Snyder, 1979a).
The growing triangle marks the
approximate geographic limits of late Cenozoic
crustal extension which dominates the Basin
and Range region today. The triangle also
delineates an arpa where arc magmatism has
ended, apparently due to the absence of a
subducting plate beneath the region. In the
Basin and Range, active extension appears to
have occurred in two broad phases (Coney,
1987): a mid-Tertiary phase caused by the
collapse of overthickened crust, and a lateTertiary to recent phase dominated by
lithospheric stresses associated with the slab
window and triple-junction instability
(lngersoll, 7982). The azirrruth of maximum
extension has also changed significantly
through time (Oldow and others, 1989).
Whereas the location of extension has some
relation to crustal thickness, its timing may be
governed by the thermal state of the
lithosphere at the time of crustal thickening
(Wernicke and others, D9nExtensive field mapping during the 1970's
and 1980's has demonstrated that regional
extension most often occurs as simple shear
associated with low-angle normal faults (also
known as detachment faults), where slivers of
the upper plate progressively break off and
move downslope along listric faults as the
crust extends (Fig. 7; Wernicke, 1985). In areas
where these faults have translated the upper
crust several tens of kilometers, juxtaposing
middle crustal rocks below highly faulted and
tilted upper crustal fragments, these
detachment systems are called metamorphic
core complexes. However, substantial crustal
extension is not confined to these areas.
A great deal of ezustal thinning is
indicated by a high heat flux in the Basin and
Range today. In addition, regional topographic
highs have formed above suspected
detachment planes, as predicted by the model.
Regional extension may also have been
facilitated by compressional thickening and
associated heating of the crust, which
occurred in the foreland region of the
magmatic arc during Mesozoic time (Sonder
and others, 798n.
Regional extension often consists of
widespread caldera-centered ignimbrite
eruptions, with block tilting and basin
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development ensuing (Coney, DBn.
Individual block movements are then
augmented by progressive isostatic arching of
the lithosphere as the region extends
(Wernicke and Axen, 1988).
Although regional extension models of
this type may be the best yet proposed, they
have not been universally accepted. For
example, although the model diagrams show
that regional extension can exceed 100o/o
without forming an incipient ocean, recent
data indicate that the Las Vegas region may
have extended 3004000/o without doing so
(Wernicke and others, 1988). It is difficult to
imagine regions extending by simple shear
and associated isostaticl gravlty processes to
such an extent without the formation of an
active spreading center or exposing substantial
areas of the lower crust.

The sedimentation that occurs in the
developing basins is usually limited to
sediments derived from the adjacent ranges
(DiGuiseppi and Bartley, 1991), because
regional drainage integration in the Basin and
Range appears to be a Pleistocene
phenomenon (Meek, 1991). Many mountain
ranges in the central Mojave Desert reveal
thi& lacustrine strata that accumulated in
rapidly developing extensional basins during
Miocene time. The strata contain rich
paleontologic assemblages indicative of a semiarid setting. This is because neither the ranges
adjacent to the San Andreas fault nor the
Sierra Nevada appear to have been high
enough during late Miocene and Pliocene time
to have created a rainshadow throughout
southern California and Nevada (Oberlander,
1974; Bachman, 1978; Meisling and Weldon,
1989). In addition, very thick carbonates
accumulated on stable piedmont surfaces in
the basins, resulting in deposits like
the Mormon Mesa calcete in southern
Nevada (Gardner, 7972).

Transform movement along the
San Andreas fault since

initid

spreading-ridge contact with the

California coast in mid-Oligocene time
has led to more than 300 km of dextral
offset along the fault (Blake and others,
1978). Rapid basin development
commenced along the southern
California coastal margin in Miocene

Fig. 6. Approximale dimmsbns of the slab-free window ($ter Dickinxn rnd
Snyder, 7979o fig. 6).
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time (Crowell, \974). Beginning in
Pliocene time, the primary locus of
transform movement in southern
California shifted inland to the modern
San Andreas fault which straightened
the increasingly curved boundary
between the Rivera and Mendocino
triple junctions. As a result, a sliver of
the North American plate was
transferred to the Pacific plate
(Dickinson and Snyder, 1979b;
Ingersoll, 1982). This also resulted in
rifting of the Baja Peninsula and
opening of the Gulf of California
(Larson and others, 1968; Gastil and
others, 1979). Although some Pliocene
sediments suggest that initial
movement along the San Andreas fault
was comparatively smooth, the everchanging eastward shift in stresses and
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plate interactions between the Mendocino and
Rivera triple junctions has resulted in a
growing bend in the San Andreas fault
between Tejon and Cajon passes during late
Pliocene and Quaternary time.
Because transform movement is now
occurring along a curved boundary,
transpressional stresses have developed along
this segment of the fault zone, resulting in
uplift of the Transverse Ranges. In the Mojave
Desert, the stresses created by the growing
bend in the plate boundary have also resulted

in a series of northwest-trending righflateral
strike-slip faults and east-west-trending leftlateral strike-slip faults (Dokka and Travis,
1990). Because the Mojave block is being
compressed between the San Andreas and
Garlock faults (Bartley and others, 1990), some

east-west strike-slip faults in the central
Mojave Desert that were active during the
Tertiary have been the focus of north-south
compression and Pleistocene thrust faulting.
As a result of these regional stresses, some
mountains in a north-south corridor in the
central Mojave Desert as well as the Avawatz
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Mountains in the
northeastern corner
of the Mojave block
have been uplifted
during Pleistocene
time (Brady,7984;
Meek, 1989).
North of the
Garlock fault (a
major
intracontinental
transform structure;
Davis and Burchfiel,
1973), Basin-andRange
extension has
Topographic
Culmination
continued in
conjunction with the
relative
northwestward
movement of the
Sierra Nevada
batholith (Wernicke
and others, 1988).
This has resulted in
the development of
very deep basins,
including Owens
(after Wemi*,c, 1985, figs. 3 snd 12).
Valley, Panamint
Valley, and Death
Valley, as the crust continues to extend.
West of the San Andreas fault, the crust
is fragmented into a series of blocks that have
shifted and rotated in a wide zone.
Paleomagnetic evidence indicates that some
blocks of the Transverse Ranges have rotated
more than 90 degrees since early Miocene time
(Hornafius and others, 1985). The$ blocks
appear to be detached from the lower crust
along decollement zones (Namson and Davis,
1988; Stein and Yeats, 1989), and are being
moved northwards and rotated around vertical
axes (Jackson and Molnar, 1990), much like
floating blocks of ice in a stream. These blocks
are also being thrust over one another,
resulting in a series of major east-westtrending thrust faults, such as the Sielra
Madre-Cucamonga system which is
responsible for the sudden rise of the San
Gabriel Mountains north of Pasadena and
Upland. Where relatively intact blocks are
colliding in the L.A. region, thrust faults have
developed at depth and the overlying
sedimentary strata have been deformed into
fairly simple compressional structures. The
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Puente, Chino, and Whittier Hills, as well as
the eastern Santa Monica Mountains ,re
dominated by such structures.
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The Halloran Hills: A Record of
Extension and Uplift
Robert E. Reynolds, Division of Earth Sciences, San Bernardino County Museum, Redlands, CA
92374

GEOGRAPHIC AND GEOLOGIC SETTING
The Halloran Hills are located north of
Interstate L5, west of Cima Road, and south of
Kingston Wash, approximately 13 miles
northeast of Baker, San Bernardino County,
California. Geographically, the Halloran Hills
are southeast of the Avawatz Mountains
(Brady, 1990), south of Kingston Peak (Calzia,
this volume; McMackin and Prave, this

volume), northwest of the Mescal Range
(Nance, this volume), west of Clark Mountain
(Burchfiel and Davis, 1988), and include the
northern portion of the Cima Volcanic Field
(Turrin and others, 1985; Dohrenwend, this
volume; Wilshire, this volume).
STRUCTURAL HISTORY
Pre-Basin History
Shadow Valley Basin (Hewett, 1956) is a
Tertiary structural depression in the Halloran
block that was filled by lacustrine sediments,
landslide debris, and gravity slide blocks. The
structural and depositional record begins with
a mid-Tertiary, pre-20 m.y. erosional surface
developed on granitic rocks of the Teutonia
Batholith (Beckerman and others, 1982). The
erosional surface and sediment deposited
upon it are now exposed over 700 km2.
Middle Mesozoic thrusting emplaced
Paleozoic carbonate sequence over Triassic and
|urassic clastic rocks and furassic volcanic
rocks between 172 and 157 Ma (Busby-Spera,
1988). The Teutonia Batholith was emplaced
between late ]urassic and early Cretaceous
time, from 137 to 92Ma (Beckerman and
others, 1982).
During the early half of the Tertiary,
thrust sheets of Paleozoic rocks were stripped
from much of the Teutonia Batholith, and the
granitic "Ivanpah Upland' (Hewett, 1956) was
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formed in the area that is presently the
Halloran Hills.
Erosional Surface (Er)
Prior to late middle Miocene basin
development and subsequent detachment, an
extensive erosional surface (Er) had developed
on the unroofed granitic upland. This deeplyweathered erosional surface is identified by
limonite staining, rounded granitic boulders,
and occasional large spheroidal granitic
boulders. Locally, areas of low relief on this
surface were covered with a conglomerate of
rounded clasts of quartzite derived from the
Precambrian Wood Canyon Formation and the
Cambrian Zabriskie Quartzite. This quartzite
cobble lag deposit is time-transgressive.
Together, the development of the erosional
surface and the sorting and rounding of the
quartzite cobbles represent a period of local
structural stability that spanned a significant
amount of time. Age constraints on the
erosional event and the sorting and rounding
of the cobbles include the end of the Laramide
Orogeny (5040 m.y., Coney 1978) as a
maximum date and the deposition of a welded
tuff (19.1 Ma) at Francis Tank. McMackin
(1988) noted the similarity of the quartzite
cobble conglomerate to the Oligocene Titus
Canyon Formation of about 30 Ma (Stock and
Bode, 1935; Stock, 1939).
Early Basin Formation

Middle Miocene Sandstone lPtms)
Relatively fine-grained sandstones (Mrns),
siltstones, and limestones were deposited in a
slowly-forming basin that extended from north
of Interstate 15 to Kingston Wash and from
Cima Road west to Turquoise Mountain. The
fine-grained sequence of sediments rests on
the early Tertiary erosional surface E, and the
quartzite cobble conglomerate. The finegrained sequence consists primarily of tan,
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gray, and green silts
and freshwater
limestone,
suggesting
lacustrine
deposition, and
some pink silts and
sands that suggest
deposition on lake
margins or in
playas. At two
locations high in the
section, increase in
clast size and the
presence of clasts of
Paleozoic limestone
and garnet gneiss
show conformable
deposition from the
fine-grained facies to
the subsequent
coarse-grained facies
(Mlf) of
conglomerate and
breccias.
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South of Francis Nielsn, in prus)
Spring and north of
Bull Spring Wash tributaries, the fine-grained
facies interfingers with coarse arkosic sands.
Further south, near Halloran Spring, the
section consists entirely of relatively thinlybedded arkosic sediments. Contemporaneity
is implied by the presence of a pyroxene
andesite breccia within both the northern and
southern sections. The andesite is located
approdmately in the middle of the northern
fine-grained section and is at the base of the
arkosic section to the south. This implies that
the basin filled from the deepest point, north
of Squaw Mountain, with fine-grained
sediments. The margins of the basin to the
south filled with coarser arkosic debris at a
slightly later date. In both sections, the
change from relatively fine-grained silts and
arkosic sands (Mms) to very coarse
conglomerates (Mlf) and fanglomerates,
breccias, and slide blocks suggests a point in
time when slow accumulation of sediments
was suddenly overcome by rapid deposition of
fanglomerates, breccias, and slide blocks.
Fine-grained sediments deposited during
quiescent basin formation may have heralded
detachment-related cmstal extension.
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Age constraints on early deposition of the
fine-grained sediments (M.ns) deposited
during quiescent basin formation are based on
a welded airfall tuff dated at 19.05t0.11Ma
(C.W. Swisher, U.C. Berkeley, oral
communication) which resembles physically
the Peach Springs Tuff, with an accepted age
of 1.8.5t0.2 Ma (Nielson and others, 1990).
The welded tuff occupies the same hollows in
which the quartzite cobbles lie, although it is
separated from the cobbles by silts. (Neither
cobbles nor welded tuff are found draped over
areas of presumed high relieQ.

The pyroxene andesite. crops out on the
north near Kingston Wash, the LADIAIP
powerline road, at Francis Tank, at Halloran
Spring, and southwest of Halloran Summit.
Wilshire (this volume) obtained a date of 12.8
Ma from the exposure southwest of Halloran
Summit and verified chemical similarities in
the pyroxene andesite at localities to the north
(H.G.Wilshire, USGS Menlo Park, pers.

corrrr;

1989).

Since the pyroxene andesite was

deposited in approximately the middle of the
Mms sedimentary section near Squaw
Mountain/Francis Tank and occurs near the
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base of the Mms near Halloran Springs, it is
assumed that subsequent deposition in both
areas represented a recognizable interval of

time that culminated in tumultuous
deposition. The interval between the welded
tuff and the pyroxene andesite represents
approximately 6 million years. The finegrained sediments are known to have been
deposited during a period of time between
> 19.05 Ma and <12.8 Ma; the acumulation of
about 180 feet of fine-grained sediments above
the 12.8 pyroxene andesite suggests that
deposition may have continued to -12 Ma.
The fine-grained Mms of Halloran Hills may
be equivalent to the Resting Spring Formation
described by Hewett (1955) and dirussed by
McMackin and Prave (this volume).
Detachment and Syntectonic Deposition
Late Miocene Fanglomerates (MlO
Unit Mlf represents the rapid deposition
of coarse fanglomerates, landslide breccias,
and gravity slide bloc-ks that filled Shadow
Valley Basin after deposition of fine-grained
sediments Mms. These very co.rse debris and
blocks define sources and scarps around the
basin margins. At three localities, sections are
preserved that show change from fine-grained
deposition (M.ns) to deposition
of coarse clasts (Mlf) dominated
Table I. Summary
by rocks from distinctive
sources surrounding the basin.

Mountain is 1.3 miles from north to south and
is approximately 500 feet thick. It rests on the
E, erosional surface on rocks of the Teutonia
batholith immediately west of the contact with
Mms. Gravity slide blocks of the Halloran
Hills sit on either the Er-E, erosional surface
or on the $ surface developed on the Mms.
Fanglomerates and breccia sheets surround
the slide blocks and rest on the $ surface.
Fanglomerates with red, silty matrix
contain clasts indicating sources to the south
and east that had undergone approximately as
much weathering as that which produced the
E, surface on the Ivanpah Upland in the
Halloran Hills. Fanglomerates with white
matrix derived from freshly+lposed souroes
such as the scarps surrounding Shadow Valley
Basin and from areas on the east side of Cla*
Mountain Fault, which may have been the
active mechanism elevating the metamorphic
terrain east of the early Mesozoic sequenc€
preserved in the Mescd Range (see Castor,
this volume).
Rocks in the Shadow Valley Basin which
indicate a source in the Mescd Range or
southern Clark Mountain include
metamorphic and igneous rocks from the east
side of the Clark Mountain Fault, such as

of Events and Unitq Halloran Hills

Deformation of the finegrained sequence (Mms)
probably heralded initial phases
of detachment and scarp

development. Deformation of
Mms included (1) folds, shallow
and steep, along east-westtrending axes; (2) tilting that
preserved the Mms-Mlf
transition; (3) erosion (EJ on a
surface that cut across the Mms
sediments and, in local areas,
cut as deep as the early Tertiary
erosional surface (Er) to expose
weathered quartz monzonite.
The first event of
syntectonic basin filling after
this deformation and erosion
(E) was rapid emplacement of
gravity slide blocks such as
Squaw Mountain. Squaw
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SYMBOL

DESCHIP.TION

-

20 Ma

Erosional surface

-4O

Middle Miocene sandstone

>19.05

Syntectonic erosional surface

(brief I

Mtf

Late Miocene fanglomerate,
breccias, & blocks

-12->11Ma

Mltf

Latest Miocene fanglomerate

>8.5

Mlta

Latest Miocene arkose

E1

Mms
E2

E3

Pre-basalt erosional surface

Pvb

Pliocene basalt

oPt

Plio-Pleistocene lacustrine
sediments

-

<12.8

Ma

- -8.0 Ma
-8.5 - 8.0 Ma
-8 - 7.5 Ma
5.12 - 4.24 Ma
>2.4 - <0.4 Ma

Pryc 19

syenite and tarnet augen tneiss. Rocks from
the west side of the Clark Mountain Fault in
the Mescal Range include the Triassic/]urassic
clastic sequence of Chinle, Moenave, and
Aztec Sandstone, and the overlying distinctive
Delfont Volcanics. Rocks from the lower
Paleozoic/Proterozoic sequence of Clark
Mountain and the Mescal Range include the
Tapeats Sandstone, which can be
distinguished from the Wood Canyon and
Zabriskie quartzites.
McMackin and Prave (this volume)
describe rocks similar to Mlf as the Evening
Star Formation, which contains glide blocks,
fanglomerates, and breccias of Paleozoic,
Proterozoic, and metamolphic rocks from
sources to the east and southeast of Kingston
Peak and to the northeast of Shadow Valley

are near-source. The boulder arkose sits
unconformably on Mesozoic quartz monzonite
of the Teutonia batholith and beddint is tilted
only slightly eastward (1ff). The slight
eastward dip of Mltf and Mlta indicates
deposition very late in or after the major
extensional event.

Detadrment Faulting

pluton (=12.tMa, Calzia this volume) and
andesites dated -1L.5 Ma (Calzia, this
volume; McMackin and Prave, this volume).
This sequence of sedimentation suggests that
fanglomerates and landslide breccias filled
Shadow Valley Basin between 1.2 Ma and 1L

Shadow Valley Detachment Surface (SVDS)
Major motion on the Shadow Valley
detachment fault occurred between -72 Ma
and possible 11Ma, although basin filling
may have continued until -8 Ma. Normal
fault-bounded blocks in the Shadow Valley
Basin were tilted southeastward and eastward
above a detachment surface with displacement
toward the west and northwest. Normal
faults tilted blocks eastward and repeated
sections of quartz monzonite, Mms, and Mlf.
Only minor tilting is seen on Mltf and Mlta.
The Shadow Valley detachment surface
(SVDS) is not exposed in the Halloran Hills
because it lies below the Tertiary sediments
within the Mesozoic granitic and metamolphic
rocks. This model was proposed in contrast
to the conjectured relations of the 'Halloran
Hills Detachment Fault' of Parke and Davis,

Ma.

1990.

Latest Miocene Fanglomerate (Mltf)
Latest Miocene fanglomerate without
breccia sheets (Mltf) are present in isolated
localities in the Halloran Hills south of Yucca
Grove. These contain mixed lithologies and
are poorly bedded and poorly indurated. The
Mltf dips slightly eastward.
These Mltf fanglomerates may be
equivalent to the Coyote Holes Formation
which McMackin constrains to (8.4 Ma
(McMackin and Prave, this volume).

The SVDS was active at a period in time
when the Teutonia batholith crystallized (12.4
Ma, Calzia, this volume) and perhaps as late
as when pluton was unroofed, -LG-8 Ma
(Calzia, this volume; McMackin and Prave,
this volume). Th" SVDS may be closely
related to the Kingston detachment
(McMa&in, L988; McMackin and Prave, this
volume; Burchfiel and others, 1983; Burchfiel
and others, 1985).
The Military Canyon Formation in the
northern Avawatz Mountains received fresh,
unweathered clasts of quartz monzonite and

Basin.

Deposition of the Late Miocene
fanglomerates and breccia (Mlf) started after
-12l:|l4.a. Fanglomerates in the Kingston
Wash area contain clasts of the Kingston

Latest Miocene Arkose (Mlta)

Latest Miocene arkosic fanglomerates
(Mlta) are located north of the Telegraph mine
and in Gem Canyon. Distally, to the north,
these arkosic sediments contain a small
percent of clasts of Paleozoic limestone and
chert, indicating that they postdate the Mlf
fanglomerate described above. Proximally,
near Interstate 15 and east of Halloran Spring,
these arkosic fanglomerates consist of large
boulders and little matrix, suggesting that they
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migmatic gneiss (DeWitt, 1980). Brady (1990)
suggested that the Military Canyon Formation
was a basin receiving sediments between 1.3.9
Ma and 8.49 Ma. This suggests that at least
the western portions of. the SVDS were active
during this time and that deposition in the
Halloran Hills of Mlf was syntectonic in the
scarp suounding the pull-apart zone of the
SVDS. Mltf and Mlta are fanglomerates that
lack landslide breccia sheets and slide blocks,
but were derived from eroding sca rps and
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highlands around the Shadow Valley pullapart basin.
Erosion and Vulcanism

Erosional Surface E,
A third, probably time-transgressive
erosional surface (E.) developed across easttilted fault blocks which contain the
sedimentary sequence described 4bove (Mms,
Mlf, Mltf, Mlta). Dates on basdts (7.55*0.17
Ma, 6.47t0.18 Ma, 6.92t0.32 Ma, Turrin and
others, 1985) on this surface in the southern
Cima Volcanic Field help constrain the its age.
The dates suggest that it may have developed
prior to basalts dated between 8 Ma and 7.5
Ma.
Pliocene basalts (Pbv)
Pliocene basalts north of Interstate 15 and
east of Halloran Spring sit on the E. surface.
West-flowing basalt at Halloran Spring range
in age from 5.12100.15 Ma to 4.24t0.17 Ma
(Turrin and others, 1985). This indicates that
Soda Lake Valley was forming prior to this
time. Northeast-flowing basalt in the eastern
Halloran Hills has a K-Ar age of 4.48t0.15 Ma
(Turrin and others, 1985) indicating that the
Valley Wells Basin was forming by that time.
Late Basin Filling and Faulting
Plio-Pleistocene Lacustrine Sediments (QPl)
Deposition of lacustrine sediments at
Valley Wells took place around 2.4 Ma and
continued past 0.45 Ma to perhaps 0.3 Ma
(Reynolds and others, this volume). The
facies change in these sediments records active
tectonism during their deposition. Differences
in elevation of approximately 200 feet between
western outcrops and eastern outcroPs
indicate significant offset after their
deposition.
Pleistocene Faulting
The two million year stratigraphic
sequence in the Valley Wells Basin has been
offset by north-south faults that were active
since final phases of deposition, less than 0.4
or 0.3 Ma ago. There is a possibility that
different elevations and complex surface
morphology of basalts of the Halloran Hills

with shortening strains that could have
produced late Pleistocene offset of the Valley
Wells sediments. Mechanisms for faulting
may be linked to activity on the Southern
Death Valley-SodalAvawatz Shear Zone (see
Brady,1988; Brady and Dokka, 1989). Troxel
(1985) described activity on the Southern
Death Valley fault zone west of Salt Spring
that deformed sediments containing ashes
dated at 0.6 Ma.
SUMMARY
Extension-related detachment faulting of
Shadow Valley Basin sediments took place
between 12 and 8 Ma. The west-northwestvergent movement on the Shadow Valley
detachment surface is similar to the style
described by Duebendorfer and others (in
press) and Guth and others (1988), and is
consistent in the sense of movement and
timing with events proposed by McMackin
and Prave (this volume) and tectonics
described by Calzia (herein).
Dohrenwend (1988) discussed rates of
slope retreat required to develop the pediment
domes of the Ivanpah Upland. He remarked
(p. 216) that "...it would appear that either
general slope-retreat proceeded at a
significantly faster rate in this area than
elsewhere in the Basin and Range, or that
some other process or combination of
processes was responsible for formation of
these pediments.'

Late Miocene extension-related
detachment tilted fault-bounded sequences
eastward. In contrast, the eastern portion of
the Halloran Hills reflect Pleistocene faulting
with a west-side-up sense of displacement.
This faulting may have started alter 4.48 Ma
basalt flows and was definitely active after the
deposition of late Pliocene to Pleistocene
sediments at Valley Wells, which ceased by
0.4 to 0.3 Ma. Shortening strains producing
uplift in the Halloran Hills is coincident with
and may be linked to right lateral offset on the
Southern Death Valley Fault Zone.
Displacement between Halloran Summit and
Cima Road has separated sediments deposited
less than 0.4 Ma by 200 feet in elevation.

represent a north- or northwest-side-up sense
of faultipg. This sense of offset would agree
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Miocene Basins,
lvanpah Highlands Area
H.G. Wilshire, U.S. Geological Survey, 345 Middlefield Road, MS 975, Menlo Park, CA940?5

others, 1982; DeWitt and others, 1984) and
Late Cretaceous calcalkalic dike rocks (90.5
Ma; Iohn Nakata, written corrun., 1990);
Middle to Late Miocene sedimentary and
calcalkalic volcanic rocks; Late Miocene to
Holocene alkaline basaltic volcanic rocks; and
Tertiary/Quaternary surficial deposits

INTRODUCTION
General geologic mapping of the Cima
volcanic field has been underway
intermittently since 1983, beginning as part of
a Wilderness Study Area resource assessment
(Wilshire and others, BBn. These studies
indicate the importance of Miocene basin
deposits composed of terrigenous sediments.
The following account is a description and
interpretation of Miocene sedimentation in the
Halloran grade-Cima Dome area (Fig. 1)
(Indian Springs, Granite Springs, Marl
Mountains, and Cow Cove 7.5'quadrangles,
and parts of the
35"
Solomons Knob and 30'
Valley Wells 7.5'
quadrangles south

of I-15).

d, 1984). Post-Cretaceous
deformation is mainly by high-angle faulting
and tilting. The faults demonstrably cut all
rocks older than the alkaline basalts, but no
definite faulting younger than the basalts has
been documented. Unfaulted intrusive
contacts between rocks of the Teutonia
(Dohrenwen
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sandstone, and
shale; Cretaceous
granitic rocks of the
Teutonia batholith
(Beckerman and
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batholith and Proterozoic country rocks are
widespread, and all observed exposures of the
contact between Miocene sedimentary rocks
and Teutonia rocks are depositional, not fault
contacts. Evidence for uplift on the order of
60 m of Valley Wells lake deposits
(Huckleberry Ridge Ash near base of the lake
beds is 2.2 Ma) on the east side of the Ivanpah
highlands has been presented by Reynolds
and Jefferson (1988). Evidence of regional
relative downwarping of the Soda Lake trough
after deposition of Miocene sediments, and
continuing after eruption of 3.9 Ma basalts, is
presented below.
MIOCENE BASIN DEPOSITS
Miocene basin deposits are widespread in
the Ivanpah highland area (Hewett,'1956;
Sharp, 1957; Wilshire and others, 1987;
Reynolds and Nance, 1988). Because the
deposits are poorly consolidated, they
generally are covered by colluvium and
exposures are poor. A gross stratigraphy,
based on limited but widespread exposures,
indicates that the earliest deposits, which
accumulated in the deeper parts of basins,
consist of relatively fine-grained arkosic
sandstones, siltstones, uncommon claystones,
and sparse pebble and cobble gravel beds.
The red, oxidized conglomerates exposed in
the Halloran Hills (Sharp, 1957; Reynolds and
Nance, 1988) do not occur south of I-15 in
theCima volcanic field. At higher elevations
in the south-central part of the Indian Springs
quadrangle, the lower part of the section
consists of sandy gravels dominated by clasts
of quartzite, which impart a distinctive orange
tint to outcrops; these gravels also contain less
abundant clasts of carbonate, quartzite
conglomerate, and gneiss. In places, rhyolite
breccias and andesite flows are interbedded
with these sediments, and one small
occurrence of the Peach Springs Tuff (18.5 Ma;
Nielson and others, 1990) was mapped near
the base of the section in the Indian Springs
quadrangle (large boulders of the tuff also
occur in adjacent Miocene sediments).
Pyroxene andesite interbedded with the
sediments in the southern Solomons Knob
quadrangle yielded a K/Ar age (on plagioclase)
of 12.8 m.y. (john Nakata, written comm.,
1989). The oldest Cima basalt unconformably
overlying Miocene sediments is 7.5 Ma (Turrin
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and others, 1985). Thus, deposition of the
Miocene sediments spanned at least 5.7 rn.y.,
and possibly as much as 10 m.y., assuming
that about 1 -.y. was required for
deformation and erosion preceding basaltic
volcanism. The larger time span is consistent
with the estimates of Reynolds and Nance
(1988) for Miocene sedimentation in the
Shadow Valley basin.
The composition of the sediments in the
middle and upper parts of the section varies
substantially from place to place, reflecting
primarily variations in local bedrock. South of
Kelbaker Road in the southwestern part of the
Indian Springs quadrangle, clasts vary from
dominantly carbonate (mostly dolomite) to
dominantly granitic. Carbonates that form a

significant part of the northern Old Dad
Mountains (exposed immediately west and
southwest of the Indian Springs quadrangle)
are the likely source of the sediments rich in
carbonate clasts. Garnitic rock with deep pink
feldspar and chloritized biotite, resembling
clasts in the Miocene sediments, forms a small
part of the Proterozoic(?) section in the
northern Old Dad Mountains, but the
abundance of this lithology in the sediments
indicates other sources, possibly from the
Sands Granite, exposed to the south and
west. Other clast types include gneiss,
quartzite, chert, Cretaceous granitic rocks of
the Teutonia batholith, and sparse Mesozoic(?)
volcanic rocks, including greenstone. To the
east within the Indian Springs quadrangle, the
proportion of clasts derived from the Teutonia
batholith and Early Proterozoic gneiss
increases sharply and dominates the clast
populations; less abundant rock types include
rhyolite ash-flow tuff that is distinct from
Peach Springs Tuff, dacitic volcanic rocks that
resemble dike rocls in the Teutonia batholith,
and greenstone. Still farther to the northeast
in the Marl Mtns. quadrangle, clast
populations comprise mainly Early Proterozoic
gneisses with iocal concentrations of clasts
derived from the Teutonia batholith.
To the north in the Cranite Springs and
Cow Cove quadrangles, the Miocene
sediments are locally made up almost
exclusively of granitic debris from the
Teutonia batholith with small admixtures of
andesite and dacite derived from Cretaceous
dikes that are common in the Teutonia
batholith (one such dike yielded a whole rock
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rocks; these give way
laterally to coarse boulder
gravels dominated by
granitic detritus derived
from the Teutonia batholith.
The monolithologic breccias
are interpreted as avalance
deposits, and the coarse
boulder beds as debris
flows.
The avalanche deposits
are probably close cousins
to the "slide blocks"
previously reported in the
Miocene sediments
(Reynolds and Nance, 1988;
Davis and others, 1990).
Especially in the
Da* monolitlwbgic mafic gneiss breccia (m) wl thin interulated felsic breccias (fl unilerlie
southwestern Indian
a*osic wtd, graxl ord febic breccia len*s.
Springs quadrangle and in
Fig. 2. Streon ilt in Wrly anslidated Mbcme *limmts. Maximum height of hill ahut 45
the Halloran Hills, coherent
m aboe sneot laxl.
slabs of brecciated dolomite
and limestone breccia as
K/Ar age of 90.5 Ma; |ohn Nakata, written
large as 0.5 km long are intercalated within
corrun., 1990). These sediments are mostly
the sedimentary section. Although dolomite
coarse arkosic sandstones, sandy gravels, and
breccia is the most conspicuous element of
boulder beds, the latter commonly containing
these masses south of I-15, many also contain
boulders larger than 1 m across; the largest
less coherent masses of monolithologic
boulder measured is11..5 m across. Outcrops
breccias composed of gneiss, quartzite, chert
of these sediments are characteizedby
and chert conglomerate, greenstone, less
scattered boulders of granitic rocks, which
altered volcanic rocks, and granitic rocks; in
probably led to their being mapped as granitic
places, the granitic rock and gneiss are not
basement on earlier geologic maps.
In the northern part of
the Indian Springs
quadrangle, local stream-cut
exposures in the Miocene
sediments reveal complex
lenticular masses of
monolithologic breccias
(Figs. 2 and 3). In the
example illustrated, a dark
lower breccia mass consists
mainly of mafic gneiss
breccia with thin interlayers
of brecciated Cretaceous(?)
pegmatite, quartz
monzonite, and biotite-rich
granodiorite. The dark
breccia is overlain by lenses
of lighfcolored felsic breccia
and crudely bedded coarse
sediments, each composed
Fig. 3. Photo oaerhps Fig. 2 on bfi side. Section grailes laterally to oarx grooels dominateil
of felsic gneiss and granitic
by fuuWers of Teutonia granitic mdc.
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brecriated but octtrr in
contact with dolomite
breccia. tt is possible that
substantially larger masses
of the Proterozoic and lower
Paleozoic rocks along the
east side of the northern

Old Dad Mountains also are
massive slide blocks such as
occur in the Halloran Hills
(Reynolds and Nance, 1988; ff$.sa
Davis and others, 1990).
Of the many slide
blocks mapped in the Indian
Springs quadrangle, only
one wasl sufficiently erposed
to observe the internal
structure and contact
Slllebh&,: da* ilobmitebrncia (dd), 2 typn of tnkanic breaia (rtu1, ob2), & light dobmite
relations; these are
(dl)
btwla
illustrated in figures tl-5.
Fig. 4. Complu sWe bb* wertia'prly ainlr,lidated Mbcme wdy grtoeb (fms) wl slight
The distribution of
oqulor
diwrdow.
distinctive lithologies within
the slide block is extremely
rocks of the Turquoise 'pediment dome' and
complex, indicating stront deformation, yet
the underlying sandy gravel beds are
steeply dipping Miocene sediments; they
inferred that the dome represents the
completely undeformed. Thus, the
upwalped detachment surface and suggested
deformation within the slide block occurred
before or during separation from the parent
that other domes underlain by Teutonia
rock and early stages of movement.
batholith in the area may be of the same
origin. In this model, detachment faulting
BASIN DEVELOPMENT
occured after Miocene basin filling.
Exposures and lithologic variation within
Terrigenous Miocene sediments like those
the Miocene deposits derribed here are
neither sufficient to delineate sequences such
of the Cima area, and of the same age
as those described by Nielson and Baratan
interval, are widespread in the central and
(1990), nor to delineate individual local basins.
eastern Mojave Desert and adjacent areas
(Miller and Iohn, 1988; Nielson and Baratan,
Considering the extremely coarse character of
much of the sediments, the corunon presence
1990; Duebendorfer and Wallin, 1991). All of
of large slide blocks, and the general match
these authors interpret the formation of the
basins in which the sediments accumulated as
products of detachment fault
systems. Nielson and Baratan
(1990) and Duebendorfer and Wallin
(1991) infer that the basins formed
by synextensional orthogonal
faulting of the upper plate of the
detachment system. Davis and
others (1990), in inferring the
presence of a detachment system
(named the Halloran Hills
detachment fault) in the immediate
Zrn
area described here suggest that low
angle normal faulting occurred at
Fig. 5. Diftrmt pafi of sMe bb* Gig. 4) slwuting ompla intetnal structwe; no
the interface of Teutonia granitic
Tms upxil at this point.
SBCMA Spa. Publ.
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between the main clast types and nearby
bedrock, development of one or more basins
with steep, probably fault-bounded, margins
is suggested. Whether the basins formed by
breakup of the upper plate of a detachment
fault as inferred elsewhere, or resulted from
block faulting of a different origin, cannot be
deduced from information presently available.
However, the evidence accumulated to date
does not support the existence of exposed
detachment faulting after deposition of the
Miocene sediments in the area mapped; all
exposed contacts between the Teutonia or
older rocks and Miocene sediments so far
observed are depositional contacts; in the Marl
Mountains quadrangle, small "pediment
domes" on Teutonia rocks occur southwest of
Cima dome (Sharp, 1957; Dohrenwend, 1988).
The outer flank of the southwest edge of
dome C (Dohrenwend, 1988) is a well-exposed
intrusive contact between Teutonia granitic
and Proterozoic rocks; nearby Miocene
sediments appear to be in depositional contact
with both Teutonia and Proterizoic rocks.
Deformation of the basin deposits may
have occurred synchronously with deposition
as demonstrated by Nielson and Baratan
(1990); this could explain the apparently more
severe deformation of some lower parts of the
section. Possible internal unconformities
within the Miocene section are suggested by a
single exposure showing angular discordance
between a slide block and underlying Miocene
conglomerates. At least regional warping
continued after basin filling. The present
distribution of basin fill deposits in the
southwestern part of the Indian Springs
quadrangle indicates that all but the highest
peak of the northern Old Dad Mountains
would have been overtopped by the
sediments. Since the northern Old Dad
Mountains forms the only barrier between the
Miocene sediments and Soda Dry Lake to the
west, downwarping of the dry lake trough
relative to the Miocene basin deposits in the
uadrangle is
southwestern Indian

the modern surface gradient, and there is no
physiographic barrier between the deposits
and Soda Dry Lake, indicating that base level
was lowered after 3.9 Ma.
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Surficial Geology of the Cima
Volcanic Field, Eastern Moiave Desert,
California
|ohn C. Dohrenwend, U. S. Geological Survey, 345 Middlefield Road, Menlo Park, CA

INTRODUCTION

940?5

approximately 7.6 Ma to 0.015 Ma (Figs. 1 and
2). An initial period of activity, from about
7.56 to 6.5 Ma, is represented by one small
vent and flow complex located on the

This half-day road guide presents a brief
overview of the surficial geology of the Cima
volcanic field. Specific topics include: (1) the
eruptive history of the field, (2) the
geomorphic character of its cinder
cones and lava flows, (3)
aggradational and degradational
processes operating on lava flow
surfaces, (4) flow surface
modification through time resulting
from the operation of these
processes, ind (5) pediment dome
evolution in the Cima area.
The Cima volcanic field is
comprised of approtmately 40
vents and more than 60 lava flows
of basaltic composition (hawaiite,
alkali olivine basalt, and basanite).
The field is situated on the crests
and west flanks of several pediment
domes that are underlain by
Cretaceous granitic rocks and
Tertiary terrigenous sediments (Fig.
1). The cones range up to 170 m in
height and about 900 m in diameter.
The flows range up to 1,700 m in
t)
width and 9 km in length. Two
morphologically distinct flow types
)
occur in the Cima field: (1)
I
elongate flows having low gradients
I
and relatively low original surface
(
l
relief and (2) roughly equant flows
having high surface gradients and
rt
relatively high original surface
t-.d
(
relief. Several cones in the Cima
,e.,
)
field are polygenetic, having
erupted discontinuously over
periods of as much as several
hundred thousand years.
Fig. 1. Gmeralized map of the Cima wlcrnic fieV: To1 - late Miacme mlcailc flows;
The cones and flows of the
To2 - htest Miocme md earlv Pliocme ulcanic flotrts; Qa - Quatemary whrnic
Cima field range in age from
llnws
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southeast edge of the field (pa.tly buried by

Vent R). An intermediate period of activity,
from about 5.1 to 3.3 Ma, was by far the most
voluminous. It produced the high mesa
caprocks that form the northern part of the
field. The third and latest period of activity
spans the last 1.1 m.y.; the vents and flows of
this period have formed the southern part of
the field. (All radiometric ages used in this
road guide are listed in Turrin and others,
1985. In the interests of readability, ages are
given without the customary error estimates.)
More comprehensive discussions of the
geomorphology, geology, and history of the
Cima field are presented in Dohrenwend and
others (19U, 1985, 1987a, 1987b), McFadden
and others (1985), Turrin and others (1984,
1985), and Wells and others (1985).
MILEAGE LOG

(0.0). Start road guide at the intersection
of Cima Road and I-15 (Valley Wells )unction).
Drive south on Cima Road.
0.0

0.2 (0.2) Intersection of quarry haul road
(graded dirt) and Cima Road. Turn ight (west)

11.6 0,.n Telephone booth at road junction.
To the north, east, and south, pediment
surfaces extend from horizon to horizon.
Continue on the quarry haul road as it turns ight
(wut), crosses a cattle guard, and heads

directly towards the southern part of the Cima
volcanic field.
14.4 (2.8) Pause at the point where the road,
graded with cinders, crosses a modern wash.
On the right at 3:00, three lava flows lie at
three different levels on the far side of Black
Tank Wash. The lowest flow (0.27 Ma) buries
a pediment surface cut across the Teutonia
Quartz Monzonite. The base of this flow lies
about 5 m above the level of Black Tank
Wash. The next higher flow (0.67 Ma) buries
an older, higher pediment approximately 12 m
above the level of the wash. The highest flow
(0.33 Ma) has partly buried the 0.57 Ma flow
and is, in turn, partly buried by a thick
blanket of flow ra{ted debris from the
breached cone on the skyline at 3:00 (north).
The source of the 0.27 and 0.67 Ma flows lies
out of sight behind this cone (K-Ar ages from
Dohrenwend and others, 1984 and Turrin and
others, 1985).

onto the quarry haul road.
3.0 (2.8) Road skirts the north flank of low

rounded hills underlain by Teutonia Quartz
Monzonite and Tertiary gravels. Pliocene
basalts of the northern part of the Cima
volcanic field form the skyline ahead.
4.3 (1.3) Road curves around a ranchito on
the right.

junction. Road to the right is
the Cima Cinders Quarry haul road. Bear left
and continue south on the main dirt road
towards the Aikens Quarry. For the next

Continue west along the south bank of Black

Tank Wash into the southern part of the Cima
volcanic field.
15.6 ("1.2) Road curves 90 degrees to the left,
skirting hills of dissected Tertiary gravels. An
early-middle Pleistocene (0.70 Ma) lava flow
caps a high pediment remnant ahead and to
the left. A 0.59 Ma cinder cone (Vent P)

dominates the skyline to the right.

6.1 (1.8) Road

several miles the road traverses the flanks and
crest of a low pediment dome. Keep a

lookout for exposures of Teutonia Quartz
Monzonite in and adjacent to the road. Low
energy seismic profiles measured along this
road indicate intense bedrock weathering to
depths in excess of 4() m.
9.9

(3.8) Crest of the low pediment dome.

15.3 (0.4 Aikens Cinder Quarry. Follow the
road-(if you can find it) as it turns east and

winds through piles of sorted cinders between
two large cinder cones (Vents Q and P) before
leaving the quarry area.
17.3 (0.5) As the road descends through the
saddle between the two large cinder cones, it
p.rsses the leading edge of a late-middle
Pleistocene lava flow (on the left) that is
covered with large, flow-rafted agglutinate
spires.

Cima Dome dominates the skyline on the left
(10:00 to 11:00).
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17.7 (0.4) The road climbs across a tephrablanketed saddle between two late-middle
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(0.6) Turn ight
onto the narrow
track and proceed
towards a small
corral just southwest
of Vent I and its
associated flows.
19.3

E
D
D

w !.(oo-o 2a r t
H b{o2-oTiar)
s !.to6-r rnr)
L VA FLOWS
hr 2(!6-3r ar)
w, , t63-?6ir)

TERTUAY

m
Ni

Q**

rd

Fig.

2. huthem

part of the Cima wlcwric fieM showing

ages

of laoa fbws,

tip

down the track to Vent
I and its associated
stops (Large numbers),

(btters in anes), md K-Ar sampb bcations (numbered points) of Turrin et al., 1985.

vents. This tephra blanket was
erupted about 0.13 m.y. ago from the low
tephra ring on the right (Vent I). The lava
flow from the high cone on the left (Vent Q)
is almost entirely buried by flow-rafted vent
debris from the breached southern flank of
this cone.
18.7 (1.0) Tephra ring deposits are exposed in
the arroyo wall about 30 m north of the road.

from Vent I
at 0.13 and 0.14 Ma (Dohrenwend and others,
1984; Turrin and others, 1985).
VOLCANIC GEOMORPHOLOGY. The
youngest flow from Vent I exhibits numerous
constructional features that are typical of
yount basaltic lava flows. A small lava tube
approximately 95 m long, up to 5 m high, and
as much as 5.5 m wide marks the proximal
end of the flow. This tube gives way to an
open channel, 3 to 5 m deep and up to 20 m

CIMA VOLCANIC FIELO

SOUAW MTN.
MICROIYAVE

HALLORAN WASH

STATION

GRANITE SPRINGS DOME

flows.

FLOW ACE.
The youngest flow
has been dated by K-Ar methods

Pleistocene

HALLORAN HILLS

1

Volcanic
-Geomorphology
and
Surficial Geology of
an early late
Pleistocene flow.
Diae at least as far as
the corral, pull off the
track, and park. Walk

X+
ot2!ah

cone designations

19.s (0.2) STOP

DOME

CIMA VOL

FIELD

INDIAN SPRINGS DOME
F

Fig. 3. View E from Kel-Baker Rd. Halloran Hills (n) to Cima wbanic
Quatemary @nes at S end of Cima field.
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wide, that is floored with pahoehoe lava.
Within a few hundred meters downstream,
this pahoehoe surface makes an abrupt
transition to aa; the aa forms series of low
pressure ridges within a somewhat wider
leveed channel that continues for
approdmately 1.5 km farther down the flow.
FLOW SURFACE MORPHOLOGY.
Although more than 100,000 years old, the
surface of this flow remains relatively
unmodified. Constructional forms are
abundant and well preserved, and
constructional relief locally exceeds 3 m.
Many of these forms are only slightly rubbled
with original flow skins locally preserved as
fractured, silt-wedged mosaics. Accumulation
of eolian silt and fine sand in constructional
lows is probably the most significant process
of surface modification; integrated
drainageways have not yet developed on the
flow surface (Wells and others, 1985).
SOIL DEVELOPMENT. Soil development
in the accumulations of eolian silt and fine
sand on this flow is characterizedby a
strongly developed Av horizon, a cambic B
horizon, and a stage I calcic horizon. The Av
horizon typically exhibits strong coarse platy
to columnar structure. The spherical vesicles
that typify the Av horizon are lined with thin,
continuous coatings of calcareous clay.
Secondary carbonate is also present as
discontinuous coatings on the sides and
bottoms of large basalt clasts that are more
abundant in the lower parts of the profile
(McFadden and others, 1986).
Return to the oehiclu and contirutc southwest on
the quarry haul rcad totoards the Kel-Bakzr Road.
20.4 (0.9) Road skirts the distal edge of a
middle Pleistocene flow (0.44 Ma) on the

right.

The relatively featureless, wellvegetated surface of this flow contrasts
sharply with jagged and barren surface of the
early late Pleistocene flow at Stop 1.
2'1,.1, Q.n STOP 2
- Overview of the Cima
Volcanic Field. Turn ight onto a narrow jeep
track and park. Vent E fills the skyline ahead.
Walk approximately 1.0 km up the jeep track
onto the north flank of this cone.
The north flank of Vent E provides a good
vantage point for an overview of the volcanic
geomorphology and eruptive history of the

SBCMA Spec. Publ. MDQRC 91

southern part of the Cima field. Refer to Fig.
L, "Generalized map of the southern part of
the Cima field", and Fig. 4, 'Panoramic view
from the north flank of Vent E', to locate the
more significant cinder cones and lava flows.
Retura to the oehiclw and untinrc south along
the quarry haul roail towards tlu Kel-Balcer Road.
22.5 (7.4) Road skirts a smdl corrd on the
right.

24.2

0.n

|unction of the Aikens Quarry haul

road with the Kel-Baker Road. Turn ight
(wat) onto the Kel-Baker Road and proceed

towards Baker.
Looking back to the right (north): Vent E
(0.35 Ma), the highest cone in the immediate
vicinity, at 9:00; Vent A (0.015 Ma) at 1:00;
Vent B (age not determined but probably
middle Pleistocene) at 2:30; Vent P (0.6a Ma)
and Vent P (less than 0.33 Ma) at 3:30; Vent R
(0.70 Ma) at 4:00; and Vent K (0.99 Ma) at 4:30
punctuate the skyline (refer to Fig.2 for more
precise locations).
For the next five miles, the road descends
across grus-covered alluvial surfaces of
Holocene and late Pleistocene age.
25.2 (7.0) Stop 3
- Surficial Geology of a
Middle Pleistocene Flow. Park on the slnulder
of the Kel-Baker Road and walk ooq to the dark

flot flow about 300 m north of the roail.
This short walk crosses trus{overed alluvial
surfaces of Holocene and latest Pleistocene age
and then drops into Willow Wash, the
modern wash that flows around the southern
periphery of the field.
Two flow units are exposed in the streameroded cliff on the north side of the wash.
The highly irregular and essentially
unweathered contact between these two units
indicates that they are of nearly the same age.
The base of the upper flow (dated at 0.56 Ma;
Dohrenwend and others, 1984; Turrin and
others, 1985) lying just a few meters above the
modern wash demonstrates that net
downwearing at this point has been minimal.
Repeated deflection,and damming of Willow_
Wash by Pleistocene lava flows and the high

sediment load of this grus-laden drainage
have combined to produce a local condition of
approximate equilibrium that has lasted for at
least 0.5 m.y.
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SURFACE MORPHOLOGY. Compared to
the latest Pleistocene flow, this middle
Pleistocene flow is very flat and relatively

Return to the oehicles and continue west of the

featureless. Interlocking stone pavements
underlain by thi& accumulations of eolian silt
and fine sand cover more than 80o/o of the
flow surface. Pressure ridges, rafted flow
blocks, and other constructional flow forms
are few, widely scattered, and intensely
rubbled. Integrated drainageways are present
but are shallow and widely spaced (Wells and
others, 1985).
SOIL DEVELOPMENT. The soil on this
flow exhibits a wcll-developed argillic B
horizon and a state II calcic horizon. The B
horizon, generally at least 50 cm thick, is
characterized by granular to strong angular
blocky structure, many moderately thick clay
films, and moderate reddening. Pedogenic
carbonate is present as continuous rinds up to
several cm thick and as nodules, filaments,
and ped coatings. Gypsum occurs locally in
the soil matrix and as crystalline coatings in
cracks and on the undersides of basalt clasts.
This well developed soil is buried by a thin (10
to 30 cm) eolian deposit with a weakly
developed soil that is very similar to the soil
developed in eolian accumulations on the
latest Pleistocene flow (McFadden and others,

Dirt road on the right provides 4wheel-drive access into the southwest part of

Kel-Baker Road.

25.2 (1,.0)

the Cima field. Continue on the Kel-Baker
Road.

(0.5) Road curves right. The dark,
rugged flow north of the road is the youngest
flow in the field; a preponderance of evidence
indicates that this flow is latest Pleistocene age
(Dorn, 1984; Turrin and others, 1985;
McFadden and others, 1985).
25.7

27.8 (1,.1) STOP 4
- Surficial Geology of the
Youngest Cima Flow. Park on the shoulder of
the Kel-Baker Road and walk northeast about 0.8

bn

(across latest Pleistocene(?) to modern
alluoium) to the edge ot' the latest Pleistocene flow.

Before climbing onto the flow, pause at the
base to note that the flow margin is essentially

it is being buried
by modern alluvium. CAUilON - The
surfacc of this flout is irregular anil unstable
and surface clasts are sharp anil jaggeil.
Please uucise caution uthile climbing anil
utalking on this flout.
uneroded and that, locally,

1985).

FLOW AGE. This flow is too young to be
accurately dated by K-Ar methods. However,
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cation-ratio dating of rock varnish collected
from surface clasts indicates a latest
Pleistocene age (0.016 to 0.019 Ma, Dorn,
1984). Moreover, soils development within
eolian deposits on this flow (McFadddn and
others, 1985) and secular paleomagnetic
analyses (Duane Champion, personal
communication, 1984) also indicate a latest
Pleistocene age.
SURFACE MORPHOLOGY. This flow
and its associated cone (Vent A) provide a

textbook example of a breached cinder cone
and flow-rafted cone debris. Rafted cone
debris is concentrated along flow margins and
at the distal edge of the flow but also occurs
in numerous widely-scattered patches across
the flow surface. This debris typically occurs
as

low mounds of brown to reddish brown

cinders, bombs, and desegregated agglutinate,
but jagged spines and spires of flow-rafted
agglutinate are also common. Substantially
more eolian silt and vegetation occurs on the
flow rafted debris than elsewhere on the flow.
Areas of the flow surface not buried by flowrafted debris display an aa to blocky
morphology. Local constructional relief
commonly exceeds 5 m. Surface clinker,
pressure ridges, flow channels, and channel
levees are common. Other areas are covered

with angular, roughly equant blocks of

dense

flow-rock averaging about 0.5 m across. Flow
margins are characterized by lobate to digitate
squeezeouts, collapse depressions, and tilted
flow-skin blocks. These features are
essentially unweathered and uneroded;
significant accumulations of eolian silt are
limited to constructional lows and to areas of
flow-rafted debris (Wells and others, 1985).
SOIL DEVELOPMENT. Soil development
in eolian silt accumulations on this flow are
characterized by a well developed vesicular A
(Av) horizon and an oxidized C horizon.
Locally, a transitional AB horizon or a very
thin cambic B horizon is present below the Av
horizon (McFadden and others, 1985).
Return to the oehicles and continue along the KelBakn Road toward Baker.

(0.4 Ungraded dirt track on the right
provides 4-wheel-drive access to the flow at
Stop 4.
28.5

29.1,

(0.6) The road curves right (north).
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29.8 (0.n The road skirts the western end of
several flows that range in age from 0.17 to
0.58 Ma (Turrin and others, 1985). The most
likely sources of these flows are vents F and
C, 4 and 7 km east of this point (see Fig. 2).
The 0.58 Ma flow partly buried the middle
Pleistocene fan surface and the younger flows
partly buried the 0.58 Ma flow. The 0.17 Ma
flow also filled several arroyos and ravines cut
into a middle Pleistocene fan surface. All of

these flows originally impinged upon the east
flank of Old Dad Mountain and thus
repeatedly dammed drainage from the
southern part of the Cima field.

At the north edge of this flow
complex, the road crosses the surface of the
0.17 Ma flow (which is buried by a thin veneer
of alluvium at this point) and then passes
remnants of a middle Pleistocene fan (on the
right). These older fan remnants are typical of
the few, subaerially exposed, preJate
Pleistocene fans preserved in the Cima
volcanic field. The fan surface has been
deeply dissected to a ridge and ravine
topography, and the ridges are heavily
armored with darkly varnished cobbles and
30.2 (0.4)

boulders of basalt. K-Ar ages on overlying
and inset lava flows and on large armoring
boulders show that this fan was active from
approximately 0.6 to 0.4 Ma but was
abandoned and deeply dissected by
approximately 0.2 Ma (Turrin and others,
198s).

Several cinder cones of the Cima field are
visible on the right. Old Dad Mountain forms
the skyline on the left.

A small stabilized sand dune (on
the left) lies at the base of the northernmost
salient of Old Dad Mountain. This rugged
ridge is comprised of Precambrian
metamorphic rocks (]ennings, 1961). For the
next two miles the road traverses an active
piedmont where alluvial debris must be
plowed from the road after every flash flood.
30.8 (0.6)

31.0 (0.2) The road crosses several small,
scattered remnants of latest Pleistocene
alluvial fan surfaces. These remnants lie less
than 2 m above active fan channels and are
characterized by irregular pavements of grus
and darkly varnished metamorphic and
basaltic cobbles and by an absence of bar and
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swale topo$aphy. Looking ahead and to the
right at 1:00 to 3:00, the Granite Springs
pediment dome can be seen just below the
basdt-capped mesa (on the skyline). The
flows capping this mesa have been dated at
3.6 to 3.9 Ma (Dohrenwend and others, 1984);
Turrin and others, 1985). These flows bury a
Miocene pediment surface that was cut across
Cretaceous quartz monzonite and Miocene
terrigenous sediments (Dohrenwend and

others, 1987b).

(2.3) SLOW for an abrupt curve to the
left (west). On the right, large inselbergs of
granitic gneiss intermpt the piedmont surface.
For the next several miles, the road drops in a
straight line towards the floor of Soda Lake
Valley and crosses a veneer of late Quaternary
fans deposited by drainage from the Cima
volcanic field. The well varnished basaltic
boulders scattered across this alluvial surface
have been transported for as much as 12 miles
across slopes of 1 to 4 degrees.
33.3

37.4 (4.4) Road jogs left.
41,.7 (4.0) Cattle $ard. The Cowhole
Mountains to the south (at 8:30) bound the
northern edge of Devil's Playground. The
Devils Playground is part of a broad belt of
both active and inactive sand dunes that
extends eastward from the Manix basin to
Kelso Dunes. This belt is one of three
prominent east-to-southeast-trending corridors
of Quaternary sand transport that transect the
eastern Mojave Desert. Climbing dunes bury
the north flank of Little Cowhole Mountain at

9:00.

(2.2) I-15 overpass at Baker, California.
End of road guide.
43.9
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Occuffence of Faujasite West
of Valley Wells
William S. Wise] Department of Geological Sciences, University of California, Santa Barbara,
cA 93106

methods was that from Sasbach (Rinaldi and
others, 1975) and Oahu (Iijima and Harada,

ABSTRACT
Faujasite occurs with phillipsite in a
palagonitized cinder cone in the southern half
of section '16, T. 11,8., T. 15 N., Halloran
Spring Quadrangle, San Bernardino County,
California. Faujasite forms water-clear,
millimeter-sized octahedra, commonly
twinned on the spinel law. Averaged electron
microprobe analyses yield the composition
Cao.*Mgo.rNar.*I( orIAlr.4oSis.60024] 16HrO.
Measured density is 1.93(1)g/cm3; the
refractive index is 'I.a66Q); and the unit cell
edge of 24.638(3) A.
Ceologic relations of the deposit require
that the components for the zeolites be
derived from the basaltic glasss during the
.

hydration forming the palagonite. Faujasite
formed where solutions were the most dilute,
and phillipsite formed later from presumably
more concentrated solutions.
A review of faujasite compositions from
all known localities, including new analyses
from three localities in Hessen, Germany,
reveals compositional variations within narrow
limits. Si/Al commonly varies only from 2.14
to 2.70, but there is somewhat more variation
in Ca/(Ca+Mt). The composition of natural
faujasite can be expressed by the formula
(Ca, Nar,Mg)3.s[Al7Si17O4s7.32HzO, where Z = 8..

INTRODUCTION
Faujasite, first described by Damour in
from its occurrence at

1842 (Doelter,1927)

Sasbach, Kaiserstuhl, Germany, has proven to

be a rare zeolite. Several localities are
mentioned in the early literature, such

as

Annerod and Grossen-Buseck in Hessen,
Germany (Hintze, 1893), in the eastern Aar
Massif, Switzerland (Parker, '1923), and in
Ottawa County, Quebec, Canada (Doelter,
1921). However, until recently the only
material to be studied by modern analytical
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1969).

A new locality has been dixovered in
southeastern California where faujasite occurs
in relative abundance. Faujasite and
phillipsite form millimeter-sized crystals in the
cavities of a palagonitized tuff on the slopes of
the Pliocene volcano in the southern half of
section 16, R.L1E, T.16N, Halloran Spring
Quadranlge (15' series), San Bernardino
County, California (this cone will hereafter be
referred to as the section 16 volcano). This
paper describes this occurrence, gives the
properties of the faujasite, and shows that
components necessary for its formation were
in the forming
of the palagonite.
Faujasite has recently been collected from
two old localities-from Annerod and
Grossen-Buseck, and from a core drilled at
Hasselborn near Ilbeshausen. All three
localities are in the basaltic rocks of the
Vogelsberg, Hesses, Germany. Descriptions
of these localities and minerals are given by
Hentschel (1980 and in preparation).

released directly from the glass

DESCRIPTION OF THE
VALLEY WELLS DEPOSIT AND ZEOLTTES
Geology
The volcano with the faujasite-bearing
tuffs is the northernmost in the Pliocene to
Recent lava field that lies on the western flank
of the Cima Dome, a large geomoqphic feature
in the eastern Mojave Desert, San Bernardino
County, California. Vents in the lava field are
characterized by cinder cones. The older
cones are substantially eroded, leaving necks
and ill-defined rings and radial dikes.
The section 16 volcano apparently erupted
in a major drainage, where more than 100 m
of cinders, consisting of basaltic glass, were
deposited on granitic gravels. Water saturated
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these values are very similar to those
bosoll flow

Reddened, lopilli tuf

f

Yellow-brown

lopilli

tuff

i:iT
?-.

Fouiosite
Phillipsite

SOm

,

Fig. 1. Spatial relations of palagonitized cinders mil the occunmce of
zmlite, section 76 cinder ane

the lower two-thirds of this accumulation,
converting the basaltic glass to palagonite.
The upper third was partially altered to clay
and hematite, coloring the pile red (see Fig.
1). The zeolites occur in vesicles in the
palagonitized tephra and as very thin crusts at
the base of the reddened tephra.
Faujasite and phillipsite occur sparingly in
the cavities of the tephra, filling less than 25olo
of the void volume. Faujasite is most
abundant near the top of the palagonitized
section (Fig. 1), but is present sparingly
throughout. In contrast to most zeolite
occurrences, these were not preceded
by clay minerals. Many bombs with
diameters greater than 10 cm remain
unaltered and contain zeolites only in
surface cavities. The total volume of
faujastie is probably not greater than
10o/o of the volume of phillipsite. This
type of occurrence is very similar to that
described by Iijima and Harada (1969)
on Oahu, Hawaii.
The Zeolites
Faujastie occurs as water-clear
octahedra as much as 0.75 mm in
diameter. The crystals are commonly
intergrown and twinned on the spinel
law (see Fig. 2). The compositionally
homogeneous crystals yielded
particularly consistent physical
properties. The refractive index is
1..466(2), and the density, measured by
the flotation method in acetone diluted
bromoform, is 1.93(1) g/cm3. The cell
ed9e,24.638(3) A, was refined from Xray power data, standardized with
synthetic CaF, (a = 5.459(1) A). All
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determined from the faujasites from Sasbach
and Hessen.
Phillipsite occurs as radiating, twinned
prisms in clusters as much as 1 mm in
diameter. Where it is in contact with
faujasite, the phillipsite can be shown to have
trown later, a relationship also observed at
Sasbach (Rinaldi and others, 1975), and the
Hessen localities. At each of the localities in
Germany, faujasite is associated with offretite,
which was not found at the California locality.
Faujasite is a minor associate of herschellite
and phillipsite from Aci Reala, Sicily, where it
again was the first to form.

Chemical Composition
The faujasite, phillipsite, and palagonite
were analyzed with an ARL electron
microprobe. Croups of crystals and
palagonite were embedded in epoxy and
ground to expose the centers of crystals. The
unaltered basalt was analyzed by standard Xray fluorescence and atomic absorption
methods.

Fig. 2. Semning ebctmn pl,oto, faujrcite octahedra B twinned oclraheda Gpinel
law) on palagonite matrix, Cima whmic fulil

SBCMA Spec. Pnbl. MDQRC 91

Approximately 30 faujasite
crystals from four different
specimens (all from the faujasite
zone of Fig. 1) and five from
each of the Hessen localities
were analyzed with the electron
microprobe. Ten high quality
analyses, judged by the
difference between the cation
charge and the amount of Al
being less than 5olo, were
obtained. The faujasites ,re
comparatively homogeneous;
columns 1 and 2 in Table I are
representative analyses of the
core and rims of several crystals
so analyzed. All such analyses
show that the rims are slightly
enriched in Na and Si. In a
general sense, the Mojave
faujasties are generallly similar to
those from Germany, but there
are some consistent differences
(Fig. 3). The Si/Al ratios vary
between 2.50 and 2.60 compared

with 2.58 to 2.57 at Sasbach, 2.28
at Annerod and Grossen-Buseck,
and 2.14 at Hasselborn. The
Ca/(Ca+Mg) rations are
substantially higher in the Valley

Table

I.

Electron Mcroprobe Analyses of Faufadtes

(l)

ffi

.rr[Aln.37si7.seo24].

Cell Contents, based on 24

sl
AI

8.58
3. 43

fe

Mg
Ca

.21
.94

91

53.90
19,20
.07
,04

3.46
nd

.22
3,61

5.38

8.59
3. 39
.0r

8.55
3. 35

(5)

(7)

46.80 46.82 45.72
L7,42 11.42 18. 12
.03
.O2 nd
.95
1.29 .76
6.00 6. 55 6.85
.15
nd
.13
nd
nd
nd
1.66 1.46 r.6l
,16
. 17
.30

,25
,96

.2r
,94

8.37

8.48

8.35

3. 56

'_1' ''_:', ',_l'

.01
.01

.58

Sr

,34 .20
1.15 1.26
.02 .o2

8.19

.26
1.32

.02

Na
K

1.07
.02

I.0I
.o2

1.04
.04

l. l0

sl/Al

2.50

2.53

2.58

2.38

(1)
(2)
(3)
(4)
(5)
(6)
(7)

(s)

Oxygens

Ba

1.08

.58
.04

.51
.o7

,s6

2.28

2.28

2.14

.04

Faujasite, San Bernardino Countg, Cal.ifornia. outer edge of crgstal
Faujasite, San Bernardino Countq, Cil.ifornia, core of sane crgstal
Faujasite, san Bernardino countg, california, average of 75 analgses
Phillipsite, san Bernardino countg, cil.ifornia, average of 4 anaTgses
laujasite, Annerod, Iressen, Gerwng, average of 3 analgses
Fau jasite, Grossen-8usec.k , Gemn\, avetaqe of 4 analqses
Faujasite, dril7 core at Hasse).born near flDeshausen, voqelsbrg,
Hessen, Ger@ng, average of i analgses

15H2O.

Here the SiiAl ratio is'1.74, and composition is
substantially more sodic than that of other
known faujasites. It is associated with both
phillipsite and herschellite (Si/Al in each is
1.85 and both are sodium-rich). Minerals from
this locality warrant further study.
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(4)

s1o2 48.?2 48.27 48.59
16.35 16.18 15.97
[20:
nd
.09
FeZO3 nd
.94
.79
.79
Mgo
4.93 5.03 4,93
CaO
nd
nd
SrO
nd
nd
nd
BaO
nd
2,92 3,02
3. ll
Ne20
.08
K2o
.09
. 15

Wells and Hessen faujasites (0.79
to 0.82) compared with 0.55 at
Sasbach. Both faujasite and
phillipsite from the Valley Wells
locality are richer in Na than any
of the corresponding zeolites
from the German localities (Fig.
3). Considering the wide range of framework
compositions that it is possible to achieve with
synthetic faujasites, the sodium zeolites X and
Y (where Si/Al varies from L to 1.5 and 1.5 to
3, respectively), the natural compositions have
an amazing consistency, especially from
locality to locality.
An exception to these consistencies is the
sodium-rich faujasite from Aci Reale, Sicily. A
single analysis suggests a composition near
Nar.r.Car.rMgo

(2)

ORIGIN
The faujasite in the palagonitized tuffs
grew directly on the walls of vesicles with no
precursor clay and was followed by phillipsite.
At Sasbach there is also a scarcity of clay in
the vesicles and fractures in the host
limburgite, and the faujasite preceded offretite
and phillipsite.
The field relations illustrated in Fig. 1
show a zonation similar to that in tephra
cones on Oahu (Hay and Iijima, 1968), where
sideromelane was converted to palagonite by
percolating ground water. The distribution of
faujasite can be interpreted as having
crystallized early while the.water was most
dilute. Phillipsite crystallized later and deeper
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in analcime, NaAISirO..HrO, the ratio is 1.

Sosboch /-

\

-6

o.o"rr,rrs

tl'. v

'l'rrangular plot of Ctr+NIg. Na. and K+lla contents of

known faujasites ancl associatcrj philliprites and offretites.
Analyses Iabellcd with letters arc: V-the threc Vogelsberg
localitres-Anncrod. (irosscn-Buseck, :rnd Ilassclborn. S-Aci
Reala. Sicilv:and H-Salt l-ake Cratcr. Ouhu. Huuaii
Eig. 3. Compai*n of hnum faujasitn Md aseciated mineruls

in the pile where salinities were treater.
The alkali and alkaline earth cations occur
in zeolites in channels and cavities bonded to
the framework near the tetrahedra occupied
by Al. Commonly these cations are in 6-fold
coordination with framework oxygens and
water molucules in the cavity or channel. The
ratio of water molecules to cations in such
zeolites is low (between 1 and 4): for example

Table II. Compositional Changes during the Palagonitization
of the BasalLic Glass

unaltered boob
welght Z trolez

slor
TlOz
Alzor
Fe2O3
FeO
lho
U80
CaO
Na20
KzO
P20s
HrO
total

49.0

45.

3.2

aa

3

16.0
3.25
8.85

9.0

0.2

0.2

5.0

6.9

8.0

7.9

4,6

8.2

1.6

1.9

0.5

0.4

i

0.6

0.

i00.30

palaSonlte
compoaltlonal
selcht z Dole fr
-change
ln
uolee

42.6
3.1
9.3s
r2.8
0.2
4.7
1.12
0.44
0.96
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However, ceftain other zeolites contain
cations that are held within large cavities
and are completely surrounded by water
molecules, forming a fully hydrated cation,
just as if it were in an aqueous solution.
The cations and water molecules in faujasite
have this arrangement (Baur, 1964). ln
such zeolites the ratio of water molecules to
cations is between 5 and 7.
If the framework grows around cations
in a template mechanism (Breck, 1974, p.
340), then we might expect zeolites like
faujasite to grow from dilute solutions, in
which the cations exist most commonly as
hydrated complexes rather than bonded to
fragments of alumino-silicate complexes as
in gels. This supposition is supported by
growth of synthetic faujasite. The synthetic
phase with the faujasite structure and a
composition close to the natural phases,
Zeolite Y, grows from solutions with very
high HrO/AlrO. ratios (Breck, 1974, Table 4.6).
Comparison of the compositions of the
palagonitic glass with that of an unaltered
bomb (Table II) shows that the alkali and
alkaline earth metals were released to the pore
solution in the same proportions as they are in
the faujasite (see Fig. 2). Crystallization of
phillipsite, however, fractionates K from the
solution, while keeping a constant Na/Ca
ratio. Although Al and Si must be released to
the solution, the composition comparisons do
not allow an accurate appraisal of the amounts
or mechanisms of release of these elements.
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The Sequence of Vertebrates from
Plio-Pleistocene Sediments at Valley
Wells, San Bernardino County,
California
R. E. Reynoldsl, G. T. |efferson2, and R. L. Reynoldsl

ABSTRACT

A new fauna from the Valley
Wells Peat Locality has produced a
Mountain P!$
suite of small vertebrates that
reinforces a late Blancan age for the
t
base of the exposed sedimentary
'-"L". Msscal
j
R8n9€
section. The Valley Wells Peat
fauna includes a new species of
Symmetrodontomys and a new
species of Onychomys. The Valley
Wells Peat fauna lies close to the
Huckleberry Ridge Ash (2.02 Ma).
The Irvingtonian Land Mammal
Age (LMA) and the Rancholabrean
LMA are represented higher in the
Fig. 1. Plio-Plcistocme Vallcy Wells *ilimmts (st@ed) in suthem Shdou VaLlty.
sedimentary section.
Westem *ction = ebo. 1200m; eastefl *ction - eleu. 7140nr
Tephrochronology and
Valley Wells Basin. Arkosic debris are derived
biostratigraphy provide constraints for major
from Cima Dome and Halloran Summit to the
structural offsets of up to 200 feet for
south and west, respectively.
sediments deposited less than 0.4 Ma.
Plio-Pleistocene sediments at Valley Wells
INTRODUCTION
were first discussed by Hewett (1956) and
were included in mapping of the Mescal
Plio-Pleistocene lacustrine sediments in
Range 15'quadrangle (Evans, 1971). Fossil
mollusks were reported by Taylor and Gregg
Valley Wells Basin are located in southeastern
(in Hewett, 1955). Their taxonomy has
Range
Valley,
west
of
the
Mescal
and
Shadow
Halloran
Hills.
The
recently
been revised by R. Lamb (p.c. to
east of the
sediments are
Interstate
15
from
running east
crossed by
|efferson, 198n. Fossil vertebrates were first
Baker to Mountain Pass. Cima Road runs
reported by Reynolds and fefferson (1971).
north over Cima Dome and through the
sediments toward Kingston Peak (Fig. 1). The
STRATIGRAPHY
Mescal Range and Clark Mountain, to the east
The geology and structural setting of the
and southeast, provide sources for Proterozoic
Plio-Pleistocene sediments has been previously
quartzites and Paleozoic carbonates within
described (Reynolds and fefferson, 1988). The
stratigraphy is reviewed here relative to the
newly-recovered fauna, and composite faunas
are presented by Land Mammal Age. Fig. 1
' Division of Earth Sciences, San Bemardino County
indicates western and eastern (type) exposures
Museum, Redlands CA 92374
'

Guo.g. C. Page Museum, Los Angeles CA 90035

of the Plio-Pleistocene sediments. Certain
units are recognizable in both eastern and
western exposunes.

Unit

A: Grcen and Brown

Siltstone and

Claystone

Unit A is present in western and eastern
exposunes. In the west, it sits conformably
below the Huckleberry Ridge Ash (HRA) (2.02

Unit E: Carbonate Tufa
Resistant carbonate tufa was deposited
after the Irvingtonian/Rancholabrean LMA
transition (0.a5 Ma) and may record later
interpluvial events. Tufa in the western part
of the basin appears as a single unit; there are
three thinner tufa layers in the eastern

Ma).

Unit B: Silty Peat
Unit B was deposited very locally in the

Qf

6;

eastern exposuries. The peat is folded and

fault-bounded as if deposition had occurred in
a sag pond. Unit B was conformably
deposited on Unit A and lies unconformably
below unit C.
Huckleberry Ridge Ash: Unit B/C
A resistant bed of 6ray, glassy ash has
been conformably deposited in western
exposures of Valley Wells sediments. It was
identified as the Huckleberry Ridge Ash (2.02
Ma) by A. Sarna-Wojcicki (U.S. Geological
Survey, Menlo Park, written corrun. to R.E.
Reynolds, 798n. Clasts of this ash occur with
clasts of peat (Unit B) in overlying fluvial Unit

od

1

or ro-.oo

C.

-)

Unit C: Siltstone and Gravelly Sandstone

I
AE 20.766
J AE 20-765

zo-sat
20-312 (1-A)

20-784

Pink playa siltstone and gravels
dominated by clasts of Paleozoic limestone
scoured the eastern portion of the basin; this
unit is not recognized in western exposures.
The siltstone contains clasts of peat (Unit B)
and HRA (Unit B/C), suggesting that these
units were deformaed before Unit C was
deposited. Units B and C sugtest syntectonic
deposition near the eastern basin margin.

]

ee eo-oss

Oc

D: Siltstones
Green lacustrine siltstones are present in
western and eastern exposures of the Valley
Wells sedimentary sequence. At the type
exposure, these sediments lie conformably
above Unit C and below the tufa of Unit E.

Unit

in
Unit D, and might be an indication of
increased salinity due to reduced influx of
fresh water and increased evaporation.
Efflorescence of salts increases upwards

ob
6a

-

AE 20-343

-

Qa = lrcustite sihstone oq sW cWstane; Qb sW
peat, separatedby ot unanformtA frcm; Qc = siltstone
od granlly strnilstones with clasts of HRA; Qd =
lacustrine sihstona; Qe

=

catfunate tufa; Qf

-

Wustrine

siltstone.

Fig. 2. Ctlumnar xction at We earysure in erctem Valley
Welb. SBCM AE numbers represent oertebrate fussil
occurrenc$.
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I.

Valley Wells Peat Local Fauna

Derocerassp.
?Hylasp.
cf.Bufo sp....
Anura.
Lacertilia
Colubridae
Serpontos (sm)

.......

Table

Loporidao (sm) .

..:...

FAUNAL ASSEMBLAGES
slug

treofrog

......

toad

... indoterminatofrogortoad
.....
.

Sciuridao(sm) ..

lizard
nonvsnomoussnake
small snake
small rabbit
..... small squirrol

Sciuridae(lg)...
..... largosquirrol
pocket gopher
ct. Thomomys sp. . . .
geomyid rodent
Geomyoidea
Heteromyidao (sm) . .
small heteromyid rodent
Hotoromyidaa (lSI . . .
largo hoteromyid rodent
Dipodomyssp....
kangsroor8t
Peromyscussp.(simple)
..... pocketmouse
grasshopper mouso
Onychomys n. sp. (sm)
Symmetrodontomys n. sp.
. . . cricetid rodent
Neotoma sp....
woodrat
Microtinae (rootloss)
microtine rodent
Mammutsp....
mastodon
Mammalia (lg) . . . . . . . . indeterminato large mammals

exposures. The single tufa layer to the west
may indicate that eastward tilting or uplift in
the west had started at the time of tufa
deposition. Unit E is conformable on Unit D
and was covered unconforrnably by Unit F.

Unit F: Siltstone
Light-colored siltstone was deposited in
the north-south axis of a structural trough that
runs nofth from the intersection of Interstate
15 and Cima Road. This trough may be a
drag fold developed between the western and
eastern portions of the basin. Unit F sits
unconforrnably on west-dipping tufa (Unit E)
and the thickness of Unit F increases
westward toward Shadow Valley Wash. Unit
F appears to be unaffected by deformation.
Unit F is not present in western exposures.

Unit G: Playal Siltstones
Pink, gypsiferous, playal siltstones are
deposited in the east directly on Unit E tufa.
They extend westward across the fold axis
where they appear in conformable deposition
with Unit F. Unit G is not present in western
exposures.
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Pliocene Fauna
The Valley Wells Peat fauna (Table I) was
recently recovered from the peat of Unit B and

from brown silts immediately below the peat
(SBCM 01.001.031, 01.001.032). Onychomys n.
sp. and Symmetrodontomys n. sp. provide
temporal constraints on the fauna.
The genus Symmetrodontomys may only be
previously known from the Rexroad fauna
from southwestern Kansas. The distinctive
character of this tenus is the alignment of
anterior reentrant valleys in the anterior
portion of M, as well as in Mr. The Valley
Wells specimen differs from the type species,
S. simplicidens (Hibbard, 1941,a, 1941b) in that
it has an accessory cusp between the lingual
and labial lobes of the anteroconid. This
feature may be a derived feature, suggesting
that the Valley Wells specimen represents a
more recent period of time. However,
biogeographic concerns can not rule out the
possibility that these were two
contemporaneous populations. S. simplicidens
and the Rexroad fauna are considered to be
from the middle Blancan LMA (3.4-2.5 Ma of
Savage and Russell, 1983;3.7-3.4 of
Woodburne, 798n.
The grasshopper mouse from Valley
Wells, Onychomys n. sp., is distinctly smaller
in most measurements than other known
Onychomys species (Carleton and Eshelman,
7979). The M, from the Valley Wells species is
shorter than O. bensoni but not narrower. It is
shorter and narrower than living O. tonidus.
The M, is shorter and narrower than both O.
bensoni and O. toridus. The talonid of M, is
smaller and more derived than either O.
bensoni or the larger O. hollistei.
The smaller O. bensoni is from the Benson
Local Fauna of southern Arizona and is
considered to be mid Blancan (3.4-2.5 Ma,
Savage and Russell, 7983; 3.2-3.0 Ma
Woodburne, 198n. The larger O. hollistei is
known from the Borchers Local Fauna of
Kansas and is considered to be Late Blancan
(2.5-1.8 Ma, Savage and Russell, 1983; 2.0
Ma, Woodburne, 1987).
Microtines with rootless teeth have been
recovered from the Valley Wells Peat fauna.
Microtus species are not known prior to 1.8
Ma. However, the rootless microtine
Synaptomys is known from the late Blancan
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Table II. Valley Wells Quarry Composite Fauna
(SBCM 1.1.34, 1.1.1A)

Equus sp. cl. conversidens . . . . . . small horso
Mammuthus sp. cf . M. columbi . . . mammoth
jack rabbit
Lepus sp.

Antilocapridae
Camelops sp. . . .
Canis sp. ct. C. latrans
?Felidae(lS) ...
Hemiaucheniasp....

....

pronghorn

..

largo camel
.... coyoto

largecat

..llama

(2.5-1,.9 Ma, Repenning, 7987).
A tusk fragment (I.) is provisionally
assigned to Mammut sp. The specimen
exhibits no spiral structure and lacks an
enamel band. These characters are Present in
the Gomphotheriidae which precludes an
assignment to this elephantoid family. The
stratigraphic position of the specimen (Fig.2,
top of unit Qa and below clasts of the 2.02 Ma
HRA) indicates an ate that predates the
appearance of Mammuthus in North America.
The derived nature of the
Symmetrodontomys n. sp. and the small size
and derived nature of the Onychomys n. sp.
from the Valley Wells Peat fauna suggest a
late Blancan LMA (2.6-1.8 Ma, Savage and
Russell, 1983) or Blancan Y (2.6-L.9 Ma,
Woodburne, 198n which is compatible with
the presence of rootless microtines. The Valley
Wells Peat fauna is located stratigraphically
below fluviatile Unit C which contains clasts
of HRA (2.02 Ma). This suggests that the
Valley Wells Peat locality is older than 2.1 Ma
in the Pliocene Late Blancan LMA.

Table

III.

Valley Wells Mollusk Composite

Pisidium sp. . .

.

fusseriamodicalla

Say. .

Stagnicola elodes nuttaliana lLea\
Gyraulus circumstriatus(Tyron) .
Pupilla sp.
Vertigo berryi Pilsbry

Vertigosp....
Valloniacyclophorella Storki
Succinee avara Say
Deroceras sp. cf. D. /aeve

Equusconversidens

.

(Mullerl

.
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Early Pleistocene Fauna (Irvingtonian LMA)
The lower half of Unit D (SBCM
01.001.033) contains a third molar of the
extinct elephant Mammuthus meidionalis. This
taxon is indicative of the Irvingtonian LMA
which continued until 0.45 Ma (Savage and
Russell, 1983; Woodburne, D9n.
The left M, exhibits dental characters
typical of Mammuthus meidionalis (Maglio,
'1973). The tooth is relatively low-crowned,
individual tooth plates are antero-posteriorly
thick and the enamel is thick. An unusually
low lamellar frequency of 2.2, compared to a
reported range of 3.5 to 5.9 (mean 4.6)
(Maglio, 1973), is a result of post-depositional
extension along the length of the specimen.

Iate Pleistocene Fauna (Rancholabrean LMA)
The upper half of Unit D (SBCM
01.001.034) contains Mammuthus columbi, an

indicator of the Rancholabrean LMA. The
Rancholabrean LMA is considered to extend
from 0.45-0. 1 Ma (Savage and Russell, '1983;
Woodburne, D8n. At Valley Wells, the
stratigraphic section produced two faunas.
The Valley Wells Quarry fauna (Table II) is
low in the upper half of Unit D. The Valley
Wells Mollusk locality (Table III) is in the
upper third of Unit D.
The dental parameters of an upper molar
fragment and a deciduous P, thin enamel,
antero-posteriorly narrow tooth plates and
high lamellar frequencies, fit characters
attributed to late Pleistocene samples of
Mammuthus columbi (including M. iet'fersonii)
(Maglio, '1973; Madden, "1978; Graham, 1986b).
The dimensions of a camelid ritht P4-M3
and a right M. recovered from Unit D fall
within the size-range exhibited by Camelops
hesternus from Rancho La Brea. However, the
lack of other diagnostic, cranial and
postcrania-l materials precludes
Fauna (SBCM 1.1.35, 1.1.36)
assignment to one of the several species
known from the Invingtonian and
. . . . . freshwater clam
Rancholabrean of the western US.
.... froshwatorsnail
Camel dentition is known from Unit F
. . . . froshwater snail
at
SBCM 01.001.038, but it is not
..... froshwatarsnail
extinct froshwator snail
assignable to a generic level and thus it
land snail
is not temporally diagnostic. The
landsnail
position of Unit F in the stratigraphy
land snail
.....
would suggest a late or latest
land snail
Rancholabrean LMA.
. . . land slug
,... smallhorse
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SUMMARY
The Plio-Pleistocene sedimentary sequence
at Valley Wells spans more than 2 million
years, although the sequence is only about 25
feet thick. It has produced the Valley Wells
Peat fauna that represents the late Blancan
LMA of latest Pliocene time. The Valley Wells
Peat fauna is presumed tobe 2.6-2.1 Ma and
sits below the 2.02 Ma Huckleberry Ridge
Ash. Pleistocene faunas include Mammuthus
meidionalis, an indicator of the Irvingtonian

LMA, not less than 0.45 Ma, and M. columbi,
indicating the Rancholabrean LMA, 0.45-0.1
Ma.

The stratigraphic occurrence of two
distinct species of Mammuthrzs provides a
paleontologic basis for estimating the timing of
Pleistocene depositional and structural events
in the Valley Wells Basin. The early
Pleistocene form, M. meidionalis, is
represented by an M3 (SBCM AE20-535)
recovered from near the base of the exposed
stratigraphic section. Specimeru (SBCM
AE20-765, SBCM AE20-766) referred to the
typical late Pleistocene species, M. columbi,
occur near the top of this unit, approtmately
2.5 m higher in the stratigraphic section (Fig.
2).

Mammuthus meidionalis entered North
America from Eurasia (Maglio, 1973) during
late, early Pleistocene, after the Olduvai
paleomagnetic event and prior to about 1.5 Ma
ago (Kurten and Anderson, 1980; Madden,
1980). It is the only representative of the
genus in the coterminous US until middle
Pleistocene time (Maglio,1973). During the
middle Pleistocene, about 1 Ma, M.
meidionalis morphologically grades into the M.
imperator-M. columbi lineage (Graham, 1986a).
From about 0.2Ma to the Holocene, M.
columbi (including M. jeffersoni| was the only
species that occupied temperate North
America (Maglio, 1973; Graham, 1986a).
The faunal and tephra ages on the
sediments are important for describing basin
formation and faulting in the Valley Wells
Basin. Distal basalt flows (4.4810.15 Ma,

4.75t0.17 Ma,3.27t0.13 Ma, Turrin and
others, 1985) on the west side of Valley Wells
are at elevations between3720' and 3840',
close to the elevation of the western exposures
of the Valley Wells sediments at 3900'
elevation. This suggests that Valley Wells
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Basin was in its approximate configuration

about 5 mya. Deposition of the Valley Wells
sediments started prior to 2 Ma and continued
past 0.45 Ma. Since that time, the western
exposures have been elevated approximately
200' above the eastern exposures, a very
significant vertical offset within approximately
the last 300,000 years.
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THE MINT AT THE MESCAL MINE
I,Od flngeleg $unlay tim$,
E Bennetl U.S. Secret Service Bureau

An article in the
by John

The Mescal mine lay on the east
slope of one of the largest mountains
in the Mescal range...A tunnel opened
in the side of the mountai. about half
way berween ia base and summit, ran
in three hun&ed feet and crosscut atr
al-ost perpendicular vein of silver ore
of about eight feet in thickness. The
ore had been stoped down from the
top for some di"tance and a wide

chr-ber

had thus been made about the
interior localiry of the "pay."

This was the condition in which

the mine was left in 1889 when the
price of silver dropped from 95 to 65
cents an ounce, and Bill !flilliams, the
owner, shut down the propeny with a

which fell like a heavy
blow upon every human hean in

suddenness
camP.

At this time there were about
sixty people there whose livings
depended on the product of this mine.
The houses were well built, of adobe
brick with good shingle roofs, and this
norwithsrandi"g thar dl lumber had to
be hauled fifty miles from the railroad

December 8, 189s,

day to learn that the Mescal was going
to start up again.

"\7hat was the reason?' this was
the inquiry on every one's [ips. The
mine, it was rumored, had been sold,
bought by a man named Davis, of

Denver. He had

examined the

property carefully and had a great
confidence in it; believed the grade of
ore would mn higher as it got deeper,
and he was going to sink on the vein at
the end of the tunnel.
Strangely enough, rumor proved
rrue. \Williams, who had long realized
he had an elephant on his han&, sold,
al-ost for a song, a propeny which
had cost him $30,000, on which he had
spent $20,000, and from which he had
only received about $10,000 in return.
The mine had never been patented, and
after it had been shut down, Williams,
who was a wealthy man, never

troubled himself about doing

the

it as
required by the statute, and the
annual representation work upon

propeny had been jumped by two men

who had thereby a more or

less valid

to it. The

over a dq, desen rail. There was a
store there and a postoffice. The small

claim

smelter employed about ten hands, and
the balance found work in or about the

scheme on \flilliams, so that if he
should ever want to start up the mine
again, he would have to either

mine; a number of men lived with
their families there, wages were good,
work steady and everybody was happy;
but through politics, or finance, or
commerce, or whatever else, the price

of silver rumbled, and a fony-ounce
silver ore mine siruated as was this cold
no longer be mined at a profit; so that
with this decline in the market vdue of
the commodity, operations at the
Mescal ceased

Activities there

remained
suspended until the eerly pan of 1892,
when, silver lying at the bottom notch
otr the marker, the inhabinnm of one
or two little copper camps near by and
the agent and a few othen at the
railroad station, fony miles distant,
who comprised all the populadon for

fifty

miles around were astonished one
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relocrdons were
made, however, as a sort of 'hold up'

compromise

with these or have

lawsuit before he could

a

peaceably

resume.

This man Davis had,

however,

taken advantage of both horns of the
dilemma. He had been able to buy out
\,)flilliams for a trifling sum, partly

of the relocation by

Brooks

and Boswell, and he was able

to buy

because

out the latter rwo for another trifle
because

they held only a cloud upon

the dtle to the propeny,

which

propeny was really in Villiams.
Having completed his purchase,

Mr. Davis proceeded at once to revive
the camp. His

in a lot of

fint

moYe was

to bring

new, and a pan

of

it,

singular machinery, which had been
made at a foundry and machine shop

which he conducted in Denver. There
was a small refining plant added to the
smelter, and a considerable portion of
the machinery was, oddly enough,
taken into the unnel; after the shaft
had been sunk some distance, it was
put down the shaft.

Vhile this latter machinery was
being put in, several miners applied at
the mine for work; they were told that
no one was needed, that the price of
silver was so low that it was necessary
for the mine to employ just as few
men as it was barely possible to
operate with, and those who were then
employed had been brought from
Colorado from one of Mr. Davis's

mines there, and were tested men. The
applicanm were advised to acquaint any
miners who wanted work not ro come
to the camp as they would cenainly be
refused employment, and as the
distance from the railroad or adjacent

camps was great, they would have a
long and fatiguing journey for nothing.
The miners asked concerning the
machinery, which was, in its carefully
boxed condition, then being put into

the ftnnel.

Mr.

Spencer, the

superintendent, replied that it was
hoisdng machinery; that it was to be
set up at the end of the tunnel, and
above the shaft. Vhen asked if this
was not a rather unusual way in which
to work a mine, Mr. Davis replied that
it might be but, that the necessity for

keeping down expenses compelled

them to operate in the
economical manner possible.
All of the above facts

I

most

learned

from my guide and driver of the team
which conveyed me to this camp early
in July, 1893.

About a year, afrcr this mine
recommenced operations, the Treasury
Depanment

at

\iTashington became

aware that a new and wholly
unprecedented counterfeit one dollar
silver coin wx in larye circulation,
apparently all over the United States.
It was not made of spurious metal, to
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rhe contrery, it was of pure silver,
containing only the proponions of
alloy used in like coins turned out by
the mints. The coins were not molded,
as all the counterfeit coins I have ever
known have been made, but it was
punched, pressed and milled, in other
words, it was minted just as are the
pieces coined at the mints.

The fact that this new counterfeit
was silver, that it had, consequently,
the proper weight and the proper

"ring,' made it an

imitation

were being turned out daily

those

in the unlawful entelprise were
doubtless accumulating immense
engaged

fonunes.
Ir was a hard case to handle. Not
elone was it difficult by reason of the

fact that the operaton were evidently
men of means and 6f ingslligence far
above that of persons who usually
engage in debasing the currency, but
also from the fact that cenain existing
popular and political conditions seemed
likely to hedge about the culpria a

exceedingly difficult to detect; only by
the closest inspection, and the most
acorrate analysis and comparisons were

kind of indefinite sympathy and
support.,, Thousands of penons

the experts of the

earnestly believed there

and were therefore, illegal and

circulation, and whoever these illegal
coin manufacturers were, the money
they were making was being turned

Treasury
Depanment finally able, positively, to
declare that these pieces had not been
made at any of the government min6,

wanted free coinage

of silver. They

rras not
enough money of all kinds in

counterfeit.

directly into circulation,

The points of difference berween
the genuine and the imitation coins
having been once noted, it was possible
to detect all of these fraudulent issues,
since they were all lacking in the same

unfonunately much of the coinage of

paniculan. These paniculars consisted
of cenain shades of inferiority in the
execution of the whole of the obverse
and of the eagle of the reverse; a
difference which, hbwever, was not

enormous rewards for the apprehension
of the maken of this coin, were
without avail...

apparent upon casual observation, and
could only be originally perceived by

the aid of

lenses

in a

studied

comparison berween the genuine and
the counterfeit.

It

was clear, therefore,

to

the

Secret Service Bureau of the
government that all of these illegal
coins were made with the same die.
li7here that die was located and at
work, whether within the United
States or without, and who was
operating it, these were the great
questions which concerned, not along
the Treasury Depanment, but the
entire administration, and was
committed to the Secret Service Bureau
for im best work.
It was clear to us that the

manufacturers of this coin had been
incited to their enterprise by the wide
margin that then existed between the
commodiry price of the silver
contained in the coined dollar and the
value of that dollar as legal tender.

This margin was something over 40
cen6, and if any large number of coins
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while

the government never left the mina
where it was made... All of the
numerous circulars distributed
broadcast by the depanment, offering

After scouring the country for
months for a clue, we stumbled upon
one by accident. The Treasury
Depanment was at that time, under the

law, purchasing

in the centen of trade, by
whom it was disributed
The task then was to trace down
doubtless

from whence this panicular bar had
come. In order to do this we had to
"run down" each of the ban received
in that consignment. This was quite
difficult, but after rwo weeks of labor
we succeeded in tracing it to Kansas
City, where we learned it had come
from a pawnshop, e sort of "fence,' the
keeper of which had bought it from a
thief.

Operadng through

the

local

authorities, the [penon] who kept this

place was arrested and thrown into jail
upon a charge of receiving stolen
goods; we

told him if he would di"uk"

from whom he had receive it we would
let him go free. He very gladly did so,
and this brought us in contact with the
thief. Employing the same tactics with
him we learned that he had stolen the

bar from the room of a lodger in

a

lodging-house where he was employed;

that the fellow had, one night while
drunk, employed him to escort him to
his lodgings; he did so, and while the

man was in a sodden sleep

he

ransacked the room and everything in

it, and he had found this silver bar at
rhe bottom of a big trunk which he
had broken into.
Ve secured a good description of

about

this bacchanalian silver owner, and I

monthly, and
this was delivered at the mints in the
usual form of bars. Ln a cons(nment
which reached the mint at Philadelphia
there was a bar which, when subjected

staned in search of him. I soon found
he was no longer in the city and as it

Sherman

4,400,000 ounces of silver

to the ordinary probing which is
undertaken in ascenain that the
government purchases of "gold bricks,"
appeared so singulady cast that the

director ordered one end of it sawed
off. Imagine the surprise of every one
present when it was seen that the
exterior of the bar was really a heavy
box or shell, and that within there was
a large number of these spurious silver
collars. They were packed in rows so
closely as to make the entire practically
a solid mass. There were one thousand
of these dollan and it beca-e clear that

it was in this manner that the
counterfeit coin which had been
flooding the country for months, was
transported from its place of

manufacture to

co-conspirators,

was more imponant to continue to
trace down where the bar came from
than to punue this criminal, I rurned
this pan of the investigation over to
the bureau and myself continued on
the mai. case.
To find out through what channel
that bar had gotten into town was the
imponant thing. It was most likdy
that it had come under some son of a
cover-+nclosed in something intended
to disarm suspicion of the fact thar bar
silver was being transponed. It was
rlmost a matter of cours€ lhat I should
fint call at the various rai.lroad offices
to inquire if any person answering the
description of the drunken lodger hed
at any time received any freight which
might allow of the hypothesis of io

being

bullion. lmagine my

surprise

and delight when the

division
superintendent of the first road I called
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upon, the Sante Fe Railroad, told me
that large quantities of bar silver had
been shipped over the line, billed to a

man

I

who went by

the
na-e of Reynolds. He told me there
was no secret about these shipments;

described,

that the bars were refined silver and
that they cr-e from the Mescal mine
in California. The Santa Fe hauled all
rhe silver from this mine and most of

it

to

Kansas City and
delivered to Reynolds, who from there

was taken

it to various points

reshipped

rhroughout the United States.
Possessed of this information, and

feeling myself

on a hot trail,

I

communicated et once with the bureau
at Washington, advising them of my
intention of going to California, taking

of the

Mescal mine, and
arresting every person having any

charge

relation to it. I advised the chief that
in order to successfully carry out this

prqiramme

it

might be necessary to

mrke a show of force, and I wanted a
detail of some sort to be placed under
my command Accordingly I received
instructions through the War
Deprnment to call on Gen. McCook
of the Department of Arizona to place
at my disposd whatever force I should
feel myself

in

need of.

This being arranged, I staned for
California" Arriving at the station of
Bitter Creek, which was the point
nearest the Mescd mine, I sought out a
te2mster known as Dolph Kevane, who
had been an old prospector, who was
well acquainted with the country, and
especidly wirh the locality of the
Mescal mine.

At that time Liuet. [sic] Ferguson,

with a detachment of rwenty men of
the cavalry, had arrived from Fon
\Tingate and were camped at Burton's
Bridge across Dry River. The
lieutenant reponed to me and I ordered

him to proceed with his troop to the
Mescd mine, and to arrive there under
the cover of the n(ht, at daybreak on
the morning of the 5th of August.
Kevane and myself, equipped with

I sparse camping outfit, and driving

a

good team of mules io a light covered
watoo, staned for the mine on the lst

the mind can imagine. '$fl'e traversed
the dry bed of an ancient lake where
the ground was blistering hot and our
animals nearly strangled to death with
the dust of dkali. Far down the valley
hovered a water-like mirage, as though
in mockery of a cooling sea- The
ground was panidly covered with a
smbby sage brush which made ravel

difficult, and occasionally we were
forced to cross a deep dry rut which
had been plowed in the surface by the

running waters of a

winter's

cloudbunt.

Uldmately we entered the mouth
of a wide pass which Kevane said was
five miles from the mine. The great
mountains on either hand were bare in
their dry desolation; only little dom of
color here and there against the bare
reddish earth told that some famished
shrub continued to cling to a weak
existence

in

desperate defiance

of

the

sun. Occasionally in small
gulches, or depressions, orchards of
furious

)rucca grew

like srunted trees, the little

rufa of green palm-like

leaves sdcking

from their tops, while often al-ost all
the bdance of the plant was dead and

rotted. Across the valley stood Park's
Mounrain, bold, gigantic, grand! A
great dark mass, dark, for it is
limsslsas, while all the rest are granite.
\We mrned around a small conelike hill, and there before us, close
upon us, was the Mescal camp. It lay

on a ridge which made out from the
mountain into the valley. A scramble
down a steep hillside brings you to a
little stream trickling away from a pool
of the most delicious water, fed from a
pipe communication with a wet shaft
in the mine. Above on the bald side of
the high roaring mountain is the mine,

its grey dump marking with a light
splotch the dark slope. There is a
bucket cable railway leading down over
trestles from the mouth of the runnel
to the smelter several hun&ed yards
below, to which place the ore is carried
for treatment.

In my long experience as a
detective I have found that the best
way to work up

cases

is to

conceal

and

your idendty while you can and never
reveal your tnre case. lnvent a set of

weary drive, across a broad desen into

circumstances to employ for the time,

dty of August. It was a long

e coutrtry of

ru88ed and

bare

6sua1ein5, the most desolate region
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which will prompt the one upon
whom you are operating to do your

need of this will be but
transitory and employed to overcome

will; the

a present obstacle or carry a point at
hand, when you have done this and

your true character has

been

discovered, the man whom you have
thus deceived will think nothing of it
so long as he himself is not injured,
and this it should not be your purpose
to do, except he be the party against
whom you are operating. Indeed, it
seems to me that the ability of a
detective is measured by the readiness

with which he invenrc

these

circumstantial subterfuges and the
depth and stren$h of them.
If I had told Kevane that I was a
government detective, that I knew the
operators of the Mescal mine were a

lot of

I

counterfeiters and that

had

come there to arrest them, his tongue
would have burned at the roots, and he
could never have cooled it until he had
told the men at the camp all I had told
him. I did not commit this error,
besides, had I done so, he would have
realiznd that the camp was about to be
broken up, and as it was a source of
great revenue to him, and of nearly all
the prosperity of the little town about
the station, where the spurious dollars
circulated like air, he would naturally
have sided witb the camp against me.
I therefore told him I was an agent of
\0illiams; that \Williams had sold the
mine upon the condition that if the ore
developed over forty ounces he was to
get a certain royaky on the difference,

that we had reliable information that
the ore was averaging seventy ounces,

and yet Davis had never told

us

anything about this increased yield.
The purpose of my visit to the mine
was to secretly ascenain how the ore
was running.

Knowing it was the strict rule of
the operators to allow no stranger in
the camp or on any of the claims' and

wishing

to

remain here as long

as

possible, I went disguised as a laborer
seeking employment. I arranged with

Kevane

to have a mock quarrel with

me after our arrival, the upshot of
which would be that he would refuse
to take me away on the team. Having
no food nor water, I would then be an
object of pity and sympathy to those rt
the mine, and being very harmless and
inconsequential in appearance,

I

relied
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chances of being tolerated in
camp, and given a little food, while,
without making any inquiries, I would
keep my eyes open ro all that went on
about me.

on my

This programme came to

be

carried out exactly as it was laid down.
The quarrel with Kevane passed off
successfully, and I was left alone. I was
ordered out of camp by Superintendent
Spencer, but I told him I would not
go, that I had neither food nor water,
and that I could not walk over the
desert, as my feet were sore. I told

him rhat the only thing I could do was
to remain at the camp until a team
went down to the station and go on
that. My excuse did not please Mr.
Spencer, but he did not &ive me off.
So far as the mining of the ore

and the smelting and refining
concerned,

I

was

observed nothing unusual

nor extraordinary, except that they
should have a refinery in connection
with their plant, then they could have
shipped the bullion and have had it
refined much cheaper in the East, and
this is the usual method pursued at all
mines where any smelting is done, but
I asked no questions. I observed, also,
that after the silver was cast into bars it

was taken

up into the mine,

and

subsequently the bars were brought
back to the refinery agarn, and piled up
there in an iron vault.
After witnessing this I felt sure
that coining was going on in the mine,
doubtless in the bottom of one of the
shafts, and that the coins were packed
in these silver boxes which were then
sealed up and made to look like solid
ban. I felt sure that the eight bars of

silver which

I

refinery were

in the
so many boxes of

saw stack up

counterfeit silver dollars, and this
rheory was confirmed by the story that
told me about the
machinery which went into the mine,
and by the fact of their keeping such a
close guard over the mouth of the

Kevane had

ftnnel.
Mr. Davis, the proprietor, worked

in the mine, and, to my idea, he
operated the minting and l6lling
machine. Mr. Spencer appeared to
keep a general lookout on the surface,
a pan of his practice being to c rry e
pair of glasses in a case hung about
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him, and with these to

occasionally

sweep the valley.

From what I saw of the operation

of the mine, they must

have been
taking out about twenty tons of ore
daily; this reduced and refined, would
have yielded an average of eight

'Is that so?" I replie& "then I will
have you to know that you yourself,
sir, are under arrest. I a- aq officer of
the United States and I arrest you.'

I threw back my coat and

displayed my snr, which I had lately
pinned on my vest. The man looked

hundred ounces of silver, this quantity

upon it al-ost parilyzcd

of

astonishment.

coins, so that it might be said that the
gross output of this enterprise in false
money was $1000 per day.
\With silver at 63 cents per ounce,

to

which was then the ruling market

replied-

price, the silver conteined in each coin
was worth, as I have said, about 40

coolness he did not

metal coined into silver dollan
would produce about one thousand

cen6; this left a profit of about

60

cen6 on each coinid-dollar, or $600 on
the $1000 as profits obtained over and

above their profits upon

the

production of the silver.

I

to

ascertain that no
shipment of bars would be made for
rwo weeks, and, as there were quite a
pile of them in the refinery, chuckled
over the thought that I should capture
all of these silver bars or boxes, each
one of which contained a thousand of
their silver dollan. It was the 4th of
August. On the following morning
Lieut. Fitzgerald and his troop would
managed

be on the ground. I knew the
direction they would come so that
night I stole away from camp and went
to meet them.
The roop was within four miles
of the camp at 3 o'clock in the

morning, md, acting upon my
suggestion, they dismounted, left their
horses with a guard and traveled the
balance of the way on foot. I went
ahead and reurned to the camp alone,
directing that they should advance as
closely as possible without exposing

themselves, and to remain concealed
until I should give them a signal to
appear.

The morning shift was just about
to go into the mine when I approached
Mr. Spencer, a low-browed, mooo-

facid man, with taffy<olored hair,
who, seeing me,

said:

"The tea- will be here this
morning, and I want you to go in on
it; and if you ever come here aCain I
shall send you to San Bernardino to
iail."

with

'On what charge do you pretend
arrest me?" he sai4 without

quesdooing my authoriry.
'Upon a charge of counterfeiting

the coin of the United States,' I

'Pooh,' he sai4 affecdng .

feel "You talk
like a fool' He pulled a cord which
rang a bell in the mine, giving the
signal for the men below to appear on
top. 'I'll have you to know, sir,' he
said, 'that it will take a better man
than you to arrest a whole camp and
shut down a mine on such a fool
charge as that: how d'ye suppose
you're goin' to teke us in the railroad?

D'ye think we will furnish our own
transportation and haul you besides?
Ha, Ha!"

At this juncture the men who
were working below began to come
out of the tunnel, and Spencer started
to explain to them that they had been
spied upon by a detective who wanted
to arest all hands upon the nonsensical
charge of counterfeiting. A shon,
thick-set man with black hair, a black
moustache, and light eyes whom I
supposed was Davis, wanted to argue
with me what an absurd thing it was to

talk about any counterfeiting going on
at that place.
I was not disposed, however, to
play on words.
"I command you to call every
man here,' said I: 'they must deliver to

me whatever arms they have, and
prepare themselves to 8o to the
railroad with me."

They laughed

'I will

see," said

L

I blew a shrill

blast on my whisde and
instantly there rumbled over the top of
the mountain the blue forms of rwetrty
soldiers, their legs in brown l.ggiogt,

and their rifles in their hands. They
scrambled rapidly down toward us,
while Davis and Spencer turned white
and looked appalled" Instantly Spencer
blew a large whistle with a peculier
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soun4 and then I heard a great
commodon in the refinery below us;
they he beckoned to his men, and they

ran as rapidly as possible

together

down the side.
A-Lnost immediately after this,
and while the soldiers were still about
half way berween the summit and the
mnnel, there came at first a dull roar,
accompanied by a slight shock,
apparently from the center of the
66sagein, then in an instant followed
an etrormous and most terrific
explosion, an explosioo of volcanic
violence which seemed to [come] from
below us and through the runnel and

to convulse the entire mountain. The
eanh on which I stood heaved and
threw me from it. I was hurled
forward forcibly striking the ground
head first, and rolled down the slope.
I looked above me; the concussion had
loosened a quantity of overhanging
rock, and an avalanche of debris was
sliding down among the panic-stricken
soldiers. A great rock bounded past
me and shocked me with ia wind as it
went tumbling on in the gulch below.
Men ca-e sprawling headlong down,
some rolled down, while othen
remained lying flat on the side of the

mountain.
When the effecs of the explosion

that

I

I

found, happily enough,
was uninjured and that Lieur

had passed

He replied that that seemed to be

a unuzually heavy one, and it was.
There must have been a ton of giant
powder burnt in that explosion. The
tunnel had caved in, and the debris
from above on the mountain had
covered the place many feet

It

in

depth.

was perfectly apparent that both
shafts within must have been torn to
pieces and the whole mine was a

wreck. Thousands of tons of muck
doubtless filled the holes, and to have
reached the bottom of the shafts would
have required as great an expendirure as

the total ,mount that had been used in
developing the mine.
It was clear to all of us that the
explosion had been effected on

purpose. These counterfeiters

had

taken into account the chances of the
mine being some day raided by the
officials who would trace to that place
the counterfeit silver dollars. They had
stored hundreds of pounds of dynamite
where the concussion of im ignition
would produce the severest of effects,
and they had connected it with an
electric wire leading to the refinery.
Spencer had given the signal to
discharge the blast, and the battery was
rurned on; the result was that minting
machine, dies, rollers and whatever else

of evidence as in the crime of
counterfeiting had instandy become
buried beneath thousands of tons of

Fitzgerald had also the good fornrne to
escape. He joined me and we began to
get [qlether the memben of the troop.
Ve found that one man had been so
crushed berween rocl<s that he was in a

refinery,intending to seize the silver
bars which I had seen so numerously
piled therein, but lo! every one had

dying condition, another had a

leg

vanished. I asked where they were, but

broken and another had sprained an

received no reply: to direct questions
put to the foreman of the refinery I
received the reply that he did not

ankle.

killed and
wounded- !fle rurned to look for those
whom we had come to arrest, and we
were in no pleasant freme of mind to
undenake the business. They were all
huddled tqiether, about rwenty of
them, in r sheltered ravine. \i(e
Such was the list of our

charged upon them. They did not
repent. Davis told us there had been a
blast in the mine. 'A shot,' he said,
'had been set aad the fuse lighted; we
had come out of the mine to allow it
to take effect without huning anyone.'
'Are all your shots like that?' I
asked.
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debris.

\[e then

proceeded

to

the

know. I

looked into the melting
kettle; it was full of silver metal. The
box bars with their silver dollars had
been thrown into the kettle, and had
melted into bullion; but no trace of the

form of a box or the shape of a dollar
could be discerned in the molten mass
of bright metal.
I chafed under the realization that
withal I was to leave the mine without
a panicle of legal evidence that any
counterfeiting had been in progress
there, but such was the fact: I had no
such evidence. \Ofle took with us all the
men employed at the place, together

with Davis

and Spencer, but the most

of them ... knew nothing beyond their
immediate duties at the mines, and
from these I learned nothing.
Davis, Spencer and Coughman,
the smelter foreman, were put on trial,
charged with counterfeiting, bur nor a

word of damaging testimony could

be

elicircd against them. The metal I took
from the refining pot was assayed and
found to contaitr just the proponion of

pure silver and the identical kind of
alloy contained in the silver dollar; but
they produced in court samples of the
ore of the mine which was shown to
contain the same minerals, to wit:
Silver and copper. A quantity of the
spurious silver coins were found on
their persons and we put our expens
on the stend, who examined the coin
and pronounced it counterfeit: but they
produced a greater number of expens
who declared it to be genuine. But
what discomfited us most in the trial of
the case was their tendering one of our
experts on the stard a coin and asking

him whether it wrs
spurious. He examined
care and pronounced

genuine or

it with

it to be the

great

latter.

They then put a number of witnesses
on the stand, each of whom testified
that they had together on that very
morning procured that identical coin
from a government mint, where it had
been issued to them as genuine.
'We
found ir impossible to trace to
rhis mine, with the certainty of legal
evidence, the bar containing the silver
dollars which we had ant open at the
mint. There was no doubt that the
only way we could get evidence against
the accused, proving that they had been

engaged

in the

manufacture of

by penetrating
those innumerable tons of rock in that
counterfeit coin, was

moun[ain, and bringing to light that
machinery which lay buried hundreds
of feet below. There were no available
funds to meet this expense, md,
though Congress was called upon to
make an appropriation to this end, yet
the bill therefor, like many other good
measures, died in committee and never
reached passage.
The accused were acquitted and

they went their way. That way;
however, was rrot back to the Mescal
mine; that enterprise abides silenced,
and the silver dollar counterfeits have
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about disappeared from circuladon. I
succeed in convicting the
culpris, but I did succeed in squelching
rhe indusrry. I afterward learned that
Davis and Spencer were partners, and
while they have been conducting
several imponant enterprises, yet they
had been pressed close to the wall of
bankruptcy; unable otherwise to raise
much-needed money, they took this

did not

means

of veritably raising it out of the

eanh in defiance of United States laws.
\0hether they accumulated sufficient
profits from their lawless venrure to
recoupe their fortunes or not I have
never learned; but cenainly, so far as I

have ever heard, their careers

as

counterfeiters closed with that terrible
explosion at the Mescal mine.
JOHN E. BENNETT.
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Tertiary and Quaternary Gravels in the
Mescal Range, San Bernardino County,
California
Stephen B. Castor, Nevada Bureau of Mines and Geology, University of Nevada, Reno, Reno

NV 89ss7-0088

INTRODUCTION

At Mountain Pass on the eastern flank of
the Mescal Range, Precambrian rocks are in
low-angle fault contact with overlying
carbonate-dominated Paleozoic sedimentary
rocks as shown by geologic mapping (Fig. 1).
The Precambrian rocks are granulite-facies
gneiss, schist, and amphibolite cut by
unmetamorphosed Precambrian alkaline
intrusions that include carbonatite currently
being mined for rare earth elements at
Mountain Pass. About 3 km north of the
mapped area, Cambrian orthoqu artzite
(Tapeats Sandstone) overlies Precambrian
rocks in the lower plate (Evans, 1974). About
1 km to the south, Cretaceous volcanic and
clastic Mesozoic sedimentary rocks (including
the ]urassic Aztec Sandstone) lit between
Precambrian and Paleozoic exposures (Evans,
1971). Weakly to moderately indurated
gravels at Mountain Pass have been
considered to be Quaternary (Evans, 1971.;
Hewett, 1956). However, clast contents of
some of these gravels suggest that they are of
Tertiary age because they do not reflect
modern distributions of source material.
DESCRIPTIONS OF GRAVEL UNITS

QTgl

The oldest exposed gravel unit is
composed exclusively of Precambrian detritus.
It is mostly poorly sorted and bedded,
indicating deposition as fanglomerates or
debris flows, but locally contains well-bedded
sandy units with scanty cross-bedding that
suggests westerly fluvial transport. Bedding
in QTgl ranges between horizontal and
shallow westward dips. Clasts range from
pebbles to small boulders are are m-oderately
rounded to angular. Near the Mountain Pass
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mine, an outcrop of QTgl dominated by
sharply angular clasts may represent
deposition adjacent to a fault scalp. Contacts
with underlying Precambrian bedrock are
marked by red-brown to white regolith. In
the west part of the mapped area, drilling has
demonstrated that these older gravels extend
to depths in excess of 300 m and include fine
clastic beds (G. Eaton, personal
communication, 1989).
QTs2
Gravels containing clasts of Precambrian
rock and hard, light buff Tapeats Sandstone
comprise a large branching channel system in
the east part of the mapped area. These
gravels, which overlie QTgl with apparent
angular unconformity, locally contain subrounded clasts up to 3 m in diameter. To the
west of the mine, QTg2 consists mainly of
Precambrian amphibolite with sparse Tapeats
Sandstone clasts. QTg2 appears to have been
deposited in large, steep-sided channels
because contact-topography patterns indicate
channel wall slopes of about 30 degrees in
places. Locally, contacts with Precambrian
rock are marked by weathered material similar
basis of its
"to that underlying QTg1. On the
lithology,
pattern
and
transport
clast
-dutcrop
'of
QTg2 appears mainly to have been from the
north and east. The Tapeats Sandstone is
lithologically distinct from the phyllitic gray
Prospect Mountain Quartzite exposed on the
west flank of the Mescal Range about 5 km
southwest of the mapped area (Evans, 1971)
and from the Aztec Sandstone which is
exposed south of the mapped area.
QTg3
Gravels containing Mesozoic volcanic and
Precambrian clasts overlie QTg2 in the southcentral part of the mapped area. To the south
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Fig. 1 . Simplified gealogic mtrp of the Mountain Pass area, Mcxal Range, Son Bemardino Counry, Califomit.

of Interstate 15, gravels containing Mesozoic
volcanics, Aztec Sandstone, and Precambrian
clasts lie on Precambrian rock. The volcanic
clasts are mainly reddish-brown ash-flow tuff
and volcanic breccia that weathers to a pink
color with minor amounts of dark greenishgray flow rock. These clasts probably came
from exposures of similar volcanic rock about
1 km south of the mapped area (Evans, '197'l).
Exposures of Aztec Sandstone, which may be

distinguished from the Tapeats Sandstone by
having greater fiability, white to reddishbrown color, and a tendence to split along
bedding plants, also occur about 1 km south
of the mapped area.

Qrg4
Terrace and alluvial fan gravels that
contain clasts of Paleozoic limestone overlie
units that contain no limestone clasts. The
oldest limestone-bearing gravels also contain
large amounts of Cretaceous volcanic rocks
and occur in the southwest part of the
mapped area. In the west part of the mapped
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€rea, younger terrace gravels are composed
almost completely of Paleozoic limestone
clasts. Most of these gravels are poorly sorted
and bedded with clayey matrices, and
probably originated as debris flows, but they
include local well-sorted alluvial channels.
Some of this gravel was transported eastward,
but most appears to have been swept through
a n,rrow gap towards Shadow Valley to the
west. The youngest of these gravels form
terraces that are only a few meters above

modern alluvium.
Qg

Modern gravels are mainly composed of
pebbles and cobbles in clean, fine to co,rse
sand. These gravels consist of active alluvium
that fills washes and adjacent inactive gravels
in terraces less than two meters high. Clast
contents of the larger deposits (e.9. Wheaton
Wash, which lies along Interstate 15 in the
east half of the mapped area) include all
lithologic types found in the older gravels.
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DISCUSSION
The lack of carbonate detritus in early
gravels (QTS1 - QTS3) at Mountain Pass
indicates that they were deposited before
uplift of the Mescal Range highlands, which
are predominantly made up of Paleozoic
carbonates. The earliest gravels (QTg1) were
deposited on an old erosional surface and
were probably transported from the east.
Associated lacustrine sediments may have
been deposited in the west part of the
mapped area. Subsequent deposition (Qfg2)
took place in a large channel system with its
headwaters to the north, followed by
deposition of gravels containing volcanic rock

Hewett, D.F., 7956, Geology and mineral resources
of the Ivanpah quadrangle, California and

Nevada: U.S. Geological Survey Professional
Paper 275:772 p.
Reynolds, R.E. and M.A. Nance, 1988, Shadow
Valley basin: Late Tertiary deposition and
gravity slides from the Mescal Range, in D.L.
Weide and M.L. Faber, (eds), This extended
land-Geologic journeys in the southern Basin
and Range: Geological Society of America
Field Trip Guidebook.

clasts from highlands to the south (QTg3).
Ren'lnants of a Miocene basin containing

fluvial to lacustrine deposits about 11 Ma that
contain little or no carbonate detritus occur in
Shadow Valley 12 km west of the mapped
area (Reynolds and Nance, 1988).
Paleozoic carbonate detritus is the most
abundant component of the late terrace

gravels at Mountain Pass (QTg4) and must
have been deposited subsequent to relative
uplift of the Paleozoic carbonate rocks in the
Mescal Range. Deposition of brecciated
gravity slide blocks of Paleozoic carbonate and
fanglomerates with rock clasts from the Mescal
Range (including carbonate clasts) is thought
to have begun between 8 and 10 Ma in
Shadow Valley (Reynolds and Nance, 1988).
If the Ivanpah upland was rotated as a block
approimately 10 degrees to the eastward at
this time, present-day relief between the crest
of the Mescal Range and eastern portions of
the Ivanpah upland would be accommodated
and Paleozoic limestone would dominate
detritus at Mountain Pass. Large
displacement along a range-front farrlt (or
faults) between the Mescal Range and Shadow
Valley would be required.
REFERENCES CITED
Evans, 1.R., 1971,, Geology and mineral deposits of
the Mescal Range quadrangle, San Bernardino
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County, California: California Division of
Mines and Geology Map Sheet 17.
1974, Relationship of mineralization to major
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Molycorp's Mountain Pass Mine
G. Todd Ririe, Unocal Science and Technology Division, P.O. Box76, Brea, CA 92621, and
Geoff Nason, Mine Geologist, Molycorp Inc., P.o. Box 124, Mountain Pass, cA 92366

OVER\rTEW

Exit onto Bailey Road to stop sign, turn
right across cattle guard to frontage road and
turn left (east). Continue east on frontage road
approximately .4 mile for an overview of
Molycorp's Mountain Pass mine operations.
STOP

1. View to the northwest of the

Mountain Pass mine from west to east of the
following landmarks: 1) current waste dump
which is material removed from above the ore
body, 2l flotation plant where ore from the
mine is concentrated, 3) the open pit mine is
immediately to the north of the flotation plant,
4) chemical and separation plants where
solvent extraction is used to upgrade the ore
into the final products, 5) the dam for the
tailings pond on the easternmost side of the
operations, and 6) old Mountain Pass
townsite, revegated with native joshua trees
and yuccas (Fig. 1).
Continuing east along frontage road,
roadcuts expose Tertiary gravels and
fanglomerate that once probably covered the
Mountain Pass ore body. Approximately .2
miles to the east of STOP 1 are exposures of
the 1.7 Ma regionally metamorphosed rocks
that comprise the majority of the Precambrian
exposures in the Mountain Pass area.
Exposures along this road cut include mafic
gniess, granitic pegmatite, and garnet-rich
felsic gneisses. Intruded into these rocks are
several small Tertiary andesite dikes. These
dikes typically trend east-west and have small
hydrothermal contact aureoles along their
margins.
Stop 2, shown on Fig. 1., is at the end of
the frontage road pavement, a total of
approximately .9 miles from the stop sign.
STOP 2. Outcrops in this area are
dominanted by a maroon-colored
coarse-grained syenite. This syenite is typical
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of the syenites within the 1.4 Ma sequence of
alkalic rocks that host the Mountain Pass
orebody. The syenite at this location is
composed of coarse potash feldspar and
biotite which demonstrates the potassic nature
of the alkaline complex at Mountain Pass.

INTRODUCTION
Molycorp purchased the claims in the
Mountain Pass area in 1950 and initiated
mining in 1951 which has continued to the
present. Currently, conventional open pit
mining methods are being used to extract
lanthanide-bearing carbonatite at the
Mountain Pass mine. During a typical
workday 2000 tons of ore are mined with an
average grade of 9olo bastnasite
[(Ce,La)(CO.)F)]. Although the primary
lanthanides in bastnasite are cerium and
lanthanum, bastnasite at Mountain Pass
contains 15 different lanthanide elements.
The distribution of the commercially useable
elements in Mountain Pass ore are: cerium
(49 o/o), I a nth anu m (337o), ne odymiu m (13o/o),
praseodymium (406), samarium (.5o/o),
europium (.1o/o), gadolinium (.2o/o), and
yttrium/terbium (.2olo). The Mountain Pass
ore body is the only deposit mined solely for
lanthanides and is the largest deposit of these
elements in the western world, containing
more than 30 million tons of bastnasite ore.
At current mining rates the reserves at
Mountain Pass are sufficient for another 50 to
60 years of production.
THE ORE BODY
The Mountain Pass mine is within a
window of Proterozoic rocks that have been
regionally metamorphosed to the amphibolite
facies. These rocks are believed to be 1.7 Ma,
whereas the carbonatite has been dated at 1.4
Ma (DeWitt et a1.,'1987). The alkalic rocks
that are spatially and genetically associated
with the carbonatite at Mountain Pass include
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shonkinite (au gite-altered olivine-biotitepotash feldspar), syenite (potash feldsparalbite-biotite), and granite (potash feldsparquartz-biotite) which differ from most alkalic
suites associated with carbonatites. These
differences include: 1) strong light rare-earth
element enrichment, 2) high potassic rather
than sodic content, and 3) oversaturated
rather than undersaturated with respect to
silica.

The carbonatite at Mountdin Pass contains
wide diversity of minerals, but is mainly
composed of calcite, dolomite, barite, and
bastnasite with minor amounts monazite, iron
oxides, strontianite, and talc. The carbonatite
ore body at Mountain Pass dips approdmately
45'to the west and ranges in thickness from
200 to 300 feet. The mined ore is hauled out of
the open pit in X5-ton trucks to a crushing
plant for mechanical size reduction. Bastnasite
is separated from the crushed ore by a special
froth flotation technique developed by
Molycorp. The flotation process yields
bastnasite concentrate in which all the
lanthanide elements co-exist in a natural
mixture. While the mined ore is approximately
a

9olo bastnasite, the processed ore is 50olo
bastnasite. Some of this concentrate is kiln
dried, packaged and sold directly to
customers. The largest percentage of the
processed ore, however, moves on to the
nearby chemical and separation plants. Most
of the high-purity lanthanide refining takes
place in the separation plant where solvent
extraction is used to produce the individual
lanthanides. \{hen the desired level of
concentration is achieved, the lanthanide
components are precipitated out of the
solutions. The end products of the chemical
plant and solvent extraction processes ,re
concentrates and compounds of various
lanthanide elements. The products are
produced with purities as high as 99.9990/".

optical glass, camera lenses and TV faceplates;
ceramic components in catalytic converters;
improving ductiiity of cast iron.
Praseod).rnium: bright yellow glaze on
ceramic tile and sanitaryware; high strength
magnets.

Neodymium: high strength magnets;
used to maintain stable electrical properties
over a wide temperature range in ceramic
capacitors; enhances picture brightness and
contrast in color televisions.
Lanthanum: used in petroleum refining
to increase yield of gasoline; in high quality
glass camera lenses and optical fibers to
transmit more light with less distortion; in

X-ray intensification screens to reduce
required exposure time.
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COMMERCIAL APPLICATIONS
There are many uses for the lanthanide
products of Mountain Pass. Some of the
principle ones are:
Europium and Yttrium: red phosphor
used in color televisions and fluorescent
lighting.
Cerium: decolorizer in glass containers
and tableware; polishing compounds for

SBCMA Spec. PnbL MDQRC 91

Page 89

Alkalic Silicate Rocks of the Mountain
Pass District, San Bernard.ino County,
California
D.M. Morton, U.S. Geological Survey, University of California, Riverside CA9?527;K.D.
Watson*, University of California, Los Angeles; A.K. Baird*, Pomona College, Claremont,
CA

INTRODUCTION

SILICATE ROCKS OF THE

MOUNTAIN PASS COMPLEX
The Mountain Pass alkalic complex
constitutes an unusual series of potassium-rich
intrusive silicate rocks, a large carbonatite
body rich in barium and cerium, and many
carbonate veins, over an area of 2.5 by 10 km.
The carbonatite stock, the Sulphide Queen
body, is a world class rare-earth deposit and is
the principal source for many of the rare earth

(lanthanide) metals.

The Mountain Pass complex, dated at
1400 Ma (Lanp[r6re, 1964), consists of eight
stockJike bodies and hundreds of dikes and
"veins" (Olson and others, 1954) exposed over
an area of 2.5 by 10 km. Most stocks and
dikes are crudely concordant with the foliation

of the gneissic country rock, but are
discordant in detail with locally brecciated
contacts.

COUNTRY ROCK
The Mountain Pass complex was
emplaced within amphibolite grade
Precambrian gneiss. Metamorphism of the
gneiss has been dated as 1650 m.y. (Lanphere,
1954). Now partly altered, the gneiss is

predominantly granitic in composition and
includes augen gneiss, biotite gneiss and
schist, hornblende gneiss, sillimanite-garnetbiotite gneiss, chloritic augen gneiss, and local
pods of amphibolite. Gneissoid granitic
pegmatite dike rock of simple mineralogy is
rvidespread

Foliation in the gneiss strikes regularly
north and northwest and dips moderately to
steeply westward. A common lineation,
defined by deformed quartz and feldspar,
oriented hornblende, and minor fold axes,
plunges down-dip to the west and southwest.
A detailed description of the country rock was
published by Olson and others (1954).

Four stocks ,ue composite, consisting of
shonkinite and syenite, two are leucocratic
syenite, one is composite consisting of syenite
and granite, and one is carbonatite. Fig. 1 is a
geologic map of the composite pluton.
Shonkinite comprises about 600lo of the
Mountain Pass complex, and mafic syenite,
syenite and quartz syenite, granite, and
carbonatite about 10olo each. Chemical and
mineralogic gradations exist between the
principal silicate rock types. Transitions
between some of the silicate dike rocks occur
only in minor amounts and transitional rocks
between silicate rock and carbonatite are rare.
Most of the silicate rocks are potassium-rich,
containing K-feldspar and essentially
ubiquitous phlogopite-biotite.

Shonkinite
The most mafic shonkinite contains over
70o/o mafic minerals and, in some, biotite
constitutes over 50olo. Shonkinite is dark gray,
coarse-grained, and massive to crudely
foliated. The most readily decomposed rock
of the Mountain Pass complex, it forms
smooth slopes generally devoid of good
exposures.

*

deceased
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The most mafic of the silicate rocks,
olivine-biotite shonkinite, consists of resorbed
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olivine, augite, biotite, partly altered Kfeldspar and accessory apatite, Na-amphibole,
and opaque minerals. Olivine shonkinite
apparently only occurs in the area north of the
Sulfide Queen carbonatite. Equant to tabularshaped pseudomorphs of resorbed olivine
consist of felted masses of fine-grained talc
sprinkled with magnetite grains. Other mafic
minerals are subhedral phlogopite or Mg-rich
biotite, aegirine-augite, and augite. Mafic
minerals occur within anhedral subpoikilitic Kfeldspar crystals 5 cm or more in size. Some
olivine shonkinite contains sparse globules of
carbonate.

Biotite shonkinite is considerably more
abundant than olivine-biotite shonkinite. It
differs from the latter in the lack of olivine
and in the presence of more abundant Naamphibole. The content of mafic minerals
ranges from 50-650/o.
Mesocratic Syenite
Syenite appearing in the field to contain
between 5 and 50o/o mafic minerals is termed
mesocratic syenite; it includes all transitions
between shonkinite and leucocratic syenite.
Mesocratic syenite is more resistant to erosion
than shonkinite and commonly forms outcrops
of considerable extent.
Biotite-amphibole syenite is the most
abundant mesocratic syenite; augite-biotite
syenite and biotite syenite are less common.
It is considerably lighter in color than
shonkinite and contains more Na-amphibole
and less augite.
Syenite
Syenite is essentially K-feldspar with less
than 10o/o mafic minerals and quartz.
Plagioclase is present in small amounts as
interstitial grains and as exsolution blebs in
perthite. Quartz occurs as small interstitial
masses. Much of the syenite lacks any mafic
silicate minerals. Most syenite is pink to tan
and commonly stained with iron oddes. It is
the most resistant rock in the Mountain Pass
complex and weathers to form prominent
topographic highs. Most syenite is massive,
although some has a distinct preferred
orientation of tabular feldspar crystals.

Quartz Syenite and Granite
Most of the quartz syenite and granite is a
simple mixture of K-feldspar, quartz, and Na-
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rich plagioclase with only minor accessory
mafic minerals. Augite-and-hornblendebearing quafiz syenite and granite are
uncommon.
Syenite and Quartz Syenite Dikes
Many syenite and quartz syenite dikes,
along with a few granite dikes, intrude both
gneiss and older rocks of the Mountain Pass
complex. The textures of the dike rocks
include fine- to medium-grained equigranular,
coarse-grained porphyritic, and pegmatitic.
Most dikes are texturally and compositionally
unzoned. Some discrete syenite pegmatite
dikes, however, ure asymmetrically zoned
with a border along one side composed of
euhedral K-feldspar crystals up to several cm
in lgngth, oriented with their long dimension
normal to the dike. Felted masses of
crocidolite and vugs lined with subhedral
quartz, pyrite, or hematite crystals occur in
the central parts of some dikes.

Minette Dikes
Minette dikes, termed shonkinitic and
fine-grained shonkinitic dikes by Olson and
others (1954) to emphasize their general
similarity to the shonkinite, occur throughout
the area. Ranging in width from 1 cm to 1 m,
they cut both the gneiss and the older rocks of
the complex. Minette is dark gray, fine to
coarse-grained, commonly panidiomorphic,
and mostly porphyritic textured. Minette
consists of K-feldspar and biotite, generally
with part of the latter occurring as
phenocrysts. These two minerals are
accompanied by small and variable amounts of
aegirine-augite, Na-amphibole, calcite, and
apatite, and by secondary epidote, chlorite,
and hematite. Typically, K-feldspar
constitutes about 600lo of the minette, biotite
about X5o/o, and calcite, in variable amounts,
up to 5olo.
Some porphyritic minette dikes in the
mesocratic syenite are transitional along their
length into roundish minette inclusions within
the syenite. Many of these minette inclusions
are cut by thin dikes of mesocratic syenite.
These minette dikes and inclusions are
interpreted to represent contemporaneous
emplacement of minette and mesocratic
syenite.

Most rocks of these minette dikes and
inclusions is porphyritic with a fine-grained
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Eroundmass of aegirine, diopsidic(?) pyroxene,
biotite, and microcline with minor Naamphibole, apatite, and sphene. Coarsegrained phenocrysts consist of biotite,
diopsidic(?) pyroxene/ and minor apatite.
Composite Minette-Syenite Dikes
Composite minette-syenite dikes,

although not abundant, are widespread. Most
of them are 0.5 m or less in thickness and are
exposed over strike lengths of only a few
meters. Most composite dikes are symmetrical
and are composed of syenite outer parts and a
minette center. A few, however, are
unsymmetrical and consist of syenite dikes,
only a few centimeters thick, within minette.
The mineralogy and textures of the syenite
and minette forming the composite dikes are
the same as those of syenite and minette
occurring as non-composite dikes.
Aegirine-Phlogopite Dikes
Olson and others (1954, p.77-'18)
described 'biotite-rich dikes" from an area
north of the Sulphide Queen carbonatite. We
found several with central lenses principally
composed of calcite. Since o\most of the dikes
are composed mainly of phlogopite and
aegirine, we prefer the name aegirinephlogopite dikes. These dikes cut all major
rock types of the Mountain Pass complex
except minette and carbonatite which are not
present in the immediate area (Fig. 2).
These dikes range in thickness from 1 cm
to 1 m. Dikes thinner than 3 cm are obviously
texturally zoned and less obviously
compositionally zones. The outermost part (12 mm) of a dike consists of apahitic rock
containing occasional phlogopite crystals.
Inwards for 5-6 mm, the grain size increases
to 0.1-0.5 mm, with crystals of alkali feldspar,
calcite, and aegirine recognizable, and
euhedral phlogopite crystals (1-7 mm) present.
Well-oriented phlogopite imparts a decided
fluxionlike structure to the rock. Textural
relations indicate a crystallization sequence of
phlogopite followed by aegirine with
interstitial filling by alkali feldspar and calcite.
In a few dikes, the massive aegirine
phlogopite rock grades into aegirine-calciterich rock which, in turn, grades inward to
coarse-grained carbonate. The carbonate
comprises lenses of calcite, with small
amounts of aegirine, fluorite, cerite, barite,
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bastnaesite, and sparse hematite, sphene,
allanite, and Na-amphibole. Albite occurs as
twinned anhedral grains. Apatite occurs as
very elongate skeletal prisms commonly with
calcite cores, or as intergrowths with calcite.
Cerite is widespread as subhedral to euhedral,
sensibly isotropic crystals and crystal groups
one rrun or less in diameter. Much of the
cerite is partly altered to bastnaesite. Fluorite
occurs as light purple interstitial masses.
Clouded barite occurs as anhedral equant to
elongate 1-1.5 mm crystals.
Several features of the dikes and dike ro&
are of interest. Their age is clearly younger
than all other rocks in their area of exposure.
Based on district-wide exposures, only some

minette dikes and the rare earth bearing
carbonatite could be younger than the
ae girine-phlogopite dikes.
Olson and others (1954, p. 30, 37) have
estimated that the carbonatites of the
Mountain Pass district, of which the Sulphide
Queen body is by far the largest, consist of
600lo carbonate (chiefl y calcite), 20o/o b aite,
1006 rare earth bearing fluorocarbonates
(principally bastnaesite), and 10o/o silicates,
including rare cerite. The carbonatite lenses of
the aegirine-phlogopite dikes thus are
mineralogically similar to the other
carbonatites of the district, differing
principally in their greater abundance of
cerite, apatite, and fluorite.
The aegirine-phlogopite dike rock
represents an intermediate rock between the
potassium-rich silicate rocks of the district and
the rare earth bearing carbonates. These
would be in Heinrich's terminology ('1966, p.
67) silicocarbonatites. The dikes are
considered to have formed from fractional
crystallization of a carbonate-rich magma
which crystallized from their margins inwards.
Silicate phases dominated early crystallization,
with resultant enrichment in carbonate and
eventual crystallization of the rare earth
bearing carbonatite lenses.
AGE RELATIONSHIP AND CHEMICAL
VARIATION
Olson and others (1954, p. 59) established
the following sequence of emplacement for the
silicate rocks of the complex: shonkinite,
syenite, granite, and shonkinitic dike rocks
(minette). Our mapping basically confirms

Page 93

/gr,/

Y

c- ^:

35"29'20"

\,i-

'/

.,-

op

t(

EXPLANATION

c

I
o
E

o

&

l\oP-l

aus,r,nu - phlogoprle drke

fli:l

wh,r" s,on,r"

oi"*

gronrle, undrfferenrroted
I Wn,,u quorlz syenrle ond

Itiq.il

p,nx syenrle ond quorl2 syenrle, und{lferenlroled

I

I l-bil

qsy

-.9r

\,

Brolrle shonkrnrle
Conloct, doshed where opprox!molely locoted
Drp

of

drke or cotrlocl

O
O
Fig.

2.

Aegiine-phbgopite dka oul surmrmdhg rue.

40
?O
t-T-.lIO

I

I

20 METRES

W6 in tlu I',btottoin Pres amplu.

this sequence with the exception that
emplacement of minette dikes overlaps as well
as post-dates the emplacement of amphibole
syenite, syenite, and granite dikes. Syenite
dikes of varied composition cut dnd are cut by
minette dikes, clearly indicating temporal
overlap in magmas of syenitic and minette
composition. The only field evidence
indicative of the presence of co-existing
magmas is that of minette and mesocratic
syenite. Bodies of minette both cut mesocratic
syenite, occur as inclusions within syenite,
and are cut by the mesocratic syenite.
The age relationship between granite an
minette could not be established. Aegirinephlogopite dikes are clearly younger than
shonkinite, syenite, and granite but, as noted
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60 FEET

previously, their age relationship to any late
emplaced minette could not be determined.
Based on our field observations, the sequence
of emplacement is shonkinite, with
contemporaneous emplacement of mesocratic
syenite and minette, overlap of syenite and
minette emplacement, granite emplacement,
and, lastly, emplacement of aegirine-

phlogopite dikes.
The simplest interpretation is two suites
of differentiating magmas, both derived from
the same parent source. It is not clear
whether the two suites resulted from splitting
of a single parent magma, perhaps via liquid
immiscibility, or two separate parent magmas
were generated. A possible model would be
similar to the differentiation of the skaergard
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complex to give rise to late stage granophyre
and basic rock.
Chemical variation of the silicate rocks of
the complex is clearly portrayed by plotting
Von Wolff values calculated for analyzed rocks
(Fig. 3). When both age relationships and

quorLr

rgrnrLe

Fig.

3.

Pass

ampbt.

Except for the presence of sparse globules
of carbonate in shonkinite, classical textural
evidence of immiscibility is absent in the

Mountain Pass complex. However,
immiscibility has now been demonstrated for
other alkali silicate-carbonatite complexes and
in laboratory studies involving both silicates
and carbonates.
For the Mountain Pass complex, the
following scheme of differentiation is

ond

Chanical oariatbn of the silicate

ro*s in

the Mountain

chemistry are considered, the fields defined by
rock type if Fig. 3 are compatible with two
chemical variation or differentiation trends.
One trend is the sequence shonkinite,
mesocratic syenite, leucocratic syenite, quartz
syenite, granite (Fig. a). The other is minette,
aegirine-phlogopite rock and, based on the
presence of carbonate lenses within the latter,
carbonatite. It is possible that the aegirinephlogopite rock is the differentiate of a
sequence which crystallized minette earlier,
but emplacement of minette clearly overlaps
that of mesocratic hornblende syenite.
Liquid immiscibility appears to be the
simplest method of obtaining two co-existing
liquids which is in harmony with the data.
The postulated co-edsting liquids are
considered to have differentiated in divergent
chemical directions-one toward a quartz-rich
silicate end member (granite), and the other
toward a volatile and barium-cerium-rich
carbonate end member (carbonatite). The
abnormally high lathenide, barium, and
strontium content of all the rocks indicates a
corunon source and close genetic tie.
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Fig. 4. Shonkinite, me*cratic symite, leuocratic sysnite,
quartz symite, granite sequmce based on age relationships rnd
chenistry.

compatible with the observed age
relationships and chemical variation among
the major rock types. The proposed sequence
begins with crystallization of shonkinite,

followed by or concurrent with liquid
immiscibility. This immiscibility leads initially
to simultaneous crystallization of mafic-rich
mesocratic syenite and minette and finally to
granite at the terminus of one series and
carbonatite, following aegirine-phlogopite rock
at the terminus of the other. The approximate
compositions of co-existing minette and
biotite-amphibole syenite magmas is indicated
by the tieline connecting the two
differentiation curves (Fig. ).

Page 95

REFERENCES CITED

Heinrich, E.W., 1955, The geology of
carbonatites: Chicago, Rand McNally
and Co: 555 p.
Lanphere, M.4., 7954, Geochronologic
studies in the eastern Mojave Desert,
California: fournal of Geology,
72:381-399.

Olson, I.C., D.R. Shawe, L.C. Pray, and
W.N. Sharp, 1954, Rare-earth mineral
deposits of the Mountain Pass
District, San Bernardino County,
California: U.S. Geological Survey
Professional Paper, 261:75 p.

Page 96

SBCMA Spec. Publ. MDQRC 91

The Kokoweef Cave Faunal
Assemblage
R.E. Reynoldsl, R.L. Reynoldsl, C.
and Barry Rothl

[. Bell1, N. ]. Czaplewski2, H. T. Goodwin3, ;. I.

INTRODUCTION
The Caoe ot' the Golden Sands and other lost
treasure stories (Barkdull, 1968; Mitchell, 1953)
tell of gold nuggets and black sands in a
desert cave with an underground river near
Ivanpah Lake. Exploration and promotion of
the 'Lost Cave of the Golden Sands" started
in the 1930s when partners Earl P. Dorr and a

Mr. Morton invited the Pasadena Speleological
Society to explore Kokoweef Cave and Crystal
Cave. Lois Turner recounted stories of Dorr
using the pay telephone in her Pasadena
boarding house for promotional pulposes
(Turner, pers. comm. to R.E. Reynolds, "1970).
Riley Bembry, long-time miner and resident of
the Ivanpah area, recalled Dorr as solitary,
withdrawn, and sullen, a man who rarely
displayed social graces or joined in social
activities (Bembry, pers. comm. to R.E.
Reynolds, 1978).
Since the 1930s, the caves have had many
owners and operators, most of whom believed
that digging deep enough (or promoting
heavily enough) would lead to the treasure.
R.E" Reynolds was shown Hemiauchenia
phalanges from "a secret cave in the eastern
Mojave Desert' in"1962 by a doctor from
Pasadena. The San Bernardino County

Museum first visited Kokoweef Cave and
explored Crystal Cave in 1968, making contact
with Charles Thompson. Shortly thereafter,
in 1969, William Herkert and Nick Seiswerda
began bringing fossils to repositories at the

'

Division of Earth Sciences, San Bemardino County
Museum, Redlands CA 92374
' Mrs",rm of Paleontology, University of Oklahoma,
Norman OK

t

Depa.t.e.,t of Zoology, Loma Linda University, Loma

Meada,

SBCM and the Natural History Museum of
Los Angeles County (LACM).
In'1972, with the assistance of Dick
Hernandez and |ohn Rathburne and in
conjunction with ongoing mining operations
to reach the lost river of the golden sands, the
SBCM began a program that recovered
fossiliferous sedimgnts with stratigraphic

control from the depths of Kokoweef Cave.
Many volunteers assisted in hauling matrix up
ladders and out of the cave. Quintin Lake
(SBCM) enjoyed screen washing most of the
fossil rich sands. A continuous stream of
volunteers from'1972 through 1990 sorted
fossils from matrix. With these efforts, we
believe that we have recovered the great
treasure of Kokoweef Cave: more than
200,000 skeletal elements, currently
undergoing study at the SBCM.
GEOGRAPHY AND GEOLOGIC SETTING

Kokoweef Cave, SBCM 01.011.013, is a
large, steeply-dipping solution chamber etched
along the brecciated zones parallel to the Clark
Mountain Fault and near the contact of the
Devonian Sultan Limestone and the
Mississippian Monte Cristo Limestone. The
natural opening of Kokoweef Cave is at
elevation 5806'. Kokoweef Peak, elevation
6038', is north of the Ivanpah Mountains
(elevation 6163'), southeast of the Mescal
Range (elevation 6227'), and south of Clark
Mountain (7929'), Potosi (8512'), and
Charleston Peaks (11,918') in the Spring
Mountain Range. Piute Valley (5000') runs
west from Kokoweef Peak into Shadow Valley
(36,00'). Ivanpah Valley and Ivanpah Lake
(2606') lie to the east and north of Kokoweef
Peak. The Mojave River at Baker is 35 miles
west of the peak; the Colorado River at
Cottonwood Cove is 47 miles to the east.

Linda CA

a

Quatemary Studies Program, Northem Arizona
University, Flagstaff AZ
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PREVIOUS WORK
Late Pleistocene and early Holocene
faunas near Kokoweef Peak have been
described from Antelope Cave (Reynolds and
others, this volume), Mescal Cave (Brattstrom,
1958), Clark Mountain (Mehringer and
Ferguson, '1969), Valley Wells (Reynolds and
others, this volume), Potosi Mountain (Mead
and Murray, this volume), the Las Vegas
Formation (Mawby, 1957; Reynolds and Mead,
this volume), and Ivanpah Lake (Mifflin and
Wheat, 1979; Reynolds, 1985).
Researchers have worked on specific

families or groups from the Kokoweef Cave
assemblage; their contributions have been
assimilated into the composite taxonomic list.
Previous work involved Sciuridae (Goodwin,
1986; Coodwin and Reynolds, "1989), Neotoma
(Force, this volume); Lacertilia (Norell, 1986),
and Gastropoda (Roth and Reynolds, 1990).
A brief summary of some Kokoweef taxa
(Harris, 1985) was based on informal
discussions.

KOKOWEEF CAVE FAUNA
Assemblage Diversity

Kokoweef Cave has produced more than
200,000 specimens. This paper presents the

first published record produced as a concerted
effort by the authors and SBCM research
associates, but the large number of specimens
available for study assures that further work
will result in additional identifications. The
taxonomic list given herein is considered to be
preliminary.
The fauna is important because of its
location in eastern California near the
boundary of the Mojave Desert Province and
the Basin and Range Province. The cave is 60
miles northwest of the
mutual junction of
Table I. Comparative
Anzona, California,
Distribution of Familics in

METHODS
Stratigraphic collecting by the SBCM
started in'1972. (Unprovenienced specimens
had previously been deposited in the SBCM
and LACM; all these specimens are currently
housed at the SBCM). The SBCM measured
stratigraphy in one foot intervals from a
datum at the top of the west end of the trestle

that ran from the mine portal across the cave
opening, approximately at the original level of
fill. SBCM collecting started at the 11 foot
depth and proceeded to a depth of 45 feet.
Scarce charcoal provided a date of 9830t150
(Beta Analytic, 1981) from the 21.5' level.
Quadrants collected within the cave were
noted, and drawings were made and
specimens preserved of individual animals
that were articulated or closely associated.
The level between 22-24' was very fossiliferous
and was heavily collected.
11,000 pounds of fossiliferous sands were
removed from Kokoweef Cave and waterwashed through a mesh series that included
%-mesh, 1/8-mesh, and 16x18-mesh (window
screen). After silts and fossils were removed,
the volume of each mesh from each
stratigraphic level was recorded in an attempt
to describe ratios of coarse- vs. fine-grained
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sediment. Stratigraphic pollen samples were
collected and await study. Very small samples
of charcoal have been retained that might be
suitable for additional radiocarbon dating.

and Nevada, and the Kokoweef Cave
fauna should thus be Antelope Cave
useful for comparative
studies of latest
Pleistocene
assemblages from all

Number o( Families

three states.
The fauna is
remarkable because of

Group
G

its diversity: to date,
41 families represented
by 87 species (Table I).
The assemblage closely
resembles that
recovered from nearby
Antelope Cave in the
Mescal Range
(Reynolds and others,
this volume), as shown
in Table II.

Modes of Deposition
The cave has a
sloping shelf just
inside the 3x6' cave
opening where

and

astropods

Fish

Amphibians

KC

AC

b

4

'I

1

1

1

Tortoise

,l

Lizards

4

2

nakes

2

2

S

1

Birds

a

lnsectivo res

2

2

Leporidae

)

2

Rodents

4

4

Carnivores

4

4

Perissodactyls

1

1

4

4

A

rtiodactyls

SBCMA Spec. Publ. MDQRC9l

L,

Table

II.

The Kokoweef Ceve Fauna

Cummon,,,Nerlc

,Eitii.
limitsl

Tryonia protea

froshwater snail

Oreohelix handi

land snail

Hawaiia minuscula

land snail

Succinea cl. S. gabbi

land snail

Pupilla hebes

land snail

G as

tro cop ta p

ellucida ho rde

ac

ella

Exlinct
:::::]:::::::::::::::]]::::]

a

o

a

land snail

Vallonia cyclophorella

land snail

Vallonia n. sp?

land snail

Gila sp.

chub fish

Bufonidae

toad

Gopherus agassizi

desert tortoise

Coleonyx variagatus

western bandod gecko

Sauromalus obesus

chuckwalla

Phrynosoma sp.

horned lizard

Gambelia wislizenii

leopard lizard

a

Crotophytus collaris

collard lizard

o

Sceloporus cl. S. magister

desert spiny lizard

Sceloporus sp. B

spiny lizard

Cnemidophorus tigris

whiptail lizard

a

Eumaces cl. E, gilberti

skink

o

Rhincocheilus lecontei

long-nosed snake

Salvadora hexalepis

patchnosed snake

Trimorphodon biscutatus

lyre snake

Masticophis sp.

whip snake

Pituophis melanoleucus

gopher snake

Lampropeltus getulus

kingsnake

Crotdlus ap. A

rattlesnake

Crotalus sp. B

rattlesnake

Aechmophorus occidentalis

western grebe

fudiceps nigricollis

Fied-billed grebe

Gymnogyps ct. G, amplus

cordor

Buta

red-tailed hawk

ct. B. jamaicensis

SBCMA Spe. Publ.

MDQRC9l

(ls)

Anura
a

a
P,

platyrhinos

sp.

Colubridae

sp.

o

G. californica
a
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Trxi

Comrram Nriir€

Extrt;

Ettiiict

Anta!6p€ CavG

limital
Falco mexicanus

prairie falcon

Falco sparverius

american kostrol

Meleagris ct. M. crassidens

turkey

?Centrocercus sp.

sage grouse

Fulica americana

amorican cool

Otus cl. O. asio

owl

Gymnorhin us cyano cephalus

prnon lay

cl. Oporornis

warbler

Sorex (Otisorex) ?tenellus

shrew

Notiosorex crawfordi

Crawford's desert shr6w

Myotis thysanodes

fringed myotis

Myotis subulatus leibii

small-footed bat

Plecotus cI. P. townsendi

big-eared bat

Antrozous pallidus

pallid bat

Ochotona princeps

pika

Sylvilagus ct. S. audubonii

desert cottontail

a

Lepus californicus

blacktailed jackrabbit

a

Eutamias minimus

least chipmunk

Eutamias sp. (sm)

small chipmunk

Eutamias sp. (lgl

largo chipmunk

Marmota flaviventris

yellow-bellied marmot

Ammospermophilus cl. A. leucurus

antolope ground squirrel

Spermophilus townsen dii

Townsend's ground squirrol

S. cf. S. variegatus

rock squirrel

S. ?mojavensis

Mohave ground squirrel

?

S. lateralis

golden-mantled ground squirrel

?

Thomomys so.

pocket gopher

T. bottae

Botta's pocket gopher

a

Perognath us lPerognathus) sp.

pocket mouse

a

P. (Chaetodippusl sp.

pocket mouse

a

Dipodomys sp.

kangaroo rat

a

R

ei thro

dontomys megalo tis

o
a

a

sp.
a
sp.
a

a
a

o

a

a
E. panamintinus

a

a

a

a

western harvest mouse

Peromyscus (Haplomylomys) sp.

deer mouse

a

P. lPeromyscus) sp.

door mouso

o
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Taxr

Common Ntmo'

Extrr'

Extiiict,

Antelope CaVe

limitil
Neotoma albigula

white-throated wood rat

N. lepida

desert wood rat

N. stephensi

Stephen's wood rat

N. cineree

bushy-tailed wood rat

N. cinerea or mexicana

wood rat

Microtus californicus

California vole

Lagurus curtatus

sagobrush vole

Canis latrans

coyote

Vulpes macrotis

kit fox

Urocyon cinereoargenteus

gray fox

Bassariscus astutus

rangtaal

Mustala frenata

long-tailed weasel

Taxidea taxus

badger

Spilogale gracilis

spotted skunk

a

Lynx rufus

bobcat

a

Equus conversidens

horse

a

o

Hemiauchenia sp,

llama

a

a

Camelops cf . C. hasternus

camel

a

a

Odocaileus sp.

deer

Antilocapra americana

pronghorn

Ovis canadensis

bighorn sheep

animals may have taken shelter. Within 90' of
the entrance, the solution cavity plunges very
steeply (>7tr) approimately 80'to the
original surface of fill.
The diverse assemblage of vertebrates
preserved in Kokoweef Cave could not have
been entirely endemic to the peak (6038')
which rises 1000' above the floor of Piute
Valley. For example, the fish, tortoise, water
birds (coot and grebe), and camels are unlikely
to have been resident on the high limestone
peak. The fauna can be studied in groups:
those that lived in the cave (bats, wood rats);
those that 'fell' into the cave, (articulated
Odocoileus sp., Antilocapra sp., Neotomn sp.,
Ochotona sp.); those that lived on the rocky
slopes (terrestrial snails, Ochotona sp.,
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o

sP. (sm)
a

o

sp. (ls)
a
a

a

a

a

o

?

a

a

a
a

Sylailagus sp., Marmota sp. and other rodents);

and those that lived in valleys and meadows
(LEus sp., Dipodomys sp., Microtus sp.,
Lagurus sp.).

Raptors such as the condor, hawks, and
owls may have played an important role in
transporting tortoise, lagomorphs, rodents,
and water birds to the cave from elevations as
high as Clark Mountatn (7929') or from
Ivanpah Lake (2606') ten miles to the north. It
is, however, difficult to explain raptor
transport of fish more than 35 miles from
either the Mojave River or the Colorado River,
particularly if Mifflin and Wheat (1979) xe
correct about the ephemeral nature of Ivanpah
Lake during the Pleistocene. The presence of
the fresh water snul, Tryonia, may be

Page 101

dependent on secondary transportation in
stomachs of fish or on the feet or in the
stomachs of waterfowl (Roth and Reynolds,
1eeo).

Once at the cave entrance on Kokoweef
Peak, bones could easily have been carried
into the cave by wood rats. Wood rats also
are responsible for carrying phalanges and

broken long bones of large ungulates, Equus
sp. and Camelops sp., which are found in the
cave with conspicuous rodent gnaw marks.

Extralimital and Extinct Taxa
Roth and Reynolds (1990) discussed
habitats of terrestrial gastropods relative to
floras and elevations of existing populartions.
They state, ' ...fOerohelix handi's] presence
suggests that conditions now characteristic of
pine and fir forest extended between 500 and
1100 m lower than their present elevation in
neighboring ranges of southwest Nevada"
(Roth and Reynolds, 1990:5). Goodwin and
Reynolds (1989) discuss the presence of
extralimital sciurids in the upper levels of
Kokoweef Cave and note that Marmota
floaioentis, Spermophilus townsendi, and
Spermophilus lateralis are found in depositional
levels above and below the 9830 bp date, as is
Ochotona pinceps. Norell (1985) indicates that
the lizards from Kokoweef Cave have a long
history in the area.
The extralocal taxa from Kokoweef Cave
include terrestrial and fresh water gastropods
(Roth and Reynolds, 1990) which have not
previously been described from Kokoweef
Peak. Goodwin and Reynolds (1989) note that
dominant members of the sciurids include
Marmot a flraiaent

is,

Spermophil us t ow nsendi,

and S. lateralis, all found in the Great Basin
today, and S. mohsoensis, today found to the
west in the Mojave Desert. Extralimital taxa
from Kokoweef Cave are designated in Table

II.
Extinct taxa recovered from Kokoweef
Cave include Gymnogyps sp. cf. G. amplus
(condor), Meleagis sp. cf. M. crassidens
(turkey), Equus comtersidens (horse), Camelops
sp. cf. C. hesternus (large camel), Hemiauchenia

sp. (llama), and Antilocapra ameicana
(pronghorn).

SUMMARY
Kokoweef Cave is a stratified deposit that
contains abundant specimens of a diverse
taxonomic assemblage. The fauna spans the
Late Pleistocene/Early Holocene; this age is
supported by the single radiocarbon date of
9830 bp so far obtained. Extinct taxa seem to
be restricted to below the 9830 bp stratum, the
the fauna retains extralimital taxa above this
level, suggesting that the Ivanpah Mountains
and the Mescal Range may have functioned as
a refugium into early Holocene times.
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Late Pleistocene-Ear1y Holocene
Woodrat (Neotoma sp.) Dental Remains
from Kokoweef Cave, San Bernardino

County, California

Chris Force, Quaternary Studies Program, Northern Arizona University, Flagstaff, AZ 8607756M, and San Bernardino County Museum, Division of Earth Sciences, Redlands, CA 92374

INTRODUCTION
Kokoweef Cave (elevation 1720 m) is
located on the northeast slope of Kokoweef
Peak in the Ivanpah Mountains of
southeastern California (Norrell, 1986).
Kokoweef Cave (San Bernardino County
Museum locality SBCM 01.011.013) is a deep
fissure with an undetermined depth of fill.
Fossils were recovered from the sediments by
the San Bernardino County Museum (SBCM)
to a depth of 15 m. A radiocarbon date of
8950t160 B.P. was taken from charcoal at a
depth of 7 m (R. Reynolds/ pers. comm.,
1991). The woodrat remains used in this
study were obtained from above, in, and
slightly below this level.
One hundred and six woodrat teeth,
dentaries, and maxillae were studied in detail
for the purpose of species assignment. Using
a dental key developed by myself (Force,
1990),I was able to identify several Neotoma
species from the Kokoweef Cave deposits
(Table I).
From my analysis of woodrat dentition, it
was discovered that the most useful elements
for species separation were the lower first
molar (M/1), dentary tooth row length, and
maxillary tooth row length. Other teeth were
useful in varying degrees for species
separation. In oclusal view, the sharpness of
the loph(id)s of all teeth can be used
effectively to discriminate two groups of
Neotoma species. Neotoma cinerca and N.
mexicana possessed loph(id)s that terminate
sharply lingually, while N. aloibula, N. lepida,
and N. stephensi possessed loph(id)s that
terminate smoothly lingually.

The M/1 was reliable for species
identification because it possessed qualitative
characteristics that the other teeth lacked. In
three woodrat species (N. cinerea, N. mexicana,
and N. stephensi), there was a dentine tract
present on the labial side of the anterconid
complex of the M/1. Neofoma lepida and N.
albigula lacked this structure. Stephen's
woodrat M/1s were relatively easy to identifv
because it was the only smooth-lophed form
that also had a dentine tract. Neotoma cinerea
and N. mexicana were separable on size:
bushy-tailed woodrats M/1s were larger than
Mexican woodrat M/1s. Furthermore, the
lower first molar of the bushy-tailed woodrat
possessed an accessory cuspid on the labial
side of the second fold. Neofoma cinerea was
the only woodrat studied that possessed this
character. White-throated and desert woodrat
M/1s were separable by size. Neotoma albigula
M/1s were larger than N. lepidaMll.s.
Dentary and maxillary tooth row lengths
proved to be reliable species discriminators.
Neotoma lepidahad the smallest tooth row
length followed by N. albigula, N. Stephensi, N.
mexicana, and N. cinerea in ascending order of
size,

DENTAL REMAINS
(white-throated woodrat).
Fourteen teeth identified (SBCM 1808-1319,
1280, 7272, 7328, 1230, 1?54, 7237). The
white-throated woodrat presently occurs in
the vicinity of Kokoweef Cave (Jameson and
Neotoma albigula

Peeters, 1988).

(bushy-tailed woodrat). Four
teeth and eight dentaries identified (SBCM
Neotoma cinerea

1808-1295, 1286, 1292, 1293, 1297, 1278, 1272, -
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1329). Today, the bushy-tailed woodrat does
not occur in the vicinity of Kokoweef Cave. It
is presently found on the Kaibab Plateau of
northern Anzona, in the Sierra Nevada
Mountains of California, and in the Great
Basin (Hall, 1980; Hoffmeister, 1985; Iameson
and Peeters, 1988).

Neotoma cinerea or

N.

mexicara (bushy-tailed

woodrat or Mexican woodrat). Twenty-five
teeth identified (SBCM 1808-13M, 7375,1323,
131.6, 1296, 1289, 1262, 7',N1,, 1231, 1265, 7240,

1277, 1229, 1270, 1332, 1334). Today, the
Mexican woodrat does not occur in the

vicinity of Kokoweef Cave. Neotoma mexicana
presently occurs on the Colorado Plateau
(Hoffmeister, 1986).

Nutoma lepida (dexrt woodrat). Two teeth,
one dentary identified (SBCM 1808-1322,1243,
1271). Today, the desert woodrat is found in
the vicinity of Kokoweef Cave.

DISCUSSION
Nwtoma stephensi (Stephen's woodrat). Eleven
teeth identified (SBCM 1808-1301, 1320,1273, 12y, 1247, 1330). The Stephen's woodrat
does not presently occur in the Kokoweef
Cave area. Neotoma stephensi is currently
found on the Colorado Plateau and nearby
mountain ranges (Hoffmeister, 1986). This is
the first fossil record of the Stephen's woodrat
for California.

During the late Pleistocene and early
Holocene, Neotoma albigula, N. lepida, N.
cinerea, N. Stephensi. and possibly N. mexicana
occurred in the vicinity of Kokoweef Cave.
The white-throated and desert woodrats are
present in the area today, and have been
present in the vicinity of Kokoweef Cave for at
least the past 9850 radiocarbon years. The
bushy-tailed woodrat is not found in the area
today. Currently N. cinerea is found to the
north and east of Kokoweef Cave (Hall, 1981;

Nwtomn albigula or N. lepida or N. stephensi.
Twenty-nine teeth identified (SBCM 18081295, 1304, 13W, 131.4, 13',N, 1324, 1285, 7296,

Hoffmeister,'1986; Jameson and Peeters, 19BB).
The Stephen's woodrat and Mexican woodrat
do not occur in the area today. The closest
they occur to the cave is the Colorado Plateau

1319b, 1n7, 1306, 1283, 1253, 1?50, 1276, 1266,
1275, 1?52, 1331, 1233).

Trble

I.

(Hoffmeister, 1986).
The current vegetation in the immediate
vicinity of Kokoweef
Cave is a Utah
juniper (Juniperus
osteospenna), joshua

Distribution of Nfrtoma species in Kokoweef Cave

, '
TAXA

4.s-s.2

tree (Yucca brnit'olia)

woodland. Farther

DEPTH lN METERS*

llrrs.7
|

|

o.s-o.e

I

t.o-t.s

I rornl

Neotoma albigula

7*

7

x

x

14

Neotoma cinerea

x

x

8

4

12

Neotoma lepida

1

1

x

'I

3

Neotoma stephensi

2

6

3

x

11

N. alb i g u la/l ep ida/s tep h en s i

7

10

2

10

,o

N. cinerea/mexicana

7

10

1

7

25

Deposit was exc8vated in foet

" Numbers assignod to woodrat spocios roprosent number of identifiable dental
remains; x = not idontified
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downslope and on
the valley floors the
vegetation is
dominated by
typical desert scrub
including creosote
bush (Larrea
dioaicata) and
bursage (Franseia
deltoidea). At the
present time,
Neotoma cinerea, N.
stEhensi, and N.
mexicana are

prevented from
colonizing the
Kokoweef Cave area

Page L05

by the desert that surrounds the Ivanpah
Mountains.

According to the woodrat midden plant
macrofossil evidence, during the late
Pleistocene and early Holocene the region was
dominated floristically by junipers and other
relatively mesic shrubs and trees (Thompson
and Mead, 1982; Van Devender, 1977; Yan
Devender and others, 798n. Creosote bush
and bursage are absent from most of the late
Pleistocene-early Holocene midden record
(Van Devender and others, 1987). The
present of a vegetation type other than desert
scrub during the late Pleistocene-early
Holocene would have allowed the Stephen's
woodrat, bushy-tailed woodrat, and possibly
the Mexican woodrat to colonize the

deserts of southwestern North America: The

nature and timing of the L,ate WisconsinHolocene transition, lz Ruddiman, W.F. and
H.E. Wright )r. (eds.), North America and
adjacent oceans during the last deglaciation:
The geology of North America, v. K-3:32&352.
Wells, P.B. and R. Berger, 7957. L.ate Pleistocene
history of coni{erous woodland in the Mohave

Desert. Science, 755:1540-7647.

Kokoweef Cave area.
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Vertebrate Remains from Antelope
Cave, Mescal Range, San Bernardino
County, California
R.E. Reynolds, R.L. Reynolds, C.J. Bell, and B. Pitzer, Division of Earth Sciences, San
Bernardino County Museum, Redlands CA 92374

BACKGROUND OF STUDY
Antelope Cave (SBCM 01.010.010) is
located in the interior of the Mescal Range in
eastern San Bernardino County, California.
The cave is three miles south-southwest of the
Baily Road exit from Interstate 15 and
approximately three miles west-northwest of
Kokoweef Peak. The cave opening is
northerly at 5800'elevation in the east-central
Mescal Range, which reaches elevations of
6221. feet.
Field parties from the San Bernardino
County Museum (SBCM) were taken to
Antelope Cave by Ken Listerman in 1983. The
cave had been emptied of its contents and no
stratigraphic data could be recovered.
Fossiliferous matrix from the debris cone

Table

I.

outside the cave was dry screened on the site
by SBCM volunteers through 7/r, 718, and 20mesh screen. The coarser meshes were sorted
on site and the material caught in 2O-mesh
was rernoved for wet screening through 20130mesh. Museum volunteers have almost
completed sorting the fossils from the washed
concentrate.

DESCRIPTION AND COMPARISONS

A preliminary list of taxa recovered from
the debris cone derived from Antelope Cave is
given in Table I. The table indicates
extralimital (outside their present geographic
range) and extinct species. Taxa in common
with nearby Kokoweef Cave are indicated.

Preliminary Faunal List, Antelope Cave, SBCM 1.10.10

Extralimital

Extinct

Kokoweel

Taxa

Common name

Oreohelix handi

land snail

a

a

Succinea ct. S. gabbi

land snail

a

a

land snail

a

a

Helminthoglypta sp.

land snail

a

o

Gila sp.

chub fish

a

a

Anura

frog or toad

Gopherus agassizi

desert tortoise

Coleonyx variegatus

western bandod gecko

Phrynosoma platyrhinos

desert horned lizard

Gambelia wislizenii

leopard lizard

a

Sauromalus obesus

chuckwalla

a

Sceloporus sg.

spiny lizard

S. ct. magister

G
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ta pell u cida
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rdeac ella
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Buf onidae

a

sp.
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Eitiilimit;l

Eitihcr

Taxi

Comm6h.,namE

Cnemidophorus tigris

western whiptail lizard

a

Eumeces ct. E. gilherti

skink

a

Crotophytus collaris

collared lizard

Colubridae

nonvenomous snake

a

Crotalus sp.

rattlosnake

a

Gymnogyps cf . G. californianus

California condor

Buteo cf . B. jamaicensis

red-tailed hawk

Anatidae

duck

Turdus migratorius

american robin

lcterus sp.

oriole

Accipiter cooperii

Cooper's hawk

Sorex sp.

shrew

Notiosorex cravvfordi

Crawford's desert shrew

Myotis sp.

lgl

o

Kok6weCl

G. cf . amplus
o

S. ?tenellus
a

M. thysanodes

large bat

Myotis subulatus leibii

small-footed bat

o

Antrozous pallidus

pallid bat

o

Ochotona princeps

pika

Sylvilagus cf . S. audubonii

desert cottontail

S. bachmani?

brush rabbit

Lepus californicus

blacktailed jackrabbit

Eutamias panamintinus

Panamint chipmunk

Eutamias sp, llgl

large chipmunk

Marmota flaviventris

yellow-bellied marmot

Ammospermophilus ct. A. leucurus

antelope ground squirrel

Spermophilus variegatus

rock squirrel

Spermophilus sp. A

ground squirrel

Spermophilus sp. B

ground squirrel

Thomomys bottae

Botta's pocket gopher

a

Perognathus (Perognath us) sp.

pocket mouse

o

P. (Chaetodippusl sp.

pocket mouse

a

Dipodomys sp.

kangaroo rat

o

Peromyscus lHaplomylomys) sp.

deer mouse

a

P. (Peromyscus) sp.

deer mouse

o

Neotoma sp. (sm)

wood rat
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a

N. albigula
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Tiie

Coihmon ht-riE

N. lepida

desert wood rat

Neotoma sp. (lS)

wood rat

Microtus californicus

California vole

Lagurus curtatus

sagebrush vole

Canis latrans

coyote

Ursus lEuarctus) americanus

black bear

Mustela frenata

long-tailed weasel

Spilogale gracilis

spotted skunk

a

Equus conversidens

horse

a

Camelops cl, C. hesternus

camel

a

Hemiauchenia sp.

llama

a

Cervidae (lgl = ?Navahoceras

large deer

a

Odocoileus sp.

deer

a

Antilocapra americana

pronghorn

a

Ovis canadensis

bighorn sheep

a

Although the openings are at the same
elevation (5800'), Antelope Cave is a northopening, horizontal cave that extends
approximately 20' southerly into a cliff in the
interior of the Mescal Range, while Kokoweef
Cave is near the top of isolated Kokoweef
Peak. Most of the taxa, however, are shared.
A comparison of distribution of species .unong
families between the two caves is given in
Table II. Differences between the two caves
include the presence of the black bear, Ursus;
Gila, the chub fish, at Antelope Cave are
larger than those at Kokoweef Cave. The fish
and the duck must have been transported to
the cave. The small differences in the
distribution of taxa between families could be
attributed to the smaller sample recovered
from Antelope Cave.
The extralimital taxa are the same in both
caves with the exception of the black bear,
Ursus. Extinct taxa include Equus conoersidens,
Hemiauchenia, Camelops and the condor. An
ulna shaft from the condor was'nq dated by
S.D. Emslie (1990, National Geographic
Research, 6(2):134-135) at 11,0801160 ybp.
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Extielimital

Ko*owbel
a

N. cinerea
o
a

a

a

o

Table

a

II.

a

Comparative

Distribution of Families

,, Nuniber ol Familie*
Group , l AG |:KC
4

6

Fish

1

1

Amphibians

1

1

G

astropods

Tortoise

1

Lizards

2

4

Snakes

2

2

Birds

6

9

lnsectivores

2

2

Leporidae

2

2

Rodents

4

4

Carnivoros

4

4

Perissodactyls

1

1

Artiodactyls

4

4
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Quien Sabe Cave, Middle to Late
Holocene Fauna from Ivanpah
Mountains, San Bernardino County,
California
David P. Whistler, Vertebrate Paleontology Section, Natural History Museum of Los Angeles
County, Los Angeles, CA 90003

INTRODUCTION

An assemblage of disarticulated bones
representing 21 species of smaller vertebrates
has been recovered from fine sediments in a
solution fissure in Paleozoic limestones on the
southwestern slopes of Kokoweef Peak
(locality UCR, RV 54-34). This fissure is about
km (1 mile) southwest of Kokoweef Cave,
the latter yielding a diverse late Pleistocene
assemblage (Goodwin and Reynolds, 1989 ;
fefferson, 1991, this volume).
By the time the author and Helen
Whistler were led to this cave by Donald and
)udy Decker in October, 1964, the opening of
the fissure had been enlarged by miners and
most of the sedimentary infilling had been
removed to a depth of 16.8m (55 feet). The
excavated portion of the fissure had an
averate plunge of 50 degrees to the
southwest. Cave sediments were still present
in pockets in the walls at 9.7 meters (32 feet)
and on the cave floor. Approximately 45
kilograms (100 pounds) of bone-bearing matrix
was removed from pockets ,ilnong stalactites
on the walls of the fissure at the 9.7 meter (32
foot) level. These sediments showed no
stratification, and the sediments la&ed the
concentrations of urine-cemented feces typical
of packrat middens. A smaller sample of
matrix with fewer obvious bones was collected
from sediments at the 15.5 meter (51 foot)
level that appeared to be a remnant of
stratified cave deposits that had not been
removed by the miners. No sample was taken
from the deposits at the floor of the cave at
16.8 meters (55 feet) because we were not
equipped to carry out a stratigraphically
controlled excavation, and transport back to
the surface via rope ladder was extremely
2
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difficult.

These two separate samples were
wet-screened at University of California,
Riverside, but they appeared to have been comingled in subsequent years, thus the fauna
reported in Table 1 is a combination of both.
\Alhether there was a difference in the two
samples cannot now be determined.
Table 1 is a faunal list for the assemblage
recovered from the cave. Lagomorphs
(rabbits and hares) form over 90 percent of the
volume of material recovered. The gopher,
pocket mouse and packrat are fairly common,
but the skunk and chipmunk are each
represented by single specimens. A single,
distal half of a coyote humerus represents the
only large element of the assemblage.

Unlike the later Pleistocene samples
recovered from other caves in the vicinity
(Goodwin and Reynolds, 7989; Norell, 1986;
Pitzer,1985; Reynolds, et al., this volume), all
of the animals recovered from Quien Sabe

Cave are found in the vicinity of the cave
today, thus the assemblage does not suggest
environmental conditions significantly
different from modern times. Most notable,
however, is the complete absence of kangaroo
rats (Dipodomys spp.), animals that are
common throughout the desert today. The
assemblage contains both diurnal and
nocturnal animals (although diurnal forms
dominate) thus, the absence of Dipodomys
cannot be explained by selective predation.
The extreme abundance of lagomorphs greatly
exceeds their relative abundance in natural
ecosystems today, thus some form of
"selection" was operating.
Also noteworthy was the Iack of packrat
fecal pellets incorporated into the sediments,
even though they were present on the
disturbed surface of the cave, thus supporting
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Table

I.

Qulen Sabe Cave Faunal Assemblage

The age of the assemblage is not known.

All bones lack obvious, dried connective tissue
Phylum Mollusca
Unidentified gastropods (snails)
Phylum Chordata
Class Reptilia
Order Lacertilia
Family lguanidae
Crotaphytus sp. (collarod lizard)
Sceloporus Tmagister (desert spiny lizard)
Family Teiidae
Cn emidophorus sp. (whiptail)
Order Serpentes
Family Colubridae
Coluber sp. (racer snako)
Pituophis sp. (gopher snake)
Phyllorhynchus sp. (leaf-nosod snako)
Sonora sp. (ground snake)
Trimorphodon sp. (lyre snake)
Family Crotalidao
Crotalus cl. C. cerastes (sidewinder)
Crotalus sp. (largo rattlosnake)
Class Avos
undetorminod small birds
Class Mammalia
Ordor lnsectivora
Family Soricidae
Notiosorex cravvfordi (desert shrew)
Order Carnivora
Family Canidao
Canis latrans (coyote)
Family Mustelidae
Spilogale putorius (spottod skunk)
Ordor Lagomorpha
Family Leporidae
Lepus californrcus (iack rabbit)
Sylvilagus audubonii (cottontail)
Order Rodentia
Family Sciuridae
Ammospermophilus leucurus (antelopo ground
squirrel)
Family Geomyidae
Thomomys sp. Qocket gopher)
Family Heteromyidae
Chaetodippus penicillatus (desert pocket
mouse)

Family Cricetidae
Neotoma lepida (dosert wood rat)
Peromyscus sp. (deer mouso)

and do not appear to contain oils, both
corunon in relatively young specimens. The
appe.fance of the bones is suggestive of at
least hundreds or a few thousands of years.
Because at least some of the cave deposits
were stratified, some form of seasonal or other
periodic activity appears to have been
sampled.

Although its age is unknown, the
assemblage from Quien Sabe Cave is

significant in that it strongly contrasts with
fossil assemblages typically found in latest
Pleistocene cave deposits, the latter containing
disharmonious associations of modern species
that are often found widely scattered today
(Lundelius and others, 1983; Graham, 1985).
The absence of Dipodomys at Quien Sabe Cave
suggest that sufficiently different conditions
may have been present to exclude this
common, arid adapted organism although it is
found in late Pleistocene cave assemblages in
the same mountain range (]efferson, 1991, this
volume). Radiometric dating of the material at
Quien Sabe Cave could provide a time frame
for establishment of modern desert
associations of small veftebrates in the eastern
Mojave Desert.
The author wishes to thank Donald and
|udy Decker, and Helen \A/histler, my bride of
only six months at the time, for their
assistance in extracting the Quien Sabe Cave
fauna from the bottom of a 55 foot deep,
dusty and dirty hole on a cold weekend in
October. Michael O. Woodburne kindly
provided access to the fauna. L. G. Barnes,
D. V. Diveley-White and J. M. Harris
provided valuable comments on this
manuscript.
REFERENCES CITED

present day occupation by packrats. The cave
and the sediments were completely dry and,
except for fragments of stalactites, the
sediments did not contain obvious diagenic
minerals sugtestive of wet conditions during
deposition. This would seem to rule out
bacterial decay of packrat pellets in a wet
cave, thus the more likely source of bones is
some forrn of entrapment.
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A Mississippian Invertebrate
Assemblage from the Monte Cristo
Limestone near Stateline, Nevada
Michael B. Moore, Division of Earth Sciences, San Bernardino County Museum, Redlands CA
92374

INTRODUCTION
An isolated outcrop of the Yellowpine
Member of the Mississippian-age Monte Cristo
Limestone west of Stateline, Nevada within
San Bernardino County, California, has
yielded an assemblage of invertebrate fossils.
The locality, SBCM 01.001.029, is referred to
as the Stateline Mine locality. A^ important
aspect of specimen recovery is that most of
the specimens were collected from the outcrop
and not as float.
Previous mapping in the area was
conducted by Hewett (1956); the area was
remapped by Clary (1959).

Table

I.

Stateline Composite Fauna

Coelenterata

Unidentified coral species
Echinodermata

Crinoid disks and plates
Bryozoa

Fenestella sp. a
Fenestella sp. b
Brachiopoda
Chonetidae

Anthracospirif er
Linoproductidae
Orbiculoideinae
Discinidae
Rhynchonellidae

Dorsisinus sp.
Schuchertidae
Pelecypoda
Myacea
Corbulidae

Pachydontinaeitiza
Gastropoda
Pseudozygopleuridae (Helminthoztga)
Sinuitidae
Anematina
Loxonematadae

Euomphalidae (Straparollus)

Unidentified internal mold
Arthropoda
Paladin sp. (trilobite)
Kaskia chesterensis
Paladin (Sevilla?)
Crustacea (Ostracoda)
Kokbya

Glyptopleura
Cauellina

Beyrichiopsis
Paraparchitidae

Fig.

7.

Seoilla?

n. sp.

2OKIr' x18
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FAUNAL ASSEMBLAGE
The Stateline Mine has yielded a diverse
assemblage of invertebrate fossils. According
to Hewett (7956:42), "...fossils are uncorunon

Seuilla was previously reported

in the Bullion Dolomite member and
Yellowpine Limestone member.' The list of
taxa provided by Hewett (1956) is from the
Anchor member of the Monte Cristo
Limestone. No additional taxa were reported
by Longwell and others (1965) during their
work in southern Nevada. Hewett (1931) does
record the coral Zaphrentis and suggests that
the Yellowpine member might be middle
Mississippian in age.
Investigations by the San Bernardino
County Museum have recovered a minimum
of. 29 tu<a of corals, echinoderms, bryozoans,
brachiopods, pelecypods, gastropods,
arthropods, and ostracodes (Table I). This
faunal list differs from the assemblages
presented by Hewett (1931, 1955).
A notable occurrence of the trilobite,
Satilla n. sp. is in the assemblage. The genus

only from the

Pennsylvanian period. No complete trilobites
have been recovered from this site; all body
plates are presumed to have been preserved
after molting.

DISCUSSION
The importance of the Stateline Mine
fauna (SBCM 01.001.029) is that it may be the
highest stratigraphic fauna in the Monte Cristo
Limestone. It also has taxa, including Snilla
n. sp., with affinities to the Pennsylvanian
Period.

ACKNOWLEDGEMENTS
We thank David Bradbury and Dave
Kainer, members of the Southern California
Paleontological Society, for their personal help
in identifying the trilobite body plates and for
bringint to our attention the possibility of

having a new species of Snilla. We also
thank ]ames Steinmetz for producing S.E.M.
photographs of ostracodes and photographs of
the trilobites. Carla Krause, Marylu Myrick,
Barbara Pitzer, and Holly Pitzer assisted the
author in specimen collection.
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The Devil Peak Sloth
R.E. Reynolds, R.L. Reynolds, and C.|. Bell, Division of Earth Sciences, San Bernardino
County Museum, Redlands CA92374

A new late Pleistocene fauna from
southern Nevada which includes Shasta
ground sloth has been collected by the San
Bernardino County Museum. The occurrence
was brought to our attention by Stanton D.
Rolf, Bureau of Land Management, Las Vegas
District, and was collected under BLM permit
N48816. The Devil Peak fauna is located
north of Stateline and south of Goodsprings,
Nevada, at an elevation of 3600'. The fauna
was deposited in a steeply north-dipping
vertical fracture, open to the surface. An
estimated 33 feet of sediments have filled the
pit. The described fauna is from the lower 12
feet of fill. Sporadic filling events are
indicated by coarse fill (blocks up to 12')
alternating with smaller blocks (3-4") with
interstitial sands and silts from which most of
the specimens were collected. Preliminary
studies indicate that the following taxa are
present.
Mollusca

Hmaii

ct. H. minuscula (land snail)

Gastrocopta sp. (land snail)

Reptilia

Lacertilia (lizards)
Phrynosoma cf . P. platyrhinos (horned
lizard)
Colubridae (nonvenomous snake)
Crotalus sp. (rattlesnake)
Aves
Aves sp. A (large water bird)
Buteo sp. (lg) (large hawk)
Haliaeetus? sp. (bald eagle)
Coragyps atratus (black vulture)
Mammalia
Lepus sp. (jackrabbit)
Syloilagus audubonii (cottontail rabbit)
Sciuridae (sm) (small squirrel)
Perognathus sp. (pocket mouse)
Dipodomys sp. (kangaroo rat)
Cricetidae (sm) (small cricetid)
Nmtoma sp. (wood rat)
Peromyscus sp. (deer mouse)
Marmota sp. (marmot)
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Shasta ground sloth (Nofhrotheiops sp.)
has been recovered previously in Nevada only

from Gypsum Cave, elevation L350'(Kurten
and Anderson, 1980; Laudermilk and Munz,
1934; Mehringer, 1957; Stock, 1931); the
deposit is dated 1I,,690t250 ybp (Mehringer,
196n. Kurten and Anderson (1980) discuss
sloth localities from other states, and ]efferson
(1989,1990) reports records of isolated
Nothrotheioins elements from Fort lrwin,
Newberry Cave, and Manix Lake in the
Mojave Desert of California.
The Devil Peak sloth was found lying on
its right side with limbs pointing westward
and the long axis of the skeleton pointing
north. The skull had the low jaw articulated.
Scattering by animals, possibly rodents, was
suggested because vertebrae were scattered
randomly amonE the larger skeletal elements.
No organic materials (hair, hide, plant fiber,
or charcoal) were located in the deposit.
This occurrence of sloth is particularly
important because the skeleton is from a
single individual. This may allow precise
skeletal morphometry to be developed. Other
Nothrothniops from Gypsum Cave and Rancho
La Brea (Sto&, 1965) are scattered elements
attributed to an array of individuals of
different sex and ages. The only other
individual known from North America is a
mummified carcass from Alder Cave, New
Mexico (G. McDonald, pers. corun. to R.E.
Reynolds,1990).
Nothrotheiops is considered to have
become extinct by 11,000 ybp (Kurten and

Anderson, 1980; Harris, 1985). Marmota,
found associated with the Shasta ground
sloth, is considered to be a Pleistocene
indicator in this area (Reynolds and others,
this volume).
The recovered fossils are housed in the
collections of the Earth Sciences Division, San
Bernardino County Museum, as a loan from
the Bureau of Land Management, Nevada.
The museum acknowledges the assistance and
cooperation of the Nevada BLM in this
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project, and thanks Stan Rolf for his initial
recognition of the importance of the site and
his help in organizing and facilitating the
project.
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The Old Spanish Trail-Monnon Road

in Las Vegas Valley, Nevada

Stanton D. Rolf, Bureau of Land Management, Las Vegas District Office, P.O. Box 26569,Las
Vegas, NV 89126

INTRODUCTION
As a result of a compliance-driven
inventory for a land exchange in Las Vegas
Valley, 1.5 miles of the Old Spanish
Trail/Mormon Road were surveyed in 1987 by
BLM Archaeologists Keith Myhrer and
Stanton Rolf. The investigators noted that,
even though the trail in this area had been
used for a long time as a jeep road, numerous
artifacts along the sides and in the trail
remained. Also, short, pristine portions could
be found where topography had induced
modern off-road drivers to a slightly different
course.

Due to the amount of data believed to be
yet available and the potential for longer
pristine portions to be located, the
archaeologists determined that the trail
needed to be inventoried for management
direction. Funding would be provided by the
primary cultural resource prograrn of the Las
Vegas District BLM. Due to the limited
amount of funding, only a portion of the 152
mile section of trail in southern Nevada could
be surveyed.
A section of trail that is 48.3 miles in
length from Las Vegas Springs to the
California border was selected. It was chosen
for two reasons. First, the expansion of Las
Vegas through recent construction and trash
dumping had affected pristine land mainly in
the southwest part of the valley. Second, the
archaeologists had already walked 1.5 miles in
this portion and 10 additional miles had been
driven in a reconnaissance survey during the
initial land-exchange inventory. The section
of the trail selected for this walking inventory
began at the southwest edge of Las Vegas
urban construction and ended at the Nevada/
California border.
Prior to physically walking the route,
library research was conducted to determine
chronology and historical accuracy of the
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account of the trail (Myhrer and others, 1990).
The literature review is discussed below. The
research design that was subsequently
developed utilized historical data and
archaeological methodology to conduct the
laboratory and fieldwork in a scientific
manner.

TRAILBLAZERS
Three sources are used to discuss the
history of the trailblazing and uses of the trail.
]oseph Hill (1930) traces the path of what
some can refer to as the original 'Old and
Spanish" trail. Historians LeRoy and Ann
Hafen documented much of the history of the
West in a series of chronicles including one
book on the Old Spanish Trail (Hafen and
Hafen 7954). Elizabeth Warren (197a) focused
on the Armijo Expedition and the nature of its
crossing of Las Vegas Valley. The following
discussion is divided into three sections that
are referred to as 'The Old and the Spanish
Trail, " "The Popular Old Spanish Trail, " and
'Fremont's Old Spanish Trail/Mormon Road".
Table 1 lists the chronological history of these
explorers in the region.

The Old and the Spanish Trail
The trailblazers in this phase were
Spanish and were the relatively old in a
historical sense. The era of exploration in this
portion of the continent began with two
Franciscan friars in the latter part of the 19th
century. S.B. Dominguez, S.V. De Escalante
and a party of '10 men left Santa Fe, New

Mexico on july 29,7776 for the purpose of
establishing a mission at Monterey, California.

This trip constituted the first exploration into
the Great Basin by non-Indians. The Broup
traveled northwest through Cunnison,
Colorado, crossed the Green River, headed to
Utah Lake and eventually reached the Sevier
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Table

I.

Chronologic history of the Spanish Trail.

YEAR

INDIVIDUAL

TRAIL DESTINATION

CITATION

From Santa Fe, New Mexico to
Monterey, California. Trip ends at
Sevier Biver; returns via Arizona
Strip.

Hill 1930:1'l-13
Hafen & Hafen 1954:59-73.

From Mojave Villages, Arizona to
San Gabriel, California. Discoverer
of the "Mojave River" segment of
the Old Spanish Trail.

Hafen & Hafen 1954:79-80

Tlei old:,rnd th6: suahish i:rieil
1776

S.V. DeEscalante
S.B. Dominguez

1776

Francisco Garces

The Po0ulei, Old SDanjsh,Trail

1826-1827

Jedediah Smith

From Great Salt Lake, Utah to San
Gabriel, California

Hafen & Hafen 1954:129

829- 1 830

Antonio Armijo

From Abiquiu, New Mexico to San
Gabriel, California, via Las Vegas
Wash, Goodsprings Valley, Mojave

Hafen & Hafen 1954:166-167
Warren 1974:66-7 1

1

River

r830-1831

William Wolfskill
George Yount

1844

John Fremont

From Abiquiu. New Mexico to San
Gabriel. California

Warren 1954:92-93

From Mojave River, near Barstow,
California to Great Salt Lake,
California. He was the first to
travel through Pahrump, Las
Vegas, and Moapa Valleys.

Hafen & Hafen 1954:288
Warren 1974:154-183

Fremontls Old Spahish Tieil/Mormon Road
1

848-1 850s

Mormon Road

The route of the Old Spanish
Trail/Mormon Road as known today

River. Due to perceived difficulties in crossing
the Sierra Nevada Mountains, the Sevier River
became the new destination. Never reaching
any farther west, the Broup initiated SpanishIndian trade with the Utes. This route became
in reality the original Old Spanish Trail and
evolved into an exchange route for the trade
of woven textiles, fur pelts and Indian slaves
(Hill 1930:11.-'8,ln. This trade continued
until the region was settled by non-Indians.
The return trip to Santa Fe was by a
different path. "The further route of the
Escalante party concerns us but little here, for
instead of heading southwest in the direction
of our later Spanish Trail they traveled south
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Hafen & Hafen 1954:288
Warren 1974:154-183

and then southeast" (Hafen and Hafen
1954:72). Based on the historical data, it is
evident that on Escalante's return trip to Santa
Fe he reached the junction of the Virgin River
near the present site of Hurricane, Utah and
at this point crossed what would become the
popularly referred to Old Spanish Trail.
Also in the year 1776 another Spanish
padre, Father Francisco Gatces, entered the
region. On an exploratory trek that began on
Feb. 14, 1775, from Mission San Xavier del Bac
near Tucson, Aizona, Garces departed the
Yuma villages on the Gila River with a
destination of the mission at San Gabriel,
California. He traveled up the Colorado River
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and reached the Mojave villages north of
present day Needles, California. From this
point he crossed the extreme southern tip of
Nevada and trekked across the Mojave Desert
to arrive at Mission San Gabriel. "Garces thus
becomes the discoverer of the trail the
Mohaves led him along in 1776. In any event,
he was the first white man to traverse the
Mohave River segment of the Old Spanish
Trail' (Hafen and Hafen 1954:79). On Garces'
return trip east from the mission at San
Gabriel he used the same route to cross the
Mojave Desert to reach the Colorado River.
"Arrived at the Mohave towns, he continued
down the Colorado to the Yumas and then
returned to Mission San Xavier del Bac in
Southern Arizona' (Hafen and Hafen 1954:80).
In summary, the trailblazers of the 'Old
and the Spanish Trail" era were Garces,
Dominguez and Escalante. The Escalante
route was actually an independent trade trail
that connected Santa Fe with the Great Basin,
and is not part of the commonly considered
Old Spanish Trail. In contrast, Garces forged
the Mojave segment of the popular Old
Spanish Trail. Based on Hill's (1930) historical
data, it can be argued that the only real

portion of our popular route that is of the Old
Spanish Trail, meaning 'old' and "Spanish",
is that segment from Santa Fe to the Sevier
River. Why, then, was the name Old Spanish
Trail also given to the entire path, of which
portions would not be blazed for another half
century, from Santa Fe to San Gabriel?
Perhaps this data is buried in the historical
documents, but at this point we can speculate
that the name continued when the second half
of the route was initiated.
The Popular Old Spanish Trail

The

'old' and 'spanish' inlluence ends.

The trailblazers in this more relatively recent
phase were Mexican and American. Perhaps
most importantly, the Old Spanish Trail
somewhat fulfills the original intention of the
Escalante party,it connects Santa Fe with
California.
In 1826 Jedediah Smith, an American, left
the Great Salt Lake, Utah with a party of 15

men. He followed the path of Escalante and
Dominguez from Utah Lake to the Sevier
River. "Continuing in Escalante's tracks along
the natural route between Pine Valley
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Mountain and the Hurricane Fault, he
undoubtedly descended Ash Creek to reach
the Virgin River near Hurricane' (Hafen and
Hafen 1954:115). He then followed the Virgin
River down to its confluence with the Muddy
River, presently an area beneath the waters of
Lake Mead. Smith then continued south to
the Colorado River, which he called 'the
Seedskeeder'. Five miles south of this point
he described the large salt mine cave, worked
both by prehistoric Native Americans and
historic settlers, located near the historic
townsite of St. Thomas, also presently covered
by Lake Mead. From this point, Smith wrote,
"I crossed the Seedskeeder and went down it
four days a south east course.' (Dale In
Hafen and Hafen 1954:185-186). He had now
reached the Mohave Indian villages that
Father Garces visited in March, 1776. The
route that Smith had opened was the long
awaited connecting link between the trails of
Escalante and Garces (Hafen and Hafen
1954:118-119). From this point Smith followed
Garces' route into California and the San
Gabriel Mission. Therefore, as Hafen and
Hafen state, "...this greatest of all Mountain
Men explorers had tied together the routes of
Padres Escalante and Garces; he had
completed the general course of the Creat
Spanish Trail' (Hafen and Hafen 1954:129).
In 1829 Antonio Armijo, a Mexican, and a
party of 31 men departed Abiquiu, New
Mexico to find a trade route to California. On
this westward trip Armijo first entered the
region at the Virgin River near Hurricane,
Utah. Here he followed Smith's trail of 18261827 to the Colorado River. Yet, 'Instead of
crossing the Colorado at the mouth of the
Virgin, as Smith had done, Armijo continued
along the north side of the stream to the point
where Las Vegas Wash comes in from the
north and where the Colorado turns abruptly
to cut its narrow channel southward through
Boulder and Black Canyons' (Hafen and
Hafen 1954:168). This is the present locale of
Boulder or Hoover Dam. After establishing a
base camp at Las Vegas Wash, Armijo sent a
scout ahead to find a route across the Mojave
Desert to the southwest. Scout Rafael Riviera
returned to Armijo's base camp with news
that the path was dotted with springs all the
way to the Mojave River.
At this point a major disagreement exists
in route descriptions between Warren's
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Fig.

1.

location of the OA Spanish Trailllvlormon Road in fuuthem Neoada
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research and Hafen and Hafen's

book. Hafen

and Hafen (1954:'157) cite the account of the
expedition leaving Las Vegas Wash. "The first
night they camped at a salty arroyo; the
second night at a dry lake; and on the third
reached 'the little spring of the turtle'.' The
Hafens considered 'the little spring of the
turtle' to be Cottonwood Spring, at the
present town of Blue Diamond. This

interpretation seerns unlikely.
Warren (1974) researched diary accounts
of this route and contends that the referenced
"salty arroyo' was Duck Creek and the dry
lake ]ean Lake. A path that passes Duck
Creek and |ean Dry Lake would have taken
Armijo's party on a southwesterly direction to
Goodsprings Valley and then through Wilson
Pass on their way to the crossing of the
Mojave River. Warren states, '...an excellent
spring of water erupted from the valley floor
in the center of Goodsprings Valley. At this
spring, Armijo apparently found a desert
tortoise,' explaining the name 'the little
spring of the turtle' (Warren 1974:71).
In a logistical sense, it also seerrs unlikely
that it would have taken up to three days to
travel3l miles to Cottonwood Spring.
According to the diary of Orville C. Pratt, a
traveler on the trail in 1848, distances of 30
and 35 miles in one day were corunon (Hafen
and Hafen 1954). Although this does not
imply that the purposes and expected
distances of trail travelers in 1829 were the
same, it does seem that three days to ride 31'
miles is somewhat long. Based on this data,
Warren's (1974) interpretation of the locational
trace by Armijo's party through southern
Nevada is accepted for this document.
In 1830 two Americans, William Wolfskill
and George Yount left Albiquiu, New Mexico
with a destination of San Gabriel, California.
Their route differed from both Smith's and
Armijo's. It is important to note here that the
Wolfskill-Yount party was the first to travel
the entire distance, with one exception, from
Santa Fe to San Gabriel over the path that is
commonly referred to as the Old Spanish
Trail. This exception is the portion that
crosses southern Nevada. They neither rode
Armijo's trace nor did they take the aiignment
through southern Nevada that is documented
in our maps (Appendix 2). Concerning the
Wolfskill-Yount deviation from Armijo's
alignment, Warren states that "Together these
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men blazed still another route to California,
leaving Abiquiu, New Mexico but traveling
more northerly than had Armijo along a path
that later became the regular route of the Old
Spanish Tratl' (1974:92-93). In addition,
rather than crossing the Colorado River as
Smith had, Wolfskill and Yount proceeded
down the north bank of the Colorado River,
and '...followed it until they reached again
the tribe of the Mahauvies, and pitched their
camp in neighborhood of their upPer village"

(Warren 1974:93).
In summary, the culmination of routes of
'The Popular Old Spanish Trail" basically
originated in Santa Fe, headed to the Sevier
River in Utah, cut a south course to the Virgin
River, usually followed in some manner the
Virgin and Colorado Rivers to the Mojave
Villages, or cut southern Nevada from Las
Vegas Wash to Wilson Pass, traversed the
Mojave Desert, and ended at the Mission of
San Gabriel. The trail and its geographic
deviations had as its purpose trade and was
rode by pack trains.
Fretrront's Old Spanish Trail/Mormon Road
This route utilizes more than half of the
alignment of the 'popular" Old Spanish Trail,
adds a portion in Utah, and imbeds the
commonly accepted historic segment in
southern Nevada. The Old Spanish Trail ends
early in this phase, but opens with what

would become the heavily-used Mormon
Road. This phase is definitely Americanoriented.

Warren (1974) contends that in 18tt4 John
Fremont, an American, was the first to travel
west to east through Las Vegas Valley. This
trip is one of four expeditions Fremont
conducted in the West during this period. His
seemingly winding forays are aptly discussed
in both Hafen and Hafen (1954) and Warren
(1974). Fremont initiates his trip on the
popular Old Spanish Trail near the present
town of Barstow, California (Hafen and Hafen
1954:288). Warren (1974) believes Fremont
took a route differing from Wolfskill and
Yount from Bitter Spring north of the crossing
of the Mojave River. Fremont's path
continued through Stump Spring, Mountain
Springs, Cottonwood Spring, Las Vegas
Springs, and then north to Moapa on a 50mile dry stretch. This was the first trip
through southern Nevada on the Old Spanish
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Trail as mapped by Hafen and Hafen (1954)
and as commonly referred to by residents of
the region.
Fremont published his maps and notes in
1845 in a United States Congressional
document titled Report of the Expedition to the
RoclE Mountsins, etc. It is assumed that until
Fremont's notes were published and widely
distributed, travelers on the Olil Spanish Trail
took one of at least two other routes through
this region. One was the Wolfskill-Yount
trace along the east side of the Colorado River
to the Mojave Villages near the present town
of Needles, then to the Mojave River near
Barstow. The other route was Armijo's path
along the west side of the Colorado to Las
Vegas Wash, south towards Jean Lake, west
through Goodsprings Valley and Wilson Pass,
and then to Bitter Spring.
After the availability of Fremont's maps
and notes in 1845, travelers had choice of a
new route that crossed the Virgin River and
headed towards Moapa, stretched to Las
Vegas Springs, Cottonwood Spring, Mountain
Springs, Stump Spring and into California
south to Bitter Spring. Even if Armijo had
traveled from Las Vegas Wash to Cottonwood
Spring, there is no evidence his party ever
rode the route from the Arizona border,
through Moapa, to Las Vegas Springs.
Consequently, the entire route in southern
Nevada from Moapa to Cottonwood Spring
and beyond is considered to have been blazed
by Fremont. Warren believes that once
Fremont's maps were available, a Breater
percentage of travelers used his route.
Use of the Old Spanish Trail as a path
from Santa Fe to San Gabriel ended before
1850 when easier routes across the north and
south parts of the country were implemented.
At this point in time, the portion of the trail
from central Utah to San Bernardino,
California was adopted as part of the Mormon
Road. Warren notes the first wagon train to
utilize the trail was in 1848. By 1850 the
Mormon Road was in steady use. This route
was used for carrying mail, freight and
immigrants between Salt Lake City and
southern California. Use of the Mormon Road
as a path from Utah to California was phased
out around 1905 when railroad construction
was completed through southern Nevada.
From the historic period of 1905 to the 1940s
when the present highway was built, the
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route was presumably used by local ranchers
or travelers heading back and forth from
Pahrump Valley and beyond.
Based on this literature review, it seems
that all of the portion in southern Nevada
from the Arizona to California borders,
considered to be the route of the Old Spanish
Trail by historians and residents in the area,
was not used until Fremont's trip in 18t14.
One primary difference between the Old
Spanish Trail and the Mormon Road was the
nature of the respective travelers. The first
was mainly used by explorers and traders on
horses and pack mules, while the latter was a
road for emigrants and traders with wagons,
horses and mules. As far as the percentages
of people using the route during either time
period, it is likely that more than 95 percent of
the travel on the trail occurred after 1850
during the Mormon Road use.
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Late Pleistocene Vertebrates from the
Potosi Mountain Packrat Midd€n,
Spring Range, Nevada
]im I. Mead and Lyndon K. Murray, Quaternary Studies Program, P.O.
Arizona University, Flagstaff, AZ 8ffi'11

INTRODUCTION

Box 5644, Northern

single unit provide a detailed examination of
species association and an estimate of how

Potosi Mountain is at the south end of the
Spring Range, just west of Las Vegas, Clark
County, Nevada. A limestone shelter at 1880
m elevation at the north end of Potosi
Mountain contains a large packrat (Neotoma)
midden (ca 2 m long) that was sampled for
floral and faunal remains by Robert S.
Thompson and fim I. Mead in 1975. This is a
report of the faunal remains and major plant
species from the midden.
Packrats are well known to collect plant
debris and animal remains from within a
radius of up to 100 m from their nest. This
material becomes food and construction
components for a debris pile that covers their
nest. Periodic cleaning of fecal pellets from
the nest and the rebuilding of the debris pile
produces an organic-rich wastage layer. Scent
marking on the wastage layer (or midden
deposit) will ultimately cement the
components into a rock-hard unit.
Constructed in a rock crevice or cavern in an
arid environment, the cemented midden will
persist unaltered as long as the shelter exists.
Middens preserved in rock shelters in arid
environments provide records of past plant
and animal communities encased in cement.
Radiocarbon dating provides an accurate
method for dating the organic constituents.
Radiometric analysis of the packrat pellets
indicates the time of midden construction and
presumably an accurate age for all the
associated species. A single date on pellets is
at best an averate estimate of age, however it
does not necessarily imply contemporaneity of
all species. Radiocarbon analysis of a single
species provides a more accurate means of
determining just when a particular taxon lived
in the region. Multiple species-dates from a
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long the midden took to solidify with urine
cement.

Various chapters in Betancourt and others
(1990) provide background studies of how
packrat middens are analyzed and processed

for plant macrofossils, and the various
paleoenvironmental reconstructions from arid
western North America. Plant remains in
middens obviously represent local floral
communities that once grew within 100 m of
the nest. Faunal remains recovered from
middens are incolporated into the debris pile
in the same manner as the plant fossils,
however, the faunal taphonomy is quite
different (and is not discussed in Betancourt
and others, 1990).
Certain animals of the local biotic
community will live with the packrat in the
debris pile as commensals. Other faunal
remains can be incorporated into the midden
via carnivore dung oi raptor pellets. Such
skeletal remains may be of the local
community, or, especially with the raptor
pellets, may be from distant and quite
different biotic communities. Packrats will
collect dung and raptor pellets and incorporate
the potentially extralimital species into the
midden. Although probably
contemporaneous, the animal species may not
be of local origin. Middens containing large
numbers of bone are indicative of raptor pellet
introduction. Dung pellets, such as from pika
(Ochotona), jackrabbit (Lepus), and various
rodents, do not survive their morphology after
passing through a raptor. Complete small
mammal pellets and the larger herbivore dung
boluses (e.g., Shasta ground sloth,
Notrotheiops, shrub ox, Euceratheium, and
mammoth, Mammuthus), recovered from
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Table I. P.adiocarbon ages from Potosi Mountain packrat midden, Clark County, Nevada. Some data
from Thompson and Mead (1982).

Unit

Radioearbon, Age

(tr. B.P.)
B1

Lbb NumbCr

SpecioS, PioCess6d

lO,780r170

A$sociated,conifsr
ap;ai;s-,in..,atmp

iti:.:ii.:,t ,,t,i.:,i.:

wsu-1930

Abies concolor
Pinus flexilis

l

ei::.

Acer glabrum

cemented to
the ceiling,
with Layer 2
the bottom
Ievel. Three
columns were
sampled for

the two units:
A, B (middle),
and c.
c1
12,185+190
wsu-1932
Pinus flexilis
Abies concolor
Radiocarbon
Pinus longaeva
Acer glabrum
dates were
Fraxinus anomala
analyzed on
'12,230 t23O
c2
A-1797
Juniperus osteosperma
see C2, bolow
various plant
remains to
A1
14,270 + 22O
LJ-4003
Pinus flexilis
Abies concolor
test for the
Pinus longaeva
kaxinus anomala
potential of
Juniperus osteosperma
mixing of
c2
14,430 +.5O
LJ-4005
Pinus longaeva
Acer glabrum
temporal
Fraxinus anomala
units. Eight
14,45O + 25O
c2
A-'t778
Abies concolor
Juniperus osteosperma
radiocarbon
A2
14,9OO + 180
LJ-4004
Pinus longaeva
Abies concolor
analyses were
Pinus flexilis
Fraxinus anomala
completed
Juniperus osteosperma
and range
c2
1 6370 + 3OO
A-1 796
bulk plant debris
see C2, above
from 10,780 to
1,6374 yr B.P.
(Table L). The
three dates
from Level 1
packrat middens are indicative of local
indicate that the 2 m length of the midden
animals. Such herbivore dung provides yet
was presumedly constructed over a period
another source of plant data, invariably
from 10,780 to'1.4,270 yr B.P. This illustrates
that the 'upper layer" is actually a series of
different from the collection bias of the
packrat, to be used in the biotic community
middens seemingly lumped together into a
reconstruction.
single unit, probably an undulating layer of
cemented-together midden clusters. Layer 2
(lower) is represented by middens made from
POTOSI MOUNTAIN MIDDEN
12,185 to'16,370 yr B.P. The C2 midden
The extremely large midden on Potosi
sample was dated four times: three times
Mountain contains only two visible layers, a
separate species were used (12,2n,1.4,430,
14,450 yr B.P.) and a fourth time, bulk midden
lower and upper. The approximately 30 cmthick midden was built between two eroding
debris was dated (16,370 yr B.P.). This 'lower
ledges of limestone. Packrats urinated on the
layer" represents multiple midden units
probably dating between 12,230 to 1.4,450 yr
developing nest debris of plant and animal
remains. Through time, the urine cemented
B.P.; it would seem reasonable not to use the
the debris together and adhered the resulting
1.5,370 yr B.P. date because it appears
midden to the roof of the horizontal crevice.
aberrant. Or, it may indicate that the lower
The cemented rock-hard midden was more
unit is actually a mixing of some 4,000 years of
resistant to the eroding cavern than was the
midden usage, between 12,230 and 1.6,370 yr
lower limestone layer. Today the'midden is
B.P.
Today the vegetation outside the Potosi
affixed to the root of the shelter, with some 3
m of cavern eroded away hlow.
Mountain midden is a typical pifron-juniper
The midden was sampled in six places.
woodland, located on a steep limestone slope.
Layer 1 is the uppermost level and is
From approximately '1,6,370 to 10,780 yr B.P.
Pinus longaeva
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Fraxinus anomala
Juniperus osteosperma
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midden is represented by skeletal remains and
therefore could be raptor introduced. Dung
pellets of Ochotona were recovered from
Pleistocene middens in the nearby desert
mountain ranges and in the low Las Vegas
Valley region (Mead, 198n. The recovery of
the pika on Potosi Mountain is in accord with
its reconstructed past distribution. A detailed
study of pika from the Great Basin and
Mojave Desert region is currently under study
(Mead and W.G. Spaulding, in progress).
Pika dung pellets recovered from packrat
middens will be analyzed for microhistological
plant remains and compared to those
macrobotanical remains removed from the

the local plant community contained tree
species including maple (Acer glabrum), white
fir (Abia concolor), singleJeaf ash (Fraxinus
atamala), Utah junipe r (l uniperus ost easpuma),
limber pine (Pinus flexilis), and bristlecone pine
(Pinus longaeoa) (Thompson and Mead, 1983;
Table 1).
The animals that lived within this boreal
community included the expected montane
obligates such as vole (Microtrs) and bushytailed packrat (Neotoma cinerea) (Table 2). The
most unusual animal recovered from the
midden is pika, Ochotona pinceps.
Pika live today farther south and west
than Potosi Mountain and at higher
elevations, regions where the summer
extremes are not as severe as they are in the
lower desert areas. Mead (1984 has reviewed
the Pleistocene distribution of Ochotona in the
arid west. Pika in the Potosi Mountains

same deposits.

ACKNOWLEDGEMENTS
We thank Robert S. Thompson, U.S.
Geological Survey, Denver, for his initial
study of the Potosi Mountain

Table II. Vertebrate remains recovered from the Potosi Mountain packrat midden,
Clark County, Nevada. Arranged in cfuonological order as in Table I.

midden.
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Paekrat niidddoh'unit
Spgciea

BI

c1

A1

c2

A2

x

x

x

82!

Lagomorpha
Ochotona princeps
Rodentia

x

x

Spermophilus sp.

Ammospermophilus sp.

x

Perognathus sp.

x

Peromyscus sp,

x

X

Neotoma sp.

X
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has not been datod but is -14,OOO yr B.P.
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Outline of Structural Geology in the
Red Rock area, Spring Mountains,
Southern Nevada
]oan E. Fryxell, Department of Geological Sciences, California State University, San Bernardino

cA924ts

ABSTRACT
Exposed in the Red Rock area of the
Spring Mountains are two major thrust faults
of the Mesozoic Sevier thrust belt, the Red
Spring and the Keystone thrusts. The Red
Spring thrust is older, having moved in Late
|urassic or Early Cretaceous time, and is the

structurally lower of the two. It placed
Cambrian strata over Jurassic to Cretaceous
strata, including its own erosional debris.
High-angle faults then cut across the Red
Springs thrust, tilting portions of it. In Late
Cretaceous time, the Keystone thrust moved,
placing a thick thrust plate over the Red
Spring thrust plate. The high-angle faults
reactivated and cut up through the Keystone
thrust plate. Following the latest movement
on the high-angle faults, extensive landslide
breccias were deposited.

INTRODUCTION

fault, although the major structures do extend
to the south in the Spring Mountains, and can
be correlated with structures in ranges to the
north and east. Except where noted, this
outline is largely based on the work of Axen
(1980, 1984,1985), which is the most recent
and detailed of the several studies of this area.
For further information, please see those
works, as well as those by Burchfiel and
others (1974,1982), Burchfiel and Davis (1971),
Carr (1978,1980, 1983), Davis (1973), Fleck
(1970), Hewett (1931,1956), Longwell (1926,
1960), and Longwell and others (1965). A
complete field trip guide with road log is
available for this area as part of the Geological
Society of America's centennial field trip
guides (Axen, 1984.
MAJOR STRUCTURES
The major structures of the Red Rock
State Park area include the Red Spring thrust
and the Keystone thrust, both of which are

The Spring Mountains of southern
Nevada contain an intact portion of the Sevier
thrust belt, which was active between Middle
|urassic and Late Cretaceous time. Portions of
the thrust belt elsewhere in southern Nevada
have been dismembered by Tertiary extension,
but the Spring Mountains afford a look at the

thrust belt without that later disruption. The
Red Rock area (Figures 1 and 2), in particular,
contains exposures that provide good control
on the timing and geometry of two major,
regionally traceable thrusts: the Red Spring
thrust (correlated with the Contact and North
Buffington thrusts), and the Keystone thrust
(correlated with the Muddy Mountains
thrust).
For the sake of brevity, this outline will
confine itself to a discussion of the geology of
the Red Rock area northeast of the La Madre
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disrupted by a series of high-angle faults. In

a

couple of places, the high-angle faults are
overlapped by extensive landslide deposits.
This section describes the geometry of these
structures, in order of their formation.
Red Spring Thrust Fault
The Red Spring thrust fault is the older of
the two major thrust faults in this area (Davis
1973), and the lower one structurally. It
placed the Banded Mountain Member of the
Cambrian Bonanza King Formation over the
|urassic Aztec Sandstone (Figure 3). The fault
formed a slight ramp with rocks in the
hanging wall, cutting up-section gently to the
east, and ramped up across the rocks in the
footwall, then overrode an erosional surface

(Davis, "1973; Axen,1984, 1985). This contact
is seen in three places in the lower exposures
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on the south side of this area. The footwall of
Aztec Sandstone forms the striking orangeand-white outcrops, overlain by the dark grey
Cambrian carbonate rocks of the hanging wall.
Based on this geometry, the Red Spring thrust
is estimated to have a minimum of 11.5 km
overlap.
Near the fault in the hanging wall, strata

Fig.

1.

Tectonic
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mq of the

Red Rode area (frcnt.

are folded and imbricately thrust-faulted.

Overturning in the folds and repetition of
imbricated strata indicate east- or southeastdirected movement of the hanging wall.
Minor thrust faults and overturned folds
also exist higher in the Red Spring plate,
deforming Mississippian rocks primarily,
especially the thin-bedded Arrowhead

Axer, 198$.
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quartzite clasts was
thought to indicate
that the \{heeler
Pass thrust to the
west pre-dated
movement of the
Red Spring thrust
(Axen, 1984,1985).
However, the wellrounded nature of
these clasts requires
much further
BB
transport than the
few tens of km
NO VERTICAL
possible from the
EXAGGERATION
Wheeler Pass thrust,
or requires a
recycled origin
(M.R. Rees, oral
communication,
1989). The distance
M:€
of transport required
has implications
about the degree of
integration of
'*-x
regional drainage.
Also, this
interpretation does
not require the
Wheeler Pass thrust
to be older than the Red Spring thrust,
although it is still permissible.

Structure:K=Kcysnnethrust,R=RedSpingthrust,BB:BrounstoneBasinfauh,L:la
Mndre fault, T -Turtlchead Mountain fault, B : Box Conyon fault. Stratigraphy: M4. =
Mbsissippian to Conbrian rccks, P-l : Permian to Pmnsyhtoian ro*s, fr- 1R-- Iurassic to Tiassic
mcks
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tly ta
M:e
,,h-T

Fig.

2.
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nft

Cross sutions of the Reil Rock area (ftom Axen, 1985)

Member of the Monte Cristo Formation.
The Red Spring plate is broken by
moderately to steeply dipping tear faults that
strike generally northward, dip westward, and
have normal separation. Some of these faults
extend upward into the Keystone thrust plate,
indicating some later reactivation.

A set of north- to northwest-striking highangle faults (discussed below) disrupt the Red
Spring thrust. These faults are west-side
down, resulting in several repeated exposures
of the Red Spring thrust fault.
The Red Spring thrust fault overlies the
conglomerate of Brownstone Basin (Figure 3),
one of a series of synorogenic deposits which
indicate that the Red Spring fault overrode the
land surface (Longwell, 1926; Davis, 1973;
Cameron, 1977; Carr,1980; Axen, 1984). In
the Red Rock area, this conglomerate contains
well-rounded pebbles and cobbles of
Cambrian or pre-Cambrian quartzites, as well
as re-worked material from the autochthon,
and detritus from the thrust plate itself (Davis,
1973; Axen,1984, 1985). The presence of
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Keystone Thrust Fault
The Keystone thrust changes character
considerably across the Brownstone Basin fault
(a north-striking, high-angle fault). West of

that fault, the hanging wall of the thrust is
largely intact, and is mildly folded into a
broad syncline, probably reflecting a ramp in
the footwall. Based primarily on this
geometry, the Keystone thrust is estimated to
have a minimum of 19 km of overlap. In this
area, minor folds and imbricate thrusts are
present near the fault, and indicate southsoutheast transport of the hanging wall. East
of the Brownstone Basin fault, the Keystone
plate is highly deformed by imbricate thrusts,
folds, and tear faults. The Brownstone Basin
fault was active prior to, during, and after the
movement of the Keystone thrust. During
movement of the thrust, the Brownstone Basin
fault appears to have functioned as a step in
the footwall ramp of the Keystone thrust,
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separating a gentler portion of the ramp to the
west from a steeper Portion to the east. This
difference in geometry resulted in the
Brownstone Basin fault propagating into the
hanging wall to accommodate the different
geometries required by the shape change in

the footwall.
West of the Brownstone Basin fault, the
Keystone thrust placed the Banded Mountain
Member of the Cambrian Bonanza King
Formation (with which it is in a decollement
geometry), over a ramp of Cambrian to
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E
m

SILT ST ONE

EOLIAN SAHOSTOI'E

Mississippian strata
(cross section A-A',
Figures 1 and 2).
From the scenic loop
road, looking north
to La Madre
Mountain, the
imposing cliffs with
visibly intact
tredding are this
thrust plate, and
include the Bonanza
King Formation at
the bottom to the
Devonian Sultan
Limestone at the
peak (Figure 3).
East of the
Brownstone Basin
fault, the Keystone
thrust placed highly
disrupted Cambrian
Bonanza King and
Nopah Formation
rocks over a
similarly disrupted
footwall of
Devonian to
Pennsylvanian
rocks.

High-angle Faults
A series of
lrrrl
north- to northweststriking high-angle
faults cut both the
Red Spring and the
Keystone thrusts,
including the La
Madre, Turtlehead
Mountain, and
Brownstone Basin
faults
unnamed
as
smaller,
faults, as well
(Figure 1). Following movement on the Red
Spring thrust, these faults formed, and tilted
segments of the Red Spring thrust. Later, the
Keystone thrust overrode these tilted blocks.
After movement on the Keystone thrust, the
high-angle faults were reactivated, offsetting
that thrust along with rocks in its hanging
wall. Formation of the high-angle faults
entirely subsequent to emplacement of the
thrust plates can be eliminated because the
vertical separation of the Red Spring thrust

E;?
lrrl

CHE

NI
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across the high-angle faults is several times

that of the Keystone thrust (Figure 1).

5.
Iandslides
Overlapping some of the high-angle faults
are several exposures of landslide breccias
composed primarily of Mississippian and
Devonian cartonate rocks, whose clasts are
thoroughly cemented with calcite. Davis
(1973) suggested these to be debris shed from,
and overridden by, the Red Spring plate, as
with the conglomerate of Brownstone Basin.
Mapping by Axen (1985) showed the landslide
masses to overlap the high-angle faults, and
thus post-date both thrust faults, even though
they do lie on the footwall of the Red Spring
thrust.
The largest exposure of these landslide
deposits can be seen capping the second long
ridge to the northeast of the Red Rock Scenic
Loop. The landslide breccia is dark grey, and
has an irregular contact with the underlying
Aztec Sandstone. This contact is ornamented
with tick marks on Figure 1.
CLOCKWISE ROTATION

In mid-Tertiary time, the Las Vegas Valley
shear zone formed. This shear zone extends
from the vicinity of Las Vegas northwestward
along Las Vegas Valley, and has produced
rightJateral strike-slip separation. Drag
resulting from this movement has rotated
rocks in the ranges on the southwest side in a
clockwise serlse.
SEQI.JENCE OF EVENTS

The sequence of events for the major
faults in this area is as follows, based on the
work and interpretations of Davis (1973) and

Axen (1984, 1985):

1.
2.
3.
4.
5.

emplacement of the Red Spring thrust
plate in Late |urassic or Early Cretaceous
time.

faulting on north- to northwesttrending
high-angle faults.
a period of erosion of the Red Spring
thrust plate.
emplacement of the Keystone thrust plate
in Late Cretaceous time.
reactivation of the high-angle faults,
offsetting the Keystone plate, and
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7.

increasing the offset of the Red Spring
plate.
possible clockwise rotation of the area due
to movement along the Las Vegas Valley
shear zone.
deposition of a large landslide mass
(which may have occurred prior to

rotation of the area).
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Northern Las Vegas Valley
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Kelly, Dames & Moore, 9655 Chesapeake Dr. Ste 350, San Diego CA 92723

Rebecca McCorkle

INTRODUCTION
Over the past few years a number of
archaeological investigations have been
conducted in northern Las Vegas Valley in the
vicinity of Eglington Escarpment (an area
crossed by Centennial Parkway). One of the
more recent surveys (Apple 1989) covered
over 3,440 acres and resulted in the
identification of 13 archaeological sites and 60
small sites or isolated finds. A few of these
sites were subject to limited testing as part of
an assessment program prior to the transfer of
these lands from the federal government to
the City of North Las Vegas. The sites tested
were all large, relatively diffuse lithic scatters,
some of which appear to have served as
temporary campsites.
These sites, as well as many others in the
Centennial Parkway area, have been impacted
by unauthorized surface collection. This
destruction most frequently takes the form of
the collection and redepositir,g of artifacts on
the ground surface. This activity creates small
clusters of cultural material, usually only
flaked debris, scattered at intervals across the
sites. This damage to the spatial context of
the artifacts destroys information needed to
address many of the questions archaeologists
are trying to answer about past lifeways in
southern Nevada and about human adaptation
in general. The notable absence of tools on
the surface of many of the sites also suggests
that not all the items collected are being
redeposited at the sites. It appears that
artifacts are being removed from the area;
cultural resources are literally being stolen
from the public. The theft of this information
is also a major loss to the researchers
attempting to piece together the past.

ENVIRONMENTAL SE"TTING
Centennial Parkway crosses the northern
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portion of Las Vegas Valley in the vicinity of
the Eglington Escarpment (Bell 1981). This is
an arid region, characterized by generally
sparse vegetation. The mountains
surrounding the valley are typically comprised
of sedimentary formations. Alluvial fans at
the base of the mountains consist of poorly
sorted gravels and cobbles, while the valley
floor contains fine grained silts, often with
caliche deposits. The escarpment is a unique
geologic feature in the area. Faulting action
along the escarpment in the past is allowed
water to reach the surface in the form of
springs or seeps, supporting major stands of
vegetation including mesquite. Today,
fissures in the area are marked by prominent
alignments of vegetation. With such a
comparatively rich microenvironment in an
otherwise arid region, the presence of
prehistoric sites in the area is not unexpected.
CULTURAL SETTING
Prehistory

Over the past few decades, the relative
cultural chronology of the southwestern Creat
Basin, including southern Nevada, has been
fairly well established. Several cultural
sequences have been developed, the most
recent of which include Lyneis (7982a, "l992b),
Rafferty (1984), Warren and Crabtree (1986),
and Warren, Knack, and Warren (1980).
Although some discrepancies between these
various sequences have yet to be resolved, a
general pattern of development exists.
Firm evidence for human occupation of
the Mojave Desert begins about 12,000 B.P.
Claims have been made for archaeological
assemblages dating to periods considerably
earlier than this, but as Warren and Crabtree
(1986:184) note, all are controversial and have
little or no relationship to later cultural
developments in the region. At Tule Springs,
Nevada, a small number of artifacts were
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found in possible association with late
Pleistocene fauna, dated to 11,000 to 13,000
radiocarbon years old. Unfortunately, no
diagnostic tools were found which could be
compared to established early regional
complexes (Lyneis 1982b :17 5).
A larger body of evidence exists to
document the Lake Mojave period, commonly
dated to 12,000-7,000 B.P. (warren and
Crabtree 1985:184). Considered a Paleo-Indian
assemblage, the Lake Mojave complex is
thought to be ancestral to the early Archaic
cultures that followed and has become the
comparative unit for Early Man in the Mojave
Desert (Warren and Crabtree 1986:184). Sites
of this period are usually limited to the surface
and are marked by a variety of projectile
points, including leaf-shaped points, long,
stemmed points with narrow shoulders, and
short-bladed, stemmed points with distinctive
shoulders. Rarer fluted points are also found,
but their cultural and chronological
relationship to the stemmed series points
remains controversial.
Warren (1984:41.4) suggests that the Pinto
complex evolved from the hunting complexes
of the Lake Mojave period and that it
represents a small population depending upon
hunting and gathering. As Pleistocene lakes
and rivers dried up, these people may have
withdrawn to desert margins and scattered
oases, undergoing cultural adaptations which
resulted in the Pinto complex. The lower
Mojave Desert was apparently reoccupied
about 5,500 B.P. when moister conditions
returned. With the reappearance of arid
conditions around 5,500 B.P., people
apparently again withdrew to desert margins
and oases, leaving much of the region
unoccupied until the end of the Pinto period
(Warren 1984:41,4).
A number of changes appear to
correspond to the beginning of the Little
Pluvial, a tirne of greater effective moisture
dated to about 4,000 B.P. This time period,
often termed the Gypsum period (Warren
1980,7984; Warren and Crabtree 1985), is
characterized by sites containing medium to
large, stemmed and notched projectile points.
Manos and millingstones became common,
the mortar and pestle were introduced, anci
shell beads from California are found (Warren
and Crabtree 1986:187-189). This period
appears to be a time when human populations
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adapted to the desert through technological

innovations, ritual activities and increased
socioeconomic ties. It appears that, as a result
of these new adaptive mechanisms, the return
to arid conditions at the end of the Little
Pluvial had relatively little influence on the
distribution of late Gypsum populations
(Warren and Crabtree 1986:189).
Sometime after 2,000 B.P., Eastgate/Rose
Spring points began to dominate assemblages
(Lyneis '1982b'176). In the Mojave Desert, the
period from 1,500-750 B.P. is designated
Saratoga Springs. Essentially, this is the
period of Basketmaker III and Pueblo
development in the eastern Mojave Desert and
their influence in the central Mojave Desert.
Warren (198a:a24) has observed that cultural
diversification and regional development
characterize the Saratoga Springs period.
Long distance trade networks apPear to have
attracted both the Anasazi and the Hakataya
or Patayan into the deserts of southern
Nevada and southern California. Through
much of the northern Mojave, however, the
basic patterns established during the Cypsum
period continued with little change. In this
(northern) area, small corner-notched points
gradually replaced the larger series points,
apparently representing the use of the bow
and arrow. This seems to have been simply
an addition of a technological device, not an
indication of major cultural change.
Cultural development in the southern
Mojave, however, diverges from that in the
north. Here, impetus for change appears to
have derived from the Hakataya tradition of
the lower Colorado River as opposed to the
Anasazi. Few points of the Rose Spring series
occur, Cottonwood Triangular points being
found in their place. Later, Desert Sidenotched points and Brown and Buffware
pottery are added (Warren and Crabtree
1986:191).

Sometime after 750 B.P., Cottonwood
Triangular and Desert Side-notched points
were added to the northern Mojave
assemblages as well. Together with
brownware pottery, these points became
hallmarks of the Protohistoric period (750
B.P.-Contact), the final period of Mojave
Desert prehistory. In the southern Mojave,
Hakataya or Patayan influence continued and
site assemblages are marked by brown, buff,
and red-on-buff pottery derived from the
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Colorado River. Cottonwood Triangular and
Desert Side-notched points also occur in the
southern assemblages (Warren and Crabtree
1986:192).

Ethnohistory
During historic times, southern Nevada
was occupied by the Southern Paiute,
members of the Southern Numic branch of the
Uto-Aztecan linguistic family (Kelly and
Fowler 1986:368). The Southern Paiute appear
to be the descendants of the peoples
represented by the archaeological assemblages
of the Protohistoric period.
Ethnographic work among the Southern
Paiute was begun in 1870 by ]ohn Wesley
Powell, whose data was edited and compiled
by Fowler and Fowler (1971). Comprehensive
ethnographic work, however, did not occur
until 1932-1933, carried out by Isabel T. Kelly.
The Southern Paiute once occupied a
territory extending across southern Utah,
southern Nevada, northern Arizona, and
along the west bank of the Colorado River
southward into southeastern California. In
this area, terrain ranges from the high
Colorado Plateau in the east, through canyon
and basin and range territory, to the Mojave
Desert in the west. Local resources differed
widely. Diet was varied and subsistence often
precarious (Kelly and Fowler 1986:370).
The Centennial Parkway area lies within
the Mojave Desert portion of Southern Paiute
territory. This arid environment supported
only a sparse population. The peoples were
organized into small bandlevel Eroups
comprising nuclear families linked by kinship
ties. Groups moved seasonally or in response
to the local availability of food and water.
Living in such a harsh environment
necessitated a diverse, generalized hunting
and gathering economy. Much of the diet
was provided by vegetal resources, among
which the most important were ]oshua tree
fruit, mesquite beans, pine nuts, grass seed,
and tubers. Insects were also collected, and
rabbits, mountain sheep, antelope, deer,
rodents, and reptiles were either hunted or
trapped. A few decades before contact, the
Southern Paiute economy was bolstered by
the introduction of native agriculture.
Distribution was spotty, with some $oups
remaining nonagricultural. Others, however,
including the Las Vegas and Moapa groups,
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raised small amounts of red and white flour
corn, gourds, sunflowers, winter wheat, and
other crops (Kelly and Fowler 1986:371).
Groups dispersed even more in the
sumner, when very small camps were set up

to exploit grasses found growing on alluvial
fans. Big garne was also hunted, while
additional fruits and berries were collected. In
late summer and fall, some people gathered at
gardens to begin harvesting oops; others left
for the mountains to collect pine nuts and
hunt large garne, returning to valleys for
rabbit drives. Highland seeds and berries
were available, as was yucca fruit. As much
food as possible was stored against the winter
and recurrent spring famines (Kelly and
Fowler 1986:371).
The material culture used to support this
economy consisted of baskets, used
extensively for carrying, winnowing, parching,
boiling, and storage; digging sticks used for
procuring roots and tubers; and manos,
millingstones, mortars and pestles, used for
processing seed and other vegetal resources.
Pottery was also used; sinew-backed bows
and nets were used for hunting.
Previous Research

Investigations at nearby Tule Springs
were important in the early archaeological
research in southern Nevada. Harrington first
excavated the Tule Springs site in 1933. Here

he recovered stone tools in association with
charcoal, samples of which were later dated to
23,800 B.P. Harrington returned to the Tule
Springs site in 1955 where he located a stone
scraper in association with camel bone and
charcoal. This charcoal was radiocarbon dated
to 28,000 B.P. (Harrington and Simpson 1961).
Later contextual examination of Harrington's
dates, however, determined their sources to
be non-cultural (Wormington and Ellis 1967);
In 1963 the Tule Springs site was again
excavated by the Nevada State Museum.
These excavations revealed several hearths
which radiocarbon dated between 10,000 and
72,400 B.P. (Wormington and Ellis "196n. At
about this same time, Gypsum Cave cultural
material was radiocarbon dated to no more
than 3,000 8.P., thus eliminating the last of
the two possible early man sites in the area
(Heizer and Berger 1970).
It was also during the early 1960s that
surface investigations were undertaken on
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both sides of Las Vegas Wash near Tule
Springs (Susia 19il). This is an,uea
characterized by long gravel-covered ridges
which trend northwest to southeast. These
ridges of stream-worn gravels and cobbles
average five to ten feet high and are the
remnants of a braided stream system that
filled the valley floor with alluvial silt and
gravel between 11,500 to 5,000 years ago. The
artifacts and debitage located here were found
on the caliche surface. In a few cases,
concentrations of artifacts extended over the
margins of the gravel ridges. Only in one of
the areas were artifacts concentrated on a
gravel ridge. Analysis of the artifacts,
including several points, identified the cultural
surface occupation as Pinto (Susia 1964:29).
Within the past decade, the University of
Nevada, Las Vegas and the Bureau of Land
Management have conducted surveys in the
area. These include the Las Vegas Valley
Survey, Phase II and III (Rafferty 1985b, 1986).
Nearby surveys that located cultural material
include the Pecos-Decatur powerline (Rafferty
1985c) and the Bureau of Land Management
survey for the adjacent North Las Vegas Land
Sale (Myhrer 1988). Other major studies in the
area include an overview for the Kern River
Pipeline (Dames & Moore 1985), The
Archaeology of the Old Spanish Trail/Morman
Road (Myhrer et al. 1990), and the Cultural
Resources Overview of the Las Vegas Valley
(Rafferty 1985a).
The Eglington Escalpment area is thought
to be particularly sensitive in terms of cultural
resources. Preliminary results of work in the
area indicates that later Pueblo and Paiute
sites are located here (Rafferty 1985b). Survey
results from a number of intuitively selected
40 acre quadrants reveal how closely site size
and complexity are apparently linked to the
escarpment. Sites along the escarpment tend
to be large 6}mps, or a series of camp loci. In
areas away from the escarpment, fewer
cultural resources are reported, and they are
generally small sites and isolates (Apple 1989;
Rafferty 1986).
One of the larger more complex sites in
the area is 25 Ck 3756, north of Centennial
Parkway. This large campsite is reported to
contain an extensive activity area with
ceramics, groundstone, and fire affected rocks.
Although little archaeological excavation
has been conducted in the project vicinity,
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excavations have recently been completed at a
nearby site, 26 *.3766 (Blair et al. 1989).

Results of this work provide an important
body of comparative data, previously
unavailable for the escarpment area. The
recent excavations conducted at26 Ck3766
revealed a limited subsurface deposit at the
site and an artifact inventory dominated by
chert debitage. The site assemblage also
includes Anasazi and Patayan ceramics, Rose
Spring points, and groundstone (Blair et al.
1989). The findings indicate that the site was
used by peoples associated with Virgin
Anasazi and Patayan cultures and that it was
an aboriginal campsite with episodic, low
intensity use since at least 240 A.D.t90 (Blair

et al. 1989:106).
SITE DESCRIPTIONS

Many of the archaeological sites in the
northern portion of Las Vegas Valley near
Centennial Parkway are similar in several
respects; the primary point of differentiation
is the presence of evidence of habitation
activities at some of the sites. A number of
the sites cover many acres. The sites appear
to be comprised of predominantly surface
deposits, and consist of a mosaic of heavy and
sparse densities of lithic materials.
Proportions of the types of lithic materials
noted vary some between sites, but overall,
the range of utilized lithic materials appears to
differ little.
Within this basic pattern, variability has
been noted in the distribution of flaked lithic
tools and milling equipment. Some of the
sites are known to contain a number of
projectile points, while such finished tools are
rare on other sites. The origin of these
disparities in inventories is unknown; perhaps
they reflect differences in prehistoric
utilization of the area, or alternatively, given
the widespread vandalism of these sites, the
unequal collection of certain of the
archaeological sites by looters.
Other differences in assemblages indicate
a wider range of activities in areas closer to
the scarp. Densities of milling equipment
tend to increase to the southeast. Charcoalstained areas, with and without associated
fire-affected rock, are the only recorded
features at the sites, but they differ in extent,
in number, and in the amount of cultural
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debris found in association. 26 *4244 and 26
*.4245 are two of the larger, more complex
sites.

26

Ck

4244

This large but sparse site extends over a
half mile in a northwest-southeast direction.
Portions of this 259,W0 m2 site have been
sculpted into badlands along a large wash
adjacent to the southern portion of the site.
The northern extent of26 Ck42Mis alow
density lithic scatter which appears to have
been subject to unauthorized artifact
collecting. The more southern reaches of the
site are characterized by generally low artifact
densities, except in areas of charcoal-stained
soil. Some of these burned areas are found in
association with fire-affected rock and lithics.
The character of the site in this southernmost
region is more a collection of scattered
campsites than a diffuse scatter of lithics as is
true to the north. Among the items reported
at this site are two obsidian points, including
a reworked point, possibly Elko or Amargosa,
and two Breyware sherds.
26

Ck

424s

This approximately 70,000 m2 site is
immediately east of 26 Ck 42M. It is
composed of three areas of greater artifact
density with sparser scatters of lithics
between. The westernmost portion of the site
contains a number of projectile points, as well
as several scatters of fire-affected rocks and
associated lithics. The central and
easternmost parts of the site possess greater
inventories of groundstone. A wide range of
lithic materials are reported at the site
including chert, limestone, basalt, rhyolite,
quartzite, sandstone, and obsidian.
SUMMARY

Initial indications are that, most of the
time, diagnostic items reported at these sites
are identified with the Pinto/Gypsum
(Archaic) and Puebloan (Anasazi) periods.
Projectile points, when present, are generally
early types, with some showing evidence of
having been reworked. There is also a
noticeable lack of ceramics. Pothunter activity
may, however, account for the overall sparsity
of this artifact class.
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Indications of cultural activity in portions
of the sites are often ephemeral, not an
uncommon situation when dealing with
sporadic or temporary use of an area over
long periods of time. Evidence of such use
would be expected to produce an
archaeological record similar to that found in
the project area. Sites are charactenzedby
disperse scatters of artifacts punctuated by
small localized concentrations of cultural
debris. It is expected that these
concentrations and associated features are
scattered in and around focal resource areas.
The densest portions of archaeological record
are not necessarily the centers of sites, but the
places where debris resulting from separate
occupational episodes overlaps (Ebert 1988:6).
Repeated use of a particular area would
produce overlapping activity deposits, creating
alarger, more intensive area of use in some
portions of the sites.
Evidence currently suggests that the
Eglington Escarpment was occupied
periodically over a long time span.
Occupation does not appear to have been
intensive; rather, seasonal exploitation of
subsistence resources associated with
ephemeral springs and low dunes seems to be
indicated.
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A Rancholabrean Fauna from the Las
Vegas Formation, North Las Vegas,
Nevada
Robert E. Reynolds', Jim

I.

Mead2, and Richard L. Reynoldsl

INTRODUCTION
Recent paleontologic investigations at the
Centennial Parkway site, SBCM 2.6.1, have
yielded an assemblage of vertebrate and
lnvertebrate fossils from 94 discrete loci in the
Las Vegas Formation that contains a minimum
of 44 taxa, including 16 taxa previously
unrecorded from the formation. The study
suggests that the depositional environment
was a "wet meadow' habitat similar to the

Quade and Pratt model (1989) and unlike the
habitat described for the Tule Springs
assemblage by Mawby (796n and Haynes

0e6n.

well as bones of fossil horse, camel,
mammoth?, bison, sheep, and deer.
According to Longwell (7946), the mollusks
represent both open water aquatic forms and
land snails. The presence of bison is
important because it indicates that the
sediments were deposited in the
Rancholabrean land mammal age, between
450,000 and 10,000 years before present
(Savage and Russell, 1983). Mawby (196n

notes that Bison is restricted to sediments of
Unit B which Haynes (1967, p.ln considered
older than 40,000 B.P. Longwell and others
(1955) mention corresponding radiocarbon
dates between L3,000 and 40,000 years before
present.

BACKGROUND
The Centennial Parkway site, SBCM
2.006.001, is located on the north side of
Centennial Parkway, approximately seven
miles west of Interstate 15 and approximately
4.5 miles east of Highway 95. The site is
located within the Pleistocene sediments of
the Las Vegas Formation which extend
northward in the Las Vegas Valley to Tule
Springs.

Previous geologic mapping of the area has
been conducted by Longwell and others (1965)
and Bell (1981). They describe the sediments
of the Las Vegas Formation as being finegrained lacustrine and fluvial sediments.
Longwell and others (1965) and Longwell
(1946) indicate that these fine-grained
sediments contain fossil clams and snails as

The most significant work done on the
Las Vegas Formation is presented as a series
of articles edited by Wormington and Ellis
(1964 and in important recent work by Quade
(1986) and Quade and Pratt (1989).
Wormington and Ellis (1967) includes accounts
of geology (Haynes), vertebrate fossils
(Mawby), pollen (Mehringer), and mollusks
(Taylor) as well as specific site reports. This
compendium indicates that there are several
localities in the Las Vegas Formation where
Pleistocene vertebrate fossils occur.
Occurrences are either in open sites or at
spring mounds along fault traces that cut the
Las Vegas Formation. A composite list of
vertebrate taxa known from the formation
prior to the Centennial Parkway investigation
is given in Table I.

METHODS

' Dirision of frarth Sciences, San Bemard.ino County
Muscum, Redlands CA 92374
2 Quatemary Studies I'rogram, Northem Arizona
University, Flagstaff AZ 86011

Page 140

The study was undertaken at the request
of the Bureau of Land Management, Las
Vegas District, prior to land sale and
development. Initial surveys and limited
sampling in |anuary and February, '1990 by the
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Table

I.

Las Vegas Formation Composite Fauna (Mawby,
1967; Simpson, 1933)

Amphibia

Anura.

Avos

.....

Fulica americana....
Fulica americana minor
Mareca americana

Aythyacollaris
Aythya affinis
Aythya sp. ........!.

frogortoad

.......

coot

. . small coot

...

ring-neckedduck

lesser scaup
duck
common merganser

Mammalia

Nothrotherium shastense . . . . . ground sloth
Megalonyx sp. ...
... groundsloth

Lepussp.

.....

jackrabbit

Sylvilagus sp. ...
.. cottontail rabbit
?Brachylagus idahoensis . . . . . pygmy rabbit
Dipodomys sp....
... kangaroorat

Thomomyssp.

...

..

pocketgopher

Thomomys ?perpallidus . . . . . pocket gopher
Microtus ct. M. californrcus . meadow mouse
Microtus sp....
..... vole
muskrat
Ondatra zibethicus
Cenislatrans
..... coyote
puma
Felis(Pumalsp....
Felis or Lynx sp.
. small felid
Panthera (Jaguarius) atrox .. . . . giant jaguar
Mammuthus columbi . . Columbian mammoth

Equussp.
Equussp.

(ls)...
(sm)..

Camelops hesternus
Odocoileus sp...,

Tetrameryx?
Bisonsp.

..... largehorse
..... small horse
., . .. Americancamel
...deer
.... pronghorn
... bison

San Bernardino County Museum (R.E.

Reynolds, Kathleen Springer, Allan Tedrow,
Quintin Lake, and |ames Bowden) identified
extensive fossil remains at the Centennial
Parkway site (Reynolds, 1990a). On the basis
of this initial assessment, a paleontologic
salvage protram was carried out by the SBCM
in ]uly and Autust,'1990. Ninety-four field
loci were identified and flagged at the site,
and the extent of each was explored by minor
or major quarrying. Fossil specimens from
each loci were collected, prepared, identified,
and curated into the perrnanent collections of
the SBCM as loans from the Bureau of Land

Management. A total of 12,700 pounds of
fossiliferous matrix was removed from five

SBCMA Spec. Publ. MDQRC 91

RESULTS

American widgoon

merganser,, . .
..largegoose
Anseriformes
.... owl
Bubosp.
Butooninae
.. soaringhawk
Teratornismerriami ... giantcondor

Mergus

quarry sites for water washing through
stacked 20/30-mesh screens and recovery of
small to microscopic fossils. Fossils were
identified by R.E. Reynolds, Richard L.
Reynolds, and Leslie P. Fay (SBCM);
invertebrates were further studied by I.t.
Mead, Northern Arizona University.

The Centennial Parkway locality (SBCM
2.006.001) produced 94 distinct fossil loci.
Preliminary curation indicates that at
minimum M taxa are present (Tables II, III).
These include large Ice Age mammals such as
horse, carnel, marnmoth, and pronghorn.
Mollusks and crustaceans indicate deposition
in and around ponds or marshes. Twenty-one
taxa of small vertebrates, including fish, frogs,
lizards, snakes, birds, rabbits, and rodents,
and large vertebrates (pronghorn, horse,
camel, mammoth) provide additional habitat
data. Extinct taxa indicate that deposition
occurred in the Rancholabrean Land Mammal
Age of Late Pleistocene times.

Stratigraphy
Fossil specimens were concentrated at a
single horizon in the stratigraphic exposures

Table

II.

Composite lnvertebrate Taxa, Centennial
Parkway site, SBCM 2.6.1

Plantae (plant remains)
Crustacea
Ostracoda (ostracodes)
Pelocypoda (fresh water clams)
Pisidium sp
P. casertanum
P. compressum
Gastropoda (frosh water snails, land snails, slugs)
Lymnaea sp
Helisoma I Piersoma) trivolvis
Gyraulus sp.
G. circumstriatus
Deroceras sp.
Vertigo sp.
V. berryi
V. cf. V. ovata

Vallonia sp.
V. cyclophorella
V. gracilicosta
fussaria sp.
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Table

III.

Composite Vertebrate Taxa, Centennial
Parkway, SBCM 2.6.1

Osteichthyes

Teleostei

bony fish

Amphibia

Anura.

...frogsandtoads

Hyla sp. (sm) .
Hyla sp. (lS) . .

.
.

small frog
large frog

....toad

Bufosp.
Reptilia

Gopherussp....
Lacertilia

tortoise

. . liza'ds

Sceloporus
S. cf. S. occidentalis
. . Great Basin sagebrush lizArd
Callisaurus cf . C. draconides zebra-tail lizard
.. hornedlizard
Phrynosoma sp. ...
i

Serpentes
Colubridae

snakes

nonvenomous snakes

Aves
Passeriformes (sm) . . .
Mammalia
Lepus sp.

Sylvilagussp. ...

.

small perching birds

jack rabbit

.. cottontail

rabbit
urus
. . . . . antelope ground squirrel
Thomomys bottae .. . Botta's pocket gopher
Dipodomys sp. a . . . . . . . small kangaroo rat
large kangaroo rat
Dipodomys sp. b
pocketmouse
Perognathus sp....
wood rat
Neotoma sp.

A

mmoip ermop

h

il us le uc

Peromyscussp, ...

maniculatus
?Microtussp. ...
Taxideasp. ...
ct.C.latrans
Camelidao
Camelopssp. ...
Antilocapridae
Equussp. (ls) ...
Equussp. (sm) ..
ct. Mammuthus

.. deermouse
. deer mouse

P,

...

meadowvole

... badger
..... coyote
....largecamel
..... largecamel
prong horn

.....
.....

largehorse
small horse
mammoth

some deflation, disarticulation, and scattering.
This would account for broken and abraded
specimens and specimens from single
individuals that are closely associated but not
articulated.
The erosional surface may be restricted to

the eastern margin of the exposures. This is
indicated in part by lenses of green silt
represented at the Rodent Quarry (C9) and
the Snail Quarry (C72) that occur in western
exposures. To the west, the section appears
to gtade conformably from the columnar Sray
silts through the fossiliferous green silts and
into the tan playa silts. This indicates that
specimens from the Snail and Rodent quarries
may represent different habitats than the
Mammoth Quarry, the C35 Trench, and loci
25 through 50 (see Table IV). The
stratigraphic relationships also suggest that
there may be a slight difference in time
represented in the concentration of bone,
measured most probably in tens of years but
not in hundreds of years.
Helpful discussion relative to stratigraphy
with C. Vance Haynes took place at the site
on August 7,7990. Dr. Haynes indicates that
the fossiliferous horizon may correlate to
portions of the older stratigraphic section of
the Las Vegas Formation. Specifically, the
gray silts may correlate with Unit 82 and be
overlain by tan silts of Unit B, and soils of Sr,
and be separated from mudstones of Unit D
by the Haynes Disconformity 'C'
(Wormington and Ellis, 1967 :37-38). Haynes
stated that this stratigraphic sequence 'is
beyond radiocarbon age." (Haynes,1967 p.17,
and personal communication to Reynolds,
August 7,7990).

ENVIRONMENT OF DEPOSITION
of the Centennial Parkway site. Relief at the
site provides as much as 20 feet of exposure
along a locally significant drainage. The lower
portion of the drainage is covered by recent
alluvium. The single horizon which contains
the concentration of fossil bone is located
eight to nine feet below a resistant layer of
caliche (Unit D of Haynes, in Wormington and
Ellis ,7967:55) which forms a cap over the Las
Vegas Formation in this area.
The fossil-rich horizon in part is an
unconforrnity developed on columnar Sray
silts deposited in a pond or shallow lake.
Fossils on this surface may have received
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The deposition of the fossiliferous horizon
at the Centennial Parkway locality apparently
took place over a period of time that may have
spanned tens of years but not thousands. The
stratigraphy indicates that portions of the site,
particularly the eastern exposures, are
lacustrine sediments that may have been

undergoing deflation and minor erosion. The
remains of extinct large mammals are found
on this surface. None of the specimens are
apparently articulated: some elements (C35
horse, C89 horse, and C91 camel) are closely
associated; other specimens appear to be
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Table

IV.

Faunal Distribution

(l{Q:Rodent Quarry, SQ=Snail Quarry, MQ=Mammoth Quarry)

TAXA

RO

so

Plantae

o

a

a

a

a

a

Gastropoda (land)

a

a

Ostracoda

a

a

Pelecypod

a

Gastropoda

(f

rosh wator)

Anura

a

Hyla spp

a

Bufo sp.

a

Lacertilia

a

allisa urus draconoides

a

a

a

a

rpentes
b

a

a

rid ae

Lepus sp

a

Sylvilagus sp.

a

Taxidea sp.

a

Thomomys boltae

sp.

a

a

Dipodomys sp. llgl

a

Dipodomys sp.

a

a

Perognathus sp.

a

a

ulatus

Neotoma sp-

o
a

a
a

Microtinae
Camelidae (lg)

a

cl

Equus sp.

a

lg.

Mammuthus sp.

a
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sediments. This suggests that seeps,
creeks, or standing water remained in the
western portion of the site. The fauna from
specific localities is given in Table IV.
The distribution of faunas at Rodent
Quarr/, Snail Quarry, and Mammoth
Quarry suggest that the most mesic of the
loci is the Rodent Quarry. This locus also
produced the greatest variety of taxa.
Notably, the Snail Quarry has less
abundant large and medium-sized

Dipodomys sp. (sm)

Pero mys c us man ic

a

a

Phrynosoma sp.

Colu

a

a

Sceloporus cl. occidentalis

Se

a

a

Teleostei

C

MO

scattered, isolated bones. Breaks on bones
are angular, not rounded, suggesting that
no stream transport was involved in their
deposition. That the bones were expos€d
on the surface is further indicated by
dermestid damage. Dermestids prefer to
pupate in wood, but use bone when no
wood is available. There does not appear
to be bias toward aged or infirm
individuals. The carcasses, however, rr.ay
have been localized in this area hcause of
marshy seeps and pond conditions with
water and forage.
Sediments in the western portion of the
Centennial Parkway site grade conformably
from gray columnar lake silts to gteen
unbedded silts to the overlyint tan playa

a

a

mammals. Rodent Quarry may represent a
marshy seep or swampy environment
which would sustain freshwater clams and
snails and attract large and small mammals.
Fish at this locus may indicate perennial
ponds connected by streams to larger
bodies of water. The most limited fauna
among the productive loci is from the
Mammoth Quarry, which produced no
mesic indicator taxa with the exception of a
microtine rodent. It is the easternmost of
the three most prolific western loci, and
may approach the environment of
deposition characterized by deflated
erosional surfaces indicated by the large
mammal bone accumulations to the east.
Snail Quarry is intermediate between these
two localities, with a less varied taxa, more
limited mesic species, but the greatest
diversity of rodents.
Burnt bones of both large and small
vertebrates and a few pieces of burnt wood
occur at many loci throughout the
Centennial Parkway site. The burnt bone
exhibits no size bias; in fact, even some
mollusk shells have been burned. The
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charred bone ranges in color from dark brown
to black to gray and white. This burnt bone
suggests that a brush fire swept the site at one
time. Haynes (1967, p. 56) regarded a high
percentage of darkened wood from Tule
Spring as being carbonized in a reducing
environment. The absence of carbon-rich
sediments at Centennial Parkway indicates
that a peat mat is not present and that the
occasional pieces of dark wood and abundant
dark bone were not the result of a reducing
environment. The absence of abundant or
large pieces of charcoal and charred wood
may indicate that trees were not present. This
is consistent with the presence of dermestid
damage in the bone; since dermestids will

preferentially pupate in wood, limbs or logs
may not have been locally present. The
absence of fossil raptors further suggests that
the area may not have been wooded.
No evidence for the cause of brush fire
was located. Fulgarites (sand fused to glass
by lightning strikes) have been found
associated with charcoal and baked clay chips
at the Daggett solar sites (Reynolds, 1985;
Reynolds and Reynolds, 1985) and suggest
that brush fires were started by lightning.
Methane ignition can cause for marsh fires,
but the absence of dark sediments in a
reducing environment suggests that the
Centennial Parkway site did not support a
marsh extensive enough to produce significant
methane. Because no selective burning is
evident in the distribution of burnt vertebrate
and invertebrate fossils, purposeful burning
(e.g. food preparation by hominids) is
unlikely.
The stratigraphy and comparative faunas
recovered from the Centennial Parkway loci
suggest that the area in the late Pleistocene
was characterized by locally permanent, but
not actively flowing, water and damp areas in
the westernmost portion of the site, with drier
surfaces undergoing erosion to the east. The
presence of large mammals indicates that
brouse was available, but negative evidence
suggests that the area was not wooded. The
combined presence of mesic amphibians, xeric
reptiles, and both mesic and xeric rodents
suggests that the climate was similar to but
moister than that in the area today.
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COMPARISONS WTTH
TULE SPRINGS
The Centennial Parkway site contains
certain taxa in corrunon with those recorded
by Mawby (196n from Tule Springs. These
include:
Anura (frog or toad)
Lepus sp. (jack rabbit)
Syloilagus sp. (cottontail)
Dipodomys sp. (kangaroo rat)
Thomomys sp. (pocket gopher)
Microtus sp. (vole)
Canis latrans (coyote)
Mammuthus alumbi (extinct columbian

mammoth)
Equus sp. (lg) (extinct large horse)
Equus sp. (sm) (extinct small horse)

sp. (extinct large camel)
Antilocapridae (pronghorn)
Camelops

The large mammals that occur in common
at both sites (pronghorn, camel, large and
small horse, mammoth, and coyote) are fairly
ubiquitous at many late Pleistocene sites with
open deposition. The small mammals that
occur in common suggest components of both
xeric and mesic environments that would be
expected where alluvial fan surfaces meet lake
shorelines or are cut by spring deposits.
The Centennial Parkway locality produced
certain vertebrate taxa that had not been
recorded during previous work in the Las
Vegas Formation. These include:
Peromyscus maniculatus (deer mouse)

Perognathus sp. (pocket mouse)
Ammospermophilus leucurus (antelope

ground squirrel)
Nmtoma sp. (wood rat)

The presence of these mammals in this
portion of the Las Vegas Formation may
reflect in part a difference in salvage
techniques used in earlier studies rather than
solely in Pleistocene populations. The San
Bernardino County Museum used 20-mesh
and 30-mesh screens when wet-sieving matrix
which may have resulted in the recovery of a
greater diversity of small vertebrates. The
four rodent taxa themselves suggest open,
perhaps xeric habitat, in contrast to the known
spring habitat recorded at Tule Springs itself.
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Generally, fossorial taxa occur as
disarticulated remains with no indications of
higher counts of minimum numbers of
individuals that would suggest intrusive
deposition of burrowing species and
internment of relatively complete specimens.
Birds are distinctly less abundant at the
Centennial Parkway site than at Tule Springs,
which may reflect a relative lack of water and
a lack of large trees preferred by raptors. The
bird skeletal remains are all from small birds
such as spalTows, finches, and warblers. The
birds from Tule Springs were all large birds,
including waterfowl and raptors.
No reptiles were found at Tule Springs.
Tortoise, lizards and snakes are recorded only
at Centennial Parkway. This may be an
artifact of collecting techniques, although
Mawby $96n specifically marked the absence
of Gopherus at Tule Springs and noted that it
was abundantly represented in Pleistocene
deposits at Gypsum Cave, Nevada. The fossil
lizards from Centennial Parkway, the zebratail, Great Basin sagebrush lizard, and horned
lizard, are iguanids that occur in the area
today.
A minor amount of Anura were recorded
from the Tule Springs site, but the Centennial
Parkway site specifically produced at least two
species of frogs and one toad. This sugtests
locally wet or seasonally wet conditions
necessary to support the reproductive cycle of
these amphibians.
Mollusks from the Centennial Parkway
site have not been studied in detail. They
include land snails and slugs, one freshwater
clam, and four freshwater snails. The land
snails and the slug may have been able to
survive under moist leaf litter in brush areas.
Taylor ('1957, p.39n describes one mesic
habitat, "...shallow creeks or ... the marshy
area of a seepage,' which could have
supported Pisidium casertanum, Lymnaea sp.,
and Vertigo sp. Mollusks which would occupy
another of Taylors mesic environments, "wellorygenated perennial fresh water", are not
pres€nt at the Centennial Parkway site.
Freshwater snails could have been found in
marshy seeps associated with the land snails.
Quade and Pratt (1989, pp 367-2) recognize an
intermixture of terrestrial and aquatic mollusks
as one factor in their determination of spring,
"wet meadow", and marsh deposits in Indian
Springs Valley.
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Ostracodes are present at Centennial
Parkway from the Rodent Quarry and the
Mammoth Quarry. These myriad crustaceans
occupy a wide variety of aquatic habitats, from
well-oxygenated perennial fresh water lakes to
brackish playas; some species can appear
seasonally in extremely small bodies of water.
Further study of these specimens may yield
very specific depositional data regarding the
depth, temperature and salinity of permanent
and occasional bodies of water at Centennial
Parkway in Late Pleistocene times.

SUMMARY
The Centennial Parkway site produced 39
taxa including new records of at least 15
species for the Pleistocene Las Vegas
Formation that were not previously recorded
at Tule Springs. They include:
Ostracoda (ostracodes)
Planorbula sp. (freshwater snail)
Helisoma sp. (land snail)

sp. (slug)
Hyla sp. (lg) (large frog)
Hyla sp. (sm) (small frog)
Bufo sp. (toad)
Gopherus sp. (tortoise)
Sceloporus cf . S. occidentalis (Great Basin
sagebrush lizard)
cf . Callisaurus dracoinides (zebra-tail lizard)
Phrynosoma sp. (horned lizard)
Colubridae (non-venomous snakes)
Ammospermaphilus leucurus (antelope
ground squirrel)
Neotoma sp. (wood rat)
P eromyscus maniculatus (deer mouse)
Deroceras

The mesic to xeric habitat at Centennial
Parkway differs from the spring mound
habitats found at Tule Spring or the pond and
lacustrine habitats near Tule Springs. The
Centennial Parkway site represents a distinct
depositional environment within the Las
Vegas Formation that had been undescribed
prior to work by Quade (1986) and Quade and
Pratt (1989) who developed models of spring,
"wet meadow', and marsh environments.
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A Brief Overview of the Late
Quaternary Paleoecology in the Upper
Las Vegas Valley and the Amargosa
Desert, Nevada
W. Geoffrey Spaulding, Dames & Moore, 4220 S. Maryland Parkway, Suite 308, Las Vegas, NV
89119

INTRODUCTION

In southern Nevada there exist sharp
latitudinal and elevational gradients that,
when viewed from the point of vegetation
distributions, mark the boundary between the
Creat Basin and Mojave Deserts (Cronquist
and others, 1972; Bowlands and others, 1985).
To the south of ca.37" N lat. creosote bush
and white bursage (Larrea diaaicata, Ambrosia
dumosa) dominate the valley bottoms, while to
the north of ca. 38' N lat. saltbush (Atiplex
confertifolia) and sagebrush (Artemisia noaa, A.
tidentata, A. spinescens) dominate. What
vegetation characterized this transition area
during the last glacial age?
The route north from Las Vegas on U.S.
95 follows the axis of the Las Vegas Valley
past Indian Springs, and then into the
Amargosa Desert. Evidence for former, wetter
climates can be seen in the white to buff
outcrops of mudstone that rim portions of the
valley. According to Quade (7986; Quade and
Pratt, '1989) these are the remnants of artesian
spring deposits that follow fault lineaments,
and that were active during the last
(Wisconsin) glacial age and the early Holocene
(to ca. 7500 yr B.P.). The fossil pollen record
from similar deposits at Tule Springs in the
upper Las Vegas Valley led Mehringer (1967)
to conclude that ponderosa pine (Pinus
ponderosa) expanded to the upper bajadas
during the last glacial age (before ca.22,000 yr
B.P.). Below that pluvial-age forest, piflon-

juniper (Pinus monophylla
- luniperus
osteosperma) woodland was thought to stretch
to near the valley bottom.
Subsequent research has shown that
desertscrub was not completely missing from
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low elevations during the last glacial age, and
hard evidence for ponderosa pine at higher
elevations has not been found. Glacial-age
packrat middens from elevations above ca.
1000 m do record woodland, but a drier sort
of woodland dominated by juniper. Above
that, a subalpine conifer woodland dominated
by limber pine (Pinus flexilis) occurred (Wells
and Berger, 1957; Yan Devender and
Spaulding, 1979). Middens from elevations
below ca. 1000 m in the Amargosa Desert (Fig.
1) and Death Valley suggest a mosaic of
woodland on more mesic exposures, and
desertscrub on drier sites (Wells, 1983;
Spaulding, 1990a).
REGIONAL SITES

Kyle Canyon Fan
Route 95 crosses the Kyle Canyon Fan
and offers a view of the Spring Range to the
west, and the 'narrows" of the Las Vegas
Valley to the east. To the northeast is the
Sheep Range. Packrat middens from that
mountain range have been used to establish
the glacial-age lower limits of subalpine
conifer woodland at - 1800 m elevation. That
major zonal boundary approximates the
present lower boundary of piflon-juniper
woodland, which can be seen from the road.

Point of Rocks
In the Amargosa Desert farther north,
several Late Wisconsin and early Holocene
packrat midden sites in current creosote bush
desertscrub have received detailed study.
Two sites are immediately north of the road
(the Point of Rocks -1 and -3 sites) and easily
accessible. One is at 930 m elevation on a
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xeric, southwest facing slope. It contains
units that have been dated from ca. 17,500 to
10,000 yr B.P. The other is from near the
bottom of the wash that drains into the
Amargosa Desert from Mercury Valley at 910
m elevation. Macrofossil assemblages from it
offer perspectives on the vegetation of a large
wash at the close of the last glacial age (ca.
11,800 to 9tt00

yr B.P.).

Two other sites can be reached from U.S.
95 farther down the road and nearer to
Lathrop Wells. The Skeleton Hills 2 and 4
sites come from somewhat more mesic
exposures, and record juniper woodland at ca.
930 m elevation during the Late Wisconsin
(SKa; ca. 15,000 to 14,000 yr B.P.), and
desertrrub lacking creosote bush during the
early Holocene (ca. 10,000 to 8200 yr B.P.;
Spaulding, 1990b).
SIGNIFICANCE OF PACKRAT MIDDEN
RECORDS FROM THE REGION
Interpretations of Late Pleistocene
environments in the southern Creat Basin
have changed substantially in the last 25
years. UIhat could be called a traditional
interpretation of the paleoclimate of the last
Ice Age is that of an equable glaciopluvial,
with substantial increases in rainfall (to a 100o/o
increase above modern) and no extreme
winter temperatures. This 'classic" view of
glacial-age climate is still forwarded by some
workers (e.g., Wells, '1983; Van Devender and
others, 198n, and is certainly in accord with
Mehringer's (196n reconstruction of
vegetation in the Las Vegas Valley.
Another type of glacial-age climate has
been favored by other workers studying the
environmental record of the southern Creat
Basin. Reconstructions calling for a
pronounced decline in winter temperatures
and much less increase (to ca. 40olo above
modern) in rainfall conllict with the equable
glaciopluvial model. The model of a colder,
drier glacial climate appe.rrs, in general, to be
more in accord with the plant macrofossil
record recovered from pa&rat middens in the
Amargosa Desert. These contain abundant
steppe shrubs (Artemesia subgen. Tidentatae,
Atiplu confetifolia, Tetradymia spp.) and, on
drier exposures, lack even the drought
tolerant Utah |uniper (Spaulding, 1990b). At
higher elevations the paucity of pifron pine,
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and the apparent absence of ponderosa pine,
also suggests a colder and drier climate than
that called for in the model of an equable
glaciopluvial.
Another aspect of the packrat midden
record from the Amargosa Desert deserves
special mention. The terminal Wisconsin and
early Holocene (12,000 to 8,000 yr B.P.)
midden assemblages from the Skeleton Hills-2
and the Point of Rocks-1 sites document
desertscrub, but a type of desertscrub much
different than that which occupies the
landscape today. At 9500 yr B.P. there was
no creosote bush present, nor had any other
of the thermophilous desert shrubs typical of
the present local vegetation (e.g. white
bursage, desert spruce [P eucEhyllum schot tii])
reached this locality yet. But several shrub
taxa important in modern desert ecosystems
arrived over the next 1000 to 1500 years.
These included white bursage and desert
spruce, but not creosote bush. Creosote bush
apparently had not reached this area by ca.
8000 yr B.P., and its immigration lagged
significantly behind that of other shrubs that
are its common modern associates (Spaulding,
1990b). Exactly when it arrived during
(presumably) the middle Holocene is
unknown. However, a Mojave Desert
ecosystem without creosote bush must have
been an interesting sight, and the expansion
of creosote bush through these desert valleys
must have been an even more intriguing
phenomenon.
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The Age and History of the Volcanic
Center near Lathrop We1ls, Nevada
L.D. McFadden, S.G. I{ells, and C.E. Renault, Department of Geology, University of New
Mexico, Albuquerque NM 87131
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INTRODUCTION
Many cinder cones do not evolve in the
way the vast majority of volcanologists have
believed. Many eruptions, separated in time
by decades to millennia, may occur at a given
location, leading to evolution of a complex
volcanic center. These are called "polycyclic
volcanos", to distinguish them from
monogenetic cones. Soil and geomorphic
studies compel this view; additional detailed
mapping (cones in Nevada and southern
California are polygenetic), application of new
age-determination methodologies (eg.
thermoluminescence ages show multiple
events), physical volcanological studies, and
petrologic studies (different tephras exhibit
different chemistries that reflect different
matma batches) have confirmed this view.
This has great implications for our
understanding of the fundamental processes
of magma generation, magma chamber
evolution, mechanisms of magma ascent in
the crust, and, especially, studies of eruption
probability. The latter problem is of particular
importance at the volcanic center near Lathrop
Wells relative to a proposed highJevel
radioactive waste isolation project.

360 50'

36.50'

360

36" 45'

45',

360 40'

360 40

GEOMORPHIC ASSESSMENT
Volcanic hazard studies for high-level
waste isolation in the Yucca Mountain area,
Nevada, require a detailed understanding of
Quaternary volcanism to forecast rates of
volcanic processes. Recent studies of the
Quaternary Cima volcanic field in southern
California have demonstrated that K-Ar dates
of volcanic landforms are consistent with their
geomorphic and pedologic properties. The
systematic change of these properties with
time may be used to provide age estimates of
undated or questionably dated volcanic
features.

SBCMA Spec. Publ. MDQRC 91

Eigure 1. Gmerulizeil gmbgic map of Crater Flat oolcanic fieM
arw cnd bundary of proposed railiaactiae ulste rcWsitory; iftset
mop shous butions,

The reliability of radiometric age
determination of the youngest volcanic center,
Lathrop Wells, near the proposed Yucca
Mountain site (Fig. L) in Nevada has been
problematic. A comparison of morphometric,
pedogenic, and stratigraphic data establishes
that correlation of geomorphic and soil
properties between the Cima volcanic field
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and the Yucca Mountain area is valid (Fig. 2).
Comparison of the Lathrop Wells cinder
cone to a 15-20 ka cinder cone in California
shows that their geomorphic-pedogenic
properties are similar and implies that the two
cones are of similar age. Thus, previous
determinations of ca.0.27 Ma for the latest
volcanic activity at Lathrop Wells,
approximately 20 km from the proposed
repository, may be in error by as much as an
order of magnitude, and the most recent
volcanic activity is no older than 20 ka.

DISCUSSION
The type of complex eruptive activity
observed at small basaltic centers, such as
Lathrop Wells, is defined as polycyclic (Crowe
and others, 1989; Wells and others, 1990;

Crowe, 1990) and differs significantly from
previous interpretations of monogenetic
volcanic centers (Wood, 1990). A stratigraphic
sequence exposed in a quarry wall at the
Lathrop Wells center contains geomorphic and
volcanic features which indicates that
eruptions at this center were polycyclic.
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Field observations of the quarry
provide unequivocal evidence for a
volcanic origin for stratigraphic units 3
through 5 (Wells and others, 1990; Fig.
2A) involving processes of ballistic fallout from strombolian eruption columns
(Head and Wilson, 1989). Criteria for a
primary fall origin of the beds include
planar top and bottom contacts,
uniformity of thickness of each
stratigraphic unit over contact
irregularities (draping), unsupported
fabric with elongation of larger, ballisticshaped tephra parallel to the basal
contact, internal reverse grading reflecting
eruptive column dynamics, and absence of
cross-bedding and bedding lenticularity
(Fisher and Schminke, 1.984).
Field observations show that, first,
the upper meter of the section (unit 2 of
Fig.2A; Wells and others, 1990) is
primarily eolian sand and silt with
intermixed and reworked lapilli and thus
not interpreted as a primary fall deposit.
Unit 2 forms the sand ramp flanking the
base of the main vent. Second, the
remainder of the quarry section (units 3
through 5) is composed of open-framework
scoria with quartz-rich eolian sand and silt
filling voids within the upper portions of each
unit. Fragments in these units typically
display fragile glassy-coated irregularities and
edges and, where pedogenesis has been more
pronounced, display brownish oidized tops
and coatings of pedogenic accumulations such
as CaCO, on their undersides. In contrast to
unit 2, the eolian silt and sand filling the voids
of units 3, 4, and 5 originated by the
downward penetration of windblown clasts
into the interstices of in situ tephra. Such
processes are recognized by the downward
decrease in the abundance of silt and sand
within interstices and are significant
throughout desert regions during the
formation of arid soils and stone pavements
and on the surface hydrology and ecology of
desert slopes (e.9. Yaalon and Ganor, 1973;
McFadden and others, 1987; Yatr, D\n.
An alternative intelpretation that all units
exposed in the quarry were eroded, reworked,
and redeposited by wind and mass wasting is
(1) incompatible with criteria for
distinguishing primary tephra fall and (2)
inconsistent with the geomorphology of
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Lathrop Wells main cone. The main cone has
pristine slopes which attain angles of 29",
prominent garlands which form during
volcanic eruptions (McGetchin and others,
1974), and a paucity of any rills and gullies
which must occur by runoff from porous cone
slopes. Cone slopes at Lathrop Wells lack any
post-eruption morphological forms related to
wind erosion or reworking such as the largescale ripples observed on the flanks of Sunset
Crater in Arizona (Breed and others, 1984) or
downwind streaks behind the cone which may
be related to turbulent winds sweeping away
eolian particles (Greeley, 1986). Cone slopes
of the Lathrop Wells main vent lack debris
flow channels, levees, and snouts or any other
types of mass wasting forms (e.g.,
slump/landslide scars). Based upon criteria
established by Renault and others (1988) and
Renault and Wells (1990), the quarry deposits
which occur tens of meters from the base of
the main cone are not colluvial apron
deposits.

The volcanic center is complex, and this
complexity was illustrated by the detailed
mapping of Crowe and others (1988),
depicting three fissure zones, four sets of
vents, and three groups of lava flows. Field
observations also indicate that tephra units
within the quarry section are derived from at
least two spatially separate vents, one
associated with fissure system and the other
with the main cone.
Several other volcanic centers in the
southwestern United States display
volcanologic, pedogenic, and geomorphic
features consistent with polycyclic volcanism
and similar to those at Lathrop Wells cone
(Renault and others, 1988; Crowe and others,
1989; Renault and Wells, 7990), and these
volcanic centers are not in regions with eolian
activity as dominant as those at Lathrop
Wells. The alternative interpretation, which
involves large-scale wind erosion or mass
wasting of the cone slopes at Lathrop Wells
volcanic center, cannot be used to explain
these regional similarities among volcanic
centers with varying amounts of eolian
activity. The scoria deposits at Lathrop Wells
are of primary origin and they represent
multiple eruptive events separated by periods
of inactivity.
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The Tecopa Lake Beds
Midrael O. Woodburne, Department of Geological Sciences, University of California, Riverside
CA 9?521.,, and David P. Whistler, Section of Vertebrate Paleontology, Natural History Museum of
Los Angeles County, 900 Exposition Blvd., Los Angeles CA 90003

INTRODUCTION
The Tecopa Lake beds comprise a series of
lacustrine, and marginally, fluviatile deposits
that accumulated in a basin in the vicinity of
Tecopa Hot Springs, California. The basin
now extends over an area of approximately 50
square miles, with an exposed sedimentary
sequence about 150-200'thick. The deposits
are largely gypsiferous mudstones, colored
various shades of gray, grayish green and
grayish brown. These are interbedded with
layers of tufa, especially in the lower part of
the section. Some of the beds are tuffaceous.
Near the eastern side of the outcrop area, in
the vicinity of the Resting Springs Range, a
series of 'fanglomerates' are interbedded with
the sediments.

three instances. This peculiar mode of
preservation is interpreted as entrapment in
'mud springs" around the shore of ancient
Lake Tecopa. Such springs are currently
present in the Tecopa Basin and are formed by
thermal water upwelling through the
dominantly clayey lake sediments. All of the
other fossil taxa, except for the flamingo, are
represented by fragmentary material, mostly
tooth fragments.

A faunal list of the material in the LACM
collections is given in Table I.
The flamingo is the only bird, but it has
been recovered from seven localities in the
Tecopa Lake beds. The mastodont is
represented by only two specimens, the

mammoth by a single occurrence. At least
two, distinctly different size horses are
present, but neither is common. The

PALEONTOLOGY
Table

I.

Tecopa Lake Beds fauna, LACMNH collections

LACMNH
Specimens represented in the collections
from the Natural History Museum of Los
Angeles County (LACM), Section of
Vertebrate Paleontology, are from an
approximately three square kilometer ,rea on
the southeastern side of the Lake Tecopa
Basin. All specimens w€re recovered from
massive, gray mudstones with no apparent
bedding structures. All occurrences were
recovered stratigraphically from between two
yellow volcanic ash beds (Tuff B and Tuff C of
Shepard and Gude, 1968).
Camels dominate the fossil assemblage,
with at least five different species. The mode
of preservation of these camels is noteworthy,
the most corunon occurrence being limbs
preserved in the standing position, but lacking
the axial skeletons connecting the limbs. The
small amphitheater that yielded most of the
fossils was therefore nicknamed 'Standing
Camel Basin'. Only one site (LACM 7111)
yielded axial skeletal and skull material, and
these were directly associated with limbs in
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Aves
Phoenic optorid ae
cf . Phoenicopterus (flamingo)

Mammalia
Camelidae
Camelinae

Camelops sp. (camel)
ct. Hemiauchenia sp. A or cI. Paleolama
sp. (short legged llama)
cl. Hemiauchenia sp.B (small, stilt-logged
llama)

cl. Titanotylopus (giant camel)
Miolabinao or Stenomylinae
Undescribed genus and species {goat-like
camel)

Antilocapridao
Genus indetorminate (prongbuck antelope)
Equidae

ct. Equus, small species (burro

sizod

horso)

ct, Equus, largo species (horso)
Mammutidao or Gomphotheridao
Gonus indeterminate (mastodont)
Elephantidae

ct. Mammuthus (mammoth)
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antilocaprid, known from a single specimen, is
as large as the living Antilocrpra, but cannot be
unquestionably identified. Among camels,
material referred to Camelops is by far the most
abundant, except for the single occurrence of a
peculiar new camel described below. The
large species of Hemiauchenia is represented at
seven different localities, but the small, stiltlegged Hemiauchenfa is represented by a single
specimens. Titanotylopus is known from two
localities.

LACM 7111Camel
The most unusual, and the most
numerous camel (in terms of total specimens)
is undoubtedly a new genus and species with
uncertain subfamily affinities. Except for a
single isolated phalanx, the entire sample of
this new Benus is derived from one locality

(LACM 7111). However, there are a minimum
of 17 individuals recovered in place and an
undetermined number of additional
individuals completely weathered out and

scattered over a 50 square meter area.
Included in the 17 individuals are a partial
juvenile skeleton and a nearly complete adult
skeleton.
This is a distinctive camel with
foreshortened, unfused metapodials with the
metacarpals far more robust, but only slightly
longer than the metatarsals; retention of a
vestigial, unfused MT I and MT IV; shortened
medial phalanges, an unusual, transversely
flattened ungual phalanx with a distal groove
(?clawed?; an elongated calcaneus and a short
wide astragalus; enlarged procumbent 11-21
and I/L, Il2, and I/3, vestigial C/1, no C1/ or
P1/1 or Y212, highly reduced Fti/3 and P4l4
and enlarged, nearly hypsodont molats,
particularly M/3; and a typically elongate
camelid neck and large head in proportion to

body size.
This camel contains a previously
unknown combination of plesiomorphic
characters (unfused metapodials, retention of
upper incisors) and apomorphic characters
(shortened feet, specialized ungual phalanges,
elongate calcaneus and short, wide astragalus,
procumbent incisors, reduced premolars and
very high-crowned molars). One must look at
the earlier Miocene (approximately 16 million
years) record of miolabine (Maxson, 1930)
and/or stenomyline (Frick and Taylor, 1968)
camels to find possible ancestors for this
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Table II. Tecopa take Beds fauna, University of Califomia,
Riverside collections

lnsoctivora
Soricidao (shrews)

Sorex cf. S. cinereus ilR2-Rct.l
Notiosorex jacksoni [Bl3-lR1 I
Lagomorpha
Leporidae (hares)
Hypolagus ct, H. limnetus IBL3-4I
Rodontia

Sciuridae (squirrels)
Spermophilus cf . S. bensoni t?BL-lRI
Heteromyidao (kangaroo rats, etc.)

Dipodomys two new sp. (kangaroo rat)
lBl2, lr1-Rct.I
Cricetidae (mice, etc.)
Peromyscus cf . P. baumgartneri lmousel
IBI3I
Sigmodon sp. (cotton rat) [BL1-Rct.]
Repomys* sp. IHh3-BL4l
Neotoma sp. (woodrat) [Hh2-Rct.]
Carnivora

.

Canidae

Vulpes? sp.

(*appoars

to be moro Neotomalike;

M.O.

Woodburne, pers. obs., 1991)

lin bracket:

etc.. refers to notations in
198, Systomatic lndox; Hh
mammal age; Bl = Blancan; lr =
Bl3-1R1,

Woodburno,

Hemphillian
lrvingtonian; Rct.

=

Rocentl

combination of characters.
Some of the unusual characters
(shortened metapodials, more robust
metacarpals, elongate calcaneus) suggest
mountain goat like adaptations. This could
explain the absence of a fossil record for this
camel in the interval between the earlier
Miocene and middle Pleistocene due to the
paucity of fossil occurences representing
montane environments.
UCR

University of California, Riverside,
personnel visited the Tecopa Lake beds in
1971 and 1972 and made collections of
micromammals from sites in the same areas,
and about 0.5 miles east of those obtained by
the Natural History Museum, Los Angeles
County.
The UCR specimens come from an
interval that includes sites about 15 feet
stratigraphically below the prominent
yellow-brown tufa layer designated as Tuff C
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by Shepard and Gude, although this
correlation is somewhat tentative due to the
flat-lying nature of the beds, the low relief
(with reduced extent of exposed section), and
the distance from the main LACM sites and
UCR's RY-7724, the main micromammal site.
lf Tuff C of Sheppard and Gude (1968) is
equivalent to the Huckeberry Ridge Tuff, it
would be about 1.9 Ma old (Sarna-Wojcicki
and others, 1984: 31).
]ames (1985) reports on the vertebrate
paleontology of RY-7724 and indicates the
taxonomic list given in Table II.
DISCUSSION

Sarna-Wojcicki, A.M., H.R. Boweman, C.E. Meyer,
P.C. Russell, M.|. Woodward, G. McCoy, |.|.
Rowe, ]r., P.A. Baedecker, F. Asaro, and H.
Michael, 1984. Chemical analyses,
correlations, and ages of Upper Pliocene and
Pleistocene ash layers of east<entral and
southern California. U.S.G.S. Professional
Paper 1293:740.
Sheppard, R.A., and A.J. Gude, 3rd,'1958.
Distribution and genesis of authigenic silicate
minerals in tuffs of Pleistocene Lake Tecopa,
Inyo County, California. U.S.G.S.
Professional Paper 597: 1-38.
Woodburne, M.O., ed., 7987. Cenozoic Mammals
of North America. Geochronology and
Biostratigraphy. University of California Press,

Berkeley. 335p.

The fauna seems consistent with a
possible late Blancan age, although it must be
noted that many species are subject to further
study, and the troups to which they pertain
subject to revision. All of the genera to which
these species apply range in age from about
late Hemphillian or Blancan to Recent. The
only taxon apparently restricted to a
pre-lrvingtonian age is Repomys, but the
identification of this genus may be in some
doubt.
If the Tuff C is equivalent to the
Huckeberry Ridge Tuff and if the ca 1.9 Ma
age for this unit is accurate, and if the UCR
micromammal site definitely occurs
stratigraphically below Tuff C, the faunal and
isotopic data could be consisent with a Iate
Blancan age for the Tecopa micromammal

fauna. At the moment, and pending further
specific and stratigraphic analyses, an
lrvingtonian age for this fauna cannot be ruled
out.
REFERENCES

Frick, C. and B.E. Taylor, 1958. A generic review
of stenomyline camels. American Museum
Novitates, 2353:1-51.
James, Barry, 19&5. Late Pliocene @lancan)
nonmarine and volcanic skatigraphy and
microvertebrates of t"ake Tecopa, California.
Unpublished Master's Thesis, Department of
Earth Sciences, University of California,
Riverside.
Maxson, I.H., 1930. A Tertiary mammalian fauna
from the Mint Canyon Formation of Southern
California. Carnegie Institution of
Washington, Contributions to Paleontology,
404:77-772.
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The Shoshone Zoo: A Rancholabrean
Assemblage from Tecopa
Robert E. Reynolds, Division of Earth Sciences, San Bernardino County Museum, Redlands CA
92374

discussed by Woodburne and l{histler (this
volume) span the Late Blancan Land Mammal
Age (LMA) and are no younter than the late,
but not latest, Irvingtonian LMA.

BACKGROUND
Vertebrate fossils from the Tecopa lake
beds (Chesterrnan, 1973) have been collected
by the San Bernardino County Museum
(SBCM) (Reynolds, 198n, the Natural History
Museum of Los Angeles County, and the
University of California, Riverside
(Woodburne and Whistler, this volume), and
by students from Sonoma State University.
]ames (1985) and Woodburne and Whistler
(this volume) suggest that the lowest faunas
from Tecopa are Late Blancan in age, based on
the presence of Hypolagus limnetus and
Spermophilus bensoni (Savage and Russell, 1983;

Woodburne, 198n. This age determination

The Shoshone Zoo Fauna
The Shoshone Zoo fauna (SBCM 5.1.8)
was summarized by Reynolds (1984. It
includes:
Mammuthus columbi (mammoth)
Camelops sp. cf. C. hesternus (camel)
Hemiauchenia sp. (llama)
E quus

A single specimen of M.columbi (SBCM
A 1,477-1) has been recovered from the top of

is

the lacustrine sediments at SBCM 6.1.5, near
the Amargosa Borax Workings.
The significance of Mammuthus columbi
from the Shoshone Zoo site is as an indicator
of the Rancholabrean Land Mammal Age, no
older than 0.45 Ma (Savage and Russell, 1983;
Woodburne, 198n.

substantiated by the position of the fauna
stratigraphically below the 2.02 Ma
Huckleberry Ridge Ash (HRA) (Tuff C of
Sheppard and Gude, 1968). Other faunas
discussed by Woodburne and \4/histler (this
volume) lie below Tecopa Ash B (Sheppard
and Gude, 1968) which Sarna-Wojcicki and
others (1984) have correlated with the Bishop
Ash (IAQ avg.0.73 m.y.). Higher in the
lacustrine section at Tecopa, Ash A (Sheppard
and Gude, 1968; Chesterrnan, 1973) has been
equated with the 0.6 Ma Lava Creek B
(formerly Pearlette Type O, Sarna-Wojcicki
and others, 7984). These relationships are
summarized in Table I. The biostratigraphy
and tephrochronology suggest that the faunas

Table

I.

ENVIRONMENTS OF DEPOSITION

In contrast to the Irvingtonian and
Blancan LMA localities in the Tecopa section
(Woodburne and Whistler, this volume), the
Shoshone Zoo assemblage is contained within
vertical fractures that cut Irvingtonian LMA
sediments that contain the Bishop Ash (0.73
Ma) (Fig. 1). The fractures developed in
brittle, playal sediments; they do
not extend into the underlying

Correlation of Ashes, Tecopa Lake Beds

d

Ml

Sheppard & Gude 1968

Sarna-Wojcicki et

Tecopa Ash A

Lava Creek B (Pearlette Type

Tecopa Ash B

Bishop Ash (lAQ avg.)

o.73

Tecopa Ash C

Huckleberry Ridgo Ash

2.O2
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mna ersi d ens (horse)

Lepus sp. ct. L. californlcus (jackrabbit)

1984
O

o.6

plastic lacustrine silts (Reynolds,
198n. The fill in these fractures
exhibits bedding features that are
discordant with surrounding, flatlying lake sediments. Without close
examination and without
excavation, the internal structure of
these cross-cutting features are not
readily apparent (see Figs 2 and 3).
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Ftg.

1.

Fracture fills with slump feuures

Fig.

2.

Slump sedimmts in wrtical fracture in utell-bedded early Pleistocme lake scdiments (xe Fig. 3). R.E. Reynolds photo.
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intemal bedding cut bedded hcustine sediments. R.E. Reynolds photo.
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Spring Deposits
The author has examined fossiliferous
sediments deposited by spring activity, where
water under pressure has percolated upwards
along fractures and conduits. At Bitter Spring
Playa (SBCM 1.72.10, Reynolds and
Woodburne,198n, sand and gravel pipes cut
lacustrine silts; at Piute Valley (SBCM 1.28.'l),
pipes cut and fed spring mounds at the
margin of lacustrine sedimeirts; and at
Lakeview Hot Springs (SBCM 5.3.x), pipes or
fractures cut a 65' thick section of silt and
beds of river sand. In all of these cases, silts
and clays have been removed from pipes and
conduits by upward percolation of water.

$/hen hydrostatic pressure was reduced, the
subsequently reduced carrying capacity left a
depositional sequence that fined upward, from
rounded gravels to fine, sorted sands. These
sands were silt-free, despite the fact that the
walis of the conouit were composed of clays
and silts. Distinctive seciimentary textures,
such as (a) weli-rounded clasts of rock and
bone, (b) well-sorte,j sands, and (c) sandCominated matrix to the exclusion of silt, were
ncrt observ'eci in the Shoshone Zoo fractures.
In pipes at Piute Valley, Bitter Spring, and
Lakeview Hot Springs, there were never
articulated skeletal elements. Fragile skeletal
elements such as scapula, vertebrae, and ribs
were missing. No ja.ws or maxillae were
preseni wiih Centition, and
dentitior, gerieraily consisted of
isolated and abraded teeth.
Desiccation Cracks
Giant dessication cracks are
discussed by Fife (1980, 1988) who
examined the interior of these
fractures. He noted mud draping
(drapes caused by playa runofQ
along walls and over blocks of wall
debris. He also observed that
refilling of the fractures was by
blocks of playa sediments from
walls as well zrs by mud from playa
runoff. Because the carrying
capacity of the playa runoff was
low, large clasts of exotic lithologies
were absent.
Shoshone Zoo Fractures
Excavations by SBCM

volunteers at the Shoshone Zoo
allowed the following features to be
observed:

1. Fractures contained angular
blocks from overlying beds.
2.

Fractures contained angular and
rounded cobbles of the same
lithologies as are found in
fanglomerates to the west.

3.

Flat-bedded, angular, poorly
sorted gravels and silts filled spaces
between larger clasts.

i.

Detail of Fig. 2 fracture fill, showing intemal bedding and flat-lying fossil
Fig.
limb bnes @hite). R.E. Reynolds photo.
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Fanglomeratea

White calcareous silt

Brown sandston€ with
soil profilo

White calcaroous silt

Tan playa silt

with fracturos

Tan playa silts

Gray lacustrine claYs
Gray lacustrine clays
Lava Creek B Ash

Lava Creek B Ash
O.6 Ma

0.6 Ma

Gray lacustrine claYs
Gray lacustrine claYs
Ash
Ash

Fis' 4b.

Fig.4a.
Fig.

4.

Stratigraphic sections at Shashane

Zm. h)

unaltereil

*ctbn;

articulated skeletons of rabbits lay
conformably on the flatJying bedding Planes'

4. Two

5. Skeletal remains from individual large
mammals were often articulated or closely

(b)

fracturel xction.

present.

g.

sediments in fractures did not exhibit
reduction of silt, sorting of sands, or rounding
of bone and ro&.

associated.

DISCUSSION

6.

Associated/articulated limbs of large
mammals were draped at unusual angles

boulders and did not conform to
plane deposition.

over
bedding

Vertebrate remains were unrounded and
unabraded. Mandibles contained complete
tentition. Fragile scapulae and vertebrae were

7.
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Deposition in fractures at the Shoshone
Zoo vras by rockfall from walls, aeolian
sources of silts, and some brief flooding
episodes related to the development of
prograding alluvial fans. The fauna sutgests
that there was selective entrapment of nonclimbing herbivores, particularly yount
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individuals. Large animals fell into the
fracture, died, and decomposed, and the arid
conditions preserved hide to the extent that
their skeletons would be held in articulated or
nearly articulated positions during further
burial. Carcasses of rabbits were small
enough to fit between larger fall blocks and
would come to rest in conformity with
bedding planes of unsorted gravels between
the blocks. Heteromyid teeth are extremely
rare in the fracture fill, and other rodents and
climbing animals are absent. In contrast to
Bitter Spring Playa and Piute Valley, the
Shoshone Zoo fractures have low taxonomic
diversity, and none of the taxa suggest
preferences for lacustrine, marsh, spring, or
even mesic habitats.
The end of lacustrine deposition in the
Tecopa Basin is marked by the transition from
greenish-gray silts to pinkish playa sediments
followed by prograding alluvial fans. The
fractures were open during early stages of
fanglomerate deposition as indicated by the
relatively low percentage of exotic cobbles and
gravels. The fractures do not appear to be
cracks resulting from desiccation. The
fractures may be formed tectonically and
linked to structures that locally offset the 0.6
Lava Creek B (= Tecopa Ash A, Pearlette O).
The Sheephead Pass Fault has been mapped
1.25 miles southwest of the Shoshone Zoo
locality (Chesterman, 1973), although the
timing of its activity is not constrained.
SUMMARY
Specimens of Mammuthus columbi from
localities SBCM 6.1.8 and 5.1.5 are important
as indicators of the Rancholabrean LMA
(0.45-0.1 Ma, Savage and Russell, 1983;
Woodburne, 198n. The sedimentary sequence
at Tecopa suggests that lacustrine deposition
was ceasing and fanglomerates were filling the
Tecopa basin during the Rancholabrean LMA.
Roger Morrison (p.c., May 1991) is studying
new data that suggests that lacustrine
deposition in Lake Tecopa may have
continued to 160,000 ybp.
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Rancholabrean Age Vertebrates from
the Southeastern Moiave Desert,

California
George T. lefferson, George C. Page Museum, 5801Wilshire Boulevard, Los Angeles, CA 90036

Rancholabrean Age fossil vertebrates have

INTRODUCTION
The late Pleistocene, Rancholabrean North
American Land Mammal Age succeeds the
early Pleistocene, Irvingtonian Age (Savage,
1951) and extends from about 500 to 10 ka BP
(Kurten and Anderson, L980) (for a discussion
of problems in distinguishing Irvingtonian and
Rancholabrean Ages see Lundelius and others,
1987, p.223). Based on the first appearance oI
Lagurus, Repenning (198n placed the
Irvingtonian/Rancholabrean boundary at about
400 ka BP. The Rancholabrean is typified by a
suite of extinct, primarily large mammalian
taxa that includes the first appearance

been recovered from a variety of deposits
within the southeastern and far eastern

Mojave Desert, California (Fig. 1). Typical
sites include limestone solution caves,
woodrat (Neotoma sp.) middens, and fluvial
and lacustrine sedimentary deposits

(Appendix 1). Nearly all amphibian, reptilian,
avian and small mammalian taxa (Table I)
occur only in cave or woodrat midden
assemblages. Avian predators and smaller
mammalian carnivores are apparently
responsible for the accumulation of much of
the preserved material typically found in cave
deposits (Andrews, 1990). Specimens of

Megalonyx j effersoni, Mammuthus
alumbi, Platy gonus compr*suq

Camelop hat ernus, Odocnileus,
Antilocapra nnericatu, and Bison.

Also present during this time are
many extant, primarily smaller
species that often exhibit extralocal
geographic distributions.
Approdmate temporal ranges
for the Rancholabrean Age, North
American glacial/interglacial stages,
and correlative late Pleistocene
marine oxyten isotope stages (Hays
and others, 7976) arc as follows.
The Rancholabrean Age includes
most of the Illinoian, Sangamon,
and Wisconsinan glacial/interglacial
states. The Illinoian glacial stage
extends from about 500 ka BP to
about 130 ka BP ago (the end of'8O
stage 5). The Sangamon interglacial
18O
stage 5 and
stage correlates with
rantes in age from about 130 to 70
ka BP; and the Wisconsinan glacial
18O
stages 4
stage correlates with
through 2, ftom about 70 to 10 ka
BP.

MOJAVE DESERT
TWENTYNINE
PATMS

7

I

PAt
seercs ^-

Eig. 7. Major Ronclnlabrem Age wfiebrale fossil bcalities, SE lvloiooe Duert.
- Antebpe Cow; 2 = f'obtn4 Caoe; 3 = Mcxal Catte; 4 = Mitchell Cooems ;

7

S-Pinto Basin; 5 -Piute Vallcy; 7 -29 Palnts; I =Valley Welb
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Table

I:

Rancholabrean Vertebrate Taxa from the Southeastern Moiave Desert Region

Explanation: EL = extralocal range; LI = local inhabitant in suitable habitats; RLJ = rare or
uncommon; SI = seasonal inhabitant in suitable habitats; XT = extinct. Geographic information is
from Stebbens (1954), Hall and Kelson (1959), and Garrett and Dunn (1981).

CLASS OSTEICHTHYES
Order Cypriniformes
Cyprinidae, chubs
CLASS AMPHIBIA
Order Anura
Bufo punctatus, red-spotted toad, Ll
CLASS REPTILIA
Order Chelonia
Gopherus agassizi, desert tortoise, Ll
Order Squamata
Phrynosoma platyrhinos, desert horned lizard, Ll
Sauromalus sp., chuchwallas
Crotaphytus collaris, collared lizard, Ll
Gambelia wislizenii, long-nosed leopard lizard, Ll
Sceloporus occidentalis, western fence lizard, EL
Sceloporus sp., spiny lizards
Coleonyx variegatus, western banded gecko, Ll
Cnemidophorus tirgris, western whiptail, Ll
Cn emidophorus sp., whiptails
Eumeces sp. cf . E gilberti, Gilbert's skink, EL
Hypsiglena torquata, night snake, Ll
Lampropeltis getulus, common kingsnake, Ll
C hionac tis o ccipitalis, westarn shovel-nosed
snake, Ll
Rhinocheilus lecontei, long-nosed snako, Ll
Crotalus viridis, western rattlesnake, EL
C. atrox, western diamondback rattlesnake, Ll
CLASS AVES
Order Podicipedif ormes
Aechmophorus occidentalis, western grebe, RU
Podiceps sp. cf . P. nigricollis, eared grebe, Sl
Order Falconiformes
Buteo sp. ct. B. jamaicensts, red-tailed hawk, Ll
Gymnogyps sp. cf. G. amplus, condor, XT
G. californicus, California condor, EL
Falco sparverius, American kestrel, Ll
F. mexicanus, prairie falcon, RU
Order Galliformes
Centrocercus sp., sage grouse
Meleagris sp. cl. M. crassipes, turkey, XT
Order Gruiformes
Fulica americana, American coot, Ll
Order Cuculiformes
Geococcyx californianus, greater roadrunner, Ll
Order Strigiformes
Orus sp. cl. O. asio, screech-owl, Ll
Bubo virginianus, great horned owl, Ll
Order Passeriformes
Gymnorhinus cyanocephalus, pinyon iay, Ll
Corvus corax. comman raven, Ll
ct. Oporornis sp., warblers

Page 154

CLASS MAMMALIA
Ordor lnsectivora
Sorax sp. ct. S. cinereus, masked shrew, EL
Notiosorex crawfordi, desert shrew, Ll
Order Chiroptera
Myotis leibii, small footed mouse-eared bat, Ll
M. thysanodes, fringed mouso-oared bat, Ll
Plecodus sp. cf. P. townsendii, Townsend's bigeared bat, Ll
Antrozous pallidus, pallid bat, Ll
Order Edentata
Megalonyx sp., ground sloth, XT
Nothrotheriops sp., ground sloth, XT
Order Lagamorpha
Ochotona princeps, pika, EL
Sylvilagus sp. cf. S. audubonii, desert cottontail

rabbit, Ll
S. sp. cf. S. idahoensis, pygmy rabbit, EL
Lepus californrcus, black-tailed jack rabbit, Ll
Order Rodentia
Tamias minimus, least chipmunk, EL
Tamias sp. (intermediate-size), chipmunk
Tamias sp. (large-size), chiPmunk
Marmota sp. ct. M. flaviventris, yellow-bellied

marmot,

EL

Spermophilus townsendii, Townsend's ground

squirrol,

EL

S. lateralis, golden-mantlod ground squirrel, EL
S. variegatus, rock squirrel, Ll
Spermophilus sp., ground squirrel
Ammospermophilus sp. cl. A. leucurus, whitetailed antelopo squirrel, Ll
Thomomys sp., westorn pocket gophers
Dipodomys merriami, Merriam's kangaroo rat, Ll
Dipodomys sp., kangaroo rats
Perognathus sp., pocket mico
Reithrodontomys megalotis, westorn harvest
mouse, Ll
Peromyscus sp,, deor mice
Neotoma albigula, white-throated woodrat, EL
y'y'. sp. cf . N. cinerea, bushy-tailed woodrat, EL
Iy'. sp. cf . N. lepida, desert woodrat, Ll
N. stephensi, Stephen's woodrat, EL
Microtus californicus, California volo, EL
Lagurus curtatus, sagebrush vole, EL
Order Carnivora
Canis latrans, coyote, Ll

Vulpes sp. cl. V. macrotis, kit fox, Ll
lJrocyon cineroargenteus, gray fox, Ll
Ursus americanus, black bear, Ll
Bassariscus astutus, ring-tail cat, Ll
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Mustela frenata, long-tailed weasol, EL
Taxidea faxus, badger, Ll
Spilogale sp. cf. S. gracilis, spottod skunk, Ll
Smilodon sp. cf. S. fatalis, sabertooth cEt, XT
Felis concolor, mountain lion, Ll
F. atrox, American lion, XT
Lynx rufus, bobcat, Ll
Order Proboscidea
Mammuthus columbi, columbian mammoth, XT
Order Perissodactyla
Equus conversidens, small horse, XT
Equus sp. (largo-size), horse, XT
Equus sp. (small-size), horse, XT

larger mammalian taxa have been recovered
from caves, but the remains of these animals are
tenerally more abundant in fluvial or lacustrine
deposits. Important assemblates discussed
below include those from Antelope Cave,
Kokoweef Cave, Mescal Cave, and the Mitchell
Caverns, and the fluvial/lacustrine deposits at
Twentynine Palms, Pinto Basin, Piute Valley,
and Valley Wells.
Several species of reptiles and about one
half of the small mammalian taxa (primarily
rodents) from late Pleistocene localities in the
eastern Mojave Desert exhibit extralocal
geographic distributions (Table II). These extant
species no longer inhabit the region but are
presently found at higher elevations in the

southern Great Basin, or in mountainous
habitats bordering the desert. Animals such as
Sorex cinereus, Ochotona pinceps, Marmota
flaaioentis, and Spermophilus townsendii today
prefer cooler or more moist conditions found in
forested upland habitats. This shift in the
Beo$aphic distribution of small vertebrates was
caused by climate and vegetational changes
resulting from an increhse in aridity or decrease
in effective precipitation that occurred during the
latest Wisconsinan and early Holocene (Grayson,

Dgn.
All large mammalian taxa from
Rancholabrean Ate localities in the eastern
Mojave Desert (Table 1) have been recovered
throughout southern California (|efferson, 1988,
1989, 1990). Camelops hesternus, Hemiauchenia
macrccephala, E. conoersidens, and Equus sp.

(large-size) :re common taxa in eastern
California desert assemblages. Less frequently
found are the Xenarthra (ground sloths),
Mammuthus alumbi, Antilocaprid ae, Odocoileus
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Order Artiodactyla
Camelops sp., large camel, XT
Hemiauchenia sp., large llama, XT
Cervidae ?Navahoceros sp., mountain deer, XT
Odocoileus sp. cf. O. virginianus, white-tailed
deer, EL
Antilocapra americana, pronghorn, Ll
Capromeryx sp., dwarf pronghorn, XT
Bison sp. ct. B. antiquus, bison, XT
8. sp. cf . B. latifrons, longhorn bison, XT
Ovrs sp. ct. O. canadensr.s, bighorn sheep, Ll

and Carnivora. The numbers of Bison and many
smaller Artiodactyla in local assemblages vary
throughout the region and appear to be related
to local environmental conditions. Although
present in coastal California assemblages,
Mammut ameicanum and Tapirus californicus have
yet to be recovered from Rancholabrean deposits
in the Mojave Desert (Jefferson, 1988). Although
Heaton (1990) reports Mammut from the Las
Vegas Valley, Nevada, this record is not
supported by voucher specimen(s) and is here
considered suspect.
DISCUSSION
Cave and Woodrat Midden Assemblages
Radiocarbon dated cave and woodrat
midden assemblages are uppermost Wisconsinan

to earliest Holocene in age, and are dated from
about 13.8 to 9.8 ka BP (Appendix 1). Although
Mescal Cave and the Mitchell Caverns have not
been radiometrically dated, based on faunal
composition and geographic context, the age of
these sites is assumed to be latest Wisconsinan.
Caves and woodrat middens (Fig. 1) occur
from about 365 to 1900 m in elevation. Antelope
Cave is a solution cavity developed in Paleozoic
limestones that crop out on the west face of the
Mescal Range. Mescal Cave, also formed in
Paleozoic limestones, is at an elevation of 1550 m
on the east flank of the Mescal Range.
Kokoweef Cave is located on Kokoweef Peak in
the Ivanpah Mountains. This solution cavern is
formed in Paleozoic limestones on the western
side of the peak at an elevation of 1770 m. The
rich vertebrate assemblage recovered from
Kokoweef Cave is described by Reynolds and
others (1991, this volume). The Mitchell
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Caverns is located on the east face of the
Providence Mountains at an elevation of 13?5 m,
and is developed in Permian limestones of the
Bird Spring Formation.
Eastern Mojave Desert caves have produced
three extralocal reptilian taxa, Eumeces gilbefii,
Sceloporus occidentalis, and Crotalus

oiidis.

These

extant species exhibit a change in geographic

distribution similar to the pattern seen in
extralocal small mammals from the eastern
California desert. E. gilberti is restricted to the
southern California coast ranges, Sierra Nevada
Mountains and to the highest mountains along
the southern California/Nevada border
(Stebbins, 1954). C. aiidis occurs around the
margin of the Mojave Desert, except to the
southeast where it is also absent from the
Sonoran Desert region (Stebbins, 1954). In the
eastern desert, S. occidentalis is locally restricted
to the Clark Mountains (Stebbins, 1954).
Falconiformes (raptorial birds) and
Strigiformes (owls) are corunon elements in cave
assemblages (Table 1). Cave openings provide
roost and nest sites for these predators. These
birds were preserved in the deposits along with
the remains of their diet (Andrews, 1990; Harris,
1990). Most avian species represented in the
cave assemblages presently inhabit the eastern
California desert or are seasonal visitors to
suitable habitats within the region. However,

the water fowl, Aechmophorus occidentalis, Podiceps
nigialliis, and Fulica ameicana, were conceivably
prey species that exploited local pluvial lakes
that are no longer present in the region
(fefferson, 1985, 1990).
Extralocal, small mammalian taxa from cave
sites in the eastern Mojave Desert (Table 2)
typically exhibit geographic range changes from
50 to over 400 km (Grayson, 1987) and upward
elevation shifts of over 500 m (|efferson,1982).
In the discussion below, mammalian taxonomic
nomenclature follows Miller and Kellogg (1955),
and elevation and geographic information is
from Hall and Kelson (1959). Because the sites
fall within one degree of latitude, standardized
or equator equivalent elevations (Harris, 1985,
1990) are not applicable.
Sorac cinereus does not inhabit Aizona,
California, Oregon or Nevada. Presently, the
southernmost occurrence of this species is in
south-central Utah at elevations above 1885 m.
Although this species does not exhibit an
upward elevation change (Table 2), a geographic
shift of about 370 km to the northeast has
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occurred. The ecologically limiting factors that
exclude this species from the higher mountains
of the Great Basin are unknown. Notiosor*
crrufordi is a local eastern California desert
inhabitant of mountain ranges throughout
southern California, Arizona and farther east.
Of the four Lagamorpha (pik* and rabbits)
recovered from the eastern Mojave Desert sites
(Table L), two are extralocal species (Table 2),
Ochotona pinceps and Syloilagus idahoensis. O. p.
albata is found today in alpine/boreal habitats in

the southern Sierra Nevada Mountains at
elevations above 3080 m, and populations of O.
p. tutelata occupy the mountains of central
Nevada above 2310 m. The southernmost
populations of S. idahoensis are found in eastcentral California near the California/Nevada
border at elevations above 1540 m.
Four of the six species of Sciuridae found in
eastern Mojave Desert caves (Table 1), presently
do not inhabit the region (Table 2). The
southernmost populatio n of Marmot a flaoiaentis,
M. f. sienae, is found in the southern Sierra
Nevada Mountains at elevations above 2465 m.
The southernmost populations of Tamias minimus
presently live at elevations above 2000 m in the
mountains of central Nevada. Along the
southern margin of its range, Spermohpilus
lateralis is confined to forested mountainous
habitats. In California, the closest population to
the eastern desert sites, S. l. betnardinus, lives at
elevations above 2300 m in the San Bernardino
Mountains. In southern Nevada, S. l. certus
lives in the Spring Mountains at elevations
above 2155 m (Hall and Kelson, 1959; Goodwin
and Reynolds, 1989). Spermophilus townsendii is
not present in the eastern Mojave desert, but
occurs throughout southern Nevada, Oregon,
Utah and northward. Its southernmost
occurrence is at an elevation of 1230 m at Indian
Springs, Nevada. Spenrnphilus oaiegatus occurs
in the highest mountain ranges throughout the
Mojave Desert region, and Ammaspermophilus
leucurus is a local desert inhabitant.
Three of the four species of woodrats known
from the cave assemblages in the region are
extralocal (Table 2). Neotoma lepidais a Present
inhabitant of the eastern Mojave Desert. N.
albigula currently lives in the Colorado Desert of
southeastern California, along the Colorado
River in western Arizona, and eastward through
New Medco, west Texas, and Sonora and
Chihuahua, Mexico. N. cinerea is locally
restricted to the Clark Mountains, where it is

SBCMA Spec. Publ.

MDQRC9l

Table I. Changes in the Distribution of Extralocal Manmalian Taxa from
the Eastern Moiave Desert
Explanation: CEP = closest oxtant population, approximate distance in km and general
direction; EMD = observed olevation range of lste Ploistocene occurrences in th6 oastorn
Mojave Desert; PEL = approximate present lowor elevation limit at one or moro locations
close to the eastern Mojave Desert. Elevation is given in meters abovo mean sea level.
Geographic information is from Hall and Kelson (1959).

TAXA

EMD

Sorex cinereus

'1900

Ochotona princeps

1

550-1 900

PEt
1

885

2308-3077

CEP

370

NE

270 NW

Sylvilagus idahoensis

1770

1

538

420 NW

Tamias minimus

1770

2000

420 NW

323-1 900

2462

250 NW

Marmota flaviventris

1

and include
Odocoileus sp.,
Ntoahocercs sp.,
Antilocapra ameicana,
and Oois canadensis.
These animals are
often absent from or

rarely found in
lowland
fluvial/lacustrine
deposits. Both large
and small horses,
Equus sp. and E.
conaersidens, and
Camelops sp. are also
present in cave
assemblages.

Nothrotheiops

sp. remains are
often found in cave
Spermophilus
701-1770
1230
130NE
Although
deposits.
townsendii
the remains of this
S. lateralis
1 550-1 900
2154
60N
sloth have been
recovered from the
Neotoma stephensi
1770
1 938
160 E
Mitchell Caverns,
N. cinerea
1 550-1 770
2462
50N
the taxon has not
found in any
been
Microtus californicus
7 01-177 0
830-480
85N
other cave in the
Lagurus curtatus
1770
eastern Mojave
1230
130NE
Desert. The
Mitchell Caverns is
the southern-most
and lowest in
elevation (at 1290 m)
found at elevations above 2462 m. N. stEhensi
of eastern Mojave Desert caves. In California,
presently inhabits the Hualapai Mountains in
including northern mountain, coastal and
west central Arizona at elevations above 1935 m.
southern desert sites, Nofftrotheiops sp. has not
The taxon is also known from central and
been previously found above 500 m in elevation.
northeastern Arizona and northwestern New
In Arizona and southern Nevada, the taxon has
Medco.
not been found above about 750 m. However,
Microtis californicus (see discussion under
to the east in New Mexico, Texas and northern
Piute Valley below) inhabits the Mojave River
Mexico, Nothrotheiops sp. has been recovered
Valley near Victorville, and marshes near
from sites with elevations from about 1300 to
Shoshone, California. Its geographic
2800 m (Harris, 1985). Apparently, in the far
distribution is restricted to moist habitats. The
west, this animal preferred the lower elevation
southernmost occurrence of Lagurus curtatus in
habitats below about 1300 m.
California includes the Inyo and White
The identification of ?Naoahoceros sp.
Mountains, and in Nevada it is known from
(presently under study by R. L. Reynolds, pers.
Indian Springs at an elevation of 1230 m.
corrun., 1990) from Antelope Cave represents the
Larger mammalian taxa are not well
first tentative occurrence of this taxon in the
represented in cave deposits, and are absent
Mojave Desert region. Naaahouros sp. is known
from eastern Mojave Desert woodrat middens
from localities east of the Rocky Mountains,
(Table 1). Smatl and medium-size-d artiodactyls
from Wyoming through northern Mexico
(Kurten and Anderson, 1980).
are most commonly found in cave assemblages,
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Many mammalian carnivores, both large and

smdl, utilize caves as denning sites (Andrews,
1990). Smdl, extant mammalian carnivores are
conunon in cave assemblages (Table 1).
However, the conspicuous lack of larger canids
and felids remains unexplained. A single tooth
of Ursus americanus has been identified from
Antelope Cave. Remains of this taxon are rnre
in southern California, and it is not represented
in any other assemblage from the Mojave
Desert.

Pinto Basin
An apparent stratigraphic association of
lithic artifacts and late Pleistocene vertebrates in
eastern Pinto Basin (Fig. 1) was first described
by Campbell and Campbell (1935). They
concluded that both fossils and cultural materials
had weathered from the same sediments.
Unfortunately, differences between culturally
produced midden bone debris and the fossil
vertebrate remains were not recognized. A
significant erosional hiatus separates the cultural
deposits from older lacustrine sediments, the
Pinto Formation of ftharf (1935), that yield the
vertebrate remains. At some localities along
Pinto Wash, eolian deflation has winnowed
cultural materials from mid-Holocene alluvial
sediments and deposited them directly on the
eroded surface of the fossiliferous late
Pleistocene lacustrine beds (fefferson, 1973,
1985).

Shallow deposits (less than 40 cm thick) and
surface clusters of Pinto lithic artifacts, mainly
debitage, occur with highly fragmented, wind
abraded and occasionally burnt bone debris

. These cultural/ archaeolo gic
faunal remains include the following extant local
(|ef f erson, 197 3)

taxa: Gophertts sp. cf. G. agassizi, Dipsosaurus
dorsalis, Sauromalus obaus, Aves, Sylailagus sp. cf.
S. audubonii, Itpus sp., Spermophilus sp., Neotoma
sp., Canis sp. cf. C. latrans, Vulpes sp., Urocyon
cinereoarganteus, Lynx sp. cf. L. rufus, and Ouis
sp. cf. O. canndensis. In contrast to this material,
the fossil specimens usually occur as isolated
skeletal elements, are darker in color and are

permineralized. Unlike the cultural assemblage,
which is comprised of extant small taxa, the
fossil remains represent primarily extinct large
species (Appendix 1).
Over 6 m of generally horizontal, wellbedded, claystones, siltstones and sandstones
are exposed in low bluffs along Pinto Wash in
the eastern part of the basin (]efferson, 1986).
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These lacustrine deposits co,rsen to the south

and southeast where they interdigitate with
vesicular basalt flows along the northeast margin
of the Eagle Mountains. Reddish-colored baked
sediments occur beneath the flows. In the
easternmost part of the basin, the section is
uplifted along the east side of a north-south
trending fault and dips to the east, towards the
Coxcomb Mountains. Here, 17 m of lacustrine
deposits and 9 m of basalt are overlain by over
250 m of granitic boulder conglomerate (Scharf,
1935). Clasts in the conglomerate average
between 1 and 2 m in diameter and are derived
from the Coxcomb Mountains, which are
separated from these exposures by a1. km wide

valley (|efferson, 1986).
The late Pleistocene taxa from Pinto Basin
are commonly found in fossil assemblages
throughout the Mojave Desert (fefferson, 1989,
1990). However, the lack of age definitive taxa,
like Bison, precludes a firm age assignment.
Extensive deformation, alluvial burial, and
subsequent erosion of the fossiliferous lacustrine
deposits in the eastern, tectonically active
portion of the basin imply an early
Rancholabrean or late Irvingtonian Age.
Piute Valley
Vertebrate remains from Piute Valley (Fig. 1)
were recovered from an approximately 6 m thick
stratigraphic section of lacustrine siltstone, sandy
siltstone and vuggy, fresh water limestone tufa.
These horizontal sediments are exposed in low
outcrops along the west side of the valley, about
42 km south of Searchlight, Nevada (|efferson,
't971).

Important aspects of the assemblage are:
the presence of Felis Atrox, one of two
occurrences within the Mojave Desert region
(]efferson, 1989); and two extralocal taxa,
Spermophilus townsendii and Microtus californicus.
M. c. mohaoensis inhabits the Mojave River
Valley near Victorville, and M. c. scirpensis the
wetlands near Shoshone, California. The
Pleistocene distribution of M. californicus in the
southeastern California desert is apparently a
direct result of decreased aridity and the
presence of marshy wetland and wet-meadow
habitats. The occurrence of S. townsendii at Piute
Valley is the lowest recorded elevation for the
species. The Piute Valley locality is at an
elevation of 701. m, which is over 500 m below
the present lowest elevation of S. l. certus at
Indian Springs in southern Nevada (Hall and
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Kelson, 1959) (Table 2).
Twentynine Palms Localities
Campbell Hill and the Twentynine Palms
Gravel Pit localities east of Twentynine Palms
(Fig. 1) have produced a diverse and unique
assemblage of larger Rancholabrean species
(Appendix 1). Megalonyx sp. and Capromeryx sp.
are each known from only one other locality
within the Mojave Desert, and many of the
other taxa from Twentynine Palms are poorly
represented regionally (|efferson, 1989). The
occurrence of browsing forms and animals that
are interpreted as having preferred more upland
habitats within the desert-such as Megalonyx
sp., Nothrotheiops sp., Felis concolor, Capromeryx
sp., Odocoileus cf. O. oirginianus, and Oois cf . O.
canadensis-probably reflects the proximity of the
site to the Little San Bernardino and Pinto
Mountains. Odocoileus cf . O. uirginianus is an
extralocal taxon that does not presently occupy
California, the Creat Basin, or Colorado Plateau.
In this respect, its geographic distribution is
similar to many small, extralocal mammalian
species. Bison is well represented in this
assemblage compared to other Mojave Desert
sites. This may also reflect the presence of
seasonally favorable higher elevation habitats
(jefferson, 1988).
The vertebrate remains have been recovered
from an approximately 300 to 400 m thick
stratigraphic section of eroded fluviatile
sandstones and gravels. The beds have been
uplifted along the northeast side of the Mesquite
Lake fault, are gently folded, and dip about 30
degrees to the northeast (|efferson, 1985). The
Bishop Tuff, dated at730 ka BP (Sarna-Wojcicki
and others, 1980), has been identified in the
Campbell Hill section (presumably beneath
fossiliferous horizons that yield Bison). This ash
and the tectonic setting of the deposits suggest
an early rather than late Rancholabrean Age for
the assemblage.

Valley Wells
Vertebrate remains and their stratigraphic
occurrence in the Valley Wells deposits are fully
described by Reynolds and |efferson (1991, this
volume). The assemblage was recovered from a
7 m thick, narrow north-south band of dissected
lacustrine and fluviatile sediments that crop out
along the east side of Shadow Valley north of
Valley Wells (Fig. 1). Dating this uplifted
depositional sequence was crucial to an
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understanding of the structural/tectonic history
of the basin (Reynolds and Jefferson, 1988).
Lacustrine silty claystones low in the
stratigraphic section yield fragmentary vertebrate
remains that include Mammuthus meidionalis. A
single concentration of material, mainly
dentitions and isolated teeth of Equus sp. cf. E.
conoersidens, was recovered from a silty
sandstone in mid-section. Gypsiferous siltstones
in the upper portion of the stratigraphic section
have produced incomplete teeth of M. columbi
and skeletal elements of Equus sp.
The stratigraphic occurrence of two distinct
species of Mammuthus provides a basis for
estimating the timing of Pleistocene depositional
events in the Valley Wells basin. The early
Pleistocene form, M. meidionalis is represented
by an M3. Teeth referred to the typical late
Pleistocene species, M. columbi, occur
approximately 2.5 m higher in the section.
These taxa bracket the transition from the

Irvingtonian to the Rancholabrean Land
Mammal Age that occurred approximately 500 ka
BP (Kurten and Anderson, 1980; Lundelius and
others, D8n.
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1,

Rancholabrean Age Fossil Vertebrates from
the Southeastern Mojave Desert, California
Appendix 1 systematically lists vertebrate taxa from late Pleistocene localities in the far eastern
and southeastern Mojave Desert. Entries are arranged in the following sequence.
Locality name: collections, institutions and institutional locality number(s)
Geologic formation: formation name
Relative age: land mammal age, glacial/interglacial units, epoch
Radiometric date(s): method and date
Taxon/Taxa: systematic taxonomic list
Source(s): publications and information sources
Localities are listed alphabetically by county, then by locality name. I{here apPropriate, city or
other major place names are included. Institutional collections and locality number(s), if known, are
then listed. These locality data are followed by geologic formation names when they are known.
Relative age assessments may include (in the following order) North American Land Mammal
Ages (Irvingtonian or Rancholabrean), North American glacjal/interglacial geologic-climate units
(Illinoian, Sangamon or Wisconsinan stages), and/or Epoch (early Holocene). Selected radiometric
dates are listed after the relative age assessment. If further information is required, such as complete
date lists or laboratory numbers, refer to the cited literature that follows each locality entry.

Nomenclature and systematic order closely follows Stebbens ('1954),Miller and Kellogg (1955),
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the American Ornithologist's Union Check List (1983), and subsequent published revisions (cited
with each locality entry).
Principal references (most inclusive and/or most recent), published and unpublished information
sources, and communications with colleagues, follow each locality entry. Sources include
publications and reports that describe a locality, provide an age, or discuss recovered and identified
taxa. Where no source is listed, taxonomic data were recovered from institutional records and
inspection of collections.

Institutional names are abbreviated as follows: AMNH = American Museum of Natural History,
New York; CITM = Colorado Indian Tribes Museum, Af,zona; LACM = Natural History Museum of
Los Angeles County, California, Vertebrate Paleontology Section; LACM(CIT) = LACM California
Institute of Technology; MAUCB : Museum of Anthropology, University of California, Berkeley;
SBCM : San Bernardino County Museum, Redlands, California; UALP = University of Arizona
Laboratory of Paleontology, Tucson; UCMP = University of California Museum of Paleontology,
Berkeley; UCRARU = University of California Archaeological Research Unit, Riverside; UCRV =
University of California, Earth Sciences Department, Riverside; USGS = U.S. Geological Survey,
Denver, Colorado.

RIVERSIDE COUNTY

Ochotona princeps

Sylvilagus sp.
Carr Ranch, Palm Springs: UCMP V70006
Relative age: ?Rancholabrean, ?Holocene
Taxon: Gopherus sp.
Pinto Basin, Joshua Tree National Monument:
UCRARU CaRiv 521-522;LACM(CIT) 208, LACM
341 4
Geologic formation: "Pinto Formation"
Relative age: ?early Rancholabrean, Tlllinoian
Taxa: Equus sp. ct. E. conversidens
Eguus sp. (large-size)
Camelops sp.
Hemiauchenia sp.
Ovrs sp.

Sources: Campbell and Campbell (1935), Scharf
(1935), Swanson et al. (1975), Jefferson (1973,
1986).

SAN BERNARDINO COUNTY

Antelope Cave, lvanpah Mountains: SBCM 1 .10.10
Relative age: Rancholabrean, late Wisconsinan
Radiometric date: radiocarbon. 1 1 ,080 t 160 yr BP

Taxa:

uridae tA m m osperm oph i lu s -sizel
Thomomys sp.

Sci

Dipodomys sp.
Perognathus sp.
Peromyscus sp.
Neotoma lepida

Neotoma sp.
Microtine
Canis latrans
Urocyon sp.
Ursus americanus
Mustela frenata
Spilogale sp. cf . S. gracilis
Equus conversidens
Camelops sp.
Cervidae ?Navahoceros sp.
Antilocapra sp.
Ovis canadensis
Sources: Pitzer (1985). R. E. Reynolds (pers. comm.
1988).

Cyprinidae

Gopherus agassizi
Phrynosoma platyrhinos
Sceloporus sp.
G y m nogyps cal ifornicu s
Buteo or Strigiformes
Passerif ormes
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Lepus sp.

Marmota sp. cf. M. flaviventris
Spermophilus sp. cf. S. lateralis
S. sp. cf. S. variegatus

Archer, Cadiz Dry Lake: SBCM 1.42.2-1.42.5
Geologic formation: Cadiz Lake Beds (informal)
Relative age: Rancholabrean, Wisconsinan
Taxa: Amphibia
Reptilia

Chiroptera
Sorex sp. ct. S. cinereus

Phrynosoma sp.
Aves
Lepus sp.

Notiosorex crawfordi

Dipodomys sp-
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Perognathus sp.
Peromyscus sp.

Relative

Broadwell Lake east: SBCM 01.053.006
Relative age: Rancholabrean, ?Wisconsinan
Taxon: ct. Vulpes sp.
Broadwell Lake

west:

Radiometric date: radiocarbon, 9,850
Cyprinidae

Taxa:

Relative

TWisconsinan

Gopherus sp.

Campbell Hill and Twentynine Palms Gravel Pit,
Twentynine Palms: LACM 4281-q283; SBCM 1.86.4,
1.86.9
Relative age: early Rancholabrean, ?late lllinoian

Taxa:

160 yr BP

Gopherus agassizi
Phrynosoma platyrhinos
Sauromalus sp.
Crotaphytus collaris
Gambelia wislizenii
Sceloporus sp. A
Sceloporus sp. B
Eumeces sp. cf . E. gilberti
Cnemidophorus sp.
Coleonyx iariegatus
Crotalus sp."A
Crotalus sp. 8
Gymnorhinus cyanocephalus
Aec hmophoru s occ i denta li s
Podiceps sp. cf. P. nigricollis
Fulica americana
Centrocercus sp.
Meleagris sp. cf. M. crassipes
Buteo sp. ct. B. jamaicensis
Gymnogyps sp. cf . G. amplus
Falco sparverius
F. mexicanus
Otus sp. cf . O. asio
cf . Oporornis sp.

SBCM

age: Rancholabrean,

t

in

Buf onidae

01.058.031-01.058.034, 01.058.036-01.058.037

Taxon:

age: Rancholabrean, late Wisconsinan,

part early Holocene

Gopherus sp.

Megalonyx sp.
Nothrotheriops sp.
Thomomys sp.
Taxidea taxus
Smilodon sp. cf. S. fatalis
Felis concolor
Mammuthus sp.
Eguus sp. (large-size)
Equus sp. (small-size)
Camelops sp.
Hemiauchenia sp.
Odocoileus sp. cf. O. virginianus

Capromeryx sp.
Bison sp,. cl . B. antiguus
Ovis sp. ct. O. canadensis
Source: Jefferson (1986).

Notiosorex crawfordi
Myotis leibii

M. thysanodes
Plecodus sp. cf. P. townsendii
Antrozous pallidus

Crestview Wash Spring, Sacramento Mountains:
SBCM 1.30.1 1; SM
Relative

Taxon:

age:

Rancholabrean
Edentata

'

Ochotona princeps

Sylvilagus sp.
S. sp. cf. S. idahoensis
Lepus sp.
Tamias minimus

Earp: CITM

Tam

Relative age: Rancholabrean, late lllinoian
Radiometric date: amino acid racemization, 250 ka

Tamias sp. (large-size)

Marmota sp.

BP

Spe rm ophi lus townse

Taxon: Mammuthus

sp.

Source: Johnson and Miller (1980), R. E. Reynolds
(pers. comm. 1986).

ias sp. (intermediate-size)
cf

. M. flaviventris
n dii

S. lateralis
S. variegatus
Spermophilus sp.

Ammospermophilus sp. cf. A. leucurus
Falling Arches Midden, Whipple Mountains: UALP
7

449

Thomomys sp.

Dipodomys sp.

Relative age: Rancholabrean, late Wisconsinan
Radiometric date: radiocarbon, 'l 1,650 + 'l 90 yr BP
Taxa: Sylvilagus sp.

Dipodomys sp.
Perognathus sp.
Neotoma sp.
Sources: Lundelius et al. '1983), Mead et a/. (1983).

Kokoweef Cave, Kokoweef Peak, lvanpah Mountains:
LACM; SBCM 1 .1 1 .1 3
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Perognathus sp.
Rei t hrodontom

y

s

m e g alotis

Peromyscus sp.
Neotoma albigula

l/. sp. cf. N. cinerea
//. sp. cf. N. lepida
N. stephensi
Neotoma sp.
Microtus californicus
Lagurus curtatus
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Felis sp. (small-size)
Lynx rufus
Eguus sp. (large-size)
Camelops sp.
Ovis sp. ct. O. canadensis

Canis latrans
Vulpes sp. cf. V. macrotis
U rocyon c i nereoa rgen teu s
Bassariscus astutus
Mustela sp.
Taxidea taxus
Spilogale gracilis
Lynx sp. cl. L. rufus
Equus sp. cf. E. conversidens
Camelops sg.
Odocoileus sp.
Antilocapra americana
Ovis canadensis
Sources: Lundelius et al. ('1983), Kurten and
Anderson (1980), Harris (1985). Norell (1986),
Goodwin and Reynolds (1989), Reynolds ef a/.

Morongo Grade, Morongo Valley: SBCM 1.95.1
Relative age: uncertain, ?Rancholabrean

Taxon:

Equus sp.

Old Spring, Needles: UCMP V36025
Relative age: Rancholabrean
Taxa: Equus sp.
Camelops sp.
Piute Valley Lacustrine Sediments numbers 1-6,
southwest of Searchlight, Nevada: AMHN; SBCM

(1991).

1.28.1-1.28.6
Mescal Cave, Mescal Range: SBCM

1

.10.12, UCMP

v38064
Relative

Taxa:

age: Rancholabrean, TlatestWisconsinan

Relative age: Rancholabrean
Taxa: Aves
Sylvilagus sp.

lepus sp. (large-size)

Gopherus agassizi
Sceloporu s

occ

i de n

ta

Lepus sp. (small-size)

Ii s

Cnemidophol'us sp. ct. C. tigris

Sperm oph i lu s town se

Crotaphytus sp.

Thomomys sp.

Crotalus viridis
Ochotona princeps

Dipodomys sp.
Neotoma sp.
Microtus sp. cf . M. californicus

Marmota sp.

cf

. M. flaviventris

Sperm oph i lu s la te ra I i s

dii

Felis atrox
Eguus sp. cf. E. conversidens
Camelops sp.
Sison sp. cf . B. antiquus
8. sp. cf. B. latifrons

Perognathus sp.

Neotoma sp. 7ll. cinerea

Microtus sp.
Bassariscus astutus

Spilogale sp.

Sources: Jefferson

Equus sp.

(1989).

Sources: Brattstrom (1958), Lundelius et a/.

n

('l

(1

971 ), Goodwin and Reynolds

983),
Red Tail Peak Midden, Whipple Mountains: UALP

Harris (1985).

Mitchell Caverns, Providence Mountains: LACM
3497; MAUCB; SBCM 1.18.9; UCRV
Relative age: Rancholabrean, latest Wisconsinan, in
part early Holocene
Taxa: Gopherus sp. cf. G. agassizi
Fulica sp.

75114,75116,76148
Relative age: Rancholabrean, late Wisconsinan
Radiometric dates: radiocarbon, 1 3,810 t 27O,
1 1,S20 t 1 60, 1 0,030 + 1 60 yr Bp

Taxa:

Lepus sp.
Dipodomys sp.

Bubo virginianus
G eococcy

x

c

aliforn i a n u s

Peromyscus sp.

Coruus corax

Nothrotheriops sp.
Sylvilagus sp. cf . S. audubonii

Bufo punctatus
Hypsiglena torquata
Lampropeltis getulus

Neotoma sp.

Sources: Lundelius et al. (1983), Mead et a/. (1983).

Lepus californicus

lepus

sp.

1.41.2a, 1.41.3-1.41.8

Sciuridae

Geologic formation: Danby Lake Beds (informal)
Relative age: Rancholabrean, Wisconsinan

Spermophilus sp.

Dipodomys sp. aff . D. merriami
Peromyscus sp.

Neotoma sp. cf . N. lepida
?Urocyon sp.
Eassariscus astutus
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Saltmarsh, Danby Lake, east of Amboy: SBCM

Marmota sp. ?M. flaviventris

Taxa:

Lepus sp.
Dipodomys sp.
Carnivora (small-size)
Equus sp.

Artiodactyla (small-size)
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Camelops

sp.

Valley Wells Lacustrine Sediments, Valley Wells:
SBCM 1 .1 .1 a-1 .1 .1 c, 1 .1 .1 0-1 .1 .1 4
Relative age: lrvingtonian through early
Rancholabrean, ?Aftonian/Kansan through late
lllinoian (taxa restricted to the lrvingtonian *)
Taxa: Lepus sp.

Silver Shadow Cavern: USGS 1192
Relative age: ?Holocene
Taxon: Lepus californicus
Surprise Springs, Dead Man Lake, north
Twentynine Palms: LACM 3350
Relative

Taxa:

age:

of

Peromyscus sp.
Dipodomys sp.
?Mammut sp.
Mammuthus columbi
M. meridionalis '
Equus sp. cf . E. conversidens

Rancholabrean

Equus sp.
Camelops sp.
Hemiauchenia sp.

Bison

sp.
(1986).

Camelops sp.

Source: Jefferson

Tunnel Ridge Midden, Whipple Mountains:

UALP

7343,7525
Relative age: Rancholabrean. late Wisconsinan
Radiometric dates: radiocarbon, 12,670 t 260,
10.330 t 300 yr BP Taxaf ufo punctatus
Cnemidophorus tigris
Cnemidophorus sp.
Chionactis occipitalis
Rhinocheilus lecontei
Crotalus atrox

Sylvilagus sp.
Dipodomys sp.

Antilocapra americana
Sources: Kurten and Anderson (198O), Reynolds and
Jefferson .197 1,1988, 1991).
Whipple Mountains Midden: UALP 7447,75132
Relative age: Rancholabrean, late Wisconsin, in part
early Holocene
Radiometric dates: radiocarbon, 10,430 t 17O,
9,980 + 180 yr BP

Taxa:

Hypsiglena torguata
Perognathus sp.
Peromyscus sp.
Sources: Lundelius et al. (1983), Mead ef a/. (1983).

Perognathus sp. or Neotoma sp.

Sources: Lundelius et al. (1983), Mead et a/. (1983).
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Geology of the Kingston Range,
Southern Death Valley, California
l.P. Calzia, University of California, Davisl

INTRODUCTION

ABSTRACT
The Kingston Range in the southern
Death Valley region consists of Early
Proterozoic gneiss unconformably overlain by
the Middle Proterozoic Pahrump Group. The
gneiss and the Pahrump Group are intruded
by Middle Proterozoic diabase dikes and sills
and are unconformably overlain by Late
Proterozoic and Cambrian miogeoclinal
deposits. The miogeoclinal deposits are
disconformably overlain by the middle
Miocene sedimentary and volcanic rocks of the
Resting Springs Formation. All of these rocks
define a broad dome intruded by the middle
Miocene granite of Kingston Peak. The
granite of Kingston Peak is divided into a
feldspar porphyry facies, a quartz porphyry
facies, and an aplite facies. The feldspar
porphyry and the quartz porphyry facies
contain mafic xenoliths and are characterized
by rapikivi textures and miarolitic cavities;
miarolitic cavities also are common in the finer
grained aplite facies. Biotite and hornblende
from the feldspar porphyry facies yield
concordant K-Ar ages of 12.1 and 12.4 Ma,

respectively.
The Kingston Range detachment fault
dips 10'-20"5 and places the Pahrump Group,
the miogeoclinal rocks, and the Resting
Springs Formation over gneiss and folded
miogeoclinal deposits. Rocks in the upper
plate dip ?5" to 50"NE, are cut by numerous
northwest-trending planar and listric normal
faults and northeast-trending tear faults, and
were transported up to 6 km to the
southwest. The detachment fault is cut by the
12.4Ma granite of Kingston Peak; 12.5 Ma
andesite flows and 14.1 Ma tuff occur in the
upper plate. These data bracket the age of the
Kingston Range detachment fault between
14.1 and 72.4Ma.

'

Now at U.S. Ceological Suwey, Menlo Park, CA
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The Kingston Range is located in the
southern Death Valley region near the
California-Nevada state line (Fig. 1).
Proterozoic, Cambrian, and Tertiary country
rocks are exposed in a broad circular dome,
approximately 30 km across, intruded by
Tertiary granitic rocks. All of these rocks are

overlain unconformably by Tertiary
fanglomerate and Quaternary alluvial
deposits.

The Late Tertiary tectonics of the
Kingston Range are dominated by coeval
crustal extension and magmatism. Extension
was accommodated by innumerable planar
and listric normal faults and strike-slip faults
associated

with the Kingston

Range

detachment fault. Coeval magmatic rocks
include andesite, basalt, and basaltic andesite
in the Resting Springs Formation and in
Kingston Wash as well as the granite of
Kingston Peak and the satellite pluton.
Estimates of crustal extension in this area vary
from 30-35 percent (Wright and Troxel, 1973)
to more than 65 percent (Wernicke and others,

1982). This report briefly describes the
geology of the Kingston Range and documents
the close spatial and temporal relation
between Late Tertiary extension and
magmatism in this area.
COTINTRY ROCKS

Eady Proterozoic Gneiss
Pink coarse-grained granitic gneiss
weathers to mottled brown or green outcrops
of low relief along both sides of Beck Canyon,
in the eastern Kingston Range, and in the
Mesquite Mountains; green schist is locally
present in the eastern Kingston Range (Fig. 1).
The gneiss consists of laterally discontinuous
bands of muscovite with quartz and orthoclase
porphyroblasts (up to 1 or 2 cm long)
alternating with bands of chlorite, biotite,
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and(or) hornblende; brecciated gneiss in
Tecopa Pass contains blue amphibole. Most
gneiss outcrops are cut by numerous
pegmatite and andesite dikes and a few quartz
veins. Lanphere Q9e) reported that
potassium feldspar (Kspar) from a pegmatite
that cuts biotite gneiss in the Mesquite
Mountains yields a Rb-Sr age of 1700t65 Ma.
This age, combined with the petrologic
similarity of Early Proterozoic gneiss
throughout the Death Valley region, suggests
that gneiss in the Kingston Range is also Early
Proterozoic in age (Calzia,1990).

Middle Proterozoic Pahrump Group
The Pahrump Group unconformably
overlies the Early Proterozoic gneiss. Hewett
(1940) divided the Pahrump Group into the
Crystal Spring Formation, the Beck Spring
Dolomite, and the Kingston Peak Formation.
The Crystal Spring Formation is divided into
the lower, middle, and the upper members
(Calzia,1990) and consists of a basal
conglomerate bed, 4-6 m thick, overlain by
arkosic and feldspathic sandstones, mudstone,
dolomite, algal limestone, chert, and siltstone
(Fig. 2). This formation is 1155 m thick near
its type locality at Crystal Spring (Fig. 1) and
thins to east (Calzia,1990).
The Beck Spring Dolomite conformably
overlies the Crystal Spring Formation and
consists of laminated, oolitic, and locally
cherty dolomite (Fig. 2). This formation is 485
m thick at its type locality north of Beck
Spring (Fig. 1) and is conformably overlain by
and locally grades into the Kingston Peak
Formation in the Kingston Range (Calzia,
1ee0).

The Kingston Peak Formation is divided
into the lower, middle, and upper members at
its type locality north of Beck Spring (Calzia,
1990). The lower member is 13 m thick and
consists of siltstone and arkosic sandstone.
The middle member is 50 m thick and consists
of diamictite with about 15 percent
conglomeratic clasts. The upper member
consists of monolithologic megabreccia
overlain by interbedded conglomerate,
sandstone, shale, and diamictite (Fig. 2). The
megabreccia unit is 50 m thick north of Beck
Spring (Calzia,1990) and thickens to about
1500 m in the southeastern Kingston Range
(Troxel and others, 1985). It consists of
pebble- to cobble-sized clasts of the older
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rocks in a sandstone to siltstone matrix as well
as megaclasts, generally less than 60 m long

but locally up to 1.5 km in maximum
dimension, of the Crystal Spring Formation
and(or) the Beck Spring Dolomite. Volcanic
ash, breccia, and bedded-iron formations are
corrunon in the interbedded clastic unit that
overlies the megabreccia unit. This upper unit
is 421 m thick north of Be& Spring and
thickens to the south (Calzia,1990).
Middte Proterozoic Diabase
Diabase dikes and sills are exposed in
Beck Canyon and in the eastern Kingston
Range (Fig. 1). The largest sill is about 265 m
thick and occurs near the contact between the
middle and the upper members of the Crystal
Spring Formation. Although badly altered,
crystal habit and relict textures indicate that
the diabase consists of plagioclase laths
enclosed in augite crystals as well as ilmenite,
magnetite, and apatite. Deuteric alteration
minerals include hornblende, actinolite,
plagioclase, epidote, sericite, biotite, and
chlorite; rounded inclusions of chlorite and a
fiberous secondary mineral, probably
actinolite, form pseudomorphs after olivine
(Hammond, 1983, 1985).
The age of the diabase is enigmatic. It
intrudes Early Proterozoic gneiss and all
members of the Crystal Spring Formation;
erosional clasts of diabase are found in the
middle member of the Kingston Peak
Formation. These relations indicate that the
diabase is younger than the Crystal Spring
Formation and older than the middle member
of the Kingston Peak Formation. However,
intrusive contacts in the eastern Kingston
Range indicate that the diabase was emplaced
in wet soft sediments of the upper Crystal
Spring Formation. Nowhere in the Kingston
Range (or in the Death Valley region) does
diabase intrude the Beck Spring Dolomite.
These relations forced Wright (1968) to
conclude that the diabase is nearly
synchronous with deposition of the upper
member of the Crystal Spring Formation and
is older than the Beck Spring Dolomite.
Hammond (1983, 1986) concluded that the
diabase was emplaced during a diachronous
period of Late Precambrian anorogenic
magmatism and extensional tectonics over a
broad area of the North American craton. The
only stratigraphic evidence of regional Late
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Precambrian tectonism in the southern Death
Valley region (including the Kingston Range)
is restricted to the upper member of the

Kingston Peak Formation; stratigraphic and
faunal data indicate continuous deposition
from Crystal Spring through lower Kingston
Peak time (Calzia,1990). Assuming
Hammond is correct, stratigraphic data and
intrusive relations indicate that the diabase
only slightly predates and may be in part
synchronous with the middle member of the
Kingston Peak Formation; the upper member
of the Kingston Peak Formation was probably
deposited during the period of extensional
tectonics.

Wrucke and Shride (1972\ and Hammond
(1983, L986) correlated diabase in the southern
Death Valley region with 1120t'10 Ma (Silver,
1978) diabase sills in southeast Arizona and
1155t30 Ma (Hendricks, 1972) and 1070t30
Ma (Elston and McKee, 1982) sills in the
Grand Canyon. Combined, the stratigraphic
and the isotopic data suggest that diabase in
the Pahrump Group is Middle Proterozoic in
age and that it was emplaced during a period
of Late Precambrian tectonism in the Death
Valley region.

Iate Proterozoic and Cambrian Miogeodinal
Deposits
The most complete section of Late
Proterozoic and Cambrian miogeoclinal
deposits in the Death Valley region
unconformably overlies the Pahrump Croup
in the Kingston Range. The miogeoclinal
deposits are 3498 m thick and are divided into
the Noonday Dolomite, the Johnnie
Formation, the Stirling Quartzite, the Wood
Canyon Formation, the Zabriskie Quartzite,
the Carrara Formation, the Bonanza King
Formation, and the Nopah Formation (Fig. 2).
The Noonday Dolomite disconformably
overlies the Kingston Peak Formation and
progressively overlaps older members of the
Pahrump Group as well as gneiss in the
eastern Kingston Range (Calzia and others,
1990). It consists of 240 m of pink
stromatolitic dolomite that abruptly changes
facies southward into the laterally equivalent
Ibex Formation (Troxel,1982). A
conglomerate at the base of the Ibex
Formation, with clasts of the Noonday
Dolomite, the Kingston Peak Formation,
diabase, and gneiss, disconformably overlies
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the Kingston Peak Formation (Wright and
others, 1984) and marks the initiation of the
Cordilleran miogeocline (Calzia, 1990).
Gradational contacts between formations and
ubiquitous sedimentary structures indicative o{
an intertidal environment indicate continuous
deposition of the miogeoclinal section from
Noonday to Nopah time (Calzia,7990).
Cambrian trilobites, brachiopods, and other
fossils are common in the upper member of
the Wood Canyon Formation (Diehl, 1979) and
in younger rocks of the miogeoclinal deposits.
A shelly, pre-trilobite fauna in the middle
member of the Stirling Quartzite (Languille,
'1974), correlated with other Tommotian
assemblages in the White-Inyo Mountains and
in southern Nevada (Stewart, 1966; Signor
and others, 1983; Mount and others, 1983),
places the Precambrian-Cambrian boundary
(570 Ma) about 360 m below the Early
Cambrian fossils in the Wood Canyon
Formation (Calzia, 1990).

Middle Miocene Resting Springs Formation
The Resting Springs Formation consists of
a conformable sequence of sedimentary arrd
volcanic rocks in the northern and tl.re eastem
Kingston Range (Fig. 1). All of these rocks
disconformably overlie the miogeoclinal
deposits and are unconformably overlain by
fanglomerate and(or) alluvial deposits to the
north and east of the range.
The sedimentary rocks are approximately
370 m thick and consist of a basal
carbonate-cemented breccia and tuffaceous
arkosic sandstone overlain by shale with
lenses of quartz-pebble conglomerate. These
relatively coarse-grained clastic rocks are
conformably overlain by a lacustrine secluellce
of interbedded shale, limestone, tuffaceous
shale, and siltstone (Fig. 2). The basal breccia
consists of angular clasts, up to 8 cm across,

of quartzite and dolomite derived from the
miogeoclinal deposits; the pebble
conglomerate grades eastward into sandstor.re
south of VABM Mesquite (Fig. 1).
The volcanic rocks consist of porphyritic
andesite flows, interbedded with rare basalt
lenses and white lithic tuff, unconformably
overlain by a thick volcanic agglomerate of
rounded andesite, basalt, and latite boulders
and cobbles in a matrix of calcareous tuff. A
well-developed magmatic foliation, expressed
by plagioclase phenocrysts up to 4 mm long,
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in an andesite flow and in isolated
outcrops of volcanic rocks north of Beck
Spring. It is not known if this texture was
originally limited to a single volcanic flow of
regional extent, or to multiple flows with
similar cooling histories; the rock is too badly
altered for a reliable chemical fingerprint.
Biotite and plagioclase from an andesite flow
occurs

in the northern Kingston Range yield K-Ar
ages of 12.5 and 11.1 Ma, respectively (f.E.
Spencer, written commun., 1981); tuff
interbedded with the sedimentary rocks yields
a K-Ar age of 14.1 Ma (P.G. Tilke, personal
commun. to B.C. Burchfiel, 1985). These data
indicate that the Resting Springs Formation is
middle Miocene in age.
Middle Miocene sedimentary and volcanic
rocks in Kingston Wash
Sedimentary and volcanic rocks in
Kingston Wash unconformably overlie the
Late Proterozoic and Cambrian miogeoclinal
deposits (Fig. 1) and are younger than the
Resting Springs Formation. Fanglomerate
deposits at the base of the sedimentary rocks
are about 275 m thick and consist of cobbles
and breccia of quartzite and the Bonanza King
Formation. These rocks are overlain by
lacustrine mudstone, tuffaceous siltstone,
sandstone, and rare limestone lenses
interbedded with rhyodacite, basaltic andesite,
and andesite flows as well as rhyodacite
breccia and volcanic agglomerate. One
andesite flow near the top of the interbedded
unit contains pillow structures near its contact
with the underlying lacustrine deposits and is
characterized by a well-developed magmatic
foliation identical to foliated andesite flow(s)
in the Resting Springs Formation. Plagioclase
from a rhyodacite flow breccia near the base of
the oldest flow yields a K-Ar age of 11.6 Ma; a
clast of olivine basalt from the uppermost
volcanic agglomerate yields a whole-rock age
of 11.1 Ma (Calzia, 1990). These data indicate
that the volcanic rocks in Kingston Wash are
middle Miocene in age.
Late Tertiary fanglomerate and Quaternary
alluvial deposits
The Miocene and older rocks in the
Kingston Range are unconformably overlain
by at least two generations of Late Tertiary
fanglomerate deposits. The older
fanglomerate deposit, exposed near the
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eastern terminus of Kingston Wash, consists
of cobble- to boulder-size clasts of Tertiary
volcanic rocks and Cambrian or older
carbonate rocks. This fanglomerate deposit is
characterized by steep east to southeast dips
and by the lack of clasts derived from the
granite of Kingston Peak. The younger
fanglomerate deposit, best exposed south of
Coyote Holes in Kingston Wash (Fig. 1),
consists of boulder- and cobble-size clasts
derived from all of the Miocene and older
rocks as well as the volcanic rocks in Kingston
Wash. This fanglomerate deposit dips
35"NNE and is the oldest Tertiary formation to
contain clasts of the granite of Kingston Peak.
These fanglomerate deposits are overlain
by Pleistocene playa deposits and by Holocene
alluvial deposits and eolian sand. The playa
deposits consist of elevated and dissected
horizontal silt, mud, and sand beds that

interfinger with older alluvium. R.E.
Reynolds (personal commun., 1985) reported
Irvingtonian to Rancholabrean (<1.9 Ma)
camel, horse, and mammoth fauna in playa
deposits near the eastern terminus of Kingston
Wash; playa deposits in California Valley were
mapped as upper Pleistocene lacustrine
siltstone by Wright ('1974). The alluvial
deposits include horizontal sand, gravel,
stream terrrace, and talus deposits in elevated
and dissected alluvial fans; unconsolidated
sand and gravel in modern stream and fan
deposits; and eolian sand deposits.

GRANITIC ROCKS
Granitic rocks in the Kingston Range
consist of the granite of Fusulinid Hill, the
granite of Kingston Peak, and a smaller
satellite pluton located north of the main
granitic massif (Calzia and others, 1990).
Hewett (1956) mapped these rocks as the
Kingston Range monzonite porphyry and
concluded, based on modal and limited
chemical data, that the Kingston Range
monzonite porphyry was similar to and
probably synchronous with the Late
Cretaceous'feutonia quartz monzonite.
Armstrong ("1970) reported that biotite from
his biotite adamellite porphyry in the Kingston
Range, equivalent to Hewett's Kingston Range
monzonite porphyry, yields a K-Ar age of 12.8
Ma. Calzia (1990) remapped and renamed all
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of these rocks and described the petrology and
petrogenesis of the granite of Kingston Peak.
Cretaceous Granite of Fusulinid

Hill

The granite of Fusulinid Hill, exposed in a
small fusulinid-shaped hill along the
southwest side of the Kingston Range (Fig. 1),
consists of gray and tan monzogranites that
are chemically distinct from the granite of
Kingston Peak. Gray medium-grained biotite
monzotranite at the top of the hill is generally
equigranular but includes a few Kspar
phenocrysts up to 5 mm long. Biotite is
locally altered to chlorite+magnetite; crystal
edges are often corroded and filled with
myrmekitic plagioclase. Rare former
amphibole(?) crystals are disaggregrated and
are completely replaced by
sphene+magnetite. Accessory minerals
include apatite, zircon, and magnetite.
Tan medium- to coarse-grained
monzogranite at the base of Fusulinid Hill
contains more perthitic Kspar, biotite, and
sphene but less oligoclase than the gray
monzogranite at the top of the hill. The tan
monzogranite is generally equigranular
although Kspar phenocrysts up to 10 mm long
are not uncommon. A crude foliation, defined
by elongate autoliihs of the gray monzogranite
in the tan monzogranite, suggest that the tan
monzogranite is younger than the gray
monzogranite. Textural relations in a thin
section across the contact between the autolith
and the host roek indicate that the gray
monzogranite intrudes the tan monzogranite.
These apparently conflicting intrusive relations
suggest that the gray and the tan
monzogranites are cogenetic and are nearly
the same age.
Biotite from the gray and the tan
monzogranites yield concordant K-Ar ages of
11.0 and 11.6 Ma, respectively (Calzia,1990).
These data suggest that the granite of
Fusulinid Hill is middle and late Miocene in
age and is younger than the granite of
Kingston Peak. Unfortunately, the field data
do not support the K-Ar data. Inclusions of
the gray monzogranite are found in the
granite of Kingston Peak along the west side
of the Kingston Range. These intrusive
relations indicate that the granite of Fusulinid
Hill is older than the granite of Kingston Peak.
The conflict between the K-Ar and the
field data may be resolved by geophysical and
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petrologic data. Regional isostatic gravity data
indicate that the isostatic anomaly associated
with the Mesozoic Teutonia Batholith extends
beneath the Kingston Range (Fig. 3). The
petrography and geochemistry of the granite
of Fusulinid Hill are similar to Cretaceous
plutons in the Teutonia Batholith and are
distinct from the granite of Kingston Peak
(Calzia,1990). These data, combined with the
intrusive relations along the west side of the
Kingston Range, suggest that the granite of
Fusulinid Hill is a pendant of the Teutonia
Batholith in the granite of Kingston Peak; tlre
anomalously young but concordant K-Ar ages
may be caused by the loss of argon in the
monzotranites when they were intruded by
the granite of Kingston Peak.

Middle Miocene Granite of Kingston Peak
The granite of Kingston Peak forms an
elliptical batholith, 14.6 km long and 10.5 km
wide, in the southwest half of the Kingstorr
Range (Fig. 1). Intrusive relations and textural
variations divide this hypabyssal granitic rock
into three facies (oldest first): a feldspar
porphyry facies, a quartz porphyry facies, and
an aplite facies. Aplite dikes and quartz veins
are common in all three facies; rhyolite
porphyry dikes and mafic xenoliths are
common only in the feldspar porphyry and
the quartz porphyry facies.
The feldspar porphyry facies consists of
purplish gray and gray fine- to
medium-grained biotite hornblende grarrite
porphyry characterized by seriate feldspar
phenocrysts up to 15 mm long, rapikivi
textures, and miarolitic cavities. Biotite
crystals, generally 0.3-0.5 mm across, contain
apatite, magnetite, and(or) zircon inclusions
and are locally altered to chlorite streaked
with magnetite. Hornblende crystals are
0.5-0.8 mm long and are usually altered to
chlorite and magnetite. Clots of
biotite + sphene + magnetite often form
pseudomorphs after amphibole; these clots
probably represent hornblende that has
reacted with the granite melt during
crystallization. Accessory minerals include
zircon inclusions in Kspar, plagioclase, and
biotite; apatite that forms equant crystals
0.2-0.3 (locally up to 0.5) mm long; and
sphene with magnetite, apatite, and zircon
inclusions.
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The quartz porphyry facies consists of
pale gray to white fine- to medium-grained
granite porphyry characterized by quartz
phenocrysts, up to 2 or 3 mm across, and
seriate feldspar phenocrysts up to 12 mm
long. Biotite occurs as individual crystals,
0.5-1.0 mm across, or in clots, up to 3 mm

long, with magnetite. Hornblende is absent,
although most of the biotite + magnetite clots
(locally with zircon+feldspar) form
pseudomorphs after amphibole. Accessory
minerals include magnetite, apatite, and
zircon; sphene is rare or absent. Miarolitic
cavities are common and are often filled with
secondary quartz; perthite, graphic granite,
granophyric intergrowths, and rapikivi
textures are common. Antirapikivi textures
are rare but are more common in this facies
than in the feldspar porphyry facies.
The aplite facies is generally fine-grained
and equigranular but does contain a few (<3
percent) feldspar phenocrysts. Biotite crystals
contain numerous apatite inclusions;
amphibole is absent. Accessory minerals
include apatite, rare zircon, and less than 1
percent magnetite; a single sphene crystal
occurs in an aplite outcrop in the feldspar
porphyry facies. Miarolitic cavities as well as
graphic granite and granophyric intergrowths
are common.
Mafic xenoliths occur as rounded to
irregular-shaped clots (up to 10 mm across) or
teardrop-shaped inclusions (up to several
centimeters long) in the feldspar porphyry and
the quartz porphyry facies. The mafic
xenoliths consist of andesine, hypersthene
altered to chlorite, and abundant magnetite;
green hornblende, up to 6 mm long, is
common. The feldspar porphyry facies
adjacent to the xenoliths is generally finer
grained than normal and contains plagioclase
and hornblende crystals that are more sodic
than normal for this rock. Rare orthopyroxene
crystals are surrounded by magnetite and are
altered to talc or actinolite; the abundance and
texture of these crystals suggest that they are
xenocrysts that were not in equilibruim with
the adjacent melt during crystallization.
Chemical and isotopic data suggest that
the calc-alkaline and metaluminuous granite of
Kingston Peak was derived by partial melting
of the Mesozoic Teutonia Batholith at
mid-crustal levels (Calzia, 1990). Stratigraphic
reconstruction of the country rocks indicates
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that the granitic melt was emplaced at shallow
(approximately 4 km) crustal levels.
Comparison of the observed crystallization
sequence with experimental studies of granitic
systems sugSests that the melt crystallized at
675'C and at high oxygen fugacities (fo,
approximately 1012 bars). Late crystallization
of hydrous minerals, combined with the
progressive replacement of hornblende by
biotite and the abundance of miarolitic
cavities, indicate that the volatile content
(primarily HrO although COr, Cl, and F are
also present) varied from less than 2 weight
percent near the liquidus to near saturation
during final crystallization (Calzia, 1990).
Biotite and hornblende from the feldspar
porphyry facies east of Horse Thief Springs
yield concordant K-Ar ages of 72.1 and 72.4
Ma, respectively (Calzia,7990). These ages
are compatible with the 12.8 Ma age reported
by Armstrong (1970) and indicate that the
granite of Kingston Peak crystallized during
middle Miocene time.
Geologic and geochronologic data indicate
that the granite of Kingston Peak was
exhumed shortly after it crystallized. The
oldest Late Tertiary fanglomerate deposit that
contains boulders of the granite of Kingston
Peak is equivalent to the fanglomerate
lithofacies of the China Ranch beds of Wright
(1954) in the Alexander Hills just west of the
Kingston Range (Calzia and others, 1990).
Volcanic rocks at the base of the China Ranch
beds yield a K-Ar age of 10.3 Ma (Scott, 1985);
tuff near the top of this formation yields a
tephrachronology age of 7.6 to 8.4 Ma (A M.
Sarna-Wojcicki, written commun., 1986). The
granite of Ibex Pass, an allochthonous slice of
the granite of Kingston Peak that was
transported 20 km westward during Late
Tertiary crustal extension in the southern
Death Valley region (Calzia and others, 1986),
is overlain by fanglomerate and megabreccia
deposits within the China Ranch beds
(unpublished geologic mapping of L.A.
Wright, B.W. Troxel, and l.P. Calz\a,
1985-1988). These data indicate that the
granite of Kingston Peak crystallized, was
exhumed, and cut by Tertiary extensional
faults between 12.4 and 10.3 Ma ago. Civen
that the granite of Kingston Peak was
emplaced at a crustal depth of approximately 4
km, the rate of uplift during crustal extension
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in the Kingston Range is slightly more than
mm/yr.

2

Satellite Pluton
The satellite pluton forms a
northwest-trending elongate outcrop, 1.2 km
long by 0.4 km wide, of hypabyssal granitic
rocks about 4.5 km north of Beck Spring
(Fig.1). This pluton consists of brown very
fine-grained alkali feldspar quartz syenite with
quartz and Kspar phenocrysts. Biotite
crystals, up to 0.3 lrun across, contain many
apatite inclusions; crystal edges are generally
corroded and locally streaked with magnetite.
Accessory minerals include apatite and zircon.
The age of the satellite pluton is
unknown. It intrudes the Cambrian and Late
Proterozoic Stirling Quartzite and the
Cambrian Wood Canyon Formation and is
overlain by Pleistocene alluvial deposits
(Calzia and others, 1990). These data indicate
that the satellite pluton is younger than the
Cambrian miogeoclinal rocks but older than
Quaternary alluvial deposits. Hewett (1956)
considered the granite of Kingston Peak and
the satellite pluton to be the same age; the
smaller pluton is a satellite of the larger
batholith. Unfortunately, intrusive contacts to
demonstrate the relative age of these rocks are
absent.

LATE TERTIARY TECTONICS
Late Tertiary structures and tectonics of
the Kingston Range are dominated and
controlled by the Kingston Range detachment
fault and related structures. The Kingston
Range detachment fault forms a major
breakaway zone between the unextended
Mesquite-Clark Mountains and the Death
Valley extended terrain to the east and west,
respectively, of the Kingston Range (Burchfiel
and others, 1983, 1985). Hewett (1955) first
mapped this fault, which he named the
Kingston thrust, as a laterally continuous and
regionally significant Tertiary structure
unrelated to Mesozoic compressional
structures in eastern California and western
Nevada.

The trace of the Kingston Range
detachment fault may be followed from the
eastern side of the Kingston Range southeast
of VABM Mesquite to the northern front of
the range (Fig. 1). The detachment fault dips
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10"-20'5 and separates a highly faulted uPPer
plate from a relatively coherent lower plate.
The upper plate consists of thin sheets and
blocks of all the pre-Tertiary rocks as well as
sedimentary and volcanic rocks of the Resting
Springs Formation. Faults in the upper plate

include northwest-trending shallow-dipping
planar and listric normal faults as well as
northeast-trending steep to nearly vertical
strike-slip and(or) oblique-slip faults with a
large strike-slip component. The
northwest-trending faults dip generally to the
southwest and merge into the detachment
fault or subhorizontal hanging-wall splays of
the detachment fault; the northeast-trending
faults terminate at the detachment fault. The
northwest- and the northeast-trending faults
are broadly contemporaneous although several
generations of the northwest-trending faults,
at deeper structural levels, are visible through
structural windows in the upper plate. Each
generation of faults is bounded above and
below by subhorizontal faults that locally
merge into the detachment fault. The
northeast-trending faults are inferred to have
operated as tear or transfer faults between
fans of the northwest-trending faults at
various structural levels (B.C. Burchfiel,
written commun., 1989).
The consistent strike of the tear faults
indicates that the upper plate was transported
to the southwest (Burchfiel and others, 1983,
1985). Displacement increases to the west as
each generation of faults added its
displacement to the extending upper plate.
Reconstruction of the Noonday-]ohnnie and
the |ohnnie-Stirling contact in the upper and
the lower plates suggests that madmum
displacement along the easternmost faults is
about 1-2 km; cumulative displacement within
the upper plate is approximately 6 km (B.C.
Burchfiel, written commun., 1989).
South of the Kingston Range, the trace of
the Kingston Range detachment fault is largely
covered by alluvium; it probably lies between
the Kingston Range and the Mesquite
Mountains (Fig. 1). Isolated blocks of
Cambrian and Tertiary rocks that rest on a
detachment fault in the western Mesquite
Mountains are erosional klippen of the upper
plate (Burchfiel and Davis, 1988). These rocks
dip eastward into the detachment fault and
are repeated over and over again by
southwest-dipping normal faults in the upper
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plate. The detachment fault is locally exposed
beneath these klippen and dips approdmately
3'SW (Burchfiel and Davis, 1988; B.C.
Burchfiel, written corrunun., 1989).
The age of detachment faulting is well
constrained by geologic relations in the
Kingston Range. Middle Miocene (12.5 Ma)
andesite flows and a 1.4.1Ma tuff in the
Resting Springs Formation are in the upper
plate and indicate that the detachment fault is
younger than 14.1 Ma (Burchfiel.and Davis,
1988; B.C. Burchfiel, written corrunun., 1989).
The detachment fault is cut by the 12.4 Ma
granite of Kingston Peak near Beck Spring and
along the western side of the range south of
Beck Canyon (Fig. 1).-Tliese data bracket the
age of the Kingston Range detachment fault
between 14.1 and 12.4Ma. Assuming
maximum cumulative displacement of 6 km,
the maximum slip rate along the detachment
fault was approximately 3.0 mm/year for
almost 2 million years. This is nearly equal to
the uplift rate of the granite of Kingston Peak
and suggests that cmstal extension and uplift
began at about the same time and proceeded
at about the same rate between 14.1 and 10.3
Ma ago.
Cross-cutting geologic relations indicate
that the granite of Kingston Peak as well as
coeval dikes and veins are syntectonic with
crustal extension in the Kingston Range. The
granite cuts the Kingston Range detachment
fault, and both the granite and the
detachment fault are cut by listric normal
faults at the mouth of Beck Canyon (Fig. 1).
Rhyolite porphyry dikes fill the projected trace
of the detachment fault west of Beck Spring
(Wright, 1968) and are cut by low-angle
normal faults in the upper plate of the
detachment fault southwest of Smith Mine.
One quartz vein near Horse Thief Springs is
cut by a low-angle normal fault that
juxtaposes gneiss over brecciated and lineated
granite. The quartz porphyry facies is cut by
steep northwest-trending listric normal faults
along the west side of the batholith and forms
a stack of brecciated granite tectonically mixed
with monzogranite near Fusulinid Hill. This
stack of brecciated granite, as well as the
granite of Fusulinid Hill and the southwest
edge of the granite of Kingston Peak, are cut
by the Sheephead Pass fault zone, a
northwest-trending strike-slip fault that
bounds structural blocks that have extended at
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different rates at different times (Wright,
'1976). Calzia and others (1986) concluded,
based on isostatic gravity and paleomagnetic
data, that the granite of Kingston Peak is cut
by another detachment fault at depth and is
tilted about 3ffE. Combined, all of these
cross-cutting relations indicate that the granite
of Kingston Peak post-dates the Kingston
Range detachment fault but pre-dates another
flat fault at depth, and is extended by listric
normal and strike-slip faults that are
synchronous with Lale Tertiary crustal
extension throughout the southern Death
Valley region.
CONCLUSIONS
The close spatial and temporal relation
between volcanism, granite magmatism, and
crustal extension in the Kingston Range
suggbst a genetic and probably a dynamic
relation between these geologic processes.
Lucchitta (1985, L990) concluded that
magmatism and extension in the southern
Basin and Range province are related by a
magmatic-tectonic model driven by heat
transported into the crust by mantle-derived
mafic magmas. With time, the
thermally-weakened crust begins to extend
concurrently with volcanism and anatectic
magmatism. Lucchitta's model may be
applicable to the geology and Late Tertiary
tectonics of the Kingston Range.
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STRATIGRAPHIC FRAMEWORK OF
THE KINGSTON RANGE,
KTNGSTON WASH, AND
SURROUNDING AREAS,
CALIFORNIA AND NEVADA.
Matthew R. McMackin, Department of Geology, San fose State University, San |ose, CA 95192,
and Anthony R. Prave, Department of Earth & Planetary Sciences, The City College of the
City University of New York, New York, NY 10031

INTRODUCTION
This is a protress report on our
continuing studies of Neogene sedimentary
and volcanic rocks in the Kingston Range and
Kingston Wash areas of California and Nevada
(Fig. 1). Here we describe our current
stratigraphic subdivisions and present our
understanding of the stratigraphic and tectonic
evolution of the area. Our ongoing research is
concentrated on identifying time lines,
principally interbedded tuffs, in an effort to
determine rates of facies migration, basin
subsidence, and regional tectonism.
At present, we recognize three Neogene
stratigraphic units (Fig. 2). The lowermost
unit is the Resting Spring Formation of
Hewett (1956), which lies unconformably on
pre-Tertiary basement rocks. In the Kingston
Wash area, the Resting Spring Formation is
overlain by the Evening Star Formation of
McMackin (1987,1988a,b, 7991). Both of these
units are in turn unconformably overlain by
the Coyote Holes Formation of McMackin
(1987,1988a,b, 1991). We believe that these
rocks are syntectonic and record succeeding
stages of faulting during Cenozoic
deformation.
We interpret the Resting Spring
Formation to record middle to late Miocene
extensional displacement on the Kingston
detachment fault. The distribution of
stratigraphic units suggests to us that the
Resting Spring Formation was deposited in a
single, broad basin that formed over the

SBCMA Spec. Publ. MDQRC 91

extending portion of the upper plate of the
detachment fault.
We believe that the Evening Star
Formation, which is found only in Kingston
Wash, was deposited in an areally restricted
basin that formed above a dominantly rightlateral, oblique-slip fault zone that was active
in that area during much of the late Miocene
(McMackin, 1991).
The Coyote Holes Formation, composed
of mostly boulder fanglomerate, records rapid
uplift of a 12.1 million-year-old granite pluton
in the Kingston Range and lower Proterozoic
metamorphic rocks in the Mesquite and
Shadow Mountains. Subsequent tiiting of the
Coyote Holes Formation reflects latest
Miocene tilting caused by normal faulting.
NEOGENE STRATIGRAPHY OF THE
KINGSTON RANGE AND KTNGSTON
WASH AREAS
Resting Spring Formation
The Resting Spring Formation was named
by Hewett (1956) for strata exposed at the
head of California Valley (Fig. 1). We
correlate Hewett's Resting Spring Formation
with similar strata in isolated fault blocks in
the Kingston Range and widely exposed basin
deposits of the Kingston Wash area. The
thickest sections of the formation, with a
minimum thickness of 700 m, are exposed in
the central part of Kingston Wash.
A generalized stratigraphy of the
formation includes a lower sequence with a
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thin basal conglomerate that grades abruptly
upward to fine sandstone, siltstone, and
mudstone which are in turn overlain by
limestone. These lower sedimentary rocks are
succeeded by a variety of volcanic rocks
including pyroclastic deposits, flows, and
lahar deposits. The horizon of volcanic rocks
is overlain by clastic rocks that grade upward
from sandstone and pebbly conglomerate to
cobble and boulder conglomerates with
interbedded layers of monolithologic
megabreccia. Above the relatively thin basal
conglomerate the Resting Spring Formation
can be viewed as a coarsening-upward
cycle culminating in the monolithologic
megabreccia deposits.
In general, clasts

displaying irregular scouring. Flat
stratification is common whereas ill-defined,
shallow trough and planar cross-bedding is
less so.

In Kingston Wash (Fig. 2), the basal
conglomerate is overlain by a succession of
interbedded siltstone, sandstone, mudstone,
conglomerate, and limestone. The sandstone
typically occurs in decimeter-thick, laterally
persistent beds containing abundant trough
and planar cross-stratification. The
interbedded finer-grained clastic rocks are

commonly thin-bedded to laminated planar
QUATERNARY ALLUVIUM

within the

basal

-_T_-

conglomerate appear to be derived
locally from underlying or nearby
basement sources. In the Halloran Hills
(just south of the Shadow Mountains
on Fig. 1), the basal conglomerate is a
poorly-sorted arkosic pebble
conglomerate containing clasts derived
from underlying Mesozoic granite
(Teutonia quartz monzonite of Hewett,
1956) as well as from Proterozoic,
Paleozoic, and Mesozoic rocks
representative of the Mesquite
Mountains (Reynolds and Nance, 1988).
In the southern Nopah Range the basal
conglomerate is composed
predominantly of clasts of Cambrian
dolomite that forms the preTertiary
basement in that area. From the

Kingston Range south to the Halloran
Hills the basal conglomerate contains
some well-rounded cobbles of
Proterozoic quartzite that may be lag
deposits that accumulated on a preResting Spring erosional surface formed
prior to 20 m.y. (Reynolds, this
volume).
Sorting in the basal conglomerate
typically is poor and bedding is poorly
developed. At most localities, sorting is
so poor and clast size so wide ranging
that the conglomerate can be aptly
termed a fanglomerate. In places,
matrix-supported conglomerates and
breccias (i.e., debrites) are present.
Where tredding is better developed, it
occurs as broad, shallow channels
above an erosive, basal surface
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beds with desiccation cracks and symmetrical
ripple marks. Evaporite minerals,
predominantly gypsum, occur locally as
interbeds and veins. Silty limestone is less
common and occurs as laterally discontinuous
beds up to 2 m thick. The limestone is
fossiliferous, containing petrified wood,
silicified reeds and tuberous roots, and less
commonly, small gastropods and pelecypods.
In California Valley (Figs. 1&3), limestone
rests directly on the basal conglomerate; this is
particularly true at the type section in the
southern Nopah Range. There, the limestone
is many tens to several hundreds of meters
thick. In places, microbial lamination and
stromatolites are common as is silicified plant
material. Locally, decimeter-thick
conglomerate and debrite lenses are
interbedded with the limestone.
Overlying the limestone, either
gradationally or in sharp contact, are volcanic
and volcaniclastic rocks including basaltic to
andesitic lahars, latite porphyry flows,
rhyolitic flows, flow breccias, and tuffs. These
are locally interlayered with volcaniclastic
sandstone and conglomerate.
Tuff, dated 14.1 m.y. (Calzia et al., in
prep), and latite porphyry, dated 13.3 to 13.8

m.y. ( D. Hambrick, written comm., 1988),
overlies limestone in the northern Kingston
Range. To the south near Kingston Wash,
basaltic and andesitic lahars have yielded ages
of 11.1 to 11.6 m.y. (Jim Calzia, written
comm., 1989). The presence of younger
volcanic rocks in southern sections suggests to
us that the depocenter for the volcanic rocks
and possibly other facies migrated southward
with time.
Typically, where it has not been removed
by erosion, the upper part of the Resting
Spring Formation consists of an interbedded
conglomerate, debrite, and monolithologic
megabreccias. These rocks are composed of
poorly sorted clasts mostly derived from
uplifted blocks of Cambrian dolomite; small
numbers of clasts were derived from upper
Paleozoic limestone units. At some localities,
the conglomerate is partially volcaniclastic.
Additionally, some of the uppermost
conglomerate and debrite units contain a
distinct reddish, sandy, carbonate matrix. The

monolithologic megabreccia units are chiefly
composed of Cambrian dolomite, although
breccias of Proterozoic quartzite and Late
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Paleozoic limestone occur locally.

From Kingston Wash southward past the
Shadow Mountains and toward the Halloran
Hills (Fig. 1), the conglomerate and
megabreccia unit rests unconformably on older
units of the Resting Spring Formation. Our
recent mapping (McMackin, 1991; McMackin
and Prave, unpub. data) indicates progressive
truncation of lower Resting Spring Formation
strata beneath that unconformity (Fig. 3). In
some areas at the northern end of the
Halloran Hills, the megabreccias rest directly
on the basal conglomerate (Fig. 3).
In the area of Kingston Wash and the
Shadow Mountains (Fig. 1), the Resting
Spring Formation is overlain by the Evening
Star Formation. Elsewhere, it is
unconformably overlain by the Coyote Holes

Formation or Quaternary alluvial deposits.
Evening Star Formation
The Evening Star Formation was named
by McMackin (1987) for exposures near the
Evening Star Mine in the western Shadow
Mountains (Fig. 1). The formation appears to
be restricted to the area between Kingston
Wash, Shadow Mountain, and the Halloran
Hills. The age of the Evening Star Formation
is not known but is in{erred to be late
Miocene by virtue of its stratigraphic position.
In general, the Evening Star Formation
constitutes a second coarsening-upward cycle,
changing upsection from interbedded
mudstone and sandstone to an upPer unit of
cobble and boulder conglomerate. Upwardcoarsening of the Evening Star Formation
culminates with the Shadow Mountain blocks,
which we regard as tectonically-emplaced fault
slices of pre-Tertiary basement. The
Proterozoic rocks forming the Shadow
Mountains blocks structurally overlie this
sedimentary succession. The thickest
exposures of the Evening Star Formation,
about 1000 m, are located beneath the Shadow
Mountains.
The lower units of the Evening Star
Formation consist of interbedded lithic and
volcaniclastic sandstone, shale, and mudstone.
These typically appear to be gradational with
the conglomerates and megabreccias of the
underlying Resting Spring Formation.
Sandstone beds generally are decimeters thick
with scoured and channeled bases, trough
cross-bedding, planar lamination, and less
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corrunonly, planar cross-bedding. The finer
clastic rocks form planar beds and lens-shaped
channel-fill deposits. Bedding surfaces
commonly display current and wave ripple
marks and desiccation cracks. In some
localities, the tracks of large mammals are
preserved on bedding surfaces (McMackin,

contain clasts derived from the deeper
structural levels of adjacent uplifted areas
including mylonitic rocks from the lower plate
of the Kingston detachment fault.

The Shadow Mountain Blocks
The Shadow Mountain blocks consist of
1991) .
large slabs of Proterozoic gneiss and
Interbedded pebbly sandstone and pebble
sedimentary rocks hundreds to thousands of
conglomerate constitute an increasing
meters long, and tens to hundreds of meters
proportion of the strata higher in the section.
thi&. These blocks overlie the Evening Star
These rocks occur in decimeters to meters
Formation along subhorizontal to moderatelythick beds and commonly display shallow
dipping faults. The Shadow Mountain blocks
channel fill geometries. Trough and planar
are aftanted in three north-trending ridges
cross-bedding and flat lamination are well
south of Kingston Wash (Figure 1). Hewett
developed.
(1956) proposed that they were emplaced as
The upper Evening Star Formation is
the upper plate of a Pliocene thrust fault.
mostly of cobble and boulder fanglomerate.
Wilson (1966), Be-ll (1971), McMackin (1982),
The gravels in the Evening Star Formation
and Parke and Davis (1989) intelpreted the
blocks as erosional
Kingston WasL
Sharrow Mtns
California Vallev
remnants of a once
continuous sheet of
CoVote Holes formation
Coyote Holes formation
gravity slide mass
derived from uplifted
in the north or
areas
n
'r+i,e
northeast. However,
recent mapping by
g_.
McMackin (1991)
\""
suggests that the
Shadow Mountain
blocks are parts of what
was initially a single
north-trending strip of
pre-Tertiary basement
that was faulted over
the Evening Star
/.F.\9
,ool
Formation and
E
segmented by
.l
subsequent faulting.
m0J
.&
According to McMa&in
(1991), the strip was cut
"Qc
into three segments by
a previously
c9
unrecognized
northwest-trending
fault zone that transects
the Kingston Wash

\d

e

region. Subsequent

\
Fig. 3. Gmeralind stratigraphic cmss-section of Neogene strata
Kingston kmge. See Fig. 1. fur bcatians.
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in the area of Kingston

Wash anil the

rightJateral
displacement on the
fault zone has moved
the southern and
central segments (the
Shadow Mountains)
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northward relative to the northern segment
(Shadow Mountain).
Coyote Holes Formation
The Coyote Holes Formation was named
by McMackin (1987) for boulder and cobble
conglomerate and, locally, fanglomerate that is
well exposed throughout Kingston Wash
where it overlies the Resting Spring and
Evening Star formations. It also rests on preTertiary basement in the northern Kingston
Range and Mesquite Mountains. Its thickness
varies from several tens of meters to a
minimum of over 300 m south of Kingston
Wash.

We suspect that the Coyote Holes
Formation is latest Miocene because of its
stratigraphic position, but we have yet to
obtain a reliable date. This age is somewhat
substantiated by the observation that Coyote
Holes fanglomerate overlies an 8.4 m.y. tuff
near the Alexander Hills (Calzia, pers. comm',
1989). The Coyote Holes Formation is itself
unconformably overlain by Quaternary gravels
and fanglomerates.
In Kingston lVash, the Coyote Holes
Formation contains three separate
fanglomerate facies: a southern fanglomerate
shed from Shadow Mountain; an eastern
fanglomerate shed from the Mesquite
Mountains; and a northern fanglomerate shed
from the Kingston Range. The southern facies
consists of clasts derived principally from early
Proterozoic gneiss exposed at Shadow
Mountain. The eastern facies contains clasts
from Proterozoic and uPper Paleozoic rocks
exposed in the Mesquite Mountains and
Halloran Hills. Fanglomerate in the Kingston
Range is the oldest unit to contain clasts
derived from the 12.1 m. y. old Kingston
Range granite pluton. The northern facies
contains clasts derived from the Proterozoic

Pahrump Group and the Cenozoic Kingston
Peak pluton of monzonite porPhyry.
In the northern Kingston Range the
Coyote Holes Formation is composed largely
of clasts derived from the Kingston Range
granite. Hewett (1955) noted the presence of
boulders of Kingston Range granite up 'to 35
feet" long in fanglomerate deposits at the east
end side of California Valley. These
fanglomerate deposits, which we include in
the Coyote Holes Formation, are over 10 km
from the source area in the central Kingston
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Range.

TECTONO STRATIG RAPHIC SETTING
The Neogene strata in the Kingston Range
and Kingston Wash areas record the evolution
of a continental basin or basins that formed in
response to extensional detachment faulting,
strike-slip faulting, and regional uplift. The
Resting Spring Formation was deposited in a
basin that appears to have been largely coeval
with horizontal extension of the uPper plate of
the Kingston detachment fault. Comparable
sections of Resting Spring Formation are
widely distributed in the uPper plate of the
detachment fault. The similarity of lower
Resting Spring strata in widely separated fault
blocks suggests to us that Neogene
sedimentation began pnor to large
displacements on the detachment fault. This
interpretation is also supported by the
observation that Resting Spring strata are
subparallel to bedding in the pre-Tertiary
basement; up to 50 degrees of tilting in
Resting Spring strata by listric normal faults is
also comparable with the tilting observed in
pre-Tertiary basement rocks.
Increasing lateral variation of units
upsection suggests to us that what may have
been initially a single basin was progressively
segmented by increased displacements on the
detachment fault. Coarsening upward of the
Resting Spring strata probably reflects the
initial subsidence of a broad shallow basement
followed by localized uplift of pre-Tertiary
fault blocks with cumulative extensional
deformation.
Facies in the Resting Spring Formation
change from coarser clastic and volcaniclastic
rocks in more southern locations (central and
southern Kingston Wash, Shadow Mountains
area) to finer clastic rocks and increasing
abundance of limestone in more northern
localities (California Valley and northward).
We interpret this as evidence that the
southwestern margin was more tectonically
active than the northeastern margin. The
preservation of an overall thicker section of
the Resting Spring Formation on the upper
plate of the Kingston detachment fault in
Kingston Wash indicates that cumulative
displacement on the fault led to increased
subsidence there. Younger ages for
interbedded volcanic rocks in the southern
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exposures of the formation suggest
southwestward migration of the depocenter

with time.
The Evening Star Formation is exposed in
the vicinity of a,northwest-trending, dextral
fault zone exposed south of Kingston Wash.
This suggests to us that basinal development
had become centered in this area due to
transtensional deformation on the underlying
fault zone. Clasts of mylonitized gneiss
within the upper part of the Evbning Star
Formation indicate that, by this time, lower
structural levels of the Kingston detachment
fault had been exposed by tectonic
denudation. Emplacement of the Proterozoic
rocks of the Shadow Mountain blocks over
Evening Star strata suggests a change to
transpressional deformation during
intermediate stages of strike-slip faulting
followed by continued dextral slip.
Coarsening upward of the Evening Star strata
suggests progressive uplift of the basin
margins with continued deformation.
The Coyote Holes Formation lies
unconformably on, and thereby effectively
seals, the underlfng strata. It is widely
developed over most of the study area and
does not display the same magnitude of
thickness variation as the underlying Tertiary
formations. This suggests to us that the
basinal depocenter was no longer localized in
Kingston Wash and large amounts of
sediment were deposited on the flanks of
uplifted areas. Additionally, clast distribution
in the Coyote Holes Formation indicates that
the uplift and unroofing of the Kingston
Range pluton was coeval with uplift of lower
structural levels of the Kingston detachment
fault. Normal faults cut strata of the Coyote
Holes Fanglomerate to the south and west of
the Kingston Range which implies that
extensional faulting continued there
subsequent to uplift of the pluton.

SUMMARY AND CONCLUSIONS
Three units have been recognized and
defined for the +2000 m thick succession of
Neogene strata preserved in the Kingston
Range and Kingston Wash areas. These are,
in upward succession: (1) The Resting Spring
Formation, which can be viewed as a
coarsening-upward cycle, consists of
interbedded mudstone, sandstone,
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conglomerate, limestone, volcanic and
volcaniclastic rocks, and megabreccia. It rests
unconformably oir pre-Tertiary rocks and
exhibits significant lateral thickness and facies
changes. The thickest occurrences of the
Resting Spring Formation are in Kingston
Wash where it is over 700 m thick. (2) The
Evening Star Formation, which can be viewed
as a second coarsening-upward cycle, consists
of interbedded mudstone, sandstone, and
conglomerate overlain by the tectonically
emplaced Shadow Mountain blocks. The
Evening Star strata appears to be restricted to
Kingston Wash; the thickest sections there are
over 1000 m. (3) The Coyote Holes
Formation, which is composed largely of
boulder and cobble conglomerate,
unconformably overlies the older Tertiary
rocks. It is widespread and ranges in
thickness from several tenb of meters to
several hundreds of meters.
The Resting Spring and Evening Star
formations are most likely late Miocene in age.
Their facies and thickness variations reflect the
development and progressive displacement of
the Kingston detachment fault and a

northwest-trending dextral fault zone
described by McMackin (1991). The Coyote
Holes Formation is considered to be of latest
Miocene age. It seals the Kingston Wash
basin and marks the rapid uplift of tectonically

denuded areas during the waning stages of
Cenozoic deformation.
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