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Introduction
Our three day route will tike us through Pleistocene basins, including Manjx Basin on the Mojave River, Tecopa Basin on the Amargosa
River, and internally-drainzd basins in Pahrump and Sandy Valleys, Nevada. Rain still falls, the rivers flow, but what happened 1o the
extensive lakes that once filled these basins? We will see evidence of entrenched meanders suggesting slow drainage, and narrow slot canyons
suggesting sudden changes in base level causing rapid incision of lake outflows or rapid headward erosion in the gorges that drained the
lakes. As we go, we will be able to compare stromatolites (structures built by biological precipitation of calcium carbonate jn lake waters)
from Proterozic to the Pleistocene times. And as we speed along the roads in our rubber-tired, air~conditioned vehieles, we will be following
the paths of mule trains, rustlers, and emigrant wagons moving along the Old Spanish Trail 150 years ago at speeds reaching 2 miles an
hour. Many of the springs we will visit on our trip were viral stopping places for the pioneers.

Day 1:
Lake Manix to Spanish Trail Mesa

0.0 {0.0) Exit I-15 at Afton Road. From Afton Road, we can look
west along the Mojave River toward Camp Cady. The Old Spanish
Trail rain to our north, from Red Pass Lake to Bitter Spring to the
vicinity of Camp Cady anc chen west over the San Bernardino
Mountains. An alternate roire was through Aftan Canyon to Camp

Cady.
0.3 (0.3) CONVENE at ir wersection of Afton Road and 1-15. We

are at the 1780 shoreline, rraveling on 2 beach bar formed by wave
action at the high stand of Manix Lake, TURN RIGHT (south) on
the frontage road and procesd west to view onlapping lacustrine
sequence of Lake Manix.

0.9 (0.6) PARK and WAl K 1o the wash on the south side of the

road.

Stop 1: Tufa-Costed Cobles. Here we see a contact berween siliv
distal conglomerates and overlving lacustrine sedimenrs (Awramik,
Buchheim er af, this volun =), This contact increases in elevation o
the east as the sediments from Lake Manix moved upslope over
rime. Return to vehicles. RUTRACE to Afton Road.

1.4 (0.5) Proceed across intersection of frontage road and Afton

Road. and PARK on the east side of Afton Road.
Stop 2: Beach Ridge. We are at the 1780 shoreline. Walk o the

channel ta see the imbricared flar gravel clasts, or shingles, The
flacrened stones are characreristic of oscillaring wave action on a
shingle beach. This beach r dge marks the highest stand of Lake
Manix, and shells from other heach ridges ar this elevation provide
radiocarbon ages from abou: 21,5 to 18.1 ka. The maximum crest
elevation of the ridge is 542 9 m, although the maximum lake stage
was normally 2 to 3 m lower. Storm overwash buile the beach ridges
above the normal lake level and the ridges migrated shoreward over
time. The small playas just to the ¢ast of the beach ridges were
lagoons at the tme of Lake Manix, bur they have continued to
collect sediments from the |ocal drainages. Freshwater shells are
normally found in the beachi sands about halfway down the
foreshore slope, but in this carticular area shells are rare. Because
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beach ridges are perpendicular to the slopes of alluvial fans, they
dam the natural drainage. Ponding, overflow across the lowest swale
on the beach ridge crest, and incision are responsible for rthe
wansverse drainage through the beach ridge north of the bedrock
ridge (Meek, rthis volume). Note the back bay east of the beach
ridge. Return to vehicles, PROCEED SOUTH.

3.0 (1.6) Pass under power lines, Prepare to stop 1/4 mile ahead.
3.3 (0.3) PARK on the lower terrace.

Stop 3: Structural terraces. The lower terrace is heavily cemented
with pedogenic carbonates. The Mojave River had not vet reached
this region when this terrace was cemented. The terrace surface
represents the paleosurface of Afton basin before the first lakes
inundated this area. This terrace dips 1o the south and conrinues
across the Mojave River valley to the other side. The Cady
Mounrains also did not exist in their present location and elevadon
when this terrace was the basin floor. Some time after the deposi-
ton of these gravels, the Cady Mountains began o rise, shedding
volcanic gravels northwards and creating the closed basin now
known as Afton basin. Careful examination of the well-developed

pavements on the lower terrace indicates that it was once cavered
with a coating of rufa from the gradual rise of Lake Manix. This

Railroad bridge over the Majave River at Afton Canven. REE. Revnolds
phota.
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Meanders on the Mojave River in Afion Canyon. Cave Mounrain 15" quadrangle.

tufa is believed to be fram the initial rise of an OIS 6 lake {-190
ka). Thick green clays once covered all of the lower terrace; they
only remain where a subsequent alluvial deposic protects them. The
stope berween the upper and lower terraces is underlain by the
green clays. The upper terrace shows the extent of alluviation into
the basin during Sangamon time (OIS Se¢). The upper terrace also
has a coating of tufa because the terrace was in tarn inundated by ar
least three stands of Lake Manix during the Wisconsinan (OIS 4
and OIS 2). The beach ridges also sic atop this terrace. The upper
terrace was probably covered with a thin layer of green clays and
beach sands lakeward of the beach ridges, but because they were nor
protected by a gravel layer, they rapidly eroded from the ares
following the breaching of Afton basin.

4.9 (1.6) Enrrance to Afton campground. Proceed east 0.1 mi along
berm.

5.0 (1.1) PARK and walk to the torroise habirat.

Stop 4: Afton Starion. Afton Station was a railroad stop established
at the west end of Afton Canyon with eight buildings and a water
rank. It was continually inhabited from about 1905 to 1986, and
often housed railroad workers. In 1988 the railroad bulldozed the
buildings and large willow trees, leaving nothing behind but the
foundatiops. If vou walk across the tracks towards the southeast yon
will eventually come to a small cemetery just north of the main
cliffs. It is unclear who is buried here — probably railroad workers
and transients. Robert Lowe, resident station manager in 1942 and
1943, did not recall the cemerery being there during his tenure at
the station (written communicarion o Arlene Kallenberger, 1996).
The trestle is immediately to our south.

The western pond turtle, Clemniys marmorata, is protected by the
State of California. Recent surveys (Lovich and Meyer [abs], chis

volume) confirm that many populations have been extirpared or are
declining. Nothing has been published on the ccology of relict,
morphologically and genetically distinct populations in the Mojave
River of California. A significant portion of the historical range of
the wurtle in the Mojave River occurs at the Afton Canyon ACEC,
where populations are small and renuous. Much of the Mojave
River flood plain has been infested with the exotic pese planc
saltcedar, Zamarix ramosissima, replacing an estimared 70 percent of
the native riparian vegeration in the ACEC. The changes in channe!
merphology and hydrology associated with saltcedar invation have
degraded what little western pond turtle habirar exists in this arid
region (J. Lovich, www.werc.usgs.gov/cc/pond-turtle.hrm).

Return to vehicles and PROCEED EAST along the flood control
berm.

5.1 (0.]) TURN RIGHT diagonally off berm and go through warer
crossing. Proceed slowly but steadily; it you go oo fast or if you
stop, your engine may drown.

6.0 (0.9) PARK at the eastern end of a small hilltop that offers a
good, easily accessible view of che upper end of Afron Canyon.

Stop 5: Bedrock Meander Notice how the Mojave River passes
beneach the trestle and then travels ro the south around the large
bedrock ridge that blocks its path to the east and makes the Mojave
River form a giant meander. Looking easr, the railroad tracks pass
through a large V-shaped gap in the bedrock obstruction. Prior to
1957 the tracks passed through the ridge in a tunnel. Bue deterio-
rating cunnel timbers and repearted rock stides caused largely by
aftershocks from the 1947 Manix carthquake {Richrter and
Nordquist, 1951; Deser, 1990) caused the Union Pacific railroad to
daylight the tunnel (Myrick, 1963, p. 674).
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North of this stop is a good contact of Miocene rocks overlain by
the Mojave River Fm (Buccheim and Spitler, 1986) overlain by
sediments of Lake Manix. Looking to the northeast, you can see the
mouth of a eributary capvon that has incised into dark reddish-
hrown and gray crystalline bedrock. This js the canyon that leads
into the bay behind North Afton Beach Ridge and Shoreline Hill.
This deep incision into so'1d bedrock has occurred since Lake
Manix drained abour 18 k.

The large bedrock meander ridge is an unusual landform, This is
the only place the Mojave River path makes a sharp curve down-
stream of the Manix Wash confluence. The cause of this meander is
probably related to the position of a beach ridge thar no longer
exists. Although Blackwelder and Ellsworth (1936, p. 462)
speculate thar North Afran Beach Ridge may have once closed off
the southeastern end of Atron basin. the rapidly increasing depth of
the paleobasin makes such a claim unlikely. Racher, Meek believes
another beach ridge formed that connected to the mainland just
south of Shoreline Hill and passed directiy over the bedrock
meander ridge towards South Afton Beach Ridge. When the lake
basin was breached, the inidal outflows were diverted around the
hypothesized beach ridge, «nd the subsequent incision trapped the
river in 2 meandering channel. In this scenario, the beach ridge has
completely eroded, but the river platform indicares where it once
formed # local topographic varrier.

The crest of the meander ridge is capped with Mojave River gravels,
indicating thar the river once flowed above the ridge. There are 2
series of slip-off terraces atop the bedrock ridge thar show how the
river meander has gradually increased in size as the canyon has
incised.

Rerurn ro vehicles and PROCEED down the steep incline and
under the trestle. Passengess can look back to the outcrop on the
left and see Miocene sediments faulted against gravels. Proceed
through water crossing without stopping.

6.3 (0.3} Take the lower road dropping away from rracks but
staying parallel on the sours side. Downstream o the south, on the
right hand channel wall are two openings — the historic “caves” —
just above the modern channel floor abour 0.3 miles from the
trestle. Excavation of the cives has revealed evidence of historic
occupation, including squi re nails and miscellancous trash. “The
Caves” were a stop along ¢ Qld Spanish Trail and, later, the
Government Road. Dead = head are the gray colored gravels from
the Cady Mts Fm shutted by the Manix/Afton Faulr against the red
and black Tertiary volcanic: (Meek and Bartles, 1991).

7.0 (0.7} A magnesite min: is on the south wall of the canyon,
Magnesite is magnesium carbonate, once 32 major source of
magnesium used in some ammunition (e.g., flares, incendiary
bombs). The Cliffside Magnesite Company opened the mine in
1917 as the price of magne-ium rose during World War I. Magnes-
ite ore was transported o the railroad across the dver via 2 1900-
foot aerial tram and shipped o San Diego County. The mine closed
in 1918 ar the end of WW1.

9.0 (2.0} Round the bend and lock ar the colocful, faule-disrupred
Miocene volcanies and the contacr with overlying indurated gravels
that may be equivalent to the Mojave River Fm. These gravels
received rapid incision, perliaps along fault-generated fractures.

9.6 (0.6) PARK at Bridge “o. 194.65, dared 1928,

Stop 6: Slot Canyon (“Norms Nook”). This slot canyon shows the
rapid incision that has occured since Afton Canvon formed. This

triburary has incised in response to the rapidly lowered base level of
Afton Canyon. Vertical incision oceurred first, and the meandering

“Norm's Nook” slor canyon. R. E. Reynolds phoro.
of the stream from side to side is responsible for the overhangs.
When the stream reaches a reasonable longirudinal gradient, a
significant widening of the channel develops. Eventually, the
overhangs break off and the channel walls become vertical. Return
to vehicles, PROCEED EAST toward the buried box car near the
rermination of the cliffs with gravel dipping 15¢. The gravels have a
silty component near the cliff case; vertical higher slopes are solid
gravel.

10.5 (0.9) Tamarisk grove.
10.6 (0.1) PARK at road side.

Stap 7: Buried Box Car. Walk to the box car in the Mojave River
wash. A recent detailed study by a CSUSR student, Barry McAlcer,
has shown that the railroad car was probably buried in place by the
railroad. The railroad bridges have 1926 and 1928 dates, and a
railroad historian has confirmed thart the present railroad grade is
similar to the 1905 grade. Thus, the boxcar does not sit on buried
tracks. Photographs of the 1938 flood do not show a box car in the
channel floor in this vicinity. Meck rook 2 photograph of the box
car on 22 February 1985 that does not show vegetarion in the
vicinity and shows the box car roof to be unweathered. Between
1985 and 1992 the box car was gradually buried by aggradation of
the Mojave River, but the 1993 floods exhumed it again. Today: the
box car roof and sides are highly oxidized and decomposing rapidly.
The rate of decomposition since 1985 suggests thar the box car
could not have been in the channel for many vears before that. No

documents revealing the burial dare have vet been discovered, but it
appears that the box car was buried by the railroad, most probably
in the early 1980s. Return to vehicles and proceed.

SBCMA Quarterly 47(2)
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11.1 (0.5) The black magnetite ore dumps at Baxter are on our
right. TURN LEFT and cross the railroad tracks ar Basin Station.
Like the railroad siding at Afton, the siding at Basin was needed to
control traffic on the single tracks through the canyon. This station
was originally named Baxter, and in 1914 the post office here served
150 residents in the region (Garrert, 1992, p. 8). Railway workers
and miners frequented the site, especially after the Pacific Marble
Quarries Company opened operations across the river in 1925.

11.2 (0.1) On the north side of the tracks, take che road to the left,
pass over the berm, bear right, and procccd across the Mojave River
to the marble mines.

11.4 (0.2) Cross the river and PARK in the open area on the north
side of the river.

Stop 8: . Look ar ¢he rock work and boading chutes (front cover).
‘I'he metamorphosed Paleozoic limestone has been mined since the
19205, and the iron deposits since the 1930s (Brown and Monroe,
this volume). Return to vehicles and RETRACE to the intersection
on the north side of the tracks. The view south above the townsite
of Baxter is of a dissected alluvial fan with bar and rill degraded to
flat desert pavemnent. With change in base level of the Mojave River,
the drainages in the canyon dissected the toe of the fan, which
extended fairly far away from the hillside in times past.

11.7 (0.3) TURN LEFT (north) ar the intersection on the north
side of the tracks. The road bends south and then east parallel to
the tracks.

14.8 (3.1} Pass through reverse intersection.
15.9 (1.1} Pass BLM kiosk.
16.7 {0.8) PARK on the open area at the Basin Road offramp.

Stop 9: Ventifact Hill. Hike east, uphill, to view granirtic ventifacts
carved by wind blown sand (Laity, this volume). From the top of
Vendfact Hill, look north into Last Cronese Lake and through the
pass toward West Cronese Lake. These “owin lakes” were on an
alternate roure used by emigrants (Lyman and Walter, 1997) going
south of Bitrer Springs through Cronese lakes to “the caves™ and the
water in Afton gerge. Use of the area by Native Americans is well
documented (Warren and Schneider, this volume). Return 10
vehicles and proceed north to the I-15 onramp.

16.8 (0.1} Enter [-15 east, and procced to Baker.

32.1 (15.3) Exir I-15 at the West Baker cxit. Obrain gas, warer and
supplies. Continue to Highway 127 (Kelbaker Road) in central
Raker.

32.7 (0.6} TURN NORTH onto Highway 127.

34.4 (1.7) The Soda Mountains are on the left (Gourley and Brady
[abs], this volume).

39.9 (5.5) Pass adobe ruins on the right marking the town of Silver
Lake, the terminus of a stage line where O.J. and Della Fisk
operated a mercantile score. Oliver James (Jim) Fisk was born in
lowa on August 10, 1873. At age 14 he headed for California,
crossing the southern Nevada Mud Hills on foot. He was 20 when
he workad as a hoist man on the Gold Bronze Mine in Vanderbile,
California. In 1901 he builr an ice place in Manve] which supplied
ice to boom camps: Scard’llight, Crescenr, and Sandy, Nevada; and
Hart, California. He then went into partnership with the Rose &
Pamer rransportration firm which hauled freight from the desert
railhead at Ivanpah Dry Lake across Stateline Pass and up the
Pahrump Valley ro Sandy Valley, Pahcump, Beatty, Bullirog and
Rhyolite, Nevada (see Day 3).

In abour 1894 O. J. Fisk and Della May White were married in
Redlands. Della, born in Sommerville, Oregon, in 1875, was the

View south from Baxter showing well-developed desert pavement surface
on old dissccted fans. R.E. Reynolds photo.

daughrer of Harsha and Maude Yount White. Della’s father
managed the Manse Ranch in the Pahrump, developed by Joseph
Yount, Della’s grandfather. Mr. Yount was 2 cartleman, and on the
ranch he raised and sold hay, and had a vineyard and winery. He
facer owned 2 sawmill and valuable timber options in the Charles-
ton Mountains. Eventually Jim Fisk, a mining engineer credited
with building and operating some of the largest and most successful
ore recovery mills in the gold baom, becarne involved in the
mercantile and lumbering business. He and Della made their home
in Greenwarer, a copper camp near Death Valley. While Jim was
mining, Della ran a general merchandise store.

During the mining boom in Goodsprings, NV iKepper. 20005
Hensher, this volume), Harsha White and Joseph Younr located the
Boss Mine and, two years later, the Columbia Mine. Jim went 1o
Goodsprings in 1892 to take over Harsha White’s interest in the
mines and, with S. E. (Sam) Yount, formed the Boss Gold Mining
Company. In 1898 Jim built onc of the mills in mining camp
Johnnie, NV. He returned 10 years later as master mechanic in the
operation.

From Silver Lake to Crackerjack, a mining camp west of the
Avawarz Mounrtains, Jim Fisk built a 30-mile road over which the
Rose, Palmer & Fisk stage line made rri-weekly ips, carrying
people and mail. For weeks the stages were crowded with outbound,
not inbound, miners. Because of the panic of 1907, Crackerjack
(only 90 days old) slumped, as did other camps. About 1910 Q. .
and Della Fisk moved to San Bernardino where they became active
aivic leaders.

41.2 (1.3) Pass Edison power line road.

42.9 (1.7) View a1 10:00 of Avawarz Mouniains, a large fault block
of Mesozoic diorite thrust over Tertiary and Quarernary fans

{Spencer, 1990).
47.7 (4.8) Pass turn 1o Riggs (Silurian Hills).

52.5 (4.8) The site of Renoville is on the lefr. Continue past a righr
turn to Valjean Valley, Kingston Wash and the Eastern Star Mine.

58.1 (5.6) Continue past Lake Dumont (Anderson and Wells,
1997).

59.6 (1.5) BLM information kiosk 2nd rest rooms at the southern
Salt Spring Hills. Salt Spring was a stop on the Old Spanish Trail.
Water from the spring forms Salt Creek, a wriburary of the Mojave
River (Anderson and Wells, 1997). The spring was the site of a
significant gold discovery by pioneers in 1849 (Harder, 1997; [abs]
this volume). Springs and other water sources in the Mojave Desert
have been of eritical imporrance to plants, animals. and humans
since Pleistocene times. We will see several types of “springs” or
near-surface water on this trip tn addition to remains of Pleistocenc

6
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lakes. These include: (a) water forced to the surface along bed rock
structures such as in Afon Canyon, ar Salt Spring and Resting
Spring; (b} warer percolaring ro the surface through sediments along
fault zones. such as Tecopa Hot Springs and Stump Spring, where
traces of moisture are marked by mesquite; (c) springs marked by
mineralized water, such as travertine deposits ar Valley Wells; (d)
springs and vegeration perched in valleys where the valley drainage
has been blocked by vege-ation and silts and clays, daming axial
flow and depositing sedirents in ponds and marshes, as at Tule
Springs; and (¢) spring mounds such as in the Las Vegas Valley,
where faults on the valley margin produce seepage, and mounds of
silt and black mats of orginic marter are stabilized on slopes by
thick clumps of vegeration.

60.6 (1.0) Continue past the Harry Wade monument.

60.8 (0.2) Cross the Mojave River as it flows north o Amargosa
River,

62.8 (2.0) Cross the Amargosa River.

64.8 (2.0) Continue past l=ft turn to Dumont Dunes (Anderson et
al 1997)

70.6 (5.8) Continue past l=ft turn to microwave relav on left,

72.5 (1.9) Cross through Ibex Pass, elev. 2090', in the Sperry Hills,.
77.6 (5.1] In the first outcrops of Tecopa Lake sediments is lime
green Lava Creek B Ash dared ar 0.62 Ma (Hillhouse, 1987;
Chesterman, 1973),

78.0 (0.4) Continue past Lireenwater Valley Road.

78.6 (0.6) END DAY ONE at Spanish Trail Mesa and the junction

of Highway 127 with the “urnoff to Tecopa. We will convene here
for the start of Day 2. It i+ 8 miles north to Shoshone where

gasoline and services can be found.

Spanish Trail Mesa stop, Parking area is shown to the right of the read;
o the right of thar is Spanish Trail Mesa. McMackin phoro.

Day 2:
Spanish Trail Mesa to Shoshone

0.0 (0.0) CONVENE ar junction of Highway 127 and Old
Spanish Trail Highway just west of the green highway sign thac
reads “Tecopa 4 miles™.

Stop 1: Spanish Trail Mes1. Because Spanish Trail Mesa is
dominated by N50°E jounrs, the mesa weathers to an elongare
shape. The joints are prominently exposed as large parallel surfaces,
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MeClain Peak
Zabnzke Cuar:

‘Wood Canyon Fomratign

View south from Spanish Trail Highway o McClain Peak. Note the sandy
Lake Tecopa beds and weakly developed shorelines near the base of the
steep slope. MeMackin phoro.

particularly in Lava Creek Ash A that caps the section (McMackin
19973; Chesterman, 1973). Return to vehicles: warch for traffic
and reenter Spanish Trail Highway towards Tecopa Hot Springs.

0.4 (0.4) On our right is McClain Peak, an east-dipping Paleozoic
section. Sticling Quarrzite ar the base of the hill is overlain by Wood
Canyon Fm in turn everlain by Zabriski Quartzite, which forms the
dip slope on the skyline on the cast side of the ridge. This east-tilced
scetion s surrounded on its northern side by Tecopa lake beds. 1€
vou look carefully near the base of the slope you'll see some very
faint, weakly developed shorelines.

1.3 {0.9) The Tecopa lake beds in this area are redder and have
more sand than the lighter-colored lake beds at our previous stop.
The sandy component is probably from McClain Peak.

1.3 (0.2) To the left we can see the Tecopa Hor Springs area above
Grimshaw Lake. Trending north beyond the Hot Springs is the
Resting Spring Range topped by dark Tertiary basalt flows. The
light area below is a dacite intrusion, formed by bimodal mixing of
the basaltic magmas interacting with crustal rocks on cheir way up
to produce, first, flows of basaltic lava flows and chen viscous dacite
intrusions that formed pod-shaped masses. At the very southern tip
of the Resting Spring Range a small clump of trees marks Resting
Spring. Nerthward, the Resting Spring Range has exposures of
Wood Canyon Fm, Zabriskic Quartzite, and orange, bedded
Carrara Formation overfain by dark gray dolomires of the lower
Bonanza King Formartion. In the distance is Nopah Peak with dark
Bonanza King rocks. Just north at the bottom of the hill, the
Bonanza King block is faulred against Stirling Quarrzite: the light-
colored lower quarrzite, a dark middle band and an upper light
band, overlain by the Wood Canyon Fm. The Bonanza King Fm
forms the skyline. The Nopah Peak thrust brings Neo-Proterozoic
quarrzires over Paleozoic carbonate rocks such as the Bonanza King
Fm.

Immediately sauth of the Hot Springs is a hill of lower (light-
colored), middle (dark) and upper (light-colored) Stirling Quarwzite
overlain by the Wood Canyon Fm. This low hill presumably was an
island during stands of Lake Tecopa, the high stand submerging its
top.

2.8 {1.3) To the south at 2:00 are a number of poorly-developed
shorelines, suggesting thart the lake rose rapidly. The best-developed
shoreline is ar 1400, che same elevation as a bar just above
Grimshaw Lake. The flat-topped bar directly ahead of us also lies at
clevation 1400°. We will drive across the top of this bar, named the
Huffman Bar after Jong-time Tecopa residenc Junior Huffman.




Empty Basins, Vanished Lakes

View northeast toward Nopah Peak. Tecopa Valley lies in the foreground
with lincs indicating the approximate high stand of Lake Tecopa. The
Resting Springs Range is in the midgraund, with nowrion indicating the
Cambrian Bonanza King Formarion {Cbk), the Cambrian Carrara
Farmarion, and Tertiary velcanic rocks. The Nopah Range is in the far
distance. The lacation of the Nopah Peak dhrust is indicated along with the
upper place units including the Bonanza King and Carrara Formarions. The
lower plate contains Upper Cambrian Nopah Formarion and the Lower
Ordovician Pogonip Formarion, McMackin photo.

4.0 (1.2) Cross the Amargosa River incised into light-colored
Tecopa Lake sediments. Note the piping (verrical tubes) that is parc
of the incision feature here.

4.3 (0.3) TURN LEFT at the Tecopa triangle and proceed roward
the hor springs.

6.0 (1.7) Stop art stop sign near Hot Springs.

6.5 (0.5) TURN RIGHT on dirt road and proceed to yardang field.

7.4 (0.9) Road swings left, easterly. Go around and past che spring
with & lone palm tree and ramarisk cluster. Head south across the
salt-crusted surface of the Tecopa sand sheet.

7.6 (0.2) Dull right on dirt track and PARK.

Stop 2. Yardangs. The area just cast of the Hor Spring Hills appears
10 be a wind gap where wind velocities are great enough to scour
sand and fine sediment from Tecopa lake deposits. Evidence of
wind scour is prominent on spring deposits consisting of sand and
siliceous sinter capping the spring mounds on the cast side of the
hills. South of the spring mounds, wind scour is curting invo distal
deposits of a fan deposic emanaring from the Chicago Valley. The
fan from Chicago Valley was deposited during the last stand of Lake
Tecops during cthe latest Pleistocene. Southward, as the valley easc
of the Hot Spring Hills becomes wider and the sand is deposited in
the lee of brush, locally forming coppice dunes anchored by

Paneramic view of the southern Nopah Range showing the locations of late Proterozon

Yardangs (above) and wind-scoured surface (below) near the Hot Springs
Hills. McMackin phato.

mesquite. South of the Old Spanish Trail Highway the sand spreads
out to form the Tecopa Sand Sheet, which extends as far south as
Willow Wash. Return to vehicles and proceed south-southeast
toward the Old Spanish Trail.

8.1 (0.5) Note the 1906 berm of a spur running east from Tonopah
and Tidewater Railroad in operation from 1877 to 1928 that circles
cast 1o Noonday mine (Hensher and Vredenbusgh, 1997).

8.3 (0.2) Stop at the intersection with the pavement. JTURN LEFT
on Old Spanish Trajl Highway.

8.7 (0.4) TURN RIGHT on Furnace Creek road and proceed to
Tule Springs in California Valley.

9.6 (0.9) We are driving past fan deposirs that were shed off the low

dimentary units. McMackin photo.
} P
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Smelter site ar Old Tecopa, scuth of the Noonday mine, Kingston Range
in distance. California Mining Bureau Report 15, 19197,

hills of Stirling Quartzite | ust south of the road. Poorly-developed
shorelines from the high stand of Lake Tecopa are visible on older
fan deposits and bedrock i1 these hills. Reworked sediment from
the older fans and bedrock eroded from these hills plugged the
initial Tecopa Canyon dra nage, forming a dam that held the last
stand of the lake,

10.5 (0.9) Pass right tirn o China Ranch.

12.3 (1.8) View southward to the Alexander Hills and the mines of
the Western Talc deposits. hese deposirs are hydrothermally-
altered doJomite converted into talc, a magnesium silicare mineral.
This alteration was caused by by intrusion of diabase sills into
dolomites of the Proterozo ¢ section.

13.0 (0.7) Pass a right rum to Willow Spring Gorge. On the left are
rocks of the Proterozoic basement. Here, a small complex of gold
mining diggings known a¢ the Desert Bard mine followed small
pockets of gold-bearing qu:rtz veins along the foliation in the
Proterozoic gneiss. Quartz veins and pegmaite dikes cur through
the darker gneiss and schist.

14.0 (1.0) Ahead are the mines of cthe Noonday district. The
Noonday Dolomite is in d:positional conract on the Proterozoic
basement. Overlying the Noonday Dolomite is the largely
siliciclastic and banded Johnnie Fm. The Johnnie Fm is overlain by
the Stirling Quarrzite, the 'Wood Canyon, Zabriskie, orange Carrara
and dark Bonanza King, Photo 2-6.

15.5 (1.5) Pass chrough the site of the Noonday Mill. The road
drops downhill into Willaw Creek and we can view the 1877 town

Tule Springs in California Valley where valley axis deposits are choked with
mesquite. R.E. Reynokds phoro

et |

site of original “Tecopa,” which contained a store.
blacksmith shop and ore roasting furnace after which
this road was named (Hensher and Vredenburgh,
1997).

Ahead is the Kingston Range and Kingston Peak,
elevation 7323", The peak is Miocene granite daced at
12.1 million years (Calzia, 1977). On the granite to
the right are two steep normal fault escarpments where
the range is truncarted on its western side by faults thac
have both normal and oblique slip. Above these scarps
surfaces is evidence of deep weathering that produces
spheroidal granite boulders. This weathering surface
must be Late Miocene in age.

16.3 (0.8) Pass a right turn to site of Old Tecops and
road to the Western Talc Mine.

17.0 (0.7) Pass a cartle guard and 2 left turn ro Donna
Loy Mine.

17.6 (0.6) On the left is the Paleozoic/Proterozoic section of the
southern Nopah Range. Above the Donna Loy mine is Noonday,
Johnnie, Stirling, and Wood Canyon with Zabriskie Quartzice at
the top.

17.7 (0.1) TURN LEFT on Mesquite Valley Road which runs
nertheasterly inro California Valley.

20.1 {2.4) TURN RIGHT, then SHARP LEFT on Mesquite Valley
Road roward Tule Springs.

20.4 (0.3) PARK in the grove of ramarisk trees ar foundation of an
old structure.

Stop 3: Tule Springs. The row of springs is marked by a lineament
of trees running to the southeas, suggesting ground water
percolared along a faul zone. The BLM is in the process of
eradicading che non-native ramarisk trees which use much of the
available water. Although mesquite, a phrearophyte, is cammon afl
along the valley, particularly in the axis, this mesquite, cottonwood,
and now rtamarisk and palm occur in a lineamenc thar runs ease-
southeast across the valley. If the axial drainage of 3 low gradient
valley is dammed by vegeration that catches clastic marerials, the
entire axis can fill with distal, fine-grained deposirs that produce 2
mature, slow drainage. The subsequent silts in the axial trough
might include those deposited in marshes and ponds and intermir-

Southern Nopah Range

View to north ro California Valley from the mouth of Beck Canyon,
showing light-colored valley axis deposits. The Mesquite Valley road
we will travel on lies along the northwest (distand) side of the
light-colored sediments. MeMackin phoro.
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tent dry “pans” and those that grade laterally into stable soil
horizons with pedogenic carbonates. The complex interfingering of
these microdepositional environments might provide at different
ourcrops a mixed interpretation of lacustrine, sag pond, peat, black
mat, spring mound, fresh water limestones, pedogenic carbonare,
and intermittent playa and distal braided stream and terminal fan
interpretation. Many of the above may be accurate in the micro-
cosm of deposition which consists of a distally-choked, low gradient
axial drainage. Quade and others (1993) suggest such deposits are
formed by spring discharge in a discal fan environment where
shallow ground water supports a zone of vegeration where fine
sediments are trapped and accumulate.

20.7 (0.3) Return ro Mesquite Valley Road. TURN RIGHT and
proceed northward through California Valley to the pavement of
the Old Spanish Trail Highway. We are traveling past spring and
pond deposits that extend the lengrh of California Valley. These are
axial valley deposics, fine-grained sediments washing out of the fans
and accumulating with carbonates in the central part of a valley
blocked at its downstrcam end by sediments stabilized by vegetation
around springs. On the left skyline is Sirling, Wood Canyon and
Zabriskie, on the lefr side of a saddle composed of the Carrara Fm,
a weak-weathering unit, overlain by the Bonanza King I'm.

23.6 (2.9) The tree on the right marks the sice of Davis Well. We

are traveling on well-developed pavement of valley terrace gravels.
To our left is the appropriately-named Banded Mountain member
of the Bonanza King Frm. In the distance, Spanish Trail Higbway

crosses tan late Tertiary fan deposits.

24.4 {0.8) On our right at 2:00 is a low inselberg of the Bonanza
King Fm. On our lefy, the inselberg of the Banded Mountain
member of the Bonanza King Fm suggests thar this formation
underlics the western part of this valley and that the units are being
repeated, presumably on west-dipping listric faults.

26.9 (2.5) Swop. TURN RIGHT on Old Spanish Trail Highway.
27.9 (1.0) The hills ahead to the northeast conrain part of the
Tertiary Resting Spring I'm, deposited on Paleozoic Bonanza King
carbonates.

28.2 {0.3) PARK along the road side.

Stop 4: Upper California Valley. View of the Resting Spring fm, a
voleaniclastic section wich flow rocks and dacitic breccias (dated
from 12.5 1o 11.1 Ma, Calzia, 1997) that dip shallowly cast and sic

unconformably above older Tertiary lacustrine sediments that
include yellow siltstone and, downsection, orange and yellow
Tertiary limestones deposited on the dark Paleozoic Bonanza King
Fm. On the righr side of the road is a scction starting with
Cambrian Bonanza King, unconformably overlain by lertiary
limestones. A faule in the low saddle repeats the seetions. Through
the saddle we see the upper part of the section of yellowish
siltstones unconformably overlain by dark brown velcaniclastic
sands. Ahead we pass through a saddle with the Banded Mountain
and the Papoose Lake members of the Bonanza King exhibiting
folding that reflects the complex history of this region. The section
is repeatcd on either side of the pass, we inferasa result of a
northwest-dipping normal faule. Return to vehicles and resume
travel along the Old Spanish Trail Highway.

31.1 (2.9) Cross cattle guard. Left of the road, note the conracr
berween the dark Banded Mounrain member and the light Papoose
Lake member of the Bonanza King. The cast vergent fold is
consistent with Mesozoic thrusting; the west-dipping normal faules
are probably middle co late Terdiary in age.

32.3 (1.2) Pass through saddle.
33.1 (0.8) PARK on road shoulder.

Stop 5: Resting Spring Formacion. Pahrump Playa {dclPolo and
Ramelli, this volume) is to the left. Bevond the playa ahead of us is
the escarpment of the Pahrump Valley/Stareline fault, our nexe stop.

WALK SOUTH, upsection along strike, 1 examine the Tertiary
limestones. The darker beds are conglomeratics the lighter beds are
fresh water limesrones and dolomites. The sand to the east is a relict
late Pleistocene surface. Return to vehicles and proceed.

36.3 (3.2) Road trends easterly toward Potosi Peak, clevation 8512
We are crossing the approximate rouce of the Pahrump Valley “Old
Traction Road” running from Stateline, Nevada through Sveware
Valley 10 Ash Mcadows. At 10:00, brush-capped hills are Quater-
nary benches deformed along elevated portions of the Pahrump
Valley fault zone. We're heading due east 1o explore that northwest-
rending fault zone.

38.0 (1.7) Pass on the right a green sign for Charleston View and a
pink sign for Rose Avenue. Underground siorage wanks are on the
left. Charleston Peak, elevation 11,918, is ro the cast.

38.3 (0.3) Pass westbound Charleston View sign.

~~ nertheast-vergent fold

J Tertary normal fauit

Folded 2nd faulted Bonanza King north of the road near Luciel Pass; view to the north. McMackin photo.
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38.9 (0.6) Pass borrow pit and double lane
graded road.

39.5 (0.6) TURN LEIT on double lane graded
road. The woad power line pale at the northwest
corner has a red reflector. [[ you reach a
residence on the north, or the state line, you
have gone too far. Proceed northward. Note the
“peds,” or polygonal eolumnar struceure in the
soil exposed in the road.

40.4 (0.9) TURN 450 LEF'T {northwest) on the
road that parallels the fault scarp and proceed a

shore distance.

40.5 (0.)) TURN RIGH™ (north 45°F) past a

brass-capped section marker on the right and proceed up the hill,

Hidden Hills mesa, view to the north from the “no trespassing” sign. Hidden

Hills mesa is capped by an east-dipping layer of late Pleistocene pedogenic
carbonare. Near Stop 6 the carbonare is fat-lving 1o west-dipping. The
underlying units include middle ro carly Pleistocene and middle Tertiary unics
exposed in the core of the Hidden Hills anticline. McMackin photo.

crossing mid-Miocene Re:ing Spring I'm gravels that contain
Bonanza King clasts coare with secondary carbonate. These

deposits that have been uplifted along the Pahrump Valley fault
008,

40.8 (0.3) PARK on the 1 zht side of the road at top of hill.
Stop 6: Hidden Hills Ranch, WALK downhill to look at the

Terdiary section.

Wie're standing a deflated surface with clasts primarily of the
Banded Mountain membe: of the Bonanza King with smaller
amounts of clasts of yellow Tertiary limestone that we saw west
across the valley. We are o1 the opposite side of the valley axis from
those deposits and, due to fault uplift, the drainage from the west
side of the valley is now to the northwest into Pahrump playa.
Holocene sediments now -ome westward through gaps in the
uplifted ridge of Tertiary/(Juarernary rocks. Walk downhill o see
that these late Tertiary? grzvels rest unconformably on older, middle
Tertiary sediments of diffc «ent composition. A wff deposit in the
older section, exposed in the road, has been dated at 10.76 Ma (Ar/
Ar analysis courtesy of Chris Henry, University of Nevada, 1o M.
McMackin). Retrace thioigh Tertiary sediments exposed along the
road cut showing thick velcanic ash with lapilli containing datable
sanidine.

Looking northward along the trend of the Stateline Fault, we can
see that ir heads toward Stcwart Valley at the northern end of the
Nopah Range. The Pahrump Valley/Stateline fault zone aligns
dircetly with the Stewart " alley faulr zone, as it's known further
north. The hills aligned o the east side of the fault are also middle
to laxe Tertiary sedimenrary unics that have been uplifted along the
fault. Looking southward along the trend of the faulr, a large, tan
ridge is composed of late lerriary conglomerates folded into a large
anticline. Just beyvond is the craggy top of Black Butte. To the north
is the Hidden Hills Ranch ancicline, where the Quaternary surface
is folded, exposing Terdary rocks in the core.

The Tertiary units are unconformably overlain by Quaternary units
thar include a well-indurated calerete with Stage IV morphology.
The subhorizontal, resistant calerete is a prominent unic in che
Quaternary section and we will see it at several stops today. The
carbonate layers here arc parts of pedogenic calerere that is generally
agreed to be approximarelv > 100 ka. The carbanate drapes over the
Pahrump Valley Fault wirhour apparent offser. However, McMackin
{this volume) suggests tha fractures and gentle folds represent Late
Pleistocene to Recent deformarion on the Pahrump Valley fault
Z01e.

41.2 (0.4) Conrtinue nor-ward, looking into the Hidden Hills

Ranch anticling. The Qu: rernary carbonare that caps the lighrer
sediments is east-dipping a1 this point
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41.6 (0.4) TURN RIGHT at intersecijon and avoid the private
property sign of the Hidden Hills Ranch. Within the first tenth of a
mile along the road we see the second in a sequence of three
prominent esearprments along the fault zone. Incised drainages
along the fault scarps favor the growth of phreatophytes, suggesting
that ground water is shallow on the uplifred blocks cast of the faulr.
The incisions become coves dominated by mesquite (Prosoprs
glandulosa) and cat claw (Aracia greggri). Vegetation and seasonal
water support biological diversity. The sites were frequented by
Native Americans who left trails, lithic scatter, potcery and a corn
cob.

42.3 (0.7) Pass a complex junction. 'fo the right is an incised cove
with mesquite.

42.9 (0.6) Cross the highest terrace. The gravel lag deposits on dhe
surface here contain nodules of soll carbonate, angular cher
pebbles, and rare Paleozoic limestone pebbles. The chert pebbles are
apparently the residue left after dissolution of the Paleozoic clasts
thar carried rthe cherts down the fan, Within 300 feet, pass section
marker (1/4 corner section 25).

43.0 (0.1) TURN RIGHT (130 south) 150 feer north of the
section marker onto Srump Spring Road which crosses the graded
road.

43,0 (0.9) Pass mesquite-stabilized coppice dunes on Quarternary
pedegenic carbonate.

44.2 (0.3) Stop at Emigrant Pass highway. Watch for traffic and
continue straight across the highway roward Scump Spring, As we
proceed southward, notice that a number stabilized dunes sic along
the escarpment, the easternmost in this zone.

45.0 (0.8) Dass red and brown BLM post marking aleernate road o
paved highway.

45.2 (0.2) Pass alternate jntersection on right. Cross Stump Spring
Wash. Look left to an exposed, west-dipping layer of the same
calerete as caps the higher surface. The slope is a scarp of the
Pahrump Valley fault zone, but the carbonarte layer is not cut by
surface faulring, However, fractures and gentle folding are incer-
preted by McMackin (this volume] as evidence of late Quaternary
transpressional deformation. Further along the wash on the right
we'll find it dipping back ro the cast.

45.3 (0.1) Leave the wash and take che left fork in the road. PARK.

Stop 7: Stump Spring. WALK 10 minutes to the old well site and
the stump after which the spring was named (Lyman and Walker.
1997) to look ar the different levels of deposits (MeMackin, this
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volume). The Quarernary carbonate surface we passed in the wash
is now above us on the escarpment. The cut bank has produced a
mammoth toorh and charcoal deposies near the stump. Quade and
others (1995) report Carbon 14 ages of 8,750170 for charcaal
from the upper part of the Holocene channel deposits and
10,380=380 years for carbonized wood in the lower part. They also
report an age for older, inser terraces above the Holocene channel
from carbonized wood yielding a date of 31,790+1580/1290 years.
Around the spring, casual inspection shows lithic scatter and 3 lot of
old and younger glass. Archaeological material is on the Holocene
surface, and the Spanish Trail thar passes through here (Lyman and
Walker, 1997). Return to vehictes and CONTINUE SQUTH
along the Stump Spring Road.

45.9 (0.6) Cross another incised cove. Notice piping beneath the
caliche cap. We are driving over the calcrete cap again, exposed in
the roadway, abave us on our left and below us to the right.

46.0 (0.1) On our left the calcrete cap dips berween 10° and 15¢ o
the west.

46.6 {0.6) PARK.
Stop 8: Pahrump Valley Faulr Zone. The Holocene alluvium we

are standing on consists of Paleozoic carbonate and red Triassic
sandstones from the Spring Mountains to the east. The heighr of
the Pahrump Valley/Stateline faulr scarp at chis point has dimin-
ished, perhaps as a result of two facrors: cither less tecronic throw or
fill due 1o alluvium bypassing the Stump Spring fold (a monocline)
and covering its southern margin where we stand. The latter facror
would imply the recency of the Holocene? fold.

Look south to Black Burte slightly off of the strike of the faulr zone.
Black Butte may have been uplifted at a kink in the fault zone
{McMackin, this volume). Northwest of Black Butee (10 our
southwest) is a ridge of Tertiary-Quaternary gravels in the center of
the valley that cuns sub-paralle] to the Pahrump Valley fault. On
the skyline, Nopah Peak is 1o the north-northwest. Charleston Peak
i< to the northeast. To the cast 1= Me. Potasi, named for the Potosi
lead-zinc mining districc in Spain. A plane carrying Carole
Lombard, among others, crashed on its west face while on approach
to Las Vegas. Devil Peak is south-southeast; Clark Mountain is to
the south, and Kingston Peak is 1o the southwest. RETRACE route
past Stump Spring to the Old Spanish Trail Highway.

47.5 (0.9) Pass Stump Spring Wash.

47.7 {0.2) Conninue past a fork in the road. Sty to the right for the
shorter return to the highway.

48.1 {0.4) Pass through mesquire-stabilized (coppice) dunes thar sic
above the pedogenic carbonate surface on which we are driving.
48.6 (0.5) Stop at the Old Spanish Trail Highway. TURN RIGHT
(cast) and take the pavcd road ro Highway 160.

49.8 (1.2) Continue past a left turn o Hidden Hills Ranch.

50.8 (1.0) Pass through deflated Quaternary silts overlain by
Holocene graveis with Paleozoic clasts.

51.3 (0.5) Puss a lefe turn o rifle range.
55.0 (3.7) Swop, TURN RIGHT (southeast) on Highway 160.

60.1 {5.1) In the saddle to the east are red Triassic sandstoncs that
were the source of red clasts in the alluvium south of Stump Spring.

60.6 (0.5) Pass 2 fefi turn to Lose Cabin Spring.

62.3 (1.7) Cross the dirt rack of the Old Spanish Trail running casr
to Mountain Spring.

63.3 (1.0) Continue past Lovell Wash.
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65.8 (2.5) Continue past a right wrn to a borrow pit.

66.4 (0.6) TURN RIGHT (southwest) on the graded road to
Sandy Valley.

69.3 (2.8) Cross pole line road. A gravel ridge runs north from
Black Burte, ahead.

74.1 (4.9) The ridge of Paleozoic rocks to the souch conrains the
Green Monster thrust which places che Sultan and younger
Paleozoic limestones over an overturned section of the same rocks

(Hewett, 1956).

75.1 (1.0) South of Black Butre is a line of mesquire along the
Stareline Pass fault zone running souch-southeast to Stateline Pass.
Mesquite Playa is to the west of this feature.

76.5 (1.4) Slow, pass through intersection. The road to the left
reaches Sandy, a mill sice for che Boss Mine. The Boss Mine (see
“Silver Lake,” Day 1 of this guide) was operated for platinum in the
19005 and che associated promotional communities that sprung up
around Sandy were Platina, Ripley, Mandolin and Kingston
(Hensher, this volume).

77.2 (0.7} To the right, the gravel surface on Quatcrnary silts js
elevared on the east side of Stareline Faulr.

77.7 (0.5} Pass through mesquite-srabilized sediments, a linear
marker that runs southcast o Stateline Pass.

78.4 (0.7) Pass Borax Avenue on the right.

78.5 (0.1) TURN RIGHT on Coal Streer,

79.1 (0.6) The dirt road crosses a bridge over the drainage dirch.
79.2 (0.1) TURN RIGHT at 2 dleared ficld that approximares che

state line. Head norrhwest.

80.0 (0.8) TURN NORTHERLY ar the end of the cleared area at

an acute junction with a road from south (left).

80.8 (0.8) Scop 9: Black Butte. On the skyline Potosi Peak is east-
northeast, Devil Peak is southeast, and Table Mountain is north of
that. Kingscon Peak is o the west. We are looking at Black Butte
(a.k.a. Valley Ridge) to the northeast. The core of Black Burte is
formed of a large block of Monte Cristo l.imestone faulted
obliquely over a Tertiary seetion that conrains basalt, interbedded
sandstone and siltstone, ffaceous sediments and megabreccia,
which is in part derived from the Monte Cristo units exposed in the
core block. Potassium/Argon age determinations from several
volcanic units in this section indicate that these rocks are berween
14 and 12 million years old (dates by Fleck, personal communica-
tion 10 McMackin). The Monte Cristo is overlain by a similar
Tertiary section thar is capped by poorly-sorted boulder conglomer-
ate. The late Terviary conglomeraces are typical of alluvial fan
conglomerates and contain interfingered gravels derived from both
east and west sides of the valley, suggesting thar the valley axis
shifted in response 1o ongoing tectonism in the late Tertiary,

Hewerr (1956) suggested char Black Butte is a klippen of Tertiary
chrust fault; subsequent workers have speculared that Black Butte
might be a megabreccia deposit of landslide origin. McMackin (this
volume) suggests that Black Burre may be the result of
ranspressional uplift wherein Paleozoic basement rocks have been
lifred through Tertiary sedimentary caver. Similarly, North Valley
Ridge, the northwest-trending ridge of Tertiary gravels lying
norchwest from Black Butte, is a faulred late Tertiary anticline with
middle Miocene rocks exposed in its core. The dlasts in the gravels
indicate a source in the northwest Kingston Range across the fanl
with right-lateral deformarion. The uplift, folding, and right-lateral
offset combined suggest that the Black Butte and Norch Valley
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Ridge arc transpressional structures formed in bend or step over in
the Pahrump Valley fault zone (MeMackin, this volume).

82.2 (1.4) TURN LEFT ecast} on an ungraded portion of Coal
Avenue.

83.1 (0.9) TURN LEF|

83.0 (1.9) Conunue past intersection with road to Sandy Mill and
proceed north.

north) on graded Tuskagee Road.

87.0 (2.0) Pass a right 1w 1o the Potosi Mine.

95.2 (8.2} Stop at the pavement of Highway 160. Warch for
oncoming traffic and TURN LEFT (westbound).

97.8 (2.6) Cross Lovell W ash.

L101.6 (2.8} Pass banded liyers of the Moenkopi Fm dissected by
erosion to form interesting ropography.

107.1 (5.5) Move to the wft lane in preparation for a left turm.
107.5 (0.4) TURN LEFT onto Old Spanish Trajl Highway.
113.0 (5.5) Pass the entr: ice ro Hidden Hills Ranch.

113.7(0.7) "No passing rone is crossed by Stump Spring Road.
114.3 {0.6) Slow for 4 second “no passing” zone.

114.3 (0.2) PARK on rigit shoulder.

Stop 10: Terraces. Stage |V calcrete is exposed in the wash just
sourh of the road. Here we will inspect late Pleistocene soil units
formed of older Tertiary conglomerates. The older conglomerartes
exposed in the wash contain clasts of Late Miocene Kingston
granite mixed with other
Kingston Range. The precence of these conglomerates east of the
fault and well north of th

ack units exposed in the northern

fault is problematic to say the least. The
apparent displacement from this point to the Kingston Range
would be left lateral! T is

may represent sedimentar, transport but that explanation is not

kely thar the conglomerates exposed here

entircly satsfaceory.

[f the sun is shining, we may be able o look west and see shadows
of east-facing scarps on the Fast Nopah Fault. Anderson and others
(1996) suggest that the scarps represent a single or a few events in
the last 30 1o 40 ka. Maxiraum total offser across several scarps is 12
meters bur Anderson and others could not be cerrain thar the full
scarp height represents fau It displacement. The down-ro-the-cast
geometry of the scarps sugaest that the fault isa range-bounding
normal faule.

Looking west we also sec tae Pahrump Valley playa. The valley
depocenter represented by the playa has shifted in response to late
Tertiary and Quaternary ¢<formation. Compared to late Tertiary
units, the depocenter has hifred westward. Mid-Pleistocene playa
deposits south of the Spanish Trail Highway may be an older
depocenter that now drain: northward 1o the recent Pahrump playa.
These observations sugges: that basin sedimentation is very
responsive to local rectonzm. It is important to note that many of
these changes appear 1o have occurred in middle to late Pleistocene
rime and these are superimposed on similar structures of late
Tertiary age. This presents « seriking contrast o the Tecopa basin ro
the west, where the middle 1o late Pleistocene strata record a history
of relative tectonic stabilit in the same time interval,

114.7 (0.2} Pass an alterns ¢ route 1o Stump Spring.
115.2 (0.5) Pass Mile Post 1.

116.0 (0.8) Drop down the western and lowest scarp which appears
to have the best linear development of mesquite-stabilized dunes.
The Quaternary surface d'ps steeply westward.

116.2 {0.2) Cross the Calitornia-Nevada border into Inyo County.
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116.7 (0.5) Proceed west into Inyo County.

117.4 (0.7) Pass a residence with cottonwoods and pines.

117.6 (0.2) Pass the graded road we took north eaclier.

118.8 (1.2) Pass the westbound Charleston View sign.

123.1 {4.8) The road bends southerly.

123.5 (0.4) Pass our earlier hike through the limestones of che
Resting Spring Fm.,

126.1 (2.6) Enter the headwaters of California Valley which drains
southerly to Tule Springs, Willow Gorge and Amargosa Canyon.
129.6 (3.5) Cross a cattle guard.

133.8 (4.2) Pass Mesquite Valley Road; continue casc on the Old
Spanish Trail highway towards Emigrant Pass. To the Jeft we can see
the Banded Mountain member on top of the black, regularly-
bedded Papoose Lake member, the lower part of che Bonanza King
Dolomite.

137.2 (3.4) Slow prior 1o turning right off pavement.

137.4 (0.2) Turn out ar summit. PARK ar base of the gully.
Additional parking may be found on top of the hill.

Stop 11: Emigrant Pass Carrara Formation Stromarolites. To the
right of the gully is a large hill with Zabriskic Quartzite at its base.
The slope is composed of shales and limestones of the Carrara Frn,
and the dift is of Middle Cambrian Bonanza King Fm. The
stromarolite-bearing unics are visible about halfway up through che
Carrara Fm as thin, buff-colored discontinuous lenses. See

Pedogenic calcrete exposed in the wash. Note the prominent carbonate
facies including an upper Jaminar calerete over indurated carbonare nodules
with sand, and sand with nodular catbonates. The underlying conglomerare
contains gravel of the Kingston Peak granite mixed with Tertiary voleanic
rocks and Proterozoie sedimentary rocks. McMackin photo.
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Awramik, Corserti and Shaptio, this volume. {or stracigraphy,
lithology, scromarolites, and age.

This casc-dipping mourain range is presumed to be a simple basin
and range structure bounded by west-dipping normal faults. If you
look eastward across the fault you can see the Papoose Lake member
of the Bopanza King Dolomire sitting in fault contact on top of the
orangish-brown beds of the Carrara Fm. Note that the bedding is
truncated. North of the road, the Bonanza King is in depositional
contact on the Carrara. To confound the idea of a simple basin and
range structure, west beyond the “sharp turn” sign, a section of the
Carrara is emplaced over Tertiary sandstone by tectonism or gravity.

From the nidge top, we can look east into California Valley and note
the route of the Old Spanish Trail (pavement) and other roads thar
head 1o this pass. The steep ascent 1o the pass makes one wonder
why the water and fodder ar Resting Spring was worth the effort.
Lyman and Walker (1997) indicate that oxen did not do well on the
salt grass at Resting Spring. An easier route o Amargosa Canyon ltay
through California Valley to our south. Our route today passed near
imporrant springs along the Old Spanish Trail: from the east,
Mountain Spring, Scump Spring, Emigrant Pass, and Resting
Spring, en route to Amargosa Gorge.

137.7 (0.3) Stop at pavement. Use caution and TURN RIGHT on
the Old Spanish Trail Highway.

138.2 (0.5) To the righr is conspicuously bedded Bonanza King and
the Tertiary Resting Spring volcanic ficld. On the distant skyline is
Sheeps Head Peaks in the far distance is Telescope Peak in the
Panamint Range.

139.6 (1.4) Ahead in Chicago Valley on the east side of the Resting
Spring Range is an embayment of light-colored lacustrine sediments
deposited when Lake Tecopa rose 10 a high stand above 1800,
Larsen (this volume) suggests that the highest stand was just after
the 0.76 Ma Bishop Ash strata was deposited. Lacustrine sediments
were deposited above 1800 ar Resting Spring and, from our
vantage pOINT, appear o dip south, basinward. Hillhouse (1987)
maps silty mudstones art elevation 1950" at the north end of
Chicago Valley. This is much higher than any documented
shoreline, so these silistones might be from depositional environ-
ments similar to the spring deposits we saw in California Valley,
upstream from Tule Springs. The ridge to the left is a stratigraphy
quiz: from cast to west along the ridge profile are Bonanza King,
Carrara, Zabriskie, Wood Capyon, Stirling, Johnnie and Noonday
Dolomite.

142.1 (2.5) Abead ar che south end of the Resting Spring Range 1s 2
chuster of trees. [0 their right are Tecopa lake beds of the Chicago
embayment. In the wash from Chicago Valley is a dense mesquite
thicket. The green trees are salt cedars and palms at Resting Spring,
a wareting stop on the Old Spanish Trail and now an Arabian horse
ranch.

146.0 (3.9) Continue past the wirn to Resting Spring Ranch jn a
dense mesquite thicket. Historically the Old Spanish Trail came
down from Emigrant Pass 1o Resting Spring and then to the
Amargosa River Canyon, down to the spring at Salt Spring Hills,
and thep west to Bireer Spring. Consult the log for Day 3 for a story
relating Resting Spring to Horse Thief Spring.

148.8 (2.8) View across the south end of the Tecopa sand sheet.
149.2 (0.4) Pass 2 lefr tumn to Furnace Creek Road and continue on
the Spanish Trail Highway.

150.7 (1.5) TURN RIGHT ar Tecopa Triangle.

151.4 (0.7) Pass sign to Grimshaw Lake Natural Area

152.4 (1.0) Stop sign in Tecopa Hot Springs; public baths are on
the right.

152.9 (0.5) Continue past Grimshaw Lake ACEC.
155.1 (2.2) Stop, TURN RIGLTT onto Highway 127.
160.4 (5.3) Continue past intersection of Highway 178.
160.6 (0.2) STOP ar Shoshone Museum. End of Day 2.

Day 3

Shoshone to Kingston

0.0 (0.0) CONVENE at the Shoshone Museum. PROCEED
SOUTH on Highway 127.

0.1 {0.1) Wacch for oncoming craffic and TURN LEFT ar the
junction onto Highway 178.

0.7 (0.6) Cross the Amargosa River. In 1/10 of a mile op the left
are dugour castles in clay . Prepare to turn right onro the dump
road.

1.2 (0.5) TURN RIGHT and PARK near the green sign.

Stop 1: Stratigraphic section. WALK north across the pavement,
warching for cars to Stop 1. In the exposures north of the highway
we see the Bishop Ash, 0.78 Ma, and the Lava Creek B Tuff, 0.6
Ma (Hillhouse, 1987). Seven depositional environments are shown
in the stratigraphic section 1 (Larsen, this volume). Return to

vehicles and RETRACE o Highway 178.

1.3 (0.1) Stop, watch for oncoming traffic, TURN [LEFT (west)
and proceed toward Shoshone.

2.4 (1.1) Stop at junction of 178 and 127. TURN LEFT (south)
and proceed to the junction with Hot Springs Road.

6.6 (4.2) Look up the canyons to the bluffs on the right. Notice
clumps of mesquire, tamarisk and isolated palms. This vegetation
may be along a spring lineament.

7.1 (0.5) On the right is 2 small cave or hole at the base of a chiff.
Warer percolating along fractures produces pipes, conduirs
(somenimes large) that bring water from the terrace tops to cliff
bases by devious routes.

7.7 (0.6) Pass che left rurn to Tecopa Hot Springs. Proceed south to
the site of Zabriskie.

8.3 (0.6) Pull to the right before the road bends to the right. PARK
away from the rock structures and next to a hummocky grass area

where there Is a spring.

Stop 2: Zabriskie. We'll discuss borax mining history at the site of
Zabriskie, where borax from Death Valley was processed during
summmer months and shipped on the Tonopah and Tidewater
rallroad (Reynolds and Troxel, 1997). HIKE up the canyon to the
northwest to look at sedimentary structures. Return to vehicles.

DRIVE NORTH back to Hot Springs Road.

9.3 (1.0) TURN RIGHT onro Hor Springs Road and proceed
soucheast towards Grimshaw Lake.

10.3 (1.0) Pole line marks the Tonapah and Tidewater Railroad
grade chat cuns north to Rhyolite and Goldfield and south through
Amargosa Gosge to Fort Soda, across Broadwell Lake to the railhead
in Ludlow. Grimshaw Lake Natural Area is on the right.

10.8 (0.5) Stop 3: Grimshaw Lake. PARK and WALK north across
the road to the source of hot, mineralized spring warer. Return o

vehicles and PROCEED south toward Tecopa.
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11.8 (1.0) Stop sign at Tecopa Hor Springs. PROCEED SQUTH
to Tecopa.

13.5 (1.7) Stop ar the right side of Tecopa triangle. PROCEED
SOUTH straight across Old Spanish Trail Highway past the east
side of the Tecopa post office.

14.0 (0.5) PARK at mill st on gravel hill.

Stop 4: Fan Gravels, WAl K o top of gravel hill to discuss gravels
from the fan thar choked the Amargosa River drainage berween
Lakes 1 and 2.

Here, we are standing or the Qld Spanish Trail. Antonio Armijo,
from New Mexico, was one of the traders who pioneered routes
from Sanra e via southern Utah o Los Angeles between 1829 and
1830. Although Armijo was not Spanish, and the trail was not old,
it became known as the Ol Spanish Trail (Lyman and Walker,
1997). Trade with Los Angeles supplied Santa Fe with mules and
horse stealing, a spinaff. soon became a common practice o
increase the profit margin. The Qld Spanish Trail route was used by
Peter Smith (Jedediak’s brother) in 1831, . C. Fremont reconnoi-
tered the route in 1843, and the route was well used by travelers to
the gold felds berween 1849 and 1861. Travelers crossed over
Emigrant Pass or went around through California Valley to follow
the Amargosa River to Salt Spring, Bitter Spting and beyond to the
Mojave Rjver.

Return to vehidles and RETRACE to the pavement of Old Spanish
Trail Highway.

14.6 10.6) Stop ar the pavernent of Old Spanish Trail Highway.
TURNRIGHT (east) and proceed through Tecopa. On the right
are two silver-painted water ranks on the 1400’ high stand of Lake
Tecopa.

16.1 (1.5] TURN RIGHT on Furnace Creck Road.

17.9 (1.8) TURN RIGH'T on China Ranch Road

18.8 (0.9) PARK at top of zrade before reaching the power pole on
the left.

Stop 5: Tecopa Hump View. The Tecopa Hump is to the south-
west, McClain Peak to the west. An anticlinal fold called the Tecopa
Hump (McMackin, 19970 elevared middle to lace Miocene
sediments and Pliocene to (Juaternary fanglomerare, enclosing the
southern end of Tecopa Val oy, Willow Wash and the Amargosa
Gorge developed as incised meanders through the Miocene
sediments of the Tecopa Ho mp. On the low peak of Noonday
Dolomite, about | kim west, wave-cut terraces mark former
shorelines of Lake Tecopa T he terraces are poorly develaped and

Old borax works south of Zabriskie. California Mining Bureau Report 15, 1917,

are casier to see under favorable light condirians. These asc high
stand shorelines of Lake Tecopa, st an elevation of approximately
1800°. Across the canyon similar shorelines are found at the head of
older Quaternary alluvial fans on McClain Peak and incised on
tilted Pliocene conglomerates closer 1o che canyon. Minimal rufa
deposits are found on parts of the wave~cur terrace in the
fanglomerates. The weak development of the shorelines suggest chat
the lake did not oceupy this high stand for long. Evidence regarding
the draining of the high stand of the lake is largely lost 1o esosion of
the Amargosa Gorgg, leaving considerable room for speculation
about the demise of Lake Tecopa.

As we head to China Ranch and ar the next stop to the east we will
see the incised meanders of Willow Creek into Pliocene Willow
Creek fanglomerate, as it attempred 1o meer the same base level as
the downcutting Amargosa River. As the Amargosa River cur
through the Tecopa Hump, it also shows incised mcanders. One
explanation is that this humplike antiform was rising as the
Amargosa River tried to drain the Tecopa Basin, A discussion by
McMackin (1997b) suggests:

Interestingly, the China Ranch beds and deposits of 2
younger basin ar¢ found along the canyon where the
Amargosa River crosses the Tecopa Hump. This
presents the attractive hypothesis that the Amargosa
River predared the Tecopa Hump and thac the basin
deposits represent repeated episodes of dam ming and

High stand shoreline on Pliocene fanglomerae between the Amargosa River
Canyon and MeClain Peak. MeMackin photo.
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draining of an ancient Lake Tecopa. However, there is
no evidence in older sediments to support the idea of
through-flowing Amargosa drainage. The most
suirable conclusion is that incision of the Amargosa
River across the Tecopa Hump occurred during the
Plio-Pleistocenc and chat earlies sediments represent a
sequence of closed basin deposits.

Return 1o vehicles and consinue toward China Ranch.

19.3 (0.5) Drive through incised slot canyons and spires in
Pleistocenc gravels.

19.7 (0.4) Enter ran. thin-bedded Miocene sediments of the China
Ranch Beds near the entrance to China Ranch. To the east, Willow

Creck enters China Ranch Canyon.
20.3 (0.6) PARK at the China Ranch bakery and gift shop.

Stop 6: China Ranch. The trail east of the bakery follows China
Ranch Creek, choked with cottonwoods, willows and cat tails. In
addition o local and migratory birds, hikers can see frogs, crayfish
and a rare native fish, the speckled dace.

China Ranch was founded here abour 1880 by a Chinese laborer
who had worked at borax mines in Death Valley. He raised fruits,
vegetables and foad animals for sale to the surrounding borax and
lead-silver mines. Around the turn of the century, the Chinese
owner was displaced by a rancher named Morrison. Many

subsequent owners produced a variety of crops, including figs, dates
and alfalfa, and raised cattle and hogs. The property was purchased
by the Brown family in 1970, who expanded the original date palm
grove that was planted in the carly 1920s by Vonola Modine, the
youngest daughrer of Death Valley area pioncer R. J. Fairbanks. The
adobe home at Ching Ranch is modern, completed in 1991
(Brown, n.d.).

e

i

n along China Ranch Road. R.E

Slet canyo

Spire associated with slot canyon along China Ranth Read. R E, Reynolds
phato.

Photo looking cast to Miocene China Ranch Beds overlain by fanglomerare
of Willow Wash. In the afterngon we will proceed up Beck Canyon [eenter
to the right) in the Kingston Range {in the background of this photo).
McMackin phero.

RETRACE to Furnace Creck Road.

22.5 (2.2) Stop ar junction of Furnace Creck Road and China
Ranch Road. TURN RIGHT and proceed castward on Furnace
Creek Road.

24.5 (2.0) An asphait batch mixing area is on the right. Prepare to
turn right at a pole line that runs right (south). On the lefris the
Noonday Mine spur from the Tonopah and Tidewarer railroad.

25.0 (0.5) TURN RIGHT (south) and follow the pole line road o
Willow Wash Gorge.

25.4 (0.4) TURN RIGHT at the last pole before wash and PARK.
Stop 7: Willow Spring. Willow Spring. below is marked by

vegeration. The sediments in che wall of the gorge were deposited

ey T
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by Willow Creck in Plio-Pleistocene time on top of Miocene China
Ranch beds. The fanglomerate from Willow Creek reached the
southern end of the Tecops basin. As the Amargosa River cut
through gravels south of Like Tecopa it readjusted base level on the
south side of the Tecopa Hump. Willow Creek was forced to cut
downward to thar new base level. Note the incised meanders,
similar to those in Amargosa Gorge. The incised meanders of some
side canyons are formed by piping along high-angle faults in the
conglomerate. The meandering pattern of the branch streams
reflects the pattern of faulrs and fractures in underlying pre-
Pleistocene gravels. On the south wall of the canyon, high-angle
faults cut up an unconformity ar the base of the carly to middle
Pleistacene gravels. Return o vehicles, PROCEED NORTH along
pole line road.

25.9 (0.5) Stop art pavement. The cur in the base of the hill to the
north is the Noonday Mins railroad. The Desert Bard mine is
Jocated here. TURN RIGHT and proceed east to the Noonday
Mine.

27.5 (1.6) The road swings northerly. The Noonday Mine is to the
north; the Columbia Mine is lower and to the east (Hensher and
Vredenburgh, 1977).

27.7 (0.2) Pass a paved roacl to the left; the road swings righr.

28.0 (0.3) Notice the cemenr building where we will turn left,
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28.4 (0.4) TURN LEFT (north) on the dirt road benween che
cement block bui]ding and foundations.

29.0 (0.6) Pass a reverse juncrion with a road coming in from the
right.

29.6 (0.6) The road stops at the dump of the Columbia Mine; the
Noonday Mine is to the northeast. TURN 3200 LEFT and proceed
southwest on the section of paved road.

29.8 (0.2) The once-paved road goes through a cut in a calichified
fanglomerate. As you leave the cur, warch for a dirc track to the

right.
29.9 (0.1) TUEN RIGHT on dirt crack.
30.4 (0.3) Proceed past the track that turns to che righe.

30.5 (0.1) The road drops into a wash. PARK. The rock cairn to
the right is along a center section marker. WALK /10 mile o a
silicified ridge.

Stop 8: Johnnie Formation Stromatolites. The stromarolites are
predominantly in the buff-colored, 1 meter thick layers, but can
also be found in the gray layers. Small, branching columns, as well
as domical stromartolites, are visible. See Awramik, Corsetti and
Shaprio, this volume, for 5Lratigrap])y, lithology, scramatolites, and
age. Rerurn to vehicles and RETRACE route past the Columbtia
Mine to the cement block building at Furnace Creek Road.




from the Beck Spring Dolemize, a greenish-orange section of che
lower Kingston Peak. Exposuses show massive, matrix-supported
conglomerate known as a diamicrite. Some workers believe that the
diamictite here is of glacial origin; others have suggested thar it may
be formed as debris fows and that question remains unresolved. A
number of soft sediment folds in the upper Kingston Peak Fm
overly the diamictite. Across the valley to the east, the dark outcrops
ate the lower member of the Crysal Spring Fm in depositional
contact on the Procerozoic basement. Upsection are orangish-gray
carbonates of the middle Crystal Spring with a thin layer of talc
beneath them. Berween the lowes and middle Crystal Spring are
intrusions of diabase sills. From north to soush, the Noonday
Dolomite ties upon the Crystad Springs Formation, Beck Spring
Dolomite, and Kingston Peak Formarion, forming an angular
unconformity that marks the nerchern margin of the Proterozoic
Amargosa basin. The Beck Spring Dolomite and Crystal Spring Fm
have been removed beneath an angular unconformity and deposited
i the basin to the south as sediments of the Kingston Peak
Formarion. Fram the poine where it is cut out beneath the Noonday
Dolomite, the Kingston Peak thickens southward to approxamately
4 km thick in the southeast Kingston Range (unpublished mapping
of Troxel and Wright),

On the south skyline ridge is a large Proterozoic landslide, more
than 1 km long, deposited in the upper Kingston Peak Formarion.
it contains blocks of blue-grey Beck Spring Dolomite, dark brown
lower Kingston Peak Fm, and part of the upper Crystal Spring Fm.
Presumably these slid southward as a Jarge block from the Jupiter
Peak area 1o our cast in a very large landslide. Upsection the
Kingston Peak Fm is composed of fanglomerates interbedded with
sandstone and other large landslide breccias.

$8.9 (0.4) Continue past 4 left turn o the Blackwater Mine. The
white band of talc to the east is the Snow White Mine on Jupirer
Peak.

60.3 (1.4) Pass a lef turn to the western Snow White workings.

60.6 (0.3) Pass a complex intersection that leads to the castern
workings of the Snow White Talc Mine. Proceed south on Excelsior
Mine Road.

65.9 (5.3) Pass a junction to Kingston Wash. Climb up hill to the
Do Not Pass.

74.6 (8.7) Pass the intersection with Kingston Road, Mesquite
playa and Sandy Valley.

78.6 (4.0) Pass under power lines.

88.3 (7.7) Juncrion with Interstace Highway 15 ac Cima (Excelsior
Mine¢) Road.

END OF DAY 3

Summary. Late Terdiary recconism disrupied the long sequence of
Palcozoic and Mesozoic strata, setring the stage for the drainages
and basins thar filled with water dwring the pluvial Pleistocene.
Erosional features such as slot canyons and spires suggesting rapid
incision of rapid headward erosion are similar in Afton Canyon and
at China Ranch Gorge. The incised meanders in boch areas suggest
slow incision, but may have been formed ar different times by
different processes. Along our route we have seem1.1 Ga Pratcro-
zoic tocks deposited or meramorphic basement through early
Paleozoic rocks, ~550 Ma, that contain 2bundant invertebrate
fossils. We have even seen Pleistocene stromatolites on Lake Manix.
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Reynotds: Calico/Mud Hills Correlation

Marker Units Suggest Correlation
Between the Calico Mountains
and the Mud Hills,
Central Mojave Desert, California

Robert E. Reynolds
LSA Associares, Inc., 3403 Tenth St., Ste 520, Riverside, CA 92501

Abstract

The early Miocene depositional sequence of volcanic and lacustrine
rocks in the central Mojave Desert can be divided into lower,
middle, and upper intervals. The middle interval contains marker
beds that can be recogniz=d in the Mud Hills, Calico Mounrains and
at Lead Mountain. Their extent and depositional environment
suggest an expanding lacustrine basin in Late Hemingfordian (Late
Early Miocene) rimes. Geologic mapping in the mid 1900s noted
that cerrain sediments in the Calico Mountains were similar
lithologically to well-dares sediments in the Mud Hills, northwest of
Barstow, California. Fragiments of a fossil horse in the Calico
Mountains indicate that 15 biostratigraphic age must correlate
approximatcly with taxa found in the Mud Hills, bur che absence of
additional fossils left the relarionship poorly constrained, at best,
Lithostratigraphic correlarion is complicated by the intrusion of
voleanjc domes thar causet sediment compression and breceia
emplacement. Plio-Pleistocene compression between the Calico
Faulr, Camp Rock Fault and Lenwood Fault resulted in additional
deformation and right-lateral offsets, This study uses several
distinctive lithologies and their regular stratigraphic relationships in
an atcempt to correlate the larest Hemingfordian - earliest Barstovian
section that crops our alor g the southern Mud Hills wich unirs that
appear similar in the Calico Mountains. Certain of these lacustrine
units transgress topography in the Miocene “Barstow” basin; such
transgressions help define basin limits and depth during formation.

Introduction

Freld work by this and previous authors along the southern and
northern limbs of the Barstow syncline in the Mud Hills has
recognized a distinctive sequence of carbonate and scrontium-rich
sedimenrs.

Tubular carbonate strematolites noted by members of the Childs
Frick parties from the American Museum of Natural History
(AMNH: Evander, 1998] |ay immediately below the Red Division
Quarry, and their presence made that horizon casy for paleontolo-
gists to follow eastward. The sequence of algal limestone, thin
limestone layers. and strontium bearing beds was noted during
mapping of strontium deposits (Durrell,1953). Derailed mapping by
Dibblee (1968, 1970, 1980) suggested thar the stratigraphy could
be broken down into lower middle, and upper depositional
packages, with lacustrine sediments of the lower referred to the
Pickhandle Formarion (Dibblee, 1970) and the middle and upper
members referred to the Barstow Formation. McCulloh (1965) was
more conservative, naming the lacustrine sediments in the Calico
Mountains west of the Calico Fault the Burcham Formarion since

mapping could not carry them directly into the section in the Mud
Hills.

Dibblee (1970) described an “Oligocenc to Miocene” section of
Miocene andesitic breccias and Mesozoic detrinus that extended
from Newberry/Rodman Mountzinss o the Calico Basin on the
north. He referred this depositional package, including massive ran
limestones and lacustrine siltstones. to the Pickhandle formarcion,
deposited earlier than the sequence of marker beds thar are the
focus of this paper. The sequence of the marker beds js distiner.
Although similar isolated beds may occur locally, the sequence of
units does not appear to have been repeated elsewhere. The
sequence, from oldest to youngest is: massive stromarolite limestone
(MSL); brown plary limestone (BPL); and Strontium / borate
mineral horizon (SBH).

Description of Marker Units
Massive Steomarolite Limestone

The massive stromatolite limestone (MSL) contains laminated
carbonate structures around casts of water reeds, laminated
carbonate structures that may represent deposition by domal algal
mats, or a combination of bath. [n the west, the rubular structures
are preserved in siltstone matrix, bracketed by coarse sandstone.
Gradationally to the cast, the matrix surrounding the strromarolite
tubes becomes more calearcous. On the south limb of the Barstow
syncline, the tubular scromatolites can be traced from Red Division
Quarry in Trident Canyon castward through the loop road exit and
entrance, and to Owl Canyon. On the north limb of the syncline,

Figure 1. MSL. The south limb of the Barstow Syneline conrains tubular

stromatolites deposited around water eeds.
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Figure 2. MSL. Partially silicified large algal mounds in the massive
stromatolite layer east of Big Borate Canyon, Califoco Mounrains,

rubular scructures and large domal structuses are in a carbonate
cemented clastic matrix that can be traced castward to the Solomon
Mine. At Cemetery Ridge, west of Calico Ghost Town, the partially
silicified rubular stromacolites are in ran carbonare marrix. North of
Little Borate Canyon, and along the drainage divide of the Calico
Mountains, the rubular structures in the MSL become rare, and arce
not known further east. The dominant feature from this point east
are large (to one meter diameter) laminated domal structures. East
of Big Borate Canyon, the MSL becomes progressively more
silicified, until it becomes a resistant chalcedony layer in the Yermo
Hills (sec 21, TION, R2E, SBBM. In this area, the silicified MSL
occurs approximately 100 feet up-section from emerald green
tufaceous sediments. Further work might correlate this green unic
with the emerald green wff in the Toomey Hills to the southeast,
which is located ninety fect below the co-occurrence of Merychippus
carrizoensis (Parapliobippus Kelly, 1995) and M. stylodonrus
(Acricohippus quinni Kelly, 1995]. North of J.ead Mountain,
southeast of the Columbia (American Borax) Mine (sec 25, TION
R2F) the MSL crops out as a thick, resistant ridge of gray massive
limestone with silicified laminarions. In this area it is overlain by a
vesicular volcanic flow breccta.

Brown Platy Limestone

The browp, plary limesione (BPL) occurs as three resistant beds
deposited in silistone that overlies the MSL. It is consistently down-
section from deposits that contain cclestine (strontium sulfate)
which in the east is associaced with colemanite deposits. The BPL

Figure 4. BPL. Three distinct layers of limestone occur in greenigh-gray
lacuscrine siltstones above the MSL in the Mud Hills.

Empry Basins,

Vanished Lakes

Figure 3. MSL. Cross-section of tubular stromatolite showing ceneral
hollow cast of water reed {7}, Owl Canyon, Mud Hilks.

layers are coarse grained, and semetimes conrain a significant
portion of sand-sized grains. The layers are 1/8 to three inches thick
and sometimes exhibit 2 columnar cross section that weathers on ics
surface 10 a distinctive pitted texture. Plant remains are found
within and near the base of the sifty limestone. The rich cinnamon-
brown color of the BPL is distinctive from the gray MSL and from
the massive yellow limestones south of Lead Mountain. In the
Calico Mountains and in the Mud Hills, whire silicified limestones
occur up-section from the BPL. The three beds of RPL extend
castward through the Calico Mountains and Mule Canyon to where
they disappear east of Borate and west of the Yermo Hills. They
crop our southeast of Borare at the Palm Borate workings on the
southeasc side of the Calico Mountains. On the north side of Lead
Mountain, they appear immediately above the vesicular volcanic
breccia above the MSL., and east of the strontium-rich workings of
the Columbia Borax Mine. The BPL appears to overlic the MSL at
the northwestern tip of the Calico Mountains. The plary limestones
can be traced along the south Emb of the Barstow Syncline as far
west a5 Red Division Quarry in Tridenr Canyon and have been

Figure 5. BPL at Calico Ghost Town is visible as chevron folds in the

parking lot and can be mapped to the east through Mule Canyon.
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at the entrance to Little Borate Canyon,
Calico Mountains, view from south, MSL in distance; BPL at left end of
wrestle; photographer is standing on SBH at the historic Borate mines thar
produceed strontium and bo-ax

Figure 6. Three marker un

recognized on the north [mb of the syncline (Durrell, 1953). In
Trident Canvon the BPL 15 below the celestine horizon. Berween
this canyon and Cean Ceanvon to the northwest, owo additional
layers of brown platy limwstone oceur above the three mappable

BIL lavers,

Strontum-Borax Horizon

The strontium-borax ~orizop (SBH) in the Calico Mouatains
condains the borate miner s ulexite (sodium calcium borare),
colemanire (calcium borate), and howlite (calcium borosilicate)
associated with celestine («rrontium sulfate). The celestine is found
cast of Big Borate Canyon and as far west as the ares of Odessa
Canyon and Phillips Drive. Ulexite and celestine occur ar the
Columbia Mine north of I ead Mountain. Strontium deposits are
recognized on the north | mb and on the south liml of the Barsrow
syndline zt the Solomon 2nd Ross mines, respectively, where they
have been tied stratigraphically o underlying “thin, platy limestones
that occur above an algal imestone” (Durrell, 1953). On the north
limb, the strontium appe:rs to be 60 feet above the platy limestone,
while on the south limb. (he strontium horizen is much higher
above the BPL. Dark brown botryoidal celestine can be traced as far
west as Rainy Day Canyon, east of Trident Canyon on the south
limb, where prospects are only tens of feet above the BPL. In all
cases, the SBH sits above <he uppermost of three BPL lavers.

History of the Basin

Although the MSL 2+ have been somewhart time and
topography transgressive, - can be used as a regional marker to
divide the overlying sedimentary section from that which lies helow,
From Calico Ghost Town. through the Calico Mountains to the
Yermo Hills on the east, the section below the MSL consists of
siltstones and shales and occasional thin white tffs underlain by
voleanic breccias. Stickleback fish {Eschmeyer er af, 1983;
McGinnis, 1984) have been recorded from silestones of the Toomey
Hills (Reynolds, 1991} anc these suggest thar cthe basin in mid-
Hemingfordian time was part of a drainage system thar was
connecred to the Pacific Ccean (Revnolds, 1991; Woodburne,
1991). In the vicinity of 1-ad Mountain and Elephant Mountain,
the MSL overlies siltstone. ruff breccia, and a thick section of
yellow, thick-bedded limecrones. To the west-northwest. on the
south limb of the Barstow Syncline, the tubular stromaralites are
brackered by coarse red fluvial sandstones which up-section give
way to lacustrine siltstanes approximacely ar the first appearance of

the lowest layer of BPL. Therefore, it appears thar a water-holding
basin of limited extent was present in the Calico-Lead Mountain
area prior to a water-holding basin in the Mud Hills. The MSL
indicares a point in time when the basin enlarged to hold water in
both areas, even though the western arca continued 1o be inundated
by red gravels unril the deposition of the BPL,

The working hypothesis of this research js thar the following
sequence took place in the area of the Calico Mounrains and Lead
Mountains.

* Development of a limited, deepening basin contained yellow
massive limestones and volcanic breccjas.

* Deposition of lacustrine silcstones including the emerald ruffx, and
then the sequence of MSL, BPL, and SBH followed by
deposition of more siltstone with whire silicic ash.

* Synchronously in the west, a basin was being filled by the Onwl
Conglomerate and red sandstones of the Red Division. The
MSL is the first continuous lacustrine horizon to be seen in
these cozrse sediments. A competent, water- holding basin
developed abour the time the lowest layer of the BPL was being
deposited.

* In the Calico Mounrains, at 2 rime that may correspond to the
late Hemingfordian Land Mamimal Age, andesite domes from
Borate to Calico Peak formed, causing compressional deforma-
tion of soft siltstones and brittle deformation of the limestones.
As the domes grew, they shed breccias from older, 17.3 my ( U.
S. Borax, unpubl. data, 1999) deposits across the lacustrine
sediments, filling the basin and excluding further lacustrine
deposition.

* Lacustrine deposition continued in the west from 16 mya untjl 13

mya (Woodburne, 1991; McFadden er al, 1990).

Depth of Deposition

Algae thar precipitates caleium carbonare to form lamellar
stromatolite structures grows near the surface of a bedy of water
that is clear enough to transmit sunlight. Carbonare casts around
water reeds or woody plants suggest that deposition was near the
margin of the water body, since these plants prefer w grow in
shallow water or along fluctuating lake margins. The absence of the
tubudar structures and an abundance of large lamellar domes
suggests deposition in deeper, clear water. A combination of both
forms suggests a gradational depositional environment or mixing by
storm or wave action. The morphology of the MSL cast of Borate in
the Calico Mountains, ar Lead Mountain, and in the northwestern
Calice Mountains suggests deposition in relatively deep and clear
water. The mixed occurrence of large mound structures and wubes
west of Tin Can Alley and on the castern end of the north limb of
the Barstow Syncline suggest an intermediare depositional
environment or zone of mixing. The tubular strucrures depasiced in
siltstone, bur bracketed by coarse sandstone west of the Loop Exit,
suggest a flucruating margin during basin expansion.

The BPL apparently does not encroach inro the fluvial section,
although the layers are often sand-rich. The BPL layers are perhaps
more limited in extent than the MSL, since the BPL. is not found
much farther cast than Borate. The deposition of BPL may have
been limited to water depths that are shallower than those suggested
by the large lamellar domes in the MSL. bur equivalent 0 or deeper
than the depth of the rubular structures in che MSL. The deposi-
tion of the BPL may be associated with conditions thar produced
the lacustrine sandstones, and the combination of plant remains,
animal tracks and partially articulated skeletons suggests a shallow,

SBCMA Quarterly 47(2)
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near-shore environment.

Summary

A distincr sev of marker beds, the MSL, the BPL and the SBH,
oceur in the Mud Hills, Calico Mountains and at Lead Mounrain.
These types of deposits are useful as marker beds that connect the
forming early Miocene (Lare Hemingfordian LMA) basin, and in
providing constraints concerning basin depth and configuration.
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Introduction

Pluvial lakes are a pro
in the Grear Basin. Lalkes
and the most scudied of -

vinent feature of the Quaternary history
.shontin and Bonneville are the largese
re more than 100 pluvial lakes that
formed in the topographi: lows of the Basin and Range physiology
(Smith and Sureet-Perror. 1983). Carbonate deposits are relatively
kes and are often referred to as tufa or
Some of these tufa deposits are of

1999] and, therefore, can best be called
study of tufa deposits in Grear Basin

comumon in some of thes
algal rufa (Benson, 1994
microbial origin (Arp ez 2/
stromatolites. A systemati.
fakes is lacking and provic
research.

s an excellent opportunity for further

One of these lesser known pluvial lakes, Lake Manix, formed
abour 500 ro } € Ka in the
pluvial lake system. The Manix Formation was deposited in, and
around, Lake Manix. The formation is more than 39 m thick and is
predominantly conglomerate, sand, silt, and clay. Carbonare is rare
and occurs in whar has been called tufa (Jefferson, 1985; Meek,
1990). We interprer these carbonare structures as oncoids, 2 type of
stromatolite, based on the cncapsulated narure of the laminae and
their close resemblance 10 oncoids described from other lacustrine
deposits (Lindqvist, 1994}, The Lake Manix oncoids formed during
major transgressive phases of [ake Manix.

southernmost region of this extensive

General Geology and Stratigraphy

The Manix Basin is  111-lobate basin that occupies an area of
approximately 400 km? (Jefferson, 1987b) east of Barstow,
California, in the Mojave Iesert block. The block is baunded on
the northwest by the Garlock faulr and on the southwest by the San
Andreas fault (Sylvester, 1988). The eastern boundary is not well
defined. Northwest-southeast oriented right-Tateral, strike-slip faults
occur within the block (Schermer er al.. 1996); however, jn the
region of the Manix Basin, cast to east-northeast, possibly left-
lateral, strike slip faults ocour (Garfunkel, 1974). Late Cenozoic
faulting produced the various mounrain ranges that border and
define the basin. Deposition in this basinal serting began by late
Pliocene time, post-dating andestic volcanies and olivine basalt in
the Cady Mounrains (Jefferson, 1985), and continues today. The
basin post-dates the extensive Miocene tecronic activity and basin
formarion in the region of the Calico Mountains thar border it to
the northwest (Glazner e 2/, 1994),

The toral thickness of sediments in the Manix Basin is un-
known. It probably exceed: 140 m. based on well log data reported
in Meek (1990), The basin has remained tectonically active
throughout its history of de pasition. Gravels of possible Pliocene
age are upwarped on the flanks of the Alvord Mountains (Byers,
1960: Meek, 1990). In 1947, a magnitude 6.2 earthquake
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occurred, producing up to 5 ¢cm of movement on the Manix fauir
(Buwalda and Richter, 1948).

The oldest sedimentary unit studied thus far in the Manjx Basin
has been informally called the “Maojave River Formation” (Nagy and
Murray, 1991). It consists of 80+ m of conglomerate, sandsrone,
siltstone, claystone, caliche-rich layers (with nodules), and volcanic
ash that conformably undetlies the Manix Formarion in at least one
location (Nagy and Murray, 1991). The “Mojave River Formation”
was deposited from 2.48 10 0.92 Ma and unlike the Manix
Formarion, formed in z closed basin as suggested by the evaporite
deposits (Nagy and Murray, 1991; Puhar ez 2/, 1991).

Strata now recognized as the Manix Formation were first
described by Buwalda (1914). Lager, Thompson (1929) described
thern as the Manix Lake Beds. Although Jefferson used the term
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Manix Formation in his thesis (Jefferson, 1968) and in a
subsequent paper (Jefferson e7 al, 1982). it wasn't until
1985 that he formally described the unit (Jefferson,

1985). It is the onjv unit in the Manix Basin thar has North
been formally (_icﬁncd. The Manix Form.atioq consists f  gantion E
lacuscrine. fuvial, and alluvial fan deposits with an top

o

exposed thickness of 39 m (Jefferson. 1985). Jefferson

Empty Basins, Vanished Lakes

(1985) subdivided the formation invo four members.
The following description of the members is based on
Jefferson (1983, 1999). Member A is a wedge-shaped
unit composed of cobble and boulder conglomerate
interbedded with silty, fine- o coarse-grained lithic
arenite. It is considered 2 fanglomerare. Member B
consists of claystone, stilstone, and siley arenite. It is
interpreted as alluvial to fluvial. Member C is claystone
and siltstone, and interpreted as lacustrine. Member D
conssts of arkose and granule to cobble conglomerate

deposited in 2 fluvial sercing. The uppermost conglomer-
ate bed in Member A interfingets wich Member C 1o the
west and north, and with Membcr B co the north and
northeast (Jefferson, 1999). Member D conformably
overlies Member C in the type region, about 15 t0 20
krm west southwest of Afion Canyon (Jefferson, 1985)
and pinches out to the south and southeast against
Members A and B (Jefferson, 1999). Oncoids occur in
Members B and C where layers of clasts are coated by
the oncojdal carbonare.

The relationship berween the Manix Formation and
the underlying “Mojave River Formartion” is often

disconformable (Jefferson, 1985). Nagy and Murray
(1991) indicated shat there 15 2 conformable relationship

at one localicy. The Manix Formation is disconformably
overlain by younger lacustrine deposits a few meters
thick (Jefferson, 1985). The formation has received
considerable arcention due to its rich invertebrate and
vertebrate fauna known as the Camp Cady local fauna
(Jefferson, 1968, 1987a).

The Manix Formation was deposited in, and adjacent 1o, Lake
Manix, a perennial freshwater lake that occupied the basin from
abour 500 Ka (Jefferson, 1991) 1o about 18 Ka (Meek, 1999). A
Freshwarer lake is suggested by the invertebrate fauna and the lack
of primary evaporites. The fowil ostracods, clams, and snails
indicate freshwarer (Jefferson and Steinmetz, 1986; Jefferson,
1987a). The ancestral Mojave River was the main water source and
flowed into Lake Manix from the west. The primary drainage for
the lake was to the ¢ast. in the Afton Canyon region (Jefferson,
1991). Oceasional ponding of the Mojave River upstream inter-
rupted flow into Lake Manix, and may have caused lake level
ﬂuctllﬂ(i(lﬂ.‘?. At leﬁS[ Six frﬂ.l'lSngSSiVC/regrl‘.‘n‘{Si\"C events OCCUrer
throughourt its history (Jefferson, 1998).

We studied the oncoids of the Manix Formation from several
sites (Fig. 1). Stratigraphic sections were measured in two areas
{Figs. 2, 3. da-e). The sedimentology and stratigraphy of these
cections were studied in the field and hand samples were taken back
to the lab for further analysis. Selected oncoids were slabbed and
thin sectioned.

The Oncoids

Oncoids are usually considered to be unatrached stromarolites
with encapsularing laminae (Walrer, 1972). However, because
oncoids form as a result of microbial carbonate accretion on some
wpe of clast, che adjective “unatcached” should be abandoned. The
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Figure 2. Correlation of sections A-E on the sauth margin of Lake Manix
near Afton Canyon (Fig. 1). The orange sand marker coneaining
oncoids marks the base of a major transgression of Lake Manx, The
grain size of the overlying lake sediments decreases woward basin center,
The oncoids formed around surface cobbles of the underlying
fanglomerate. Another layer of oncoids also occurs stratigraphically
higher in sections D and F.

stromarolites of the Manix Formation are isolated syucrures that
consise of laminarted caleite encrustations of clasts (Tig. 4f). In all
but 2 very few of the samples studied, the lamination completely
envelops the clast. Consequently, these stromarolites ase propetly
called oncoids. Oncoids usually exhibit a penecint arrangement of
l3minae (laminae partially enclosing a body; Hofmann, 1969) with
numerous micro-unconformities (\Wright, 1983). The Manix
oncoids usually show two sets of lamination (Figs. 5a and d). The
first ser has laminae that can be traced continuously around the
clast. The second ser has laminae that thicken in the up-directon
and thin or rerminate in the down-side direction (Figs. Sa and d).
Because of the complete coating of the first set of laminac and the
infrequent nature of micro-unconformiries in the laminae, we
interpret these oncoids to have formed s site withour the periodie
movement of the steucture (although they formed in a high energy
environment; see below). This is another reason to abandon the
adjective “uparcached.”

Although referred to as “rufa” or “algal tufa” in the lirerarure on
the Manix Formation (Jefferson, 1985}, these are incorrect terms
for these structures. Tufa is carbonate that has a spongy, porous, and
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direction of the oncolite usually has the thickest
carbonate while the dowen-direction is the thinnest.
Thickness parallel to bedding can range from slightly

Western
Section Line G-I

Northeast Southwes(  thicker than the down-side 1o a/most as thick as the
] upper surface coating,
Y In addition to differences in rhickness, the upper
: top surface usually has 2 more pronounced knobby surface
Section | : .
o whereas the lower surface is smoother (Figs. Sc and d).
top Section H

The upper surface often exhibirs two orders of surface
topography: larger (>cm) low-relief hemispherical
domes covered with small (<em) protrusions thac are

top

actually small, columnar to columnar branching
stromatolites. The protrusions give the upper surface a
mammilate to cauliflower appearance (Fig. Sc).

In thin section, the carbonate consists of faminated
micrite (Figs. Se and f). The lamination is characrey-
ized by alvernating dark- and light-colored layers,
between 30 and 2000 um chick. The dark-colored
layers are mostly composed of micrite and occasionally
exhibir a poorly developed clotted fabric. The light-
colored layers also consist predominanc!y of micrire,

= @ _Orange beach sand marker

0.5m

25m ; . .
but with some acicular calcite crystals. Although
) _ micrite is considered ta be the product of microbial
Claystone @  Occasional oncoids activity, in particular due to cyanobacrerial precipita-
(<1 mm thick carbonate) , & i . . .
tion (Thompson ez 4f, 1990), no microbial remains,
Sandstone @  Oncoids . either filamenes or coccoids, have been found.
{< 1 cm thick carbonate)
welialo, . . .
""1 Conglomerale @  oncoids Palecenvironments of the Oncoids

(1-4 cm thick carbonats) ; L. - .

= _ ) Oncoids mark the inidation of two major lake

- Sandstone with &< Fish bones and scales transgressions of Lake Manix, as indicated by a vertical
roundsd pebbles

sequence of lithofacies (lithofacies succession):
conglomerate, oncoids and sand. sandstone, and
Figure 3. Correlation of scorans GoI along the northern margin Lake claystone. The oncoids are associated with 2 bigh—ene[gy, near-shore
Manix near Interstate 15 (Fig, 1). The orange sand marker containing
oncoids marks the base 0 2 major transgression of Lake Manix. The
thickness of the oncoidal carbanate increases toward basin center,

environment based on the presence of a well-sorced, well-roundad
quartz sand that forms the matrix of the oncoids. In addidon, srall
oncoids and fragments of oncoids occur in disoriented positions
within the sandstone. The ancoids were buried by beach and long
shore sand that is 2 continuation of the same type of sand thar

whereas the grain size of the overlying lake sediments decreases roward
basin center. The oncoids formed around surface cobbles of the

underlying fanglomerarc ) . 3 -
forms the matrix between the oncoids. Sand deposition was

influenced by the lake transgression and associated deepening of che
lake. Deeper water and the absence of clases as stable substraces in
the sand facies did not favor oncoid formarion. Fuether deepening
of the lake resulted in clay deposition, the final lichofacics in the

friable nature (Bates and Jackson, 1987; Humphreys et al., 1995)
and is often associated with springs. Bates and Jackson, 1987,
actually define tufa as a variery of travertine, which is a spring
deposit. The Manix oncoids are slightly porous, somewhar friable,
and are not associated with springs. The porous nature probably
resulted from vadose-leach ng of the pre-existing limestone (Woo ¢
al., 1999),

The Manix oncoids range from <1 to > 70 cm in diameter. They
oceur in beds ranging from thin, one oncoid-thick beds (a few cm
thick) o beds 40 to 60 cm thick composed of many oncoids. Clasts
consist of rounded to angular pieces of andesire, basalt, granite,

fining upward lithofacies sequence.

The angularity of the clasts encrusted by the oncoidal carbonate
suggests that Lake Manix transgressions occurred fairly rapidly.
Time was insufficient for the develo pment of disc-shaped pebbles
and cobbles so frequently associated with beach environments in
lakes. The paucity of cobbles and pebbles in the sand that buried
the oncoids suggests that the lake was transgressing (deepening)
without the local inpur of fanglomerates and chat depositional rates
on the fans were relatively low. This would suggest that climaric

sedimentary rock, and more rarely, of clams and limestone. The
limestone clasts consist of 4 peloidal grainstone/packstone com-
posed of peloids and gastropods organized into a porous limestone, change favoring precipiration over evaporation was fargely respon-

Detrital minerals such as quartz and feldspar also occur in the sible for the initiation of the major lake transgressions of the lower

limestone clusts,

The larger oncoids (=15 ¢m) often have relatively large elases
compared to the thickness of the carbonate. In contrast, the
carbonate may be significa tly thicker than the clast diameter in
smaller oncaids. Carbonate coating the clasts ranges in thickness
from < mm to > 7 em chick. The carbonare js usually laminated
with laminae ranging in sh-pe from slightly wavy to laminae
arranged into small columns a few millimerers in diameter with
some colunmins branching (Figs. 5a and b). The stratigraphic up-
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and upper oncoid-bearing units. This presents a paradox. A rapid
transgression would indicate substantially increased precipitarion.

Normally, this would activare fanglomerate deposition (alluvial fans

would have deposited progradational wedges of fanglomerate into
the lake with associated oncoids). This did not occur. It is more
likely that precipitation in the Mojave River drainage basin
increased sufficiently such that flow into the Manix Basin was
substantially greater than outflow, causing rapid transgression.
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Figure 4. Oucrop phosegraphs of the lower oncoid unit. a) A view to the north along section line A-E. The arrows point o the contact berween the

Manix Lake green claystone and the underlying fanglomerates. The lacustrine claystone thicken to the north (toward lake center). b} The arraw points
10 & large oncoid in the orange sand marker (sise ). ¢) Arrows sark the sop and bottont of the orange sand marker. The lacusrine green claystane i
ibove the avange sand marker, and the fanglomerate is below. 1o the right of the scle is a small oncoid (site G). d) Close up photograph of the same
onceid iliustrating the relationship berween the oncoids, claystone, sand, and fanglomeraze (site G). ¢) A channel cut into the fanglomenare, which
contains reworked onevids. The dosted line and downward pointing arows mark the contact between claystone and conglomerate (the lower oncoid
unit), The uptoard pointing arows mark the base of the channel, which contains reworked oncoids (site F), f) Plan view of some lower horizon
oncoids shawing their spasal disiribusion.

SRCMA Quarterly 47(2)



Awramik er al: Manix Formation Oncoids

Figure 5. Hand specimen, slabs, and thin section phoromicrographs of oncoids; a). b). and d), Slabs of oncoids: ) U
onceid (slab in d from this specimen; e} and f) phetamicrographs of oncoids ; scale bar in e = 1 mm; scale bar

m

pper surface of
f=0.5 mm.
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Empty Basins, Vanished Lakes

F..'npz’\' Basing, Vanished Takes

motifs appear to be very similar to rock-art motifs in the Mojave
Desert — a spiral, an anthropomorphic figure, two circles
conneceed with a line, and a quadrupcd often thought to be a
bighorn sheep — some doube has been raised abour the authentic-
ity of these features.

Along the rim of Afton Canyon, especially on its south side, are
well-formed desert pavements within which there are frequent lichic
scaiters and other evidence of stone working. In addition, there are
stone features such as rock circles and rock alignments, Many of
these appear 10 be of considerable age. There has been, however, no
systemaric archaeological study of either che artifacts or features on
and within the pavenent surfaces.

In summary. the major human presence within Afton Canyon
has been scientifically documented as being within abouc 100 years
of A.D. 1000, with some evidence that the tme of occupation goes
back somewhat earlier, possibly to about A.ID. 600 (Schneider
1989). It is likely that earlier occupation occurred, but archacologi-
cal dara supporring this view have not ver been obrained. The dara
that are available suggest thae the canyon was well-traveled by the
ancestral Mohave and the subsistence resources associated with the
Mojave River were important parts of the partern of seasonal
rounding of the indigenous peoples who lived along the river to the
south 2nd in the San Bernardino Mounrajns.
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Ventifacts in the Mojave River Corridor
and at “Ventifact Hill”

Julie Lairy
Department of (eography, California State University, Northridge. 18111 Nordhoff Sereer, Northridge, CA 91330-8249

The easily accessible ventilaces ar “Ventifact Hill,” east of Afion
Canyon, are just a few of the many spectacular examples of sand-
blasted rocks thar are to be found in the east-central Mojave Desert.
They have formed in a corridor of wind transport which moved
sand from the Mojave River eastward through the Devil's Play-
ground, and ultimarely rowards the Kelso Dunes (Clarke and
Rendeil, 1998). Most of the ventifaces in this region are fossil or
relict in narure, attesting 12 a time of greater sediment availabili ty
and possibly higher velociry winds, Today, areas of active ventiface
formation are limited to a few hill crests where dune sand is being
reworked by bidirecrional winds,

Ventifact Form

Ventifacrs are wind-eroded rocks of varying size, form, and
material composition. They range in size from small pebbles to large
boulders. Small rocks (less than a height of 8 cm) develop the classic
facered form (Maxson, 1940). The term facet refers to a relatively
plane surface that has beer cur ar right angles ro the wind, regardless
of the original stone shape Facers join along a sharp ridge or keel,
and the number of keels (kante) is used to describe the stones as
cinkanre, zweikanter, dreikanter (one-,two-, rh_rce‘ridged). etc.
These terms are generally not used to describe large ventifacts.

Rock surfaces are commonly smoothed and polished by sand
abrasion. The degree of polish is a good indication of the relative age
of the ventifact, with actively forming ventifaces showing consider-
able sheen, and older venrifacts lacking polish or appearing dull
owing to weathering processes. Granitic rocks are often subject to
consider granular disintegration of the surface and do not preserve
fine fearures well. Spalling of the crust may occur. As a resuls, only
the largest, most intensely ibraded fossil granitic ventifacts are

preserved,

Large ventifacts show a variety of surface forms, including pirs,
flutes, grooves, helical forrm s and erching, all of which can be
observed in the Mojave River acolian corridor (Laity, 1994, 1995).

Figure 1. Deep pitting covers the east face of the approximaely 1.2 m high
ventifact on “Ventitact Hil "

Figure 2. The west face of the same 1.25 m ventifact atrests to strong
westerly winds in the past. Note the flutes that cover the receding face.
The absence of sand and the surface weatheri ng suggest the venrifact ie
fossil.

Pits occur on surfaces that are inclined at high angles o the wind
(55 10 907), s can be seen on the cast face of the 1.25 m ventifact
at “Venrifact Hill” (Fig, 1). Flutes are scoop-shaped in plan, open at
the downwind end and closed at the upwind end, and broadly U-
shaped in cross section. Flutes become shorter and deeper as the
inclination of the surface steepens. These features can also be
observed ar “Ventiface Hill™ (Fig. 2). Grooves are longer than flures
and develop on surfaces gently inclined or parallel to the wind.
Grooves are broadly parallel to one another and indicate the
direction of the winds. The scale of grooves depends on the material
and the wind velocity, and varies from fine lincations, with a
wavelength measured in millimeters, to long and deep grooves, 0.3
m or more in length and 11 em or more in width. Very large flutes
and grooves developed on ridge crest ventifacts in the area berween
Afton Canyon and Soda Lake, eroded by the flux of sand which was
deflated from the Mojave River wash (Fig. 3). Liching occurs when
the composition of the rock mass is not homogeneous and the wind
selectively erodes less resistant stratz or foliations. Excellent
examples are to be found in flow-banded busaltic rocks <outh of
Soda Lake, where wind erosion has exploited vesicle-rich bands.
Helical forms begin as shallow grooves or flutes, deepen and spiral in
a downwind direction, and rerminate in a sharp poine. Such forms
are relatively rare, bur can be seen in the Little Cowhole Mouncains,

cast of Soda Lake.

Wind Speed, Topography, and Ventifact

Formation

Topographic enhancement of wind speed strongly influences
ventiface distribution and form. High wind speeds cause hilleops to
be a favorsble ventifact locale. As wind passes over a hill, a
compression of streamlines in the boundary layer canses accelera-
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Figure 3. Ventifacr from the Mojave River wash arca, about 10 km cast of “Ventitace Hill,” off Rasor Road. The scale of the flutes on this
large ventifact suggest 2 high sand flux and vands of higher intensity than today.

tion rowards the crest of the slope, ncreasing sand transport and
particle velocity. The shape of the hill and its height affect velocity
acceleration, sand transporrarion, wind Aow direction, and zones of
erosion and deposition, and thereby determine che oriencation of
grooves, the intensity of ventifacrion, and the Jocation of ventifacts.
The effect of velocity enhancement increases with the heighr of the
hill: wind speeds at the hill crest may be as much as rwice that ac
the base. For high velocity winds, increased mass removal by
abrasion near hill crests causes deep grooving and pitting of rocks,
particularly on large boulders that present high angle faces to the
winds. As a result, venrifacts are often found on the windward
upper slopes or summits of hills, the most intenscly abraded rocks
occurring near the crest (Laity. 1987). This eftect can be clearly seen
ar “Vendifact 1LIL?

Erosion Profile

‘The magnitude of ventifact crosion depends on the suscepribil-
ity of the rock material to erosion (density, hardness, and fracture-
mechanical properties) and to the properties of the impacting grain
(diameter, density speed, and angle of incidence). Ventifacts develop
within the curtain of saltating sand grains, which rarely exceeds 1 m
on level rerrain. Abrasion generally increases with height, owing 1o
an increase in particle velociry. In Sharp’s (1964, 1980) experimen-
tal plots, erosion maxima were recorded 0.10 0 0.12 m above the
surface in Lucite rods exposed to the wind for 15 years. This level i
exceeded on hilly terrain, where the maximum abrasion height can
be 1-1.5 m above the surface. Note that at “Ventifact Hill” abrasion
increases up to the 1.25 m height of the boulder. As a consequence
of the increase in abrasion up to the maximum level, many
ventifacts ultimately develop semi-planar faces, with the upper part
of the abrasian face receding more rapidly than the lower parr.
Flures and grooves may cover the receding face.

The large venrifact on “Venrifact Hill” gives evidence thar wind
abrasion on the western face was greater than that on the eastern.
Evidence of the dominance of strong long-term westerly flow is
apparent in ventifacts throughout che region (Laity, 1991), in the
movement of dunes through the Devil's Playground, and in the
orientation of finear wind streaks.

Agent of Abrasion

Sand is the most effective agent of abrasion in the Mejave
Desert, and the distribution of ventifacrs is clearly associated with
its presence. Sediment samples collected from a number of sites
show chat the abrading agent is fine- 1o medium-sized acolian sand
which is well to moderately well sorted. The relacive absence of
sand on “Ventifacr Hill" is one indicator of the fossil nature of the
ventifacs.

Summary

“Ventifact Hill” provides an example of past acolian activity in
the Mojave River wind corridor. Thruughom the region, evidence
of abrasion on graniric veatifacts is generally patchy and discontinu-
ous, as coarse-grained rocks do not preserve erosion well, owing to
granular disintegration and spalling. Thus, there is a paucity of
ventifaces at “Ventiface Hill” relative to comparable sites with
different lithologies. As at most other localities, maximum abrasion
occurs near the hill crest, where wind velocities are highest. Owing
to its large size and deep crosional features, the largest boulder at
the crest of “Ventifact Hill” preserves a good record of past acriviry.
The boulder demonstrates the increase in abrasion thar occurs with
height, resulting in a receding face on the west side. Maximum
abrasion occurs ar the top of the boulder, 2 height of about 1.25 m.
Winds from the east effectively pitted the boulder, bug lacked
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strength to cause recession of the face. The absence of aeolian sand
and of small ventifacts, and the wearhered, stained and spalling
surface of the large ventifacr, suggests that abrasion is no longer an
ongoing process.

The evidence at "Venriface Hill” is mirrored at other sites
throughout the Majave River aeolian corridor. Boulders with even
deeper flutes and grooves accur on hills near the Mojave River wash
area, testifying to 2 more 1iense wind regime in the past.

References

Clarke, Michele 1.. and H. M. Rendell, 1998, Climare change impacts on
sand supply and the formation of desert sand dunes in the south-wese
U.S.A: Journal of Arid Froiranmenss | v. 39, p. $17-31.

Laity, J.E., 1987, Topographic effects on ventifact development, Mojave
Desert, California: Physica] Geography v.8, no. 2., p- 113-132.

—_ 1991, Ventifact evidence for Holocene wind patterns in the east-
central Mojave Desert: Zeisschrifi fiir Geomorphologie, Supplemens Band |
v. B4, p. 1-16.

— . 1994, Landforms of acolian erosion, fn A.D. Abrahams and Al
Parsons (eds.), Genmorphology of Desert Environments: Chapman and
Hall, Tonden, p. 506-¢23

— 1995, Wind abrasion and ventifact formation in California, fr V.P
Teharkerian (ed.) Desers Asolian Processer: Chapman and Hall, London,
p- 295-321.

Maxson, J.H., 1940, Fluting and faccring of rock fragments: Journal of
Geology. v. 48, p. 717-751

Sharp, RE, 1964, Wind-driven sand in Coachella Valley, California:
Grological Sociesy of America Bullerin , v. 75, p. 785-804.

——— 1980, Wind-driven sand in Coachella Valley, California; Further data:
Geological Society of Ameri-a Bulletin, v. 91, p. 724-730,

SBCMA Quarterly 47(2)



Empty Basins, Vanished Lakes

Archaeology in the Cronese Basin:
A History

Claude N. Warren' and Joan S. Schneider®
Wniversity of Nevada, Las Vegas, NV 89154; 2UC Riverside Western Cenrey, Untversity of California, Riverside, CA 92521

In the years 1928 through 1930 Malcolm J. Rogers conducred field
reconnaissance in eastern San Bernardino Councy. This fieldwork
led him to the rurquoise mines in the Turquoise Mountains east of
Silver Lake Playa. One question that he addressed was: who were
the prehistoric turquoise miners of the Turguoise Mountaing?
Rogers thought the limited evidence he recovered from the mines
indicated that they were first worked by Puebloan peoples from the
cast. Since water was unavailable at the mines, and drinking waccr
was a pecessity for the miners, Rogers turned his efforts oward
searching for cthe locarions where the miners lived. This search took
him to the Mojave Sink and the Cronese Basin where he discovered
2 number of residenria) sites (Rogers 1929, 1931, 1933, 1939,
1945).

Rogers developed a culrural sequence for the Cronese Basin ¢hat
included Nevada Basketmaker, Desert Mohave, and Chemehuevi.
Radiocarbon dating, however, was not yet available and the
residential sites lacked stracigraphy. Byt ceramics were plentiful in
the Cronese Basin and the ceramic sherd types were pare of the data
from which Rogers developed his sequence. Nevada Basketmaker
was characrerized by the presence of potrery sherds at the turquoise
rmines and ar ar least one site in the Basin. The major occupation of
the Basin, Rogers soon realized, was rcprcscmcd by a people that he
called the “Desert Mohave.” The Desert Mohave cultural partern
recognized by Rogers was characrerized by cremation of the dead;
the Puebloan people did not cremate their dead. In addition, a plain
grey pottery was often buried with the cremated remains. Although
the pottery was very similar to Puebloan pottery, Rogers soon
learned thar it was made of local clays and temper, whereas the
Puchloan pottery, brought to the area from southern Nevada, was
made from different clays and conuined very different remper.
Furthermore, although the ceramics of both groups were grey in
color, that of the Desert Mohave was of a darker grey and often
contained mica. Rogers used ceramic cross-dating based on intrusive
Puebloan pottery found in Desert Mohave sites and cremations to
date the Desert Mohave of the Cronese Basin and the Mojave Sink
1o as early as Pucblo IT and Pueblo 1T rimes.

Rogers further recognized that the Deserc Mohave were the
middlemen in a major exchange system involving the rade of shell
beads, ornaments and other items, such as pelican bone whistles,
from the California coast and ceramics from the Puebloan aceas to
the east. The turquoise mined locally in the Turquoise Mountains
also moved through rhis trade network. As far as can be decermined,
all of the locally mined rurquoise was traded to Puebloan and other
peoples of the Southwesr. This period of intensive trade coincided
with a period of increased precipitation during which the Cronese
Lakes filled and supported populations of fish and freshwarer mussel
(Anodonza sp.). There is ample archaeological evidence that the
mussels were collected and eaten by local people.

Rogers also recognized a third cultural patrern in the Cronese
Basin. This pattern was pootly represenced, usually consisting of
sparse flake scatters associared wich hearths, occasionally with some
postery, milling implements. and projectile points. Rogers thought

thar these sites were occupied sporadically for short periods of time.
He assigned this culral partern o the protohistoric Chemehuevi,
a people who replaced the Desert Mohave after the desiccation of
the lakes in the Cronesc Basin.

Tn 1945 Rogers published An Outline of Yuman Prepistory in
which he summarized his views on the prehistory of the Mojave
Sink region. (The reader should be aware that in his 1945
publication, Yuman is equivalent to his 1931 Mohave.) He
identified a pre-ceramic Yuman patern thar extended from western
San Bernardino County across the desert ro the cas as far as the
Colorado River and into Mohave Counry, Arizona; the Cronese
Basin and the Mojave River Sink is included. This “patcern needs
only the addition of native pottery to make it Yuman: an clement
which it eventually acquires” (Rogers 1943:174).

During the late 1930s through the 1950s very lirtle tieldwork
was conducted in the central Mojave Desert. In the mid-1930s,
Elizabeth and William Campbell recorded sites on bath West
Cronese and East Cronese lakes, but never published the resuls of
this rescarch. 1o 1939 Gerald Smith and Ritner Sayles surveyed the

shoreline of Fast Cronese Lake and conducted limited excavations
at one site {(Smich 1963). In 1950 Adan Tregenza and Arnold
Pilling of San Francisco State College and the University of
California Archacological Survey conducted a recannaissance of the
entire shoreline of East Cronese Lake.

The next significant archacology 1n the Cronesc Basin was rthat
carried out in the 1970s by Christopher Drover (1979). Drover
conducred minimal fieldwork, taking a few field samples and
making a aumber of observations. He did, however, obtain a small
number of radiocarbon dates applicable ro archacological sites.
Drover’s main chesis, within the cultural-ccology focus of the times,

srated that “{Ohe nacure of the Cronise (sic) Basin occupation
would seern to require facustral periods simply for drinking water it
not 2 variery of plant and animal foods . . " (Drover 1979:151). He
then autempted to reconscruct the minimal requirements for flood
conditions that would fill the Basin by comparing the tree-ring
record with the modern rainfall record. Drover argued thart the sites
in the Cronese Basin were occupied during single wer years and,
based on tree-ring records, selected a number of individual wer
years that roughly corresponded to the radiocarbon dates he had
obrained.

Drover's argument proved faulcy when it was pointed out by
Enzel and othess (1992) that the Holocene lakes that formed in the
Cronese Basin probably resulted from a number of wet years
occurring together, i.e., multiyear relacively high precipitation
episodes. This position is furcher supported by Schnetder’s work ar
Bast Cronese Lake in which she analyzed the Anodosiza musscls and
found that the Anodonta in the middens were marure individuals as
were others which died in place in the lake sediments. Since
Anodosita popu]ations take several years to reproduce and marure,
the lake must bave been present and viable during all of those years

(Schrneider 1994).
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Subsequent work in the Cronese Basin has been confined to
cultural resource management projects that have explored
archacologically only small portions of the basin, One investigated
several sites in the mesquite-covered sand dunes in the southwestern
portion of the Basin (York 1989). The second was recent work in
preparation for selection of an area for expansion of Fort [rwin: this
project touched the western portions of West Cronese Lake (Bryvd et

2l 1998).
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Empty Basins, Vanished Lakes

Geology and Mineral Deposits
in the Baxter—Basin Area
South of Cave Mountain,

San Bernardino County, California

Howard J. Brown' and Larry Monroe?
'Omya (California) Inc., RPO. Box 825 Lucerne Valley CA 92356; *Burcau of Land Management, 260) Barstow Rd. Barstow CA 92311

Introduction

Cave Mounrain is 2 prominent landmark located just
souch of Interstate 15 berween Barstow and Baker,
California, in the central Mojave Desert (Figure 1). On the
south side of Cave Mountain, which rises 2000 feet above
the alluvial valleys. a variery of rock types are exposed near |
Rasin Siding which range from Precambrian to Quaternary |
in age, and include highly deformed Paleozoic
metasedimentary rocks and several varieties of Mesozoic
intrisive rocks. An active small scale iron mine is present in
the area as are several inactive [imestone quarries.

This scudy contributes new information on the
distriburion and stratigraphic correlation of Paleozoic
Miogeoclinal surata io che local area. In addition the work
further documents intense pre Cretaceous multiphase
folding and faulting of the Paleozoic rocks. Also incJuded is
a descriprion of the mineral deposits and recent mining

activiry 1n the area.

Regional Geologic Setting

Rocks exposed in the general area include those of Paleozoic,
Mesozoic and Cenozoic age. Paleozoic rocks in the region are inner
Miogeoclinal shallow water sediments and include Late Precarnbrian
and Cambrian clastic dominated sequences, Cambrian and
Devonian dolornites and Upper Paleozsic limestone-dominated
formarions. Figure 2 is a generalized geologic map of the area,
modified from Danchy and Collier (1958).

During early and middic Mesozoic time sedimenrary and
voleanic rocks were deposited, and during middle Mesozoic time the
tegion underwent intense deformacion including folding, thrust
fautring and metamorphism, and was intruded by a variery of
phuzanic rocks. Uplift, erosion and volcanism were dominant
processes during Cenovoic time. The region continues to be
seismically active.

Paleozoic Strara

Paleozoic rocks in the study area include Upper Paleozoic
limmestone and calcite marbles. The rocks are typical inner
Miogeoclinal strata and are correlated on the basis of lithologic
similarity and statigraphie sequence with Miogeoclinal formations
exposed In numerous xanges in the Mojave region (Brown 1981,
1982, 1986, 1991). Figure 3 isa stratigraphic column of the
Paleouzoic rocks present in the area. Formations exposed include
Devonian Sultan Limestone, Mississippian Monte Cristo Limestone
and Pennsylvanian-Permian Bitd Spring Formation.

Figure 1. Index map, aerial view,

Devonian Sultan Limestone

The Crystal Pass member of the Sultan Limestons of Devonian
age is prominendly exposed along the south side of the ridge north
of the Mojave River bed. The Crystal Pass member is the upper
most unit in the Sultan Limestone, and is composed of 350 feer
(tectonic thickness) of medium to rthin bedded white calcite marble
in layers up o 40 feet thick, which is interbedded with buff
dolomite and grey limestone layers up to 10 feet thick. The white
marble is often thinly Jaminated and poreclain texrured, and is
commonly stained with iron oxide on fractures. Exposures are
typical of the metamorphosed Crystal Pass, exposed in several
ranges in the Mojave from the San Bernardino Mountains to the
souchwest and extending east beyond the state line into Nevada.

Mississippian Monte Cristo Limestone

The Monte Cristo Limestone is abundantly exposed and
includes from aldest to youngest, the Dawn, Anchor, and Bullion
Members.

‘I'he Dawn Member is composed of dark grey, thin co medium
bedded limestone. The rock is variably cherty near the upper
conract with the Anchor Member. The lower contact is abrupr and
contrases with the whice Sultan Timestone. Tectonic thickness is up
10 35 feer, although usually thinner.

The Anchor Member is composed of lower grey, and upper
white, very cherty and/or siliceous limestone and calcite marble.
Tectonic thickness is up to 50 feer although usually thinner.

2
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Brown and Monroc: Bavter-Basin Area

Figure 2. Generalized geologic map of the area.

The Bullion Member is prominencly exposed and is composed
of abour 200 feer (tectonic rhickness) of medium-bedded, whire
weathering, generally pure calcite marble. The rock is medium ro
fine grained and color on fresh surface ranges from white to creamy

white and buff.

Penasylvanian-Permian Bird Spring Formation

‘The Bird Spring is aburdantly exposed in the esstern part of the
main ridge, and forms the upper plate of a low angle faulr. All
exposures show evidence of intense folding, Three informal unirs
were differentiated. The lower unit is composed of 30 feet of white
to buff siliceous marble with some dolomitization. The middle unjt
s 150 feer of dark grey, verv cherry and siliceous limestone.
Overlying is 150 feer of buff colored limestone with prominent
dark brown silicificacion and brown silty siliceous hornfels beds and
bands.

Mesozoic Intrusive Rocks

Intrusive rocks are abundantly exposed in the detail map arca
and several varieties are present. To the north of the study area, the
main mass of Cave Mounta a is composed of generally dark colored
gneissic granite and metamorphic rocks. Within che study area,
however, intrusive rocks wer: classified as felsic (light color) or
mafic (dark color), on the basis of color.

Felsic intrusives weather pink to light brown, are medium
grained and range from nonfoliated o foliaced. More than one
intrusion may be present. e felsic intrusives, although in contact

GENERALIZED GEQLOGIC MAP
OF THE

BAXTER-BASIN SIDING AREA
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with the carbonate rocks, do not form dikes. The felsic inrrusives
are clearly older than the mafic intrusives, and are of probable
middle Mesozoic age.

Mafic intrusive rocks form dark green to black weathering,
nonfoliared to foliated, steeply dipping dikes and sills (parallel 1o
foliation) and irregular inerusive blobs popping up through the
carbonates. The dikes and sills are generally Jess chan 20 feet chick,
and sometimes form a border zone berween felsic intrusives and
carbonate rocks. Several ages of mafic intrusives may be present bur
are not differentiated.

In the northeastern portion of the map arca the mafic intrusives
appear to be associated wich iron mineralization along a low angle
fault conract with the carbonate rocks. In the main active iron
mine area, mafic intrusives also appear o be associated with che
iron mineralization,

In general the mafic intrusives appear ro be younger than the
felsic intrusives, and are assumed to be late Middle Mesozoic age.

Cenozoic Rocks

Cenorzoic rocks include several sequences of fluvial sands,
fanglomerate, gravels, carbonate clast alluvial rerraces, younger
granitic-dominated alluvial deposits, colluvium, ealus and stream
wash, thought to be of Pleistocene and Recent age. To the south of
the study area are exposures of Tertiary age sandstones, wff beds,
fanglomerate and basalr.
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Metamorcphism

Paleozoic rocks in the area have been variably reerystallized and
metamorphosed to lower greenshist grade. Many of the limestones
have been recrystallized o calcite marble, and rocks of the Crystal
Pass member of the Sultan have well developed mosaic metamor-
phic fabric. Rocks of the Bullion member of the Monre Cristo
Limestone have been only slightly recrystallized, and only partly
bleached white, often still retaining their original creamy tan color.
Trernolite was noted in some rocks which have been dolomitized. In
general mecamorphism is low grade, and probably associated with
regionally widespread metamorphism and Mesozoic intrusive
activiry, and is hikely Jurassic and or Cretaceous in age.

Geologic Structure

Geologic structure in the area is very complex, the result of
multiple episodes of deformation including folding and faulting.
The description of structures is related primarily to the deformation
of the Paleozoic rocks. Strucrures present include folds of two or
more geperations, low angle faults, high angle faults and gravity

slides.

Folding

At least two phases of folding occurred. Phase 1 folds are
northeast-trending and southeast-verging overturned 1o recumbent,
and are most common in the Bird Spring Formation which forms
the upper plate of a low angle faulr. South-verging folds have been
noted elsewhere in the Mojave (Brown 1981, Walker 1990). Walker
(1990) indicated that the age of folding is berween 154 and 169
m.y. (Late Middle Jurassic) in the Cronese Hills, 6 miles northwest
of the study area.

Phase 2 folds are prominently exposed in the lower plate of the
low angle fault, and are northeast-trending, very tight to isoclinal
upright to slightly overcurned to the south, with a northwest
vergence. Phase 2 folds on the overturned limb of a Phase 1 fold
foren inverted folds in which the stratigraphic sequence is upside
down.

Phase 2 folds have an opposite sense of vergence than Phase 1
folds suggesting a separate deformarional evenr. Phase 2 folds
predate intrusion of the felsic intrusives. Walker (1990) indicated
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Figure 3. Sprasigraphic column.

Empry Basins, Vanished Lakes

post kinemaric plutenic rocks in the Cronese Hills are 155 m.y.
Thus the Phase 2 folds predate the Late Jurassic intrusives and post
dare the Late Middle Jurassic Phase 1 folds, and an Early Lace
Jurassic age is suggested.

Phase 3 folds were noted near a low angle fault in the castern
part of the study area. Phase 3 folds plunge 25 degrees ta the
southeast and may have formed during low angle faulring.

Faules

Numerous faults include low angle and high angle faults, as well
as gravity slides.

Several low angle faults are present. A prominent low angle faulr
system In the eastern part of the study area juxtaposes recumbently
folded Bird Spring Formation in the upper plate over tight isoclinal
upright jnverted folds in the lower plate. In some outcrops the
nearly flat lying Bird Spring Formation is faulted over vertically
dipping Monte Ciristo Limestone. The faulr appears to cut some of
the felsic incrusive rocks, while the mafic intrusives may have
intruded along the fault. The Jow angle faults are considered to be
post felsic intrusive and possibly pre—maﬁc incrusive, and a possiblt
pre-Late Jurassic age is suggested.

A shallow, south-dipping gravity slide is present on the south
side of the main ridge. Upper plate rocks of the Bird Spring
Formartion have slid down and over the lower plate rocks. Rocks in
the stide block are highly brecciated near the conract, but internal
deformation is slight, and the block appears o have slid as 2
coherent mass. The gravity slide is cut by a younger high angle fault

High angle faults of several generacions are present. The most
prominent are northeast-trending and both normal faults, reverse
faults, and lateral slip faults. The high angle faults cur the low angle
faules, Several northeast-trending linear ridges and valleys are fault
bounded. Numerous high angle faults are present in the iron ore
deposit, and it appears to be fault bounded o both the north and
the south. Previous mapping has indicated that Pleistocene gravels
and sands have been faulted against the Paleozoic rocks, and thus
several of the northeasc-trending high angle faults are likely of Late
Pleistocene or Quaternary age.

Geologic History

The geologic history of the study area is complex: numerous
events occurred over a long period of geologic rime. Carbonate and
clastic sedimentary rocks were deposited during Paleozotc time.
During Middle Mesozoic time the rocks were multiply deformed by
folding and low angle faults, were intruded by at least two phases of
plutonic rocks and were metamorphosed. During Cenozotc time
volcanic rocks were extruded and the rocks were repeatedly uplifted
and croded, forming a complex serjes of gravels and terraces. The
area has continued to be seismically active into geologically recent
time.

Mineral Deposits

The long and complex geologic history of the area included the
formation of mineral deposits. An active iron mine js present and
several formerly mined limestone quarries are also in the arca.

High Purity Limestone Deposits

Limestone deposits formed in the Crystal Pass Member of the
Sultan Limestone of Devonian age and in the Bullion Member of
the Monte Cristo Limestone of Mississippian age. The Crystal Pass
forms variably pure white calcite marble, and the Bullion forms
quite pure calcice marble, both of which have been bleached whirte
by metamorphism.
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Figure 7. lron ore exposed in open pit, view northwest.

known, but che picis up o 70 feet deep, and ore continues into the
floor. The tenor of the ore is about 50% iron, and the ore is
composed of Hematite and Magnetite. Within the ore zone is
interburden waste rock, and mining must be selective to maintain
quality.

The open pit is abour 1000 feer long and up to 250 feer across,
although generally less. The ore is drilled and blasted, loaded, and
hauled 1o che crusher where it is crushed and conveyed to a surge
pile. Crushed ore is loaded by conveyor from the surge pile into
enclosed bulk crucks and hauled o the consumers, The operation
runs all year.
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Figure 5. Mineral deposit map.

Formation of the limestone (calcite marble) deposits is relared
the deposition of eriginally pure limestone in resericted shallow
marine environments, fallowed by recrystallization and bleaching 1o
form whice marble during metamorphism. The easily accessible
Cryseal Pass limestone has been mined from several quarries near
the base of the ridge, and close to the rail siding, while more pure
deposits of the Bullion Limestone have not yet been developed,
largely due to more difficult access.

Logan (1947) and Wright and others (1953) reported that the
quarrics in the Crystal Pass were extensively mined during the
1920s and utilized in the processing of sugar beets. They indicated
that production reached as much as 65,000 tons per year. Cumula-
tive production from the quarries is estimated (o be several hundred
thousand tons. The deposits have been idle for many ycars. Several
million tons of reserves of Crystal Pass Limestone and Bullion
Limestone remain.

Iron Deposits

The Cave Canyon Lron mine, also known as the Basin Mine and
the Baxter iron mine, has been in operation since 1930, and has
been continuously mined for a number of years. Lamey (1948)
ariginally examined the iron deposit about 50 years ago. The mine
is located on patented claims owned by California Portland Cement
Company, and is operated by a contractor.

Current production is abowt 75,000 tons per year (peresonal
communication, John Rains, California Portland Cement Com-
pany, 2000). The iron ore is utilized as an additive in the manufac-
curing of Portland Cement. Typically cement udlizes 3-5% iron
which reduces the reactive temperature in making the cemenc
product. The iron ore is shipped o several cemenr plants in the
Southern California area.

Iron mineralization is reported to vccur as replacement deposits
along a northeast-trending shear zone. The icon deposit is said to be
steeply dipping (Lamey 1948). The deposic appears to be fault
bounded to both the north and south by high angle faults. The
steeply dipping to vertical mineralization continucs on strike to the
west, and also to the east beyond the current mining area. Ourcrops
of iron mineralization at the cast end of the study area are likely the
continuation of the iron ore deposit and appear 10 be associated
with mafic diorite intrusives along a low angle fault zone. Various
ages have been assigned to the mineralization but observable
relationships in the mine area and comparison with other similar
deposits in the Mojave Desert suggest thag it is probably of
Mesozoic age.

Toral length of the mineralization may be up o one milc on
strike. The mineralized zone is up to 300 feer wide, bur is mostly
100 fect or less, and appears to thin to less than 20 fect at the
western and castern limits of the exposures. Depth extent is not
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Some Briet Notes on the Geology
of Pahrump Valley

Craig M. dePolo and Alan R. Ramelli
Research Geologists, Nevada Bureau of Mines and Geology, MS 178, University of Nevada, Reno, NV 89557-0088

Depositional History

Pahrump Valley is £illed with Tertiary and Quarternary sediments
that can be divided into two groups, basin deposits and piedmont
deposits. Surficial deposits from both groups correlate regionally,
and are almost identics! ro those on the cast side of the Spring
Mouneains (cf., Bell anc athers, 1998). Basin deposits can be
correlated o stratigraphic units of Haynes (1966) and Beli and
others (1998, 1999) in northern Las Vegas Valley and to some

older, mid to late Pleistecene depaosits (Lundstrom and others, in

press}). Subsurface basin deposits may correlate to Miocene Horse
Springs or Muddy Creck Formarions found in the basin to the east
of the Spring Mountains (Lundstrom and others, in press), and
have a maximum thickness of 2200 m (Blakely and others, 1999).
Tertiary sedimenis in the southern part of the valley have an
interbedded crystal tuft char has yielded an Ar/Ar age of 10.76
+0.09 Ma (McMackin, 1999 and this volume).

The oldest deposits «xposed in the central part of Pahrump
Valley make up 2 northwest-aligned chain of hills capped by
gravelly basin fill alluvium. The gravels are composed of predomi-
nately limestone clasts derived from Paleozoic rocks in the Spring
Mounrains (Lundstrom and others, in press). Also included are
ic rocks, probably derived from the
Kingston Range to the south (Lundstrom and others, in press). The
gravels are angular ro subrounded, and are made up of clasws that

sparse granitic and volcar

range in size from granules to boulders.

Late Quarernary sediments thar crop out in the south-central
part of the valley near Browns Spring are known as the basin fill of
Browns Spring, and have been dated using U-series and thermolu-
minescence methods ar 2bour 275 ro 400 ka (Lundstrom and
others, jn press). These ¢ =posits consist of brown muds, marls,
sands, and some minar beds of pebble gravel (Lundstrom and
others, in press). Within the basin fill of Browns Spring is a
massive, 2-4 m thick limestone which forms a resistant escarpment
northeast and southwest of Browns Spring. Younger basin units
crop out near the towrn of Pahrump and correlate with Haynes
{1967) Units D and E: this is where we've studied these deposits.
Unit D consists of up to & m of light-gray organic muds and silts
with 2 typical 30 to 50 vin chick cemented ealeareous rop.
Radiocarbon ages from [ nit ) in Pahrump Valley range from ~20
to 24 ka. Unic E is made up of light-brown silts and green clayey
silts up o 3 m thick. These deposits are from paleosprings, paludal,
eolian, and possible loca! lacustrine settings, and have yielded a
radiocarbon date of abour 12 ka. Younger basin-fill deposits, Units
Fand G, are also present. These are dominantly eolian and
Hoodwarer deposits, generally less than 1 m thick.

Piedmont deposits consist principally of fanglomerates made up
of sandy coarse-pebble gravels. with increasing cobbles and boulders

in the proximal parts of e fans. Piedmont deposits are divided
into three groups. a mid 1o early Pleistocene group (Qo), a late
Pleistocene group (QI). and a latest Pleistocene/Holocene group
(Qy). Older alluvium (()o) is characterized by deep dissection and
discordant rounded rernnants (ballenas), moderately o well
developed pavement with whitish calerete litter abundant. and
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deeply etched carbonare clasts. Qurcrops of massive ealcic horizons
several meters thick are common. In general, the upper soil
horizans have been erosionally stipped. The intermediate-age
group (Qi) are fan terrace rempants that are characterized by a
tightly packed pavement, dark rock varnish on non-carbonare clasts,
and strongly etched carbonate clasts. Soils have a reddened and
well-structured argillic horizon and 2 1 to 1.5 m thick Bk horizon
with up ro Stage IV carbonace development. Intermediate-age
deposits are commonly well-dissected and elevated above the
surrounding fan surface, although all surfaces merge in the distal
fan areas. The younger group (Qy) is made up of fan remnants with
surfaces ranging from subdued bzr and swale marphology to fully
smoothed with well-developed pavement. Soil profiles range from
Av-Bk-C 1o Av-Bw-Bk-C and are abour 30 to 40 cm thick;
carbonate development is Srage I o I1. Near Pahrump, the
piedmont is not rapidly aggrading. Where exposed along Wheeler
Wash, mid o carly Pleistocene alluvial deposits are only several
meters below younger late Pleistocene alluvial deposits.

There is some debate as to whether a late Pleiscocene lake
occupied Pahrump Valley. Such a lake is indicated by Snyder and
others (1964), and possible strandlines and a possible dela were
mapped by dePolo and others (1999). However, 2 core from the
southern part of the playa in Pahrump Valley indicated rhat
perennial water was not present during the last discharge cycle
around earliest Holocene (Quade and others, 1995).

Locally, Holocene eolian deposits in the form of sand deposits
and sand dunes occur in Pahrump Valley.

Cenozoic Structure of Pahrump Valley

Blakely and athers (1998) developed a three-dimensional model
of the pre-Cenozoic basement beneath Pahrump Valley. Their
synopsis follows,

Pahrump Valley is underlain by rwo deep, steep-sided
sub-basins separated by a narrow basement ridge
aligned parallel 1o the state line. The Pahrump Valley
sub-basins also formed as transtensional pull-apart
basins, accommodated in part by displacement along
the northwest-striking State Line faulr zone. The
state-line ridge at Pahrump Valley is on strike with a
narrow basement ridge beneath Ash Mcadows, also
lying along the scate line and wirhin the Stace Line
fault zone. Both ridges are associated with lare
Cenozoic faulting. The ridges may have formed as
transpressional structures, caughr slightly askew of the
northwest-directed strain that formed the sub-basins.

The mapped surficial geology is consistent with the narrow
basement ridge modeled from geophysics (Lundstrom and others,
in press). The gravity high coincides with the oldest units exposed
in the valley that form the northwesr-aligned hills just southwest of
the stateline.

There are boch strike-slip and normal-slip Quaternary faules in
Pahrump Valley, indicating a complex contemporary tectonic
serting. Faults in che central and western parts of the valley appear
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to be dominantly northwest-scriking right-lateral strike-slip faules
(Pzhrump Valley fanlc system and the East Nopah Range fauld),
whereas faults an the east side of the valley appear to be domni-
nantly normal-slip faults (West Spring Mountains fault and the
Factern Pahrurap Valley fault zone). The main fault system in che
valley is the Pahrump Valley fault system, which consists of the
Stewarc Valley fault to the north, the Pahrump Valley fault zone
within central Pahrump Valley, and the Statcline fault zone that
extends from southern Pahrump Valley, through Mesquite Valley, o
Ivanpah Valley in the south. This is a complex system of presum-
ably righe-lateral strike-slip faults, and secondary normal-slip fauls.
The norchwest-suriking Pahrump Valley fault system has a rocal
length of over 100 km. The Quaternary portion of the Pahrump

I
8 {0Kilomelers

o —4

Valley faule system is at least $5 km in length, from Stewarr Valley
southward through southern Pahrump Valley. Whether Quaternary
acuviry extends further southward into Mesquite and Ivanpah
Valleys has not been studied in derail; a structural zone continues o
the south but some of the obvious Quarernary fearures thar are
present in Pahrump Valley are missing. The Pahrump Valley fault
system was first identified as having possible Quarernary acrivity by
Liggett and Childs (1973) using satellite imagery. The main studies
of the system are Hoffard (1991), Anderson and others (1995), and
Louie and others (1998). Evidence for Quaternary activity along the
Pahrump Valley fault zone consists of fault scarps, scarplets, sapped
fault scarps, and vegertation and tonal lineaments. The late
Quarernary lateral slip rate of the fault zone is estimated to be about
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0.3 m/kyr in southern Stewart Valley, based on a shallow 3D
geophysical survey thar indicated an 18 m minimum offset of
Wisconsin-age deposits (Laouie and others, 1998). The Pahrump
Valley fault zone has the potential to produce carthquakes with
magnirudes up to abour 7.3 (dePolo, unpublished research);
derailed paleoseismic stidies are needed, however to understand
whether the zone is sezmented with respect to earthquake ruprures.
The East Nopah | faulr is located in the eastern piedmont
of the Nopah Range, s expressed by faule searps in mid o lace
Quaternary alluvium. The zone is abour 19 km long and is a right-

normal-oblique-slip fau'r. The lateral slip is inferred from the
linearity of the fault trace, possible juxtaposed alluvial deposirs,
possible right-lateral offszrs of drainages, and left-stepping fault
traces (Hoffard, 1991). The zone was first mapped by McKirtrick
(1988) and was addition zlly studied by Hoffard (1991) and
Anderson and others (1995). Verrical slip rates are estimated 1o be a
few hundredths of a m/kyr (Hoffard, 1991; Anderson and others,
1995). but the porential lateral slip rate has not been explored, It is
possible that carthquakes between magnitude 6.5 w0 6.8 are
generated by this fault zone (dePolo, ﬂll;?tlbfis}lcd research).
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Geology of the

Stump Spring Quadrangle:
Fvidence of Late Quaternary Transpression on the

Southern Segment of the Pahrump Valley Fault
Zone, Nevada and California

Marcthew R. McMackin

Deparement of Geology, San Jose Stace Universicy, One Washington Square, San Jose, California 95192-0102

Previous studies have noted the lack of clear evidence of face
Quarernary slip on the Pahrump Valley fault zone (Hoffard, 1991:
Anderson et al., 1996). Derailed mapping in the Stump Spring area
at the south end of Pahrump Valley confirms the observations of
previous workers, who have focused cheir attention largely on the
northern and central segments of the Pahrump Valley faulr zone. In
the southern part of Pahrump Valley, at least two clearly defined
fault scarps mark the southern extension of the Pahrump Valley
fault zone into the area just north of Black Butre (also known as
Valley Ridge). Although these fault scarps are up to siX mefers in
height, they are significantly rounded by weathering. The scarps are
sealed by a 1 10 2 meter thick pedogenic carbonate layer that drapes
over the croded scarps buf reveals no evidence of cross-curting
faults. Anderson and ochers (1996) suggest that the carbonate, with
Stage 111-TV carbonare morphology, is greater than 100 k.y. old.
However, evidence presented here suggests that the pedogenic
carbonate is gently folded about northwest-trending axes to form
rwo anticlines that are subparallel to che fault 20ne, indicating
younger deformation without apparent surface ruptures. The mose
prominent folds arc two anticlines subparallel to northwest-trending
fanle scarps in the northern half of the quadrangle.

Evidence of folding of the carbonare layet includes fold imbs
dipping up o 10°, although ir is difficule to separate imcial
inclination of ¢he carbonare layer along the fault scarp from acrual
ilting due 1o deformarion. Less equivocal dips are approximately
5¢. Well-formed fractures in the carbonate layer also suggest that
the folding is of rectonic origin. Well-formed planar fractures are
observed in the carbonate layer subjacent to the fault scarps and
throughout the apparent folds. Cumulative analysis of planar
fractures greater than 1 merer in length reveals dominant orienta-
tions Ni50°F. and N40°W, corresponding to cross-strike and suike-
parallel fracrures in a northwest-trending fold. Fractures in the
carbonate horjzon control the surface drainage pattern as well as
challow subsurface piping. The folding appears to have discurbed
the parterns of surface drainage resulting in the abandonment of
older channels, while other streams are entrenched across the axis of
the antidine. Gravel deposits from an abandoned channel contain
carbonized wood thar was dated ac 31,790 +1520/-1290 by Quade
et al (1995), who noted thar this is probably 2 minimum age due to
the possibilicy of conramination. The folding the pedogenic
carbonate and the resulting effects are difficule to intesprer buc they

imply that late Quaternary deformatioa has progressed as
transpressional deformation, albeit ata reduced rate compared to
¢he defarmarion indicated by earlier faulr scarps.

The folding of the presumed late Pleistocene carbonare layer is
compatible with the deformation observed in middle o late
Tertiary rocks that are more strongly deformed by faulis and folding
along the trace of the fault. Miocene sedimentary rocks are exposed
in the core of one of the anticlines in the northern part of the map
area. Sanidipe from an interbedded crystal ruff vielded an Ar/Ar
age of 10.76 ¢ 0.09 Ma (courtesy of C. Henry). The ofder units
units are more strongly deformed. Bedding inclined up to 50° and
clay gouge faults, with oblique slip striae, can be observed in clean
exposures in recent gullies. In the southern part of the map area in
the tow hills surrounding Black Buue, Tertiary rocks are folded and
uplifed along buried faulvs with no evidence of Quarternary

- displacemnent. The faults in the souchern part of the area are poorly

exposed or concealed bu it is difficulc to infer a simple alignment
with the Pzhrump Valley fault zone extending through che hills
around Black Butte.

It has been suggested that the Pahrump Valley Fault is contigu-
ous with the Stareline Fault. which can be traced through Mesquite
Valley to the south. A possible explanation of the apparent shiftin
Jate Quaternary deformation may be thar late Terdiary to early
Quarternary deformation of the faule in the area around Black Burtte
has resulted in 2 misalignment of the Pahrump Vafley fault zone
wich faults further south in the Mesquite Valley. Misalignment of
the Pahrump Valley and Srateline faulis in the arca around Black
Burre may impede lateral slip resulting in a change in the expression
of angoing regional deformation.
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Where Legend Became Reality:
Sandy, Nevada

Alan Hensher
593 Collins Drive #3, Merced CA 95348

Although rich deposits of minerals still remained undiscovered in
the late 19" century, same prospectors wanted adventure, to. The
scarch for lost mines and buried treasure was one way to satishy that
urge.

While searching for 1+ mythical Spanish mine, Jonas Taylor, a
well-known prospector rom San Bernardino County, found a rich
vein of gold ar the sourhern end of the Spring Mountains, in

in March of 1888. He called the discovery
:r prospectors found deposits of gold,

Lincoln County, Ne

the Kevstone Mine, Ot

© the mountains there, where the Yellow
organized.

 as the leading mine; producing

frorm August through December, 1892, when

copper, silver, and leag

Pine Mining [istricr wa

The Keystone emerg
$35,000.00 in ore
Tavlor cut his force fron

20 1o three. Still, a post office was

established ar the mine on January 23, 1893, and the county
commissioners appointed a justice of the peace and a constable in
early March. Meanwhilc. anacher camp, later known as
Goodsprings, was spring ng up several miles to the northwest, where
a store was opened in My,

Taylor’s inability or unwillingness to engage in large-scale mining
rankled several capiralists who saw a fortunc to be made from this
“veritable honanza.” One such investor was Isaac C, Blake, of
Denver, who was building a branch railroad — the Nevada
Southern Railway — fram Goffs to the New York Mountains. in
the eastern Mojave Dess

7, where he owned the Sagamore Mine, a
promising copper, sitver. wnd gold deposir. He was also building 4
bank and smelter in Needles. Blake bought a one-quarter interest in
the Keystone in carly March. The other principal was Samuel T,
Godbe, who owned several other mines in the distriet. Apparently,
he bought Taylor out that summer, raking over as the general

L=y - o
mManager.

The conditions then were enough to give many mine operators
second thaughts. A severe nationwide depression struck in June.
Stock prices dropped; banks began to topple; and meral prices fell.
And by August, one minc owner reported, the weather was

“something awtul. Nothing but sharp. shining sand and brillianc
sunshine, the thermometer ranging from 90 degrees to 120, wacer
faur cents a gallon and everything to ear, drink or use packed fifty
limes through sand hub deep, make an undesirable combination.”

Bur Godbe remained undaunted. Thar summer, he rushed our
materials to build a 10-stamp mill ar Mesquite Well {(soon renamed
laylor's Well), seven or cight miles west of the mine. The mill
started up in late September or early Ocrober, urning our
38,000.00 in bullion in 33 days.

Running night and day, the mill becarne the nucleus of camp,

at first called Keystone, later called Sandy. A dozen tents and houses
had arisen by early November. Within a few weeks, the settlement
contained stores, saloons, a blacksmith and other shops, and an
oftice and boardinghouse for the mill, “around which all of the
various interests of the district can congregate.”

After breaking a strike in 1894, Godbe made rapid progress. By
July, the main shaft had been sunk 400 feet on an incline, and the
mill was processing 15 tons of orc 4 day. Fifty men were living at
the mine and mill. A post office was established at Sandy on
January 23, 1896.

But Godbe still had to reckon with the depression. Meral prices
continued to decline. The Keystone Mining Company fell into
debr. At first, the property was leased 1o another company, bur it
had to be sold in May, 1896, to pav off $64,050.00 in judgments.
Though Sandy survived as a supply center, the mine, apparently,
had to shut down, losing its post office on June 28, 1897.

The depression faded away in the late 1890s, when metal prices
began ro rise. Several small mines began sending copper and silver-
lead ores o smelters in Colorado and other states. A stage was
running twice a week from Manvel 1o Sandy and Geodsprings,
where a post office opened on April 6, 1899. Alchough a proposed
smelter at Sandy was never buily, when the Keystone was sold in
November, the new owner put a crew to work, sacking rich ore for
shipment to smelters. By then, the inclined shafr had beet: sunk to
700 feet.

P N T
PRI Y mw
T

RAToaSins
L Pag ( c851a 1im
Aevse e

%—"7’."* 47

Vi iy

i

¥

)

I

The milling operation ar Sar dy. From left: rerorting and precipitating house, solution wnk. wanks of cyanide plant, comipany stables (behind cyanide plant),
mill, eailings pond (in frore ~f mill), lassay] laboratory, and company office. lnset from advertisement in the Los Angeles Mining Review, Feh. 21, 1903,
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QOperation at the Keystone Mine, From left: bunkhouse, office, assay office, boarding house, blacksmith shep (at ramway of runncl No. 3),
chute 2nd ore bin. Inset in advertisement in the Los Angeles Mining Review, Feb. 21, 1903.

Though its ore bodies were said to be depleted, the Keystone
soon enjoyed an important revival. Leasing the mine, E M. Doak,
an officer of 2 smelting company at St. Louis, tore out the mill in
September, 1901, and apparently interested a well-known pro-
moter, Carl E Schader. Though barely 30 years old, Schader had
worked in surveying, merchandising. and banking before switching
to mining in 1896, Schader easily rounded up a variety of investors,
organized the Nevada-Keystone Mining Company in May, 1902,
and took over the lease. Under Carl Anderson, an experienced
superintendent, the company installed a roller mill (which operated
like 2 grisemill), cyanide plant, steam engine, and pumps at the old
mill site. An office, mess hall, shops, tracks, tramways, 10-ton ore
bin, headframe, and gasoline-powered hoist were puc in at the
mine, where a crew of 40 or 50 was at work by late March, 1903.
The Keystone produced $97,440.00 in gold thart year.

. Ore in Sight
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profit—a remarkable record,

Plant an.d Machinery
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Is a property and business proposition, allusion to which and I8 snccess have been made in the news columns of the

Mining Review on past occasions. This is its first adrertisement.

It IS Develop ed 3300 feat or more of inclinex, tunnels, shaits, drifts, ele

Conservative value $330,000.00. Theare averages on mill ra nunaat'i_\' $25,00 per ton
and as a result of careful and skilled management between 60 and 70 per eenl. of gross output is

Raller Mills und Cyanide Plant of 80 tons daily eapacity with mess, shop
and other buildings.

relical and experienced mining men with eonse of the

By then, the ore bodies were petering out, as Schader was
figuring out. During the winter of 1903-1904, he and a partner
bought the Johnnic Mine, to the north, and began building it up-.
The mill operated day and night throughourt the summer of 1904,
processing ore of decreasing value: as little as $7.00 a ton by
September.

Afterward, the Nevada-Keystone company turned the operation
over to lessees. The lessces kept up regular shipments of ore and
bullion, even when the county sold the properties for $47.00 in
back raxes in July 1907 and cven when a depression closed most of
the districts mines in October. At last, however, the mine and mill
were shut down, probably in 1908.

Soon, Sandy became 2 relic, too. After the completion of several
railroads, the camp had lost its importance as a stage stop. The
discovery of large zinc deposits to the narth, meanwhile, had made

 danlanxal

The facts concerning it arc;

Lest of Los Angeles Lusiness

. Pr
The Management men as fellow directors,
Thie mine warks 40 men and sinee Moy 1 Inst has turned oul builion which sold for $80,000, permitting dividends of one per ¢
monthly and a genercus surplos. The present investmeot of $500,000 is & bonafide one aud there iz no promotoers stock. Ol
cupital of 81,000,000 1here ia atill in the treasury $500,000 a1 par vaiue (60,000 shares at $10.00.)

s of adjoining vxdnable property and o double 1he capacity of mill and plant, 5000 s
cusent directors and controlling owneras have bought
h cost aud permit ol doubling the monihly dividende
M sre aboat it in the weeks ta eome, with a pos

To provide funde for pur
offerad at the former price $5,00 per share (at which the
of ahures themselves.)  This outlay will increase the output, dimin
great opportunity to got into a husiness mine, not ofen often at the price.
in price of shares.  Write (o :

LOUIS BLANKENHORN, Financial Agent

211 Douglas Block
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Goodsprings the main camp of the Yellow Pine districr. In August,
1908, a townsite named Mandolin was laid our in the Mesquite
Valley, where a large influx of settlers led to the formarion of a
short-lived school district in 1909. After another townsite was laid
our just to the southwest of the mill, Sandy’s post office was moved
there and renamed Rioley on September 23, 1910. Several mines
were later revived, bur Sandy did not.

Sources

Sranley Paher gives brief accounts of Sandy and other camps in
his Ghosr Towns and Mining Camps of Nevada (Berkeley: Howell-
Norch Books, 19700 I'he mineral resources of the Yellow Pine
Mining District are well described in D. E Hewerr’s Geology and
Ore Deposits of the Condsprings Quadrangle, Nevada (United States
Geological Survey Professional Paper 162, 1981). Richard
Lingenfelter gives the background of Carl Schader in Dearh Valley
and the Amargosa: A Land of Hllusion (Berkeley: Universicy of
California Press, 19361,

Several mining magazines and newspapers carried frequent
reports from the distrier. The formative period was covered by the
Pioche Recond: Feb. 2. Feb. 16, March 9, March 30, April 27, May
4, May 11, Mav 25 July 13, July 27, Aug. 31, Sept. 7, Sept. 14,
Sepr. 21, Nov. 9, Nov. 16, Nov. 23, and Dec. 14, 1893. Though
often reprinting the Fecord, the Mining & Scientific Press (San
Francisco) published arricles of supplementary value: Jan. 7, Feb.
18, March 18, March 25, April 29, May 13, May 27, Aug. 19,
Sept. 9, Oct. 4, 1893 July 28, 1894; March 7, May 2, 1896. The
Los Angeles Mining Feview reported on the revival of the Keystone
Mine, especially under the Nevada-Keystone company: April 10,
April 21, April 28, Nav. 18, 1899; Sept. 14, 19015 Sepr. 14, Oct,
11, 1902; Jan. 3, Jan. 24, March 21, March 28, May 2, May 20,
Dec. 26, 1903; Jan. 23, Feb. 27, July 9, Oct. 8, 1904. The
Searchiight (Searchlizht Bulletin) carried not only articles bur also
advertisements from such camps as Sandy: June 26 (ad.), July 24,
Qct. 3, 1906; June 8, Nov. 16, 1906.

The post offices and school are listed in James Gamerr and
Stanley W. Paher, Nevada Post Offices: An Hlustrated History (Las
Vegas: Nevada Publications, 1983) and in the biennial repores of
the Nevada superintendent of public instruction.
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Dust Unto Dust:
The Colonies of the Mesquite Valley

Alan Hensher
593 Collins Drive #3, Merced CA 95348

It must have raken a starry-cyed optimist to look upon the Mesquire
Valley, a 400-square-mile basin straddling the California-Nevada
line, a5 a promising place to seetle. Tes water, though abundanc in
places; usually was too mineralized o support people, livestock, or
crops. Much of its soil was unsuitable for cultivation. And the heat
and dust came down in full force.

In 1901, a promorter from Los Angeles laid our the cownsite of
Lincoln Ciry, about three miles souch of Sandy. Land worth perhaps
only $1.25 an acre was subdivided into small lots and sold for $50
each, much to the dismay of a nearby mine manager in July. “Thece
ase some people in this world who are willing 1o part with their
money on ;m)./ terms, and it looks as though the Lincoln City lot
seller knows where those people are located,™ he reported. A store
opened ar the townsite, but no town developed.

Even so, many believed chat chousands of acres of fine land and
“an inexhaustible warer supply” were there for the raking. In the
spring of 1906, several men from Los Angeles sank three wells and
began smali-scale cultivarion near Sandy; a French company,
meanwhite, made plans to inszall pumps and plant a large vineyard.
“ ... From these modest beginnings 2 prosperous agricultural
community may be built up before many years go by,” a Scarchlight
editor ventured ro guess. This setlement failed to last, but a
townsite named Mandolin was laid out berween Sandy and the state
line in August, 1908. A well was sunk w0 230 feet, and by the end of
December, more than 100 families had taken up land. A school
district was organized at Sandy in 1909.

Then, when it appeared thar the Santa Fe Railroad, headed by
Edward P, Ripley, might extend its branch line from Ivanpah
starion, a rownsite was established just ro the southwest of Sandy,
The Sandy post office was moved there — probably to a ranch —
and renamed Ripley on Seprember 23, 1910. Again, nmhing
marerjalized. The school diserict was abolished in 1912, “and the
faithful few sertled back to the daily monotony of life ...." a
Goodsprings editor recalled.

The discovery of platinum in the Boss Mine, three miles east of
Sandy. in early 1914 finally gave rise to a town. The operarors of the
mine, Sam Yount and Oliver ]. Fisk, sold an 80-acre tract ar Sandy
10 Los Angeles promorters, who lajd out a townsite named Platina,
near the Ripley post office. A rival townstte near the Boss Mine
never got off the ground, but a hotel, a saloon, several stores, and
houses were built ar Platina: an auro stage ran from Jean, Nevada,
the nearest railroad station. The Ripley post office was renamed and
moved ro Pladna on January 3, 1916. The populacion reached a
reported 200, but the I.os Angeles Realty Board stopped the sale of
lots, declaring char “there is no excuse for a town.” The boom
collapsed, and “nobody made a dollar out of it bur a few of the
hiveliest of the promocers,” the Goodsprings Gazerre lamented.
Serving only a scattered population by then. the post office was
closed on May 31, 1917,

Platina should have been che last of the setdements. After the
end of World War 1. crop prices fell, and the homesteading
MOVEMENT ran its course.
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Bur a proposal to build an automobile route from southern
California 1o southern Utah led 10 one last boom. A leg from Jean
to Barstow would pass through Goodsprings (which was then
en)joying a mining revival), che Mesquite Valley, and Silver Lake, a
station on the Tonopah and Tidewater Railroad. Apparendy, when
the Automobile Club of Southern California endorsed the rouce in
carly 1922, Elmore Funk, a pioneer of the Goodsprings mines, saw
an opportunity. He encouraged a few men and women to take up
homesteads in the valley. Most of the settlers were Californians,
including some veterans. Several vineyards were planted 1o cater to
the bootlegging trade.

Nevada highway engineers soon chose another route, through
Whearon Wash (Mountain Pass) and Baker, but 3 sort of commu-
niry arose around a store opened by Funk in the northeastern corner
of San Bernardino County, 14 miles southwest of Goodsprings. A
post office, named after the Kingston Range, was cstablished in the
store on July 14, 1924. During the next two years, county officials
founded an emergency school, contracting with the Cima School
Districe 1o hold classes ar a nearby ranch; escablished two library
branches, one for the school and the other for the community; and
created a voting precinct. Thirtcen sertlers voted in November
1926.

Although the population dwindled w0 rwo families by 1929, the
onset of the Depression led o an influx of the unemployed. trying
their luck at dry-land farming, Seventy-five families were said to be
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living in the valley by October, 1930, when Funk supervised the
construction of a frame community hall, measuring 26 by 36 feer.
The hall may have been used as a schoolhouse and branch library.
The only other building of importance was Funk’s store, which not
only housed the post office but also sold gasoline and served as a
government weather station.

Kingston reach its prak during the carly Depression. Thirry-two
voted in November, 1930. The enrollment at the school — about a
dozen — was large enough o induce the county supervisors ro urge
the farmartion of a joint school district, buc the Inyo County
supervisors rejected the proposal in early 1931, The election of
November, 1932, again brought our 32 vores, including four
Republicans, 23 Democrats, three Socialists, and two Prohibition-
ISTS.

That was the last hurrah. The rainfall, after all, remained
unpredicrable, ranging ~rom 1.4 o 9.5 inches a year. Prohibition
ended in 1933. The library branches ranked with those of the
county hespital and juil in impartance, receiving only the best
discards of the system. The school operated only intermitrently.
Only 17 turned out to vote in late 1934. In one act of indigniry, a
couple awakened Funk carly one morning in April of 1935 to buy
gasoline, then rabbed the post office of $100.00 in cash, stamps,
and money orders. Funk, who was then 83, was left outside, tied up
and gagged with tape; triends found him an hour later. Funk stayed
on, but the post office was closed on May 14, 1938. The weather
station was shut down about 1941, Funk was still running his store
as late as July, but after only five voters turned out in November, the
supervisors abelished the preciner in January, 1943, Kingston,
however, remained on «ome road maps well into the 1960s,

Sources

The information ur the colonjes is very sparse. A short gccount
appears in Stanley Pahe s book Nevadea Ghost Towns and Mining
Camps (Berkeley: Howard-North Books, 1970). The narural
conditions are deseribed in detail by Gerald A, Waring, a former
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mine owner: Grosnd Water in Pabrump, Mesquire, and fvanpah
Valleys ... (United States Geological Survey Warer-Supply Paper
450-C, 1920).

The story of the Nevada sertlements has been pieced together
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Camp, Nevada,” Los Angeles Mining Review, July 6, 1903 (v. 10);
“Mines Flourishing Abour Goodsprings,” Searchlight, June 8, 1906,
p. 8 “(_;ood_sp:mgs,“ Las Vegas Age, Jan. 2, 1909, p. G; “Planna PO.
Will Be Discontinued,” May 26, 1917 p. 1; L. Burr Belden,
“Platinum Strike Touches Off Big But Brief Boom,” San Bernardino
Swen-Telegram, June 9, 1957, p. 26; and D). K Hewer, Geology and
Ore Deposizs of the Goodsprings Quadrangle, Nevada (U. S. Geologi-
cal Survey Professional Paper 162, 1931).

The information on the post offices and school is taken from
James Gamett and Stanley Paher, Nevada Fost Offices: An llusrated
History {Las Vegas; Nevada Publications, 1983), and the biennial
reports of the Nevada superintendent of public instruction.

Edward Leo Lyman has written a history of the road thar helped
make Kingston possible: “The Arrowhead Trails Highway:
Predecessor to Interstate 15.” Southern California Quarterly, fall,
1999 (v. 81), pp. 315-340. Besides Paher’s bistory of Nevada ghest
towns, Frank Williams has provided a first-hand account of
Kingston in his unpublished autobiography (typescript), Depart-
ment of Special Collections, University of Nevada, Las Vegas. Brief
references can be found in D. . Hewett's Geology and Mineral
Resources of the Ioanpah Quadrangle ... (U.S. Guological Survey
Professional Paper 275, 1956) and in the Las Vegas Review-Journal.
“Personal: Building Hall,” October 11, 1930, p. 2, and “Postoffice
at Kingston Robbed,” Aprif 27, 1935. p. 1.

The information on Kingston's institutions has beca compiled
from H. E. Salley. History of California Post Offices, 1849-1990.
edited by Edward L. Parera (2* ed., Lake Grove, Oregon: The
Depot, 1991), and from several agencies of San Bernardino Counry:
county board of supervisors, minutes; library department, quarterly
repocts; registrar of vorers, great registers: and supeyintendent of
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Empey Basins, Vanished Lakes

Sedimentology and Stratigraphy of the
Plio-Pleistocene Lake Tecopa Beds,
Southeastern California:

A Work in Progress

Daniel Larsen
Department of Geological Sciences, University of Memphis, Memphis, 'I'N 38152

Introduction
The Lake Tecopa beds (Allogroup of Morrison, 1999) of
southeastern California (Fig, 1) are a Plio-Pleistocene basin-fill
sequence that has been extensively dissected by late Pleistocene
incision of the Amargosa River (Morrison, 1991, 1999). Prior to
late Pleistocenc breach of the Tecopa basin, Lake Tecopa was the
terminal lake for discharge of the ancestral Amargosa River during
Quaternary and late Tertiary time (Dohrenwend et al., 1991;
Mottison, 1999). The general stratigraphy of the deposits has been
established by Sheppard and Gude (1968) and Hillhouse (1987),
and refined by Motsison (1991, 1999). Dating of the
Lake Tecopa beds is mainly based on numerous
volaanic ash beds, six of which have been correlared
to well-dated volcanic events (Sarna-Wojcicki ez al.,
1987). The Tecopa beds have also been the subject of
numcerous paleomagnetic investigadons (Hillhouse,
1987; Valer e al., 1988; Larson and Darterson,
1993); however, silicate mineral auchigenesis appears
to limit the temporal resolurion of this technique.
Despite che many studies of the Lake Tecopa
beds, none have systematically focused on detailed
sedimentology. This contribution reports results of an
on-going study of the detailed stracigraphy and
sedimentology of the lacuserine and fluvial deposits in
the Lake Tecopa beds. The ultimate goals of this work
are (1) w0 clarify relationships berween depositional
processes and authigenic mineral precipitation in
saline, alkaline-lake settings, such as that at Tecopa
(Larsen, 1997}, and (2) to develop 2 high resolurian
lake-level history applicable vo the paleohydrology of
the south-central Grear Basin during late Pliocene to
mid-Pleistocene time.

Stratigraphy

Ten derailed stratigraphic sections have been
measured to dare. five of which are shown in Figure 2.
Most of the sections are locaced along the cenrral axjs
of the Tecopa basin (Fig. 1), although in some cases
shorter secrions were also measured along the basin
margin. The sections were measured in areas with
moderare ro good exposure and were renched or
scraped to reveal stratigraphic derail. Following the
practice of other workers (Morrison, 1991, 1999;
Hillhouse, 1987), the three major wuffs (Lava Creek B,
Bishop, and Huckleberry Ridge) are used for correlation of the

Tc Death Vslley
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sections across the basin. Other cuffs and lithologically distinct
mudstones are used to correlate basin-center to basin-margin
secrions.

Depositional Facies

The depositional facies in the Lake Tecopa beds include a variery
of mudstone, siltstone, sandstone, conglomerate, cuff, and tufa
{subaerial and freshwater limestone). Many of the fine-grained
sedimenrary facies are tffaceous. bur the coarser grained facies are
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Figore ). Map of the Tecopa basin illustrating the locations of measured
stratigraphic sections and of correlated sections (line A-A") in Figure 2.
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Empty Basi

composed of epiclastic deeritus derived from local bedrock and the
ancestral Amargosa River drainage basin. lnverrebrate fossils are
rare, but vertebrare remains are present in numerous localities
(Reynolds, 1991; Woodburne and Whistler, 1991; Whisder and
Webb, this volume). Trace fossils are abundant in the terreserial and
tacustrine-margin facies and guide palcoenvironmental interpreta-
tions. Lacustrine mudstone, sandstone, and tuff are diagenetically
altered o clay minerals, zeolites, potassium feldspar, and other
authigenic minerals in concentric patterns due to chemical reactions
in g saline, alkaline lake {Sheppard and Gude, 1968; Starkey and
Blackmon, 1978).

Mudstone

Mudstone is the dominant lithology in much of the interior of
the Tecopa basin. The colors range from light gray and greenish-
sh gray (Munsell soil colors). Bedding chickness ranges
from approximately 5 cm to 1 m. Mudstone with common to

gray o pin

abundant roort traces and verrical o subvertical centimeter-diameter
burrows (Fig. 3A) are interpreted to be subaerial or lacustrine-
margin deposits. Mudstone with abundant roor traces, darker
colors, blocky columnar structure, and slickenslides in the upper
part of the bed are interpreted 1o be paleosols, similar ro buried
vertisols described by Gustavson (19911, Mudstone bearing
common root traces, especially strongly vertical root traces, and fine
millimeter-sized pores are interprered 1o be lacustrine-margin
deposits. Mudstone with common to abundant centimerer-sized
pores, some in the shape of cuhedral gaylussite cryseals, flame
structures, and soft-scdimentary deformation are interprered o be
lacustrine deposirs. Irregularly shaped chert nedules, 5 0 10 ¢m
across, and complere chert replacement (Fig. 3B) are common in
some beds. In on¢ locacion (seerion I'T-5, 17 m), calcite pseudo-
morphs after radiating, bladed trona crystals are preserved in the
mudstone (Fig. 3C).

Siltstone and silty very fine-geained sandstone

Silistone is mainly presunt in exposures around the margin of
the basin. Beds of siltstone and silty very fine-grained sandstone are
crudely bedded 1o massive, and concain few to common fine roor
traces and clongare to spherical 2 1o 20 centimeter-size calcite
concretions (Fig. 3D). The siltstone and silty very fine-grained
sandstone are light greenish-gray in color and have 2 comparacively
low density. They zrc interpreted to be deposits of windblown silc
and sand that experienced limited soil development.

Sandstone

Sandstone is mainly presenc in exposures around the margin of
the basin, although thin beds arc also interbedded with basin-
interior mudstone. Most sandstone is light gray ¢ light brownish-
gray and ranges in grain size from very fine-grained to very coarse-
grained. Sandstone bearing common to sbundanrt root traces and
vertical vo subvertical centimerer-diameter burrows is interpreted as
a subaertal or lacustring-margin deposit (Fig. 3B, E). Subaerial or
lacustrine-margin sandstone with moderate sorting and planar
bedding, low-2ngle cross-bedding, or ripple cross-laminacion
represents deposits of perennial stream and deltaic processes (Fig.
3E). Subaerial or lacuserine-margin sandscone with poor sorting and
crude cennimeter-scale horizoneal bedding or low-angle cross-
bedding represents deposits of ephemeral stream and flood
processes. Sandstone bearing common to abundant millimeter-size
pores and extensive diagenetic alteration is interpreted as a
lacustrine or lacustrine-margin deposit. These sandstones are
generally very fine- 1o medium-grained, moderately sorted and have

s. Vanished Lakes

planar bedding, cross-bedding, or wave-ripple cross-laminarion (Fig.
3B). They are associated with flood or oscillatory-wave depositional
processes. Locally, pebbly very coarse-grained sandstone with
wabular cross-bedding and grain coarings represents lacustrine bars
and beach deposits (see Morrison, 1999).

Conglomerate

Conglomerate is present zlong the ancestral rrace of the
Amargosa River and around the margins of the Tecopa basin.
Conglomcrare along the ancestral trace of the Amargosa River is
composed of rounded polymicc gravel and sand. Conglomerate
unics are typically crough-crossbedded and horizonral bedded with
crosional bases and are interprered as channel-fill deposirs (Fig. 3E),
Basin-margjn conglomerate is rypically composed of angular to
subangular poorly sorted cobbles, gravel, sand, and silt. This
conglomerate is crudely bedded in tabular bodies and is interprered
as deposiced by debris-flows or sheet floods.

Tuff

Tuftis present chroughour the Tecopa basin. It is typically white,
light gray, or light reddish brown fine ash tuff thar shows variable
degrees of diageneric alteration (see Sheppard and Gude, 1968).
Fine pumice lapilli are focally present in the Bishop wff. Where
interbedded with subaerial of lacustrine-margin deposits, the ruff
commonly has current-ripple cross-lamination, 1- to 10-cm thick
horizontal bedding (Fig. 3D, F), or wave-ripple cross-laminarion
along with minor root traces. Where interbedded lacuserine
deposits, the tuff is commonly massive or has |- 1o $0-cm thick
beds, light gray to greenish-gray chert nodules. and millimeter- to
centimerer-scale pores. Meter-scale ball and pillow soft-sedinent
deformation is present in some rff and tuffaceons sandstone within
the lacustrine deposies. Tuff wichin the lacustrine deposits is
typically dense with extensive zeolite or porassium feldspar
alteracion.

Tufa

Tufa is present in numerous forms in the Tecopa basin: truck-
sized pillows in the axis of the basin east of Shoshone (Fig. 3F),
mounds and flaggy beds around the margin of the basin (especially
along the Resting Spring Range), and injection spring pipes
(Morrison, 1999). In the present study, only the pillows cast of
Shoshone and flaggy beds have been investigated. The pillows have
lirtle interior structure and are compesed of dense, laminated to
massive limestone. In figure 3E the underlying Bishop tuff beds are
detormed by the pillows. The flaggy tufa forms 2- to 10 cin-thick
porous limestone beds and is gradational in character ro enclosing
tufa-cemented sandscone and conglomerate, some of which contain
evidence for wave working,

Depositional Environments

The depositional facies and their diseriburion in the Lake Tecopa
beds are interpreted in terms of seven depositional environments.
Examples of stratigraphic incervals represcrting these environments
are illustraced in Figure 2.

Relatively deep-water lacustrine

The relatively deep-water lacustrine environmenr is dominated
by diagenerically altered mudstone with common pores and calcire-
filled cast remnants of gaylussite and trona. The mudstone shows
no evidence for exposure and has extensive soft-sedimentary
deformarion. Gaylussite and trona grew displacively in the lake
muds by chemical reactions with a sodium-carbonare brine, much
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as they do presently in | ake Bogoria, east Aftica (Renaut and
Tiercelin, 1994). Wave-worked sand is generally not present,
although muddy, very fine-grained sands are present and probably
represent subaqueous fallout from hyperpyenal flows. The absolute

depth of the water cannot be determined, bur this environment was

isolated from sand sources and was probably at least 5 10 10 m
deep.

Relatively shallow-water lacustrine

The relarively shallow-water lacustrine environment is character-
ized by interbedded mudstone and laminated or wave-ripple cross-
laminared very fine- to fine-grained sandstone. The mudstone and
sandstone commonly contain centimeter- to millimeter-sized pores,
cither from dissolved evaporite minerals or gas accumulation. Wave-
rippled sandstone beds are rypically Jess than § cm thick and in very
thin beds that represent individual bedforms. These sandstone beds
arc interpreted as sands that were rransported to shallow lacustrine
environments during storms or from flood-related rurbid flows and
then reworked into wave ripples during subsequent fair weather
conditions. Chert nodules and bed replacement in tuffaceous
intervals are interpreted to be associared with diageneric aleeration
of magadiite chers, similar w those observed ar lakes Magadi and
Nawon in east Africa (Hay, 1968; Fugster, 1980) and locations in
the western U.S. (Sheppard and Gude, 1986). Magadiite is present
in some mudstone samples from the Lake Tecopa beds (Starkey and

Blackmon, 1978).

Lacustrine mazgin

The lacustring marzin environment is characterized by
sandstone and mudstonc that contain evidence for nearshore,
shoreline, marsh, and delraic sedimentation. Nearshore and
shoreline environments are indicated by winnowed, cross-bedded,
pebbly sandstone, commonly with coared grains, thar represent
shallow lacustrine bars and beach foresers (see Morrison, 1999, for
discussion of beach denosits). Magsh environments are indicared by
mudstone and sandstone with common millimeter-sized pores,
vertical burrows, and roor traces. Parts of sandstonc beds that are
not bioturbated are rvpically wave-ripple cross-laminated. The root
traces arc commonly vertical, suggesting shallow groundwater
conditions. These deposits show variable degrees of diagenetic
alceration (Larsen, 1997), presumably reflecting a dominance of
fresh water (unaltered or Jake warer (altered). Delraic environments
are represented by horizonral and low-angle cross-bedded sand-
srone, climbing ripple cross-laminated sandstone and silty mud-
stone. all with variable amounes of root traces and vertical to sub-
vertical burrows. Goodl examples of this facies are observed in the
lower part of section LT-1 (Fig. 2). These beds are commonly
arranged in tabular lensoid fining-upward sequences, suggesting
crude lobe development and abandonment. At section L1-1, the
ripple cross-laminario foresets climb ro the south, consistent with
discharge of sediment-laden Amargosa river waters inro the lake.
Siley drapes over sandstone laminae and beds are common and
indicate slack-water deposition. The root traces are commonly filled
with gypsum, suggesting interacrion with sulfate-rich groundwatcr.
1 arge-scale clinoforms, typical of late Pleistocene deltaie deposits in
other western U.S. lake basins (Born, 1972), are not observed. The
character of the deposits suggests a “wer” sheet delta system similar
to that described by Smoot and Lowenstein (1991) from Holocene
Lake Cahuilla, southe n California.

Mudflar
The mudfat environment is represented by interbedded cherry
sandstong, siltstone, znd mudstone with evidence for desiccation

SBUMA Q'.lartfr])- -_’,"-'.

and dry conditions. The sandstone includes individual wave-ripple
cross-laminated beds and lenses (as much as 20 cm high and 6 m
across) with horizontal bedded and ripple cross-laminated beds; the
lacter may represent colian dunes. The extensive cherty replacement
is interpreted to be associated with magadiite precipitation by
wetting and drying of the mudflat floor and subsequent chert or
opal C-T replacement.

Piedmont

The piedmont environment is characrerized by interbedded
sandy mudstone, typically with evidence for weak paleosol
development, and crudely bedded sheetflood sandstone. Chin (less
than 0.5 m) intervals of low-angle cross-bedded medium- 1o coarse-
grained sandstone are locally present and represent small ephemeral
strearn channels. The crudely bedded sandstones are poorly sorred
and bioturbated, consistent with deposition fram sheet-like or
poorly channelized flow across the piedmont landscape. The root
traces are very fine to medium textured and are consistent with
desert grasses and shrubs. Centimeter-sized burrows in the
mudstone and sandstone are similar to locust burrows present in
modern desert soils in the southwestern Unired States.

Alluvial fan

Alluvial fan deposits have not been described in the sections
measured to date, bur are present in exposures west of Shoshone.
The alluvial fan environment is characterized by interbedded
debris-flow conglomerate, poorly sorted, crudely bedded or Jow-
angle cross-bedded ephemeral stream deposits. and weakly
developed silty paleosols. Conglomerate and pebbly sandstone finc
down gradient (over disances of 100 to 200 m) into sandy and silty
deposits. The conglomerate and sandstone beds conrtain angular o
subangular clases with a more limited variety of clast compositions
(mainly from Paleozoic carbonare and Tertiary volcanic rocks) than
ancestral deposits of the Amargosa River. Weakly cemented
conglomerate and sandstone are often interbedded with tufa-
cemented sandstone and conglomerace suggesting hat spring
discharge periodically affected fan deposition.

Perennial stream

Perennial stream deposits are present east of Shoshone and
reflect sedimentation by the ancestral Amargosa River. Channel-fll
conglomerate and scour-fill pebbly sandstone are insetin
pedogenically modified sandy siltstone and pebbly sheecflood
sandstone. These deposits grade toward the margins inco piedmont
deposits and toward the south into sheet delta deposits. Tufa-
cemented sandstone is also locally present and suggests that spring
discharge periodically affected stream deposition.

Loess

Loess and eolian sand dune deposits are present in che strata
exposed along the eastern margin of the Dublin Hills. These
deposits aggraded where vegetation and moiscure torced scdimenta-
tion of wind-blown silt and sand. The elongare carbonare concre-
tions in the loess probably precipitared (remobilized pedogenic
carbonare?) from groundwater during weeter conditions following
deposition.

Discussion
Lake level history

The lake level history inferred from this work generally follows
the results of ather investigators (Morrison, 1991, Larson et al.,
1991; Morrison, 1999), but some differences are noted. The basin
fill history recorded in the sections illustrated in Figure 2 extends
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Figure 3. Photographs of depositional facies discussed in the texe. (A) Cross-laminated sandstone overlain by sandy mudstone with subvertical burrows (B)
and gypsum-filled root traces (RT); section LT-1, 2.5 m. (B) Finely interbedded mudstone and cherty mudstone, siltstone, and very fine-grained wave
rippled sandsiane; section LT-6, 6.5 m. Note deformed area (MT) which is chought to be a mammal track. (C) Mudstone with radiating calcite
pscudomorphs after trona (T); section LT-5, 17 m. These deposits are interprered as relatively decp-water deposits. (D) Siley very fine-grained sandstone
with caleite concretions (CC) averhain by altered Bishop tuff; section LT-6B, 19 10 24 m. Note broad low-angle cross-beds in sandsione interpreted as
colian sheet and low-angle dune deposits. Contact with overlying wff is erosional; wiff was deposited in shallow lacustrine enviconment. Staff is 1.8 m
tong. (E) Ripple cross-laminated medium-grained sandstone overlain by cross-bedded 10 horizontal-bedded pebbly conglomerate; section LT-1, 20 to
22 m. Conglomcrate fills channel scour in underlying sheee delta sandstone. (F) Tufa pittow (TP) overlying Bishop wuff (BT); section LI-1, 13 0 16 m.
Note that Bishop ruff beds are deformed to righe of wfa pillow. Staff is 1.8 m long.
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Tecopa Beds

from sometime before the 2.02 Ma Huckleberry Ridge ash to
sometime after the 0,605 Ma Lava Creek B ash. Pre-Huckleberry
Ridge depositional conditions arc represented by basin-center
exposures of straca reflecting relatively shallow o deeper water lake
environments, Lake level during this time is difficult to reconstruct
because of the hasin-center exposure; however, a perennial lake of
varying extent is inferrecl based on analogy with younger deposits.
This contrasts with Morrison’s interpretation that only playa and
shallow-lake deposits ar= represented below the Huckleberry Ridge
ash.

Lake level lowered rapidly during and following emplacement of
the Huckleberry Ridge ash. Much of the central basin floor appears
to have been an extensive mudflar, subject to alternating werting
and dryving conditions. Lacustrine deposirs are present at section UT-
5, but contain calcite pseudomorphs after trona and cherty
alteration suggesting more concentrared brines and lower lake levels
in the basin center. This episode of dramarically lower lake level
the 1.6 to 0.9 Ma interval of “dry lake”
Larson et al. (1991) and discussed by

roughly corresponds o
conditions identified b
Maorrison (1999),

Lake level appears o have risen from approximately 1.0 Ma o
sometime after the 0.76 Ma Bishop ash. Two pronounced peaks in
lake levels are recorded (n the post-Bishop ash strata: one immedi-

sent of the Bishop ash and the other
- 0.665 Ma Lava Creek B ash. Judging from

ncursion at section L=1, the highstand

ately following emplace
immediately prior to
the extent of lacustrine

immediately following the Bishop ash appears o have been the

higher of the two. Lake level fell after emplacement of the Lava
Creek B ash, but late Pleistocene-age wave-cut terraces around the
basin margin argue for later highstands prior to the ultimate demise
of Lake Tecopa, appros martely 0.200 Ma (Morrison, 1991;
Anderson et al., 1994

Sedimentary processas
The clastic sedimert in the Lake Tecopa beds is interpreted ro
derive from three sources: the ancestral Amargosa River, locally

derived epiclastic sediment, and colian silt and sand. Sediment from
the Amargosa River agzraded fluvial deposits, built delras, and
contributed to lacustrine margin sediments (beaches, bars, etc.).
The locally derived epiclastic sedimenr was deposited as debris flows
and sheet floods on fans, piedmonts, and mudflats, and contribured
to lacustrine-margin scdimentation. Much of the fine sand and silt
in the subaerial and Jacustrine-margin deposits is interpreted to be
colian in origin. The a1y mineralogy of these deposits is dominated
by saponite (Larsen, 19975 Starkey and Blackmon, 1978), a
trioctahedral smectite that is likely nor locally derived, bur could be
from deflation of older lake deposits west and north of the Tecopa
basin. The importance of colian processes may also contribure ro
the absence of well-developed soil horizons, as observed by
Morrison (1999). Periodic pulses of eolian aggradation would have
limited soil development on the landscape, resulting in stacks of
weakly developed palecsals. such as those observed in the lower pare
of section LT-2.

Chemical sedimenration occurred in the form of calcite wfa at
and near springs and a5 authigenic minerals in the lake sedimenss.
T'he tufa deposits are «ligned along structural features and appear to
have been formed during and after Lake Tecopa sedimentation
(Nelson er al., 1997
spring pipes, which 2 near to have formed initially by earthquake-
induced liquefaction =nd injection followed by later carbonate
sedimentation by discharging groundwarer (Morrison, 1999).
Saline, alkaline lake-warer chemistry is indicated by gaylussite
molds and calcite pseudomorphs after trona in mudstone, and

ufa mounds are distinguished from injection

authigenic silicate alteration patzerns in mudstone and tff
(Sheppard and Gude, 1968; Starkey and Blackmon, 1978; Larsen,
1997). The extensive magadiite-type chertin the mudtlar and
shallow-lacustrine deposits is also consistent with this interpreta-
rion. A#Ar/*?Ar date of authigenic potassium ieldspar from an ash
immediately below the Huckleberry Ridge ash 1s stadistically
indistinguishable from thar of the Huckleberry Ridge ash (Steve
Nelson, personal communicarion, 1999). This resubt along with
correlation berween sedimentary facies and alteration parterns
(larsen, 1997} indicate thar alreration was contemporaneous wich
lake bed deposition.

In summary, through much of the history recorced in the Lake
Tecopa beds, Lake Tecopa was a perennial saline, alkaline lake. A
maodern sedimentary analog to ancient Lake Tecopa is Lake Bogoria,
Kenvya rift valley, east Africa. Lake Bogoria is a perennial saline,
alkaline lake with a single major feeder stream and delra (Sandat
River and its delta), several enclosing alluvial fans. and vegerated
(marsh) margins (Renaur and Tiercelin, 1994). The surface arca of
Lake Bogoria is approximately an order of magnitude smaller than
that of Lake Tecopa at its highest late Pleistocene level (-235 km™
Morrison, 1991), but might be comparable ro Lake Tecopa during
Jate Pliocene or middle Pleistocene time, Water depths in lake
Bogoria are as much as 11.5 m during historic highstands.
Lacustrine margin sedimentation is dominated interbedded sands,
silts, and muds, commonly bearing root rraces. Deeper water
sediments are dominanty muds with dispersed gaylussice, nahcolire,
and trona crystals, and rare centimerer-thick intervals of trona and
associated evaporites. During the low, carly Pleistocene lake levels
(1.6 to 0.9 Ma) of Lake Tecopa, the lake may have appeared similar
to a slightly “wetter” version of modern-day Lake Magadi, cast
Africa. Lake Magadi is a saline, alkaline lake with extensive
enclosing sandflats and mudflats, in which magadiire precipirares in
the lacutrine-margin deposits but is replaced on the mudflacs by
flaggy cherts, typically containing gaylussite or trona molds
(Eugster, 1980). In contrast to the east African lakes, colian
deposicional processes appear 1o have been much more important at
Tecopa.

Conclusions

The Plio-Pleistocene Lake Tecopa beds represent deposits in and
around an ancient perennial saline, alkaline lake. During most of
the history recorded in the lake beds, sedimentation occurred in
Auvial, deleaic, alluvial-fan, piedmont, and eolian environments
around the lake and relatively shallow- to deep-wager environments
in the lake. Extensive mudflats were only present during a pro-
tracted early Pletstocene lowstand.

The late Pliocene and carly Dleistocene lake levels appear to have
been lower than middle Pleistocene lake levels, with a prominent
lowstand occurring from 1.6 to 0.9 Ma (Larson et al., 1991}, Based
on the present work, late Dliocenc and early Pleistocene lake levels
are interprered to be higher than the “playa and shallow lake” levels
described by Morrison (1991; 1999). Two middle Pleistocene
highstands are prominent: one immedistely following emplacement
of the 0.76 Ma Bishop ash and another immediaccly preceding
emplacement of the 0.665 Ma, Lava Creck B ash.

The sedimentary environments represented by the Lake Tecopa
beds are similar to those present in and around saline, alkaline takes
Bogoria and Magadi in east Africa. Eolian processes are suspected 10
have been important agents of sedimentation in the Tecapa basin
that distinguish it from the east African lakes and many Pleistocenc
Great Basin pluvial lake basins. Authigenic mineral precipitation
and alteration appear to have been concurrent wich sedimentation
and clearly reflected in the depositional environments.
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Introduction

The Tecopa lake bods comprise a series of lacustrine and,
marginally, fluviatile deposits thar aceumulated in what is today
called the Tecopa basin (Chesterman, 1973; Hillhouse, 1987). The
lacustrine deposits are composed dominantdy of gypsiferous
ion that is about 50-60 merters (150-200 fect)
-equence also contains a number of distjncrive

mudstones in a succe:
thick. The lacustrine

voleanic tuft layers that have been extensively studied and correlated

to source areas of well-constrained ages (Sarna-Wojcicki er al., 1984;
Shepard and Gude, 19168). The ashes within the lake bed sequence
yield dates ranging from a litde over 2 million years before present
to a little younger than 600,000 years before present.

Fossil vertebrates

:re known from several serarigraphic levels
within the sediments deposited in the Tecopa Lake Basin (James,
1985; Reynolds, 1957, 1991; Woodburne and Whistler,
1991). The fossils recovered from the lake beds are from
below a distinctive t1°f layer thar has been correlated

with the approximartely 2 million year old Huckleberry
Ridge tuff (Sarng-Wojcick er 2, 1984). This would
place these fossils near the boundary berween the
Pliocene and Pleistocene, Based on biostratigraphic
correlations. fossils from the marginal fluviarile deposits
are considerably younzer (less than 500,000 years old)

(Reypolds, 1987).

Paleontology
Most of the fossils from the lake beds have been
recovered from a restiicred area in the southeast portion

of the basin. Faunal lists for these assemblages were
provided in Woodburne and Whistler (1991). The ]-.:_rger
recl by a diversity of four different
extinct camels rangin

animals are dominz

= in size from a short-legged form

the size of a large gos: to a long necked, long legged form

the size of 2 modern ziraffe. Two horses are present, one

burro sized, the other quarter horse sized. Both mam-
moths and mastodons were present, as was a small species
of North American p -:.|r1g_bLlc:k antelope. Birds are
represented by a flamingo. The only carnivore in the
fossil assemblage is 2 moderate sized fox. The small
verrebrartes are represcnted by two shrews, a rabbir,

roo rat, white footed mouse,

ground squirrel, kang
cotron rat and pack rit

The small verrebrore fossil assemblage was recovered
with the bones scattered through-
he other fossils were recovered as

from a restricred lens:
out the bed. Most of
isolated specimens scatrered over an approximarely 4

square kilomerer arca. Preservation was unusual in that the most
q

-S_BCMA 6;3:{0!’]‘)' £702)

common material recovered is feet and lower legs. Body skeleral
parts are rare. One fossi) quarry in particular demonstrates this
unusual form of preservarion. Fully articulated feer, and in some
cases, parts of legs, of at least 15 individual camcls (young and old
individuals) were found imbedded in standing position in the lake
muds in a restricted arez of 5x12 meters. Highly fracrured and
weathered partial skeletons were found connecied 1o only two sets
of the feer. Within 100 meters of this fossil quarry were found five
other occurrences of camel legs and feet preserved in standing
position. Because of this peculiar mode of deposition, this fossil-
producing area was dubbed “standing camel basin”™.

This unusual mode of preservarion has been interprered as the
result of animals becoming mired in the muds along the shore of
ancient Lake Tecopa. Once trapped. the animals probably struggled
untif they died of starvation. The legs mired in the mud were

-
N )

—i

AL

Figure 1. Restoration of goar-like camel from the Tecopa lake beds.
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subsequently preserved, while the bodies and skulls became subject
to predation and weathering, One phenomenon present with the
Tecopa Lake Basin today may further explain these unusual fossil
occurrences. Thermal springs are present along a lineation thar
crosses the basin. These springs produce a localized wet area thac
tends to collect fine sand and silt moved around by aeolian
processes. This fine material supports a localized area of vegetation
(mostly grasses), and the two combined form a somewhat firmer
“caprock” over the source of upwelling spring water. Below the
“caprock” 1s an area of warer-saturated lake mud. This “caprock” can
support the weighr of smaller animals, but heavier ones (such as a
human!} break through the cap and find themselves immediately
imbedded deeply in sarurated “quick mud”. If these springs existed
2 million years ago, the vegetation would have attracted animals
who would unwirdingly become crapped.

The Tecopa “Goat-Camel”

Possibly most unusual among the fossils animals recovered from
the lake beds is a peculiar camel with mountain-goat like adapra-
tions, Camels are typically long-legged (and long-footed) animals,
and this is the only known camel 1o have developed short, goat-like
proportions in the legs and feet (Figure 1). An analysis of this new
genus of camel has revealed that irs closest ancestor within the
Family Camelidae is 2 group chat lived in che earlier Miocene (20
million years). Evidendy this lineage of camels lived undetected for
more than 20 million years in mountainous rerrain of western
North Amertca. Based on the excellenc macedal recovered from the
chopa lake basin, two other isolated bones, one from a cave deposic
in northern Nevada, and one from an unknown locality in souchern
Nevada, can now be referred o this new genus.
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Introduction

The Proterozoic thraug 1 early Paleozoic rocks southeast of
Death Vallev in San Berna-dino and Inyo Counties, California (Fig,
13, the “Dearh Valley succession” (Corserti et al., in press; Figs, 2 &
3), have long been known ro contain a sedimentary succession
spanning one of the most interesting intervals of Earth history: the
Precambrian-Cambrian boundary. However, the apparent lack of
kev fossils and high-resolurion chronomertric data has hindered the
construction of the geolog - history for the region. As a result, this
succession remained one of the more enigmatic, readily accessible
Proterazoic-Cambrian scquences in the world.

By the mid-1990s, new fossil finds, radiometric age daring, and
chemostratigraphic techniques began o illuminate the Proterozoic
seologic history of the region. Rare Ediacaran fossils (Ernietra,
Horodyski, 1991; b'u-':mj,v.-.:;rm. Hagadorn and Waggoner, 2000),
and Treptichnus (Phycodes) pedsom (Horodyski et al., 1994; Corsert
and Hagadorn, 2000), the trace fossil used to correlare the
Precambrian-Cambrian beundary (Narbonne et al., 1987), were
discovered. A diabase sill rear the base of the succession produced a

U/Pb age of 1.08 Ga on badellyite (Heaman and Growminger, 1992).
Chemostratigraphic techniques have been used to constrain hurcher
the age of the Proterozoic units (Corsetti and Kaufman, 1994,
Corsetti et al, in press). Diamictites from the JKingston Peak
Formation thar are interprered to be of glaciogenic origin (Miller,
1985) are now focusing attention on the region as an imporrant
area 1o test hypotheses surrounding the idea of a Neoproterozoic
“Snowball Earth” (Kirschvink, 1992; Hoffmman et al,, 1998). Juis
becoming clear thar the Death Valley region conrains one of the
best recards of Farth history from Neoproterozoic through
Cambrian time.

These thick strata, deposited over a time span of almost 500
million vears, conrain an ourstanding record of stromarolites. All
the major categories of stromatolite morphology are present:
stratiform (wavy laminated), domical, columnar, columnar
branching, conical, thrombolitic. dendrolitic, and oncoidal. These
stromatolites provided some of the earliest biostratigraphic data on
ages for the Proterozoic portions of the succession (Cloud and
Semikhatov, 1969). Although not &igh in temporal resolurion, the

North ¢

Death
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National
\. Park

Alexgnder
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Figure 1. Map showing ares discussed in this paper.

Cutcrop map of Proterozoic-Cambrian Strata
(after Stewart, 1970)
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biostratigraphic interprerations are still consistent with St"’ling -
new chronostratigraphic data (Corserti er al., in press).
Stromazolites of the Nopah Formation have contributed
10 one of the few successful areemprs ar using stromaro-
fires for biostratigraphy in strata younger than Early

G . "Johnnie oolite"
Cambrian (Shepiro and Awramik, 2000). o

Stromatolires in this region also cover the interval of & Johnnie " ﬁ fa)
geological time when rwo of the most significant 5 sy
episodes in the history of stromatolites occurred: (1) the Ol N
dramatic decrease in diversity and abundance of all ol =« L = A
types of stromatolites during the Neoproterozoic O = v
(Awramik and Sprinkle, 1999) and (2) their pro- N @ 7
nounced resurgence during the Lare Cambrian and o™= Noonday J;[j )
earliest Ordovician (Shapiro and Awramik, 2000). As = 8 L E,@\ Zdz A
good as the Neoproterozoic record of stromarolites in ol a zg.a AAA vvvv Fe
eastern California appeass to be, the 2bundance and ~lo c T "unnamed limestone”
divessity is lower than in other regions where strata were ® S x -’
deposited on long-lived, stable carbonare platforms (sec o = [72] 8 r”SOUI’dOUgh limestone"
Bertrand-Sarfatt and Awramik, 1992). Nevertheless, - g& & AAA Fo (’@ 8
when the stromarolites are studied wichin a taxonomic o v

and biostratigraphic contexc they can contribute to our
understanding of changes in stromatolive diversity in
mixed earbonate-siliciclastic sequences.

This is not the case for the Cambrian stromatolice
resurgence. Fastern California and the Grear Basin
conrain one of the best records for scromatolites during
Cambrian and carliest Ordovician, largely because these
stromarolites formed on a relarively stable, carbonate ’— ?

@

A
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ramp (Shapiro, 1998). Nor only ate they abundant in ) A
some units (e.g.. Smoky Member of the Nopah 8 T
Formation), the richness in diversiry is high. (0] oL i B
=
. Basement[ ¥/ 11.4-1.7 Ga
Stratigraphy and Paleontology
The Death Valley succession conrains a package of Figure 2. Generalized columnar section of Neoproterozoic through Cambrian s of
Proterozoic to Cambrian sedimentary rocks locally over the Dearh Valley succession. A. Key o symbols used in the stratigraphic section. B.
10 km thick (Stewart, 1970; Fig. 2). The succession Generalized stratigraphic section. (afrer Corsetti e al.. in press).

consists of the Pahrump Group, the Noonday, Johnnie,
Surling, Wood Canyon, Zabriskie, Carrara, Bonanza
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King, and Nopah formations, The Ordovician to Permian package
of marine strata total over 3100 m chick. Mesozojc metasediments
and volcanics total 2400 m in thickness. Tertiary terrestrial deposits
exceed 1800 m, A grear deal of Earth history is recorded in the rock
tecord in this region.

The post-Pahrump Group strata are thought to have formed in
response to the Neoproterozoic (Stewart, 19725 Cooper and Fedo,
1998b) to possibly Early Cimbrian (Levy and Christie-Blick, 1991)
rifting of Laurentia and the formation of a passive continental
margin (Fig. 3). Shallow marine to marginal marine/continental
braidplain deposits were deposited on this margin (Stewart, 1970;
Wright et al., 19741 Fedo and Cooper, 1990; Fedo and Prave, 1991;
Cooper and Fedo, 19984). The succession is riddled with
unconformities of unknown remporal magnitude (e.g., Christie-
Blick and Levy, 1989; Heaman and Grotzinger, 1992). The Early 1o
Middle Cambrian Carrara Formarion marks a transition in the
region from a lower sequence of mixed carbonare and siliclastics
(rapid subsidence) to an upper sequence dominared by relatively
clean carbonare (slower subsidence).

Pahrump Group

The Pahrump Group [orms the base of the entire sedimentary
succession. It rests on 1.7 (ia erystalline basement intruded by 1.4
Ga granitoid rocks (Lamphere and Wasserberg, 1962), and consists
of the Crystal Spring, Beck Spring, and Kingston Peak tormations.
The Pahrump Group contzing numerous scromarolites and a varicty
of microbial fossils preserved in chert,

Crystal Spring Forization
Lithologic and Stratigraphic Description

The Crystal Spring Formation, named by Hewite (1940), is the
basal member of the Pahrump Group and ranges in thickness from
abour 450 1o 1200 m. iz base sills, a few meters to 457 m thick,
intrude the formation. Roverts (1976) has divided the formation
into seven members: (1) the basal arkose member (<191 m thick)
composed of interbedded conglomerate and sandsrone; (2) the
teldspathic sandstone member (<191 m thick) composed of red
sandstone, siltstone, and shale thar is cyclical and has fining-upward
sequences: (3) the mudstore member {averaging 36 m thick)
composed of massive purplish mudstone: (4) the dolomite member,
60 to 137 meters thick. with eyclically bedded dolomite and wavy-
bedded dolomite with cherr that is commonly intruded by the
diabase sills; (5) the algal member, which is 76 to 110 meters thick,
composed of cyclically-bedded, limestone and dolomite, and
contains columnar stromatolites; (6) the 0 to 150 meter-chick chert
member; and (7) the uppe: member, 2 60 to 600 merer-thick
sequence of interbedded s Itstone, sandstone, conglomerare, and
dolomite. Unconformities have been recognized within the
formation (Prave, 1994). Where the diabase sills intrude impure
dolomite, tale and tremolire are alteration products, and the talc has
been mined (Wright and Troxel, 1954).
Stromatolites and Qther Fossils

The stramarolites of rthe Crystal Spring Formation have not
been studied in great detall. The algal member contains the anly
columnar examples in the formation (Fig. 4A): dolomite in other
members contains wavy-l: minared. stratiform stromatolites. Three
taxa have been discussed in the literature: *Baicalia’ Krylov 1963,
which was identified by Howell (1971), Jacttaphyzon’ Schapovalova
1965, also identified by Fowell (1971}, and ‘Conophyron’ Maslov
1937, recorded by Raberts (1976). Howell (1971) and Roberts
(1976) didn't formally idenify the stromatolites, but simply
indicated thar they had afinities with Baicalia, Jacurophyton, and
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Conophyron. We recognize, but have not yer formally deseribed. ewo
columnar stromarolites, Baicalia and Conophyron (a cylindrical
columnar srromarolite with conical laminadon). The
misidentification of facuroplhyzon was likely based on the presence of
conical laminae within Baicalia, which is not unknown in this
columnar-branching stromatolite. Although comparisons are often
made with the Apache Group, Bertrand-Sarfati and Awramik
(1992) noted that the sromaralites from the two groups have no
axa in common, except for a possible Conophyton collected from
the Mescal Formartion (Apache Group). Filamentous microbial
fossils preserved in chert replacing the carbonate have been found
(Picrce and Awramik, 1994), bur also not formally described. No
microbial fossils have been derecred in siliciclastics.
Age of the Crystal Spring Formation

T'he age of the Crystal Spring Formation and the Pahrump
Group as 2 whole has been debated for years. The diabase sills
petrochemically resemble sills in the Apache Group in Arizona that
have been dared ar 1.2 Ga (Wrucke, 1972}, Howell (1971) pointed
our that the seromatolites suggested an age berween 0.9 10 1.3 Ga
based on comparisons to similar stromatolites in the former USSR,
Roberts (19706) suggested an age of 1.2 10 1.35 Ga for the Crystal
Spring Formation based on a correlation of the sills 1o sills dares ar
1.2 Ga in Arizona and suggested Middle Riphean age (1.3 10 0.95
Ga) for Baicalia-Conophyton stromartolite assemblages. Pierce and
Cloud (1979), building on all of these suggestions and adding whar
they considered distinctive microbial fossi{ data, concluded that the
Pahrump Group was approximately 1.3 Ga. Successful radiometric
age determinations of 1.08 Ga for Pahrump Group rocks were
finally produced on a baddeleyite from sills of the Crystal Spring
Formarion (Heaman and Grorzinger, 1992). However, this age, if
applied to the Pehrump Group as a whole, is very misleading as
there is now strong evidence that age of the Kingston Peak
Formation is around 750 Ma (Prave, 1999; Corsecrt ex al., in press).
We concur that there are major hiatuses within Crystal Spring
Formation and in the Pahrump Group as a whole (e.g., Hearnan
and Grotzinger, 1992).

Beck Spring Dolomire
Lithologic and Stratigraphic Description

Hewitt (1940) named the Beck Spring Dolomire, the middle
formation of the Pahrump Group, for a gray. thick-bedded
dolomite near Beck Spring in the Kingston Range. It is up ro 500 m
thick in the Kingston Range and thins to 50 meters in the Silurian
Hills (but see Prave, 1999). The Beck Spring Dolomitc rests on the
Crystal Spring Formartion with apparent conformity, and its base is
placed at the top of a red shale (Gurstadt, 1968). We have
recognized this bed in the Alexander Hills where it is reddish-
colored, siliciceous carhonate, commonly with cherr, and it
represents a transition fron: the Crystal Spring Formation into the
Beck Spring Dolomite.

Gutstadr (1968) divided the formation into three members: (1)
a lower laminated member, 150 to 200 m thick. composed of
alrernating, millimeter-thick laminac of medium- to coarse-
crystalline dolomite and peloidal dolomite; (2) the middle oolitic
member, 150 to 200 m thick, consists of medium- 1o coarse-
crystalling, oolitie, pisolitic, and grapestone dolomirte: and (3) the
upper cherty member, 100 to 150 m thick, which is similar to the
onlitic member, but includes stromarolites. The upper houndary of
the Beck Spring Dolomite appears to be conformable with the
Kingston Peak Formation in some aress, bur in the southern
Panamint Range. the Beck Spring Dolomire appears to be absent,
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Stromatolites and Other Fossils

Beck Spring Dolomite stromatolites (Fig. 4B) have not been
studied in great detail. Tucker (1983) estimated that nearly 70% of
the formation is made up of stratiform stromatolites (“crypralgal
laminates™). We are not sure this is an accurate interpretation of
these laminated carbonates; however, the characrerisdc thick (mm-
chick) light gray and gray lamination is unusual. In the most
detailed studies of the stromarolites, Martan (1979) and Marian and
Osborne (1992), recorded the presence of Baicalia-like forms,
Congphyron, domical forms, and a variety of wavy-laminated to
stratiform strucrures (some called Srarifera).

A well-preserved microbiora has been discovered in chert from
the upper cherty member of the Beck Spring Dolomite (Licari,
1978). Horodyski and Mankiewicz (1990) described
Melanocyrillium, a vase-shaped microfossil, and Zenmocharta cloudii,
carbonate sheers that may represent caleified microbes, from unies
wansitional berween the Beck Spring Delomite and Kingston Peak
Farmation. In additon, Horodyski and Knauth (1994) have found
evidence of whar they interpret as the oldest evidence of a terrestrial
(micro)biota in Beck Spring Dolomirte chert. No microbial fossils
have been detected in siliciclastics.

Age of the Beck Spring Dolomite

The age of the Beck Spring Dolomite is poorly constrained. It is
bracketed below by the diabase sill (1.08 Ga) in the Crysta) Spring
Formation and above by the Precambrian-Cambrian Boundary in
the Wood Canyon Formation (-544 Ma), Others (e.g., Stewart,
1972) have suggested that glaciomarine sediments found in the
overlying Kingston Peak Formation correlare with “Seurtian” (~750-
700 Ma) glacial units distributed globally. Corsetti (1998) and
Prave (1999) concur with this correlation based on carbon jsotope
chemostratigraphy. Thus, the Beck Spring Dolomite is younger
than 1.08 Ga burt probably not younger than -700 Ma.

Kingston Peak Formation
Lithologic and Stratigraphic Description

The Kingston Peak Formation (named by Hewirt, 1940) is a
thick sequence ofccmglomcra[c, diamictite, quartzite, sandstone,
siltstone, and shale (Stewart, 1970). The thickness is quite variable.
It ranges from 50 m in che Silurian Hills to 1000 m in areas east of
Death Valley. In some places, the Kingston Peak Formation rests
conformably on the Beck Spring, while in other places, it rests
unconformably on Jower units. Regional facies patterns suggest chat
deposition took place during extensional tectonics (Miller, 1983).
In many places, an angular unconformity separates the Pahrump
Group from the overlying strata (Wright er al., 1974), whereas in
other areas, the contact is conformable (Corsett ecal., in press).

Two unusual and characteristic lithologics occur within the
Kingston Peak Formarion: (1) Diamictites (conglomeratic mud-
stone) with striared pebbles and dropstones suggest deposition
under glacial conditions (Miller, 1982, 1985); (2) Iron-formation
occurs with the diamicrite (Graff. 1985). The association of
diamicrite with iron-formation is not uncommon on a global scale
at approximarely 750 Ma (Young, 1976).

Stromarolites and Orther Fassils

‘The stromaiolites and oncoids (Fig. 4C) of the Kingston Peak
Formation occur in meter-thick dolomite beds or lenses within the
diamictite. The stromartolites are small, centimeter-diamerter
columns that eriginate from oncoids. Oncoids range in size from
millimeters to cenrimerers, and some silicified examples contain 2
well-preserved microbiota (Pierce and Cloud, 1979; Pierce and
Awramik, 1994). No microbial fossils have been detecred in
siliciclastics.
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Figure 3. Onshore — offshare relationship berween Death Valley an