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ABSTRACT

Silverzbarite deposits of the central Mojave Desert, near Barstow, CAave yielded more
than $20 million in silver and barite. Mineralization occurs in rocks ranging in age from
Precambrian Waterman Gneiss tearly-middle Miocene Barstow Formationbut nearly all
of the recorded production is from the early Miocene Pickharld Formation. Pickhandle
volcanic rocks host numerous northwesttrending silverzbarite veins emplaced along
steeply dipping faults. The highest ore gradesare encountered in the oxidized apex of the
veins where silver chlorides and native silveiare the chief ore minerals.

Geochronology indicateghe main pulse of mineralization occurredat 17 Ma. This coincides
with the waning stages of detachmenfaulting (Waterman Hills detachment fault) andlikely
predates the initiation of dextral shear along the Calo fault. Silverzbarite ore was
deposited as massive, opespace filling within listric faults in the Pickhandle Formation
while it is largely disseminated within siltstone of the Barstow Formation. Paragenetic
studies suggest that mineralizatiorhappeneal was constrained toa single eventrequiring a
plumbing system that enabled fluids to rise upward, perhapsalong faults in the Barstow
Formation, and then migrate laterally along permeable horizons. Fluid inclusion
geothermometry indicates Pickhandleveins were emplaced at depths in excess of one
kilometer while Barstow ores were deposited very near the surface

One model proposes meteoric water circulating downward along the detachment fault
surface At depth the meteoric water would be heated by plutms that fed Pickhandle
volcanism and move convectively upward alonghormal faults within the overlying plate of
the Waterman Hills detachment faultAs the fluid cooled ore would be deposited within the
Pickhandle Formation Where available conduits and favorable stratigraphic horizons
presented themselves,ore deposition would also have occurred within the overlying
Barstow Formation. Subsequentright oblique-slip and transpressionalong the Calico fault
resulted in uplift of the Calico Mountains creating the present day topographic and
structural relationships. In deeply eroded areassuch as Wall Street Canyqrihe apices of
outcropping siver OAET O xAOA 1 QEAEUALORARBAOABEDAOOGELR] 06
the Calico District.



Introduction

Slver¢barite mineralization occuralonga 30 kilometerwide band stretching across the central Mojave
Desertfrom the Bullion and Cady Mountains near Ludlow, CA northwest to the Mitchel Range, a
distance of approximately 60 mildglost of the prospects andearly all of the significant production
occurred within the Calico Mining District located along the southern flank of the Calico Mountains four
miles northeast of Barstow, CA (Fighe largest mines were situated along the south flank of the
Calico Muntains in or immediately adjacent to Wall Street Canyon.

The history of the Calico
Mining District has been
documented bynumerous
authors; Weber (1966)
provides an excellent
summary. The district
flourished from the 1880s to
the close of the ninetesth
century. The manpower
shortageduring World War |
and subsequent Great o
Depression marked theendoy __ ;
significantminingactivity, but
not before the district had
established itself as the ilver-barite mineralization

largest silver producer in Figure1. Silveri barite occurrencesear the Calico Mountains

California. Totasilver

production isthought to have exceeded $24illion. However, put in the perspective of a true giant like
the Comstock Lode (total productierts396million) (Smith, 1943), the Calico District remains quite
small. During the 1950s an economic boom and a renewed interediiver resulted in the reopening of
several of the district's mines, but productidaring that erawas small.
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Petroleum exploratiorand developmentn California made barite an economically attractive
commodityin the 1950sFrom 1957 to 1961 the Lenhan Mine northwest of Wall Street Canyowas

the largest barite producer on the west coast. Substantial barite reserves remain, but discovery of the
much larger Battle Mountain, Nevada deposi&verely impactethe economic viability of Calidmarite.

In the early 1960s, ASARCO &ard Superior Oil Corpegan exploration and limited development of
disseminated silver deposiélong the southwest flank of the Calico Mountaitiee Waterlooand

Langtry Developmentwas hampered by environmental concerand the low silveore grade. The
properties have been largelpactive for nearly two decadebut recent spikes in precious metal prices
have causedrenewed interest in both properties.



General Geology

Stratigraphy

Portions of thecentral MojaveDesert have been mapped bpeLeen (1950McCulloh (19521965),
Weber (1965), Dibblee (1961970, Mero (1972), Fletcher (198®ayne and Glass (1983gssey and
Yamashiro (1988), Cox and Wilshire (1993), Fletcher et al. (1995) and Singleton and G&ns (20
Basement rocks fall into one of threategories (1) the Waterman Gneiss, an assemblage of
PrecambrianPaleozoic metéagneousand metasedimentaryrocks (2) the Coyote Group, a sequenaie
weaklymetamorphosedPaleozoic sedimentary rockand (3) Mesozoic intrusive andxtrusiverocks
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Figure2. Generalized stratigraphic column for the centre

Mojave (after Jessey and Tarman, 1988).

(Fig.2).

The WatermanGneiss is exposed in the
Waterman Hills and the Mitchell Rangerth
of Barstow,as well as in isolatedutcropsin
the Hinkley Hills and in the low hills west of
Harper LakeLithologically, he Waterman
Gneiss varies from dioritic gneiss, to impure
marbleandquartzite, to various types of
mylonite. When not affected by later
retrograde eventsWatermanGneisdies
within the amphibolite faiesof regional
metamorphism Subsequent retrograd
metamorphismassociated withregional
detachment (see belowjaslocally
superimposed chlorite-gradegreenschist
facies(Glazneret. al.1988) The age of the

Waterman gneiss is conjectural. Dibblee (1967)

assigned ito the Precambrianwhile Glazner
et al. (1988)suggestate Precambriaq
Paleozoic.

A sequence asedimentary and
metamorphosedvolcanic rockéiesalong the
north flank of the Calico MountainfvicCulloh,
1952) It consiss of marble, schist,
conglomerate, quartzite, hornfels,

metamorphosedandesite and minor metaorphosedbasalt.McCullohtermedthe rocks the Coyote

Group for Coyotd®ryLaketo the northeastof the outcroparea Poorly preserved Paleozoic fossils were

found near the middle of the spience butMcCulloh(1952)believedit possiblethat the upper half of
the Coyote Group isf Mesozoicage Actual $ratigraphic relationshipsre difficult to determine as both
the top andbottom of the Coyote Groupretruncatedby Mesozoic intrusiveocks.

Small, scattered exposures of porpitig volcanic rocks of uncertain ageopout at the southeast end
of the Calico Mountains and south ei5. Thesdithologically heterogeneousocks have been
correlated with several different rock units across the Moj&®erhaps the closest matahithe Jurassic
Sidewinder Volcanigeries Bowen 1954 near Victorville.



Plutonicrockscrop out at the east and northeast end of tliialico Mountains, as well as locally in the
Waterman Hills, Mitchel Range and near Mt. Genddalst intrusions are middle b late Mesozoi@n

age yielding radiometric datethat cluster around 90a (Payne and Glass, 198However, Walker et
al., (1995yeport an age o22-23 Ma fora plutonfrom the Waterman Hill§Walker et al., 1995).
Compositionally, théntrusivesrangefrom diorite and quartz diorite to granodiorite and quartz
monzonite.Characteristicallythe intrusiverocks weather toform subdued terrais resulting in low hills,
in direct contrast to the more rugged topography of Tertiary volcamiks.

McCulloh {952)mapped a major unconformitseparating basement rocks frooverlying Tertiary

units. Dokka (1986)slazner, et al. (1988) and Jessey and Tarman (1988) reinterpreted the unconformity
as a regional detachmeffault: a low angle normal fault separatithgwer plate basement from upper

plate Tertiary volcanic and sedimentary rocKse basalunit above thediscontinuityis the Jackhammer
Formation(McCulloh 1952). At its type section in Jackhammer Gap it consists of 700 feef aiuttif
breccia, volcangenic sedimentary rock, arkosic conglomerated basaltDokka and Woodburne

(1986) report an age date of 25\6a (Oligocene) for a basalt near the top of the Jackhammer.
Subsequent research has questioned the need to separate the Jackhammer from tlyingver
Pickhandld=ormation The Pickhandle is generaliggardedto be Miocene in ag€24¢18 Ma, Burke
et.al.,1982) however,the contact with the Jackhammer appears conformable and lithologically the two
units are similarThis led Singleton and Gans@8)to combine the Jackhammand Pickhandl€Fig. 3)

The Early MiocenePickhandle FormatioMcCulloh 1952)is namedior exposures in Pickhandle Pads

the northern Calico Mountaing he Pickhandle is one of two major drearing unitdn the Calico

district, hosting nuch of the veirype baritegsilver mineralization. In general the Pickhandla series

of intercalated pyroclastimcksand volcanic flows, the lattggredominantlyof rhyodacitic todacitic
composition. Minor volcaiglastic sedimentarynits occur throughout the sequence, but are more
common near the contact with the overlying Barstow Formatidge dates by various authors suggest
the bulk of the Pickhandle Formation was deposited byviBdSingleton and Gans, 2008pwever a

series @ dacite domes near the southeast end of the Calico Mountains have yielded ages as young as
16.8Ma (Singleton and Gans, 2008}licating that the waning stages of Pickhandle volcanism may be
coeval with deposition of the overlying Barstow Formation.

TheMiddle Miocene Barstow Formation overlies the Pickhandle volcanics, the basal contact marked by
transition from volcanics to sedimentary rockghile manyresearchers havarguedthat Barstow
sedimentation began at 1¥la (Woodburne, etal., 1990Glazner & al., 2002)field relationships

suggest there is overlap between Pickhandle volcanism and Barstow depositionténd&ginning,
perhaps, as early as Ma (Leslie, 2009 The Barstow Formation was deposited in the gashding,
fault-controlledbasn (Dokka, 1979)Thickness ranges from 2400 feet in the northwest part of the basin
to 1200 feetin the Alvord MountainsByers, 1960Dibblee, 1980). Lithologically, the Barstow consists of
a wide array of sediment types reflecting deposition in a shaléke, tributarystreamsystemsand

alluvial fans. In the Calico Mountajsgradual upward coarsening can be observed with rocks grading
from calcareous mudstones and sandstones to conglomerhtgsire limestonesvith thicknesses

ranging from fractios ofinches to a few feeare locally present at the base of the Barstow Formaiton
the Calico Muntains The Barstow is the second major ore host inthgion The ore occurs as
disseminated grains and randomdyiented stockwork veiletsin permeablesiltstones angorous
sandstones



Widespread gravels the Yermo Hills, east of the Cali@xlin canyons in thsouthernCalico
Mountain have beetermed theYermo FormatioriMcCulloh, 1952) Thgravelsare Plio-Plastocenein
age.

Structure

Rocks oftie central MojaveDeserthave beencomplexy deformed. PreCenozoic structeshave been
largely overprinted byCenozoic extensioanddextral shear Early Miocene detachment and extension
generally precedethe right-sliptectonics related to the North Aerican Pacificplate boundary
However, Glazner eal. (2002) point out thatiming and magnitudeof both events arecontroversial.
Emplacement of silveparite mineralization is directly related &t least one, and perhaps botbf

these episodes of defmation.

The Waterman Hills detachment fayfig. 3juxtaposesCenozoiwolcanic and sedimentary rocks in the
hanging walbver mylonitic basement rocks in the footwalliiming and extenof extension i®pen to
guestion Dokka (198) arguesthat extenson occurredalongan eastwestzoneacrosghe entire

Mojave Desert while Glazner et al. (2002) suggest that extension was confined tekanaiide belt
centeredwithin the central MojaveDesert Glazner et al(1989 propose 4@60 km of northeast
transport for upper plate rocksfield observations do ndiend to support this magnitude of movement
Availableevidenceindicates that the majority ofdetachmentoccurred between 2and 19 Ma

(Singleton and Gans, 2008jowever, emplacement of a series of daadomes at the southeast edge of
the Calico Mountainsuggestdhat volcanism andaxtension may haveontinued untilas recently as
16.5Ma.

Explanation
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Neogene sike-slip faultingalong the Calico and Harper Lake faalipears to postate extension inhe
centralMojave Desert These faults are a part of a larger set ofthwest-trending rightlateral faults

that accommodateplate motion between the Pacifiand North American plates (Dokka and Travis,
1990b).While thecumulative dextral shear across the region is on the order Qq¥5&m (Dokka and
Travis, 1990a}he total shear across the Calico and Harper Lake faults is prabably lessEarly
studies proposedensof kilometers of right slip along the Calico faidibblee, 1980, Dokka 983, but
Fletcher (1986) and more recently Singleton and Gans (20@f)est no more than three kilometers of
right-slip. The onset ostrike-slip faultingis uncertain, buBartley et al(1990 believe it may have begun
as early as 1Ma. If so, thiswould necessitatsome overlap with detachmenRightslip motion
continues to the present

Local Mogene shortening in theentralMojave haseen attributed tozones otranspression along
northweststriking dextral faults (e.g., Dibblee, 1980b, 1994), or regional gsoilith contraction

(Bartley et al., 1990 he shortening commonly manifests itself as a series ofa@st trending folds in
lacustrine/fluvial sedimentary rocks of the Miocene Barstow Formation, such as those exposed in the
Calico Ghost Town parking dtarman, 198). The magnitude of shortening represented by these folds
is not well documented, and the timing is @mtain. Taman and Thompson (1988) argue that much of
the folding occurred as a consequence of transpressiod Singleton and Gans (2008) state that a
constrainng bend in the Calico fault haausedhe folding. Jessey and Yamashiro (1988) suggest that
transpresfon was also responsible foraversefault mapped in the northwestern Calico Mountains.
Singleton and Gans (2008)pport the hypothesized thrusting and suggest the Calico fault may have
undergone at least one kilometer odverse movement (north side Jp

Silver-Barite Mineralization

Occurrence
CalicoDistrict

The bulk of silver production from the central Mojaeserthas come from the Calico District and
much of that from mines within or near Wall Street Canyiggigenetic silvegbarite veins occumwithin

the Early Miocene Pickhandle Formation (upper platatéfman Hillsdetachment fault). The Pickhandle
Formationis commsed of flows of dacite to rhyodacite composition, associated tuffs, and volcanic
breccias. All barite mineralization is localizeithin northwest trending (N255°W) faults which
crosscut thegently dippingvolcanicrocks at steep angle®©ffset along fault planes is small, generally
less than a few meter¥/eins dip generally tthe southwest, but those in the northern portion dfi¢
district commonlydip to the northeastThese structural attitude$ed Dibblee (1970) to propose that the
Calico Mountain block isrrthwesttrending anticline Ore ninerak have been depositedvithin open
space andill cavities in brecciaBarite cystals are euhedral, and often one centimeter or more in
length. In many veins the barite has been brecciated and the interstices filled by iron oriatgsetite
and hematite)and sulfidesThe near surface, oxidized portion of the veins yieldedbelite (Ag (Br, CI))
with lesserchlorargyrite cerargyriteand native silverPrimary sulfides encountered at depth were
below cutoff grade and rarely mined.

Threevein typeshave beerrecognizedvith gradations between atypes(Jessey, 1985. Monomineralic
veins of white baritgFig. 4ajacking any alteration are rare, occurring genertdlyhe northwest of
Wall Street CanyafThese veins represent the earliest stage of mineralization.



Veins with comktextured barite lining the walls and a mixture of jasperand rarer magnetite,

hematite, and magnesium oxides filling the interstiGa® nore common(Fig. 4b)These veins

represent the second stage of mineralizatiéithough silver is present, the veins generally assay at less
than 1 oz/ton.

Also common & "blackmatrix" veinscomprisedof brecciatedand partially replacetarite fragments
in a matrix of iron and manganese oxides and sulfié&s 4c and 4dMagnetite occurs locally, with
partial to total alteration to hematite. A variety ohdifferentiated manganese oxidspeciesare also
present.Sulfides are ranme They consist ofpyrite and galenavith trace chalcopyrite and tennantite.
Silver assays as high as 1100 ounces per ton have been reportedbbng/Bn is closer to the norm.
The silvetbearing speciess uncertain.Samples of high grade silver ore were examined and found to
contain a high proportion of galena suggesting argentiferous gal@weever,other samplescontained
acanthite(silver sulfidepndnative silver.

(@) (b)
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Figure4. (a) Barite vein lacking sulfides axides; (b) comistructured barite (white) with younger iron avid
oxides (dark) lininghe interior of the vein(c) sulfide/oxide minerals (dark) brecciating and replacing barite
(white); and (d) photomicrograph of barite (gray) veined and partially replaced by iron ariisslfides
(white).



