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ABSTRACT

Silver-barite deposits of the central Mojave have yielded in excess of $20,000,0@0 silver
and barite. Mineralization occurs in rocks ranging in age from Precambrian Waterman
Gneiss to middle Miocene Barstow Formation, however, nearly all of the recome
production is from the early Miocene Pickhandle Formation. Pickhandle volcanics host
numerous northwest-trending silver-barite veins emplaced along steeply dipping faults.
The highest ore gradesare encountered in the oxidized apex of the veins whereilger
chlorides and native silverare the chief ore minerals.

Geochronology indicates primary mineralization was emplaced around 17ma. This
coincides with the waning stages of detachment (Waterman Hills detachment fault) and
likely predates the initiation of dextral shear along the Calico fault. Silvdrarite ore was
deposited as massive, open space filling withifistric faults in the Pickhandle Formation
while it is disseminated largely within siltstone of the Barstow Formation. Paragenetic
studies auggest that mineralization was emplaced during a single eventequiring a
plumbing system that enablesfluids 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

A proposed model would envision meteoric water ciraulating downward along the
detachment fault surface At depth it would be heated by plutons that fed Pickhandle
volcanism and move convectively upward alongrormal faults within the overlying plate of
the Waterman Hills detachment fault As the fluid coted ore was deposited within the
Pickhandle Formation Where available conduitsand favorable stratigraphic horizons
presented themselves, ore deposition also occurred within the overlying Barstow
Formation. Subsequentright oblique-slip and transpression due to a releasing bend in the
Calico fault resulted in uplift of theCalico Mountainscreating the present day topographic
and structural relationships. In deeply eroded areasuch as Wall Street Canyqithe apices
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the Calico District.



Introduction

Silverbarite mineralization occuralonga narrow band stretching across the central Mojave from the
Bullion and Cady Mountas near Ludlow, CA northwest to the Mitchel Range, a distance of
approximately 60 miles. Most of the prospects and nearly all of the significant production occurred
within the Calico Mining District located along the southern flank of the Calico Moutfitaingiles
northeast of Barstow, CA (Fig.1). The largest mines were situated along the south flank of the Calico
Mountains 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 1880's to
the close of the nineteenth
century. The manpower
shortageduring Wotd War |
and subsequent Great ;
Depression marked theendoy __ ;
significantminingactivity, but
not before the district had

established itself as the D Silver-barite mineralization

largest silver producer in Figurel. Silverbarite occurrences within theentral Mojave.

California. Total production is

thought to have exceeded $20,000,008owever, putin the perspective of a true giant like the
Comstock Lode (total production$396,000,000) (Smith, 1943), the Calico District remains quite small.
During the 1950's an economic boom and a renewed interest in silver resulted in the reopening of
several othe district's mines, but productioduring that erawas small.
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Petroleum exploratiorand developmentn California made barite an economically attractive
commodityA Y { K SFromdi95i @ 4961 the Leviathan Mjmerthwest 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 1960's, ASARCO arad Supenr Oil Corpbegan exploration and limited development of
disseminated silver deposialong the southwest flank of the Calico Mountaitiee Waterlooand

Langtry. Developmentwas hampered by environmental concerns and the low sivegrade. The
properties have been largelpactive for nearly two decadebut recent spikes in precious metal prices
has seen renewed interest in both properties.

General Geology

Stratigraphy

Portions of thecentral Mojavehave been mapped bypelLeen (1950McCulloh (19521965), Weber
(1965), Dibblee (1967970, Mero (1972), Fletcher (198®ayne and Glass (1983gssey and
Yamashiro (1988), Cox and Wiltshire (1993), Fletcher et al. (1995) and Singleton and Gans (2008)



Basement rocks fall into one of threatagories(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 centr

Mojave (after Jessey and Tarman, 1988).

(Fig.2).

The Waterman gneiss is exposed in the
Waterman Hills and the Mitchell Rangerth of
Barstow,as well as in isolatedutcropsin the
Hinkley Hillsand in the low hills west of Harper
Lake. Lithologically, the Waterman Gneiss
varies from dioritic gneissptimpure marble
andquartzite, to various types of mylonite.
When not affected by later retrograde events
WatermanGneisdies within theamphibolite
faciesof regionalmetamorphism. Subsequent
retrograce metamorphisnmassociated with
regional detachmen(see belowhas
superimposed chlorite-gradegreenschist
facieslocally(Glazneet. al.1988) The age of
the Waterman gneiss is conjectural. Dibblee
(1967) assigned ib the Precambrianwhile
Glazneret al.(1988)suggestate Precambrian
Paleozoic.

A sequence ofedimentary and metavolcanic
rocksliesalong thenorth flank of the Calico
Mountains(McCulloh, 1952)it consiss of
marble, schist, conglomerate, quartzite,
hornfels, metaandesite and minor meta
basalt.McCullohtermedthe rocks the Coyote

Group for Coyot®ryLake immediately to the north of theutcroparea Poorly preserved Paleozoic
fossils were foundhear the middle of the suence but McCulloh(1952)believedit possiblethat the
upper half of the Coyote Groupa$ Mesozoicage Actual sratigraphic relationshipsare difficult to
determine as both théop andbottom of the Coyote Groupre truncatedby Mesozoic intrusives.

Small, scattered exposures of porphyritic volcanic rocks of uncertainidgep at the southeast end of
the Calico Mountainsand to the south of-IL5. These rocks are lithologically heterogeneous and have
been correlated witlseveral different rock units across the Mojave. Perh#psclosest matclisthe

Jurassic Sidewinder Volcanics near Victorville.

Plutonicrockscrop out at the east and northeast end of tlialico Mountains, as well as locally in the
Waterman Hills, Mitbel Range and near Mt. General. Intrusiges middle to late Mesozoio age the
youngestyielding radiometric dates which cluster around 98 (Rayne and Glass, 1987)
Compositionally, theyange from diorite and quartz diorite to granodiorite and gizamonzonite.
Characteristicallythe intrusivesorm subdued terrain resulting in low hills, in direct contrast to the

more rugged topography of Tertiary volcanics.



McCulloh (1952jnapped a major unconformitseparating basement rocks frooverlyingTertiary

units. Dokka (1986)Glazner, et al. (1988) and Jessey and Tarman (1988) reinterpreted the
unconformity as a regional detachment; a low angle normal fault separating lower plate basement from
upper plate Tertiary volcanic and sedimentary rocKse basalunit above thediscontinuityis the
Jackhammer FormatiofMcCulloh 1952). At its type section in Jackhammer Gap it consists of 700 feet
of tuff, tuff breccia, volcapgenic sedimentary rock, arkosic conglomerate and bagadkka and
Woodburne 1986) report an age date of 25.6 ma (Oligocene) for a basalt near the top of the
Jackhammer. Subsequent research has questioned the need to separate the Jackhammer from the
overlying PickhandlBormation The Pickhandle is generaliggardedto be Miocenein age(24-18 ma,
Burkeet.al. 1982) however,the contact with the Jackhammer appears conformable and lithologically
the two units are similar. This led Singleton and Gans (2008) to combine the Jackremmer
Pickhandl€Fig. 3)

The Early MiocenePickrandle Formatior{McCulloh 1952)is namedior exposures in Pickhandle Pass

The Pickhandle is one of two major drearing unitsn the district hosting nuch of the veirype

barite-silver mineralization. In general the Pickhandle consists of a series of intercalated pyroclastics and
volcanic flows, the lattepredominantlyof rhyodacitic todacitic composition. Minor volcaglastic

sedimentary units occuhroughout the sequence, but are more common near the contact with the
overlying Barstow FormationAge dates by various authors suggest the bulk of the Pickhandle

Formation was deposited by 19 ma (Singleton and Gans, 2008ver a series of dacite da@s near

the southeast end of the Calico Mountains have yielded ages as young as 16.8 ma (Singleton and Gans,
2008)indicaingthat the waning stages of Pickhandle volcanism may be coeval with deposition of the
overlying Barstow Formation.

TheMid-late Mioene Barstow Formation overlies the Pickhandle volcanics, the basal contact marked by
transition from volcanics to sedimentary rockghile manyresearchers havarguedthat Barstow
sedimentation began at 17 m(&lazner et. al., 2002jeld relationshipsuggest there is overlap

between Pickhandle volcanism and Barstow deposition; the later beginning, perhaps, as early as 18 ma.
The Barstow Formation was deposited in the easst trending fault-controlledbasin(Dokka, 1979).
Thickness ranges from 2400efiein the northwest part of the basin to 1200 feietthe Alvord Mountains
(Dibblee, 1980). Lithologically, the Barstow consists of a wide array of sediment types reflecting
deposition in a shallow lake, tributasgreamsystems and alluvial fans. In thaliCo Mountainsa

gradual upward coarsening can be observed with rocks grading from calcareous mudstones and
sandstones to conglomeratelsnpure limestonesvith thicknesses ranging from fractionsinthes to a

few feetare locally present at the base of the Barstow Formatidhe Barstow is the second major ore

host within the district. The ore occurs as disseminated grains and randwiahted stockwork veilets

in permeable siltstones and sandstones

McCulloh (195palsomapped local outcrops of unconsolidated gravels in major drainages along the
southernflank of the Calico Mountains. The term Yermo Formation has been loosely applied to the
gravels and aPlio-Pliestocene age assigned.

Structure

The central Mojavéas beercomplexy deformed. PreCenozoic structural events have been largely
overprinted byCenozoic extensioanddextral shearEarly Mi@ene detachment and extension
generally precedethe right-sliptectonics related to the North AmericaRacificplate boundary
However, Glazner et.al., (2002) point out thiating and magitude of these events areontroversial.



Emplacement of silveparite mineralization is directly related &t least one, and perhaps botbf
these episodes of deformation.

The Waterman Hills detachment fawig. 3) juxtaposesCenozoiwolcanic and sedimentary rocks in the
hanging waland mylonitic basement rocks in the footwalliming and extendf extersion isopen to
guestion Dokka (198) arguesthat extension occuled alongan eastwestzoneacrosshe entire

Mojave, whileGlazner et al. (2002) suggest that extension was confined tekan2bide belt centered
acrossthe central MojaveGlazner et al(1989 propose 4@60 km of northeastransportfor upper

plate rocks however field observations do ntgnd to support this magnitude of movemenAvailable
evidenceindicates that the majority ofdetachmentoccurred between 2and 19 M Singleton and
Gans, 2008 However, emplacement of a seriesd#cite domes at the southeast edge of the Calico
Mountainssuggestshat extension may haveontinued untilas recently as 16.5 ma.
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Figure3. Generalized geologic map of the central Mojave (modified from Singleton and25883,

Neogene sike-slip faultingalong the Calico and Harper Lake faalipears to postate extension inhe
centralMojave.These faults are a part of a larger set ofthwest-trending rightlateral faultsthat
accommodate plate motion between the Bcific and North American plates (Dokka and Travis, 1990b).
While thecumulative detal shear across the region is on the order of B km (Dokka and Travis,
1990a) the total shear across the Calico and Harper Lake faults is probably mudteldgsudies
LINELI2ZASR mnQa 2F {(Af 2YS(S WHobleeT988IDEKKSR3), Hiit Ndtdher f 2 y 3
(1986) and more recently Singleton and Gans (2008) suggest no more than three kilometers of right
slip. The onset of transform motion is @ntain, butBartiey et al.(1990 believe it may have begun as
early as 19 ma. If so, thisould necessitatsome overlap with detachment. Rigslip motion

continues to the present as the foaf someaftershockdrom the 1992 Landers earthquake haveemn
located along the Calico fault
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Local Mogene shortening in theentralMojave has been attributed taones otranspression along
northweststriking dextral faults (e.g., Dibblee, 1980b, 1994), or regional rewtith contraction
(Bartley et al., 1990 he shortening commonly manifests itself as a series ofwast trending folds in
lacustrine/fluvial sedimenta rocks of the Miocene Barstow Formation, such as those exposed in the
Calico Ghost Town parking I@tarman, 198). The magnitude of shortening remented by these folds
is not well documented, and the timing is @mtain. Tarman and Thompson (1988pae that much of
the folding occurred as a consequence of transpressiod Singleton and Gans (2008) state that a
releasing bend in the Calico fault hemusedhe folding. Jessey and Yamashiro (1988) suggest that
transpression was also responsible &eversefault 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 cdverse movement (north side up).

Silver-Barite Minerali zation

Occurrence
CalicoDistrict

The bulk of silver production from the central Mojave has come from the Calico District and much of
that from mines within or near Wall Street Canydfpigenetic silveibarite veins occur within thé&arly
MiocenePickhandle Formation (upper platedférman Hillsletachment fault). The Pickhandle is
comprised of flows of dacite to rhyodacite composition, associated tuffs, and volcanic breccias. All barite
mineralization is localized within northwest trending (N2&°W) faults which crosscut thgently
dippingvolcanics at steep angle®ffset along fault planes is small, generally less than a few meters
Veins dip generally to southwest, but those in the northern portion of the district often dip to the
northeast. Tks led Dibblee (1970) to propose that the Calico Mountain block@thweststriking
anticline Mineralization has been depositedthin open space ands abrecciafilling. Barite crystals

are euhedral, and often one centimeter or more in length. Imgneeins the barite has been brecciated
and the interstices filled by iron oxidémagnetite and hematitednd sulfidesThe near surface, oxidized
portion of the veins yieldedrabolite, the main ore mineralwith lesser cerargyrite and native silvét
depth, the primary sulfide mineralization wakeemedtoo low grade to beeconomic

Threevein typeshave beerrecognizedvith gradations between atypes(Jessey, 195. Monomineralic
veins of white barit€Fig. 4ajacking any alteration are rareccurring generallyo the northwest of
Wall Street CanyanThese veins represent the earliest stage of mineralization.

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

hematite and magnesium oxides fillitige intersticesare nore common(Fig. 4b). These veins

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

Also common aréblackmatrix" veinscomprisedof brecciatedand partiallyreplacedbarite fragments
in a matrix of iron and manganese oxides and sulfiffs 4c and 4dMagnetite occurs locally, with
partial to total alteration to hematite. A variety ohdifferentiatedmanganese oxidspeciesare also
present.Sulfides arearer. They consist ofpyrite and galenavith trace chalcopyrite and tennantite.
Silver assays as high as 1100 ounces per ton have been reported5 lmzt/8on is closer to the norm.
The silveibearing specieis uncertain.Samples of high grade silverewere examined and found to



contain a high proportion of galena suggesting argentiferous gat@veever,others contained
acanthite andhative silver.

(c) (d)

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

gray).

Propylitic alteration (chlorite+calcitexepidote) is the most pervasive and readily recognizable form of
alteration in thedistrict. Unfortunately, the alteration is widespreaahd often not proximal to barite

veins Silicification, consisting of firgrained chalcedony and jasperoid is more closely associated with
the silverbarite mineralizationPayne and Glass (198d¥soreport hydrothermal alteration of

amphibole to celadoniteLocal kaolinization is present in host rocks containing phenocrysts of
plagioclase.

Oxidized barite veins are thought to represent the supergene equivalent of the black matrix barite veins.
They are eali recognized by the brick red alteration adjacent to and intimately associated with the
barite. The alteration consists of jasperoid a®tondaryfine-grained hematite. Most primary sulfides

have been replaced, with only occasional, heavily corrodedtepemaining. Galena has altered to
cerrusite. Magnetite has been replaced and pseudomorphesopndaryhematite. Secondary silver
minerals, particularly embolite and cerargyrite are present in some veins but absent in others. Silver
gradesfor the oxdized veins of Wall Street Canyaere quite high, exceeding 10 oz./ton



