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Mj According to the Geology and Mineral Resources of White Pine County (hereafter referred to as the County Report), Mj is 45 to 75 m thick in the White Pine Mountains (Hose and Blake, 1976).  Although the basal and upper 
 contacts of Mj are obscured by colluvium in the map area, we estimate a thickness of 60 to 120m. Mj can be delineated into three separate members.  The lower member (Mjl) is comprised of brecciated, grey, crynoidal 
 grainstones and wackestones  with abundant red to black, biogenic chert stringers (1-3 cm thick) and nodules following bedding planes and joints. Mjl may also be permeated by  calcite veins.  The middle member (Mjm) 
 is a thick bedded,  large ledge former containing distinctively large crinoid stems. Fresh surfaces are dark gray in color and weather  to yellow, angular to sub-angular, 3 to 20 cm clasts. Bedding in Mjl and Mjm can be 
 determined by graded Crinoid beds  and 2 to 5 cm black chert stringers along bedding planes.  The upper member (Mju) is a thin-bedded (2-5 cm),  platy carbonate mudstone that forms slopes with few outcrops and 
 contains abundant  2 to 4 mm white burrow trace fossils. These trace fossils are especially useful when distinguishing Mj from other limestone formations in the area.  The thin-bedded Mju weathers to platy, lavender-
 colored  �oat.  The upper 10 to 20 meters of Mj is hydrothermally  altered to jasperoid (Tj).  Tj is a dark red to yellow or grey siliceous rock forming highly fractured and brecciated ledges.  Fresh fractures  in Mj have a 
 distinctive hydrocarbon aroma.   Fossils within Mj include small to thumb size crynoid stems, brachiopods, bryozoans (Fenstellsa), echinoderm fragments, and trace fossils. Mj was deposited in a �uctuating shallow 
 marine intertidal and shallow shelf environment during the Mississipian. Mj is genetically similar to IPe, Pr, and Pa.

Mc Three clastic sedimentary facies are mapped as Mc: cherty conglomerate,  medium to coarse grained siliceous sandstone, and platy calcareous siltstone.  According to the County Report, thickness of Mc ranges from 300 to 
 900 m thick. Mc conglomerates consist of rounded to sub-rounded, yellow and red chert  gravels and cobbles in a dark red to yellow matrix  of smaller clasts and authigenic  cement.  Mc sandstone lithology  is highly 
 variable depending on the location and includes quartz and lithic sandstones.  Sands are typically yellow to red, sub-rounded to rounded, and well sorted. Coarse grained sandstones are typically  thick-bedded (0.5-1.0 m), 
 normally graded, and have distinctive cross-bedding structures.   Mc platy siltstones consist of well-sorted and slightly calcareous silt and very �ne sand that is permeated with concentric weathering bands  of iron.  On the 
 geologic map, these three facies are di�erentiated with unique stipple patterns. Chainman formation sediments were shed from the Antler allochthon and deposited in a foreland basin during the Mississipian. The eastern 
 part of the basin consists of mostly shale and platy siltstones, while the western part of the basin consists of mostly coarse sandstones and conglomerates.  Facies changes re�ect the morphology of submarine fans and 
 fan valleys within the foreland basin.

IPe IPe is 425 m thick in this mapping area. IPe includes  a 2 to 5 meter thick ledge- forming member of massive grey limestone and a 50 to 100 m thick slope-forming member of platy, medium grey, very �ne grained  limestone.  
 These alternating members form cli� and bench topography.  IPe ledges consist of medium grey grainstone in a carbonate mud matrix with abundant 6 to 10 cm thick, black to dark red chert stringers and nodules . 
 IPe slopes consist of �oat with well rounded quartz grains in a carbonate mudstone that weather orange.  The base of IPe is a thin, cross bedded, crinoidal grainstone and packstone that  includes winged brachiopods. 
 The lower IPe has thinner ledges with Crinoid fragments on bedding planes. The upper IPe has more widely spaced  ledges.  Key fossils include Antiquitonia Hermosana,  Linoproductus, spiriferids, productids, chaetetid 
 sponges, Derbyia, and large solitary and colonial rugose corals. Additional fossils include other brachiopods, bryozoans, and crinoid stems. The rugose corals are in growth position and the crinoid stems are fragmented.  
 The IPe has 1 to 2 cm wide burrow trace fossils near the Mc contact. IPe was deposited in a shallow marine shelf environment  during the Pennsylvanian  and possibly during the Mississipian in the lower section .

Pr Pr and is 150 to 360 m thick. Formation mapping was based primarily on geomorphic evidence.  Pr forms longer slope lengths with fewer ledges compared to IPe and Pa. The 30 to 50 m thick Pr slope-forming member is a thin-
 bedded, yellowish-grey, platy  limestone with red siliceous sandstone that weathers  to a rust color. The 1 to 1.5 meter thick Pr ledge–forming member is a thick-bedded,  light gray, wackestone or grainstone that weathers 
 to light brown and yellow. The slope forming member also contains 6 to 8 cm dolomite nodules and 1 to 5 cm thick dolomite stringers.  Pr contains crinoids, colonial rugosa (Wentzella), gastropods (Plocostonia), and 
 corals. Pr was deposited in a shallow marine shelf environment during the Permian. Pr is genetically similar to IPe and Pa but with less chert and more silicic sandstone.

Pa Thickness ranges from 730 to 940 m. Pa consists of �ne to coarse  grainstones, fusulinid packstones, crinoidal  grainstones, and wackestones.  The grainstone  and packstone  outcrops are light to dark gray in color weathering  
 to light grey and yellow. Carbonate  grainstones  also consists of a mud and organic detrital matrix. A thin bedded,  yellow to grey, platy member  forms slopes. A massive, thick bedded, grey member  forms ledges  
 1 to 3 m thick. The ledges  display  a cli� and bench topography. Chert nodules and stringers are occasionally found in the ledge forming member. Although fusulinids occur  in other formations, Pa has the largest 
 concentration of these fossils which increase  in abundance to packstones  at the top of the section.  Crynoids, brachiopods, bryozoans, ammonoids, solitary and collonial rugosa are also found in Pa. Pa was deposited 
 in a shallow marine shelf depositional environment during the early Permian and is genetically similar to IPe and Pr.

Tsp
Tsp is 5 to 25 m thick. Tsp is comprised of �nely laminated and interbedded, white, tu�aceous and calcareous sandstone and mudstone.  Tsp outcrops in map area D have a waxy appearance, are dense, have conchoidal 
 fractures, and contain abundant dendrites and freshwater gastropods no larger than one cm. Tsp was laid down in a freshwater lacustrine environment during the late Cretaceous to early Eocene .

Tvt
Tvt is approximately 5 to 15 m thick. Tvt is a white to light grey air fall tu� of moderately welded, moderately sorted, �ne to coarse, sub-angular quartz and feldspar grains in a glassy matrix.  Finely laminated beds are 1 to 3 cm 
 thick with vesicles 4 mm in diameter. Beds are tabular and cross bedded.  Some outcrops in the mapping area appear to be waterlain. K/Ar and Ar40/Ar39 dates indicate Tvt  was deposited by rhyolitic volcanism during 
 the Oligocene or Miocene.

Tvi is 60 to 120 m thick. Tvi is comprised of two members of an ignimbrite cooling unit. The lower member consists of white to grey colored, poorly welded ash �ow tu� with �nely laminated beds (1 to 3 cm thick) of moderately 
 well sorted quartz and plagioclase grains that weather to grey. The welded ash �ow tu� has a glassy matrix that weathers to medium brown. The upper unit consists of reddish-brown colored, highly welded holohyaline 
 quartz and glass with linear �ammé. The ignimbrite beds are tabular.  Tvi is characterized  by its massive cli� shape and its red color. The ignimbrite cooling unit was deposited as a pyroclastic �ow that blanketed the 
 entire region during the Oligocene to Miocene. 

Tvb
Tvb is 60 to 120 m thick. Tvb consists of black, aphanitic, vesicular tholeiite with 1 to 10 mm diameter amygdular quartz and rarely 1 to 4 mm plagioclase phenocrysts.  Flow banding and �ow cleavage is preserved at the top 
 of the cone shaped outcrops south of Little Antelope Springs and west of Antelope Mountain. Flow banding cleavage produces 1 to 4 cm thick, 10 to 20 cm diameter plates. These plates often break with a columnar 
 jointing pattern and form talus slopes. The cone shaped outcrops are likely to have been �ssure eruptions related to basin and range extension during the Miocene (~20 Ma). 

Tva
Tva is approximately 15 to 20 m thick. Tva is a porphyritic andesite that consists of white, subhedral, 1 to 5 mm diameter plagioclase phenocrysts in a black holocrystaline matrix that weathers to grey. Flow cleavage forms tabular 
 clasts 2 to 5 cm thick.  The contacts are determined by a change in colluvial lithology. The great basin experienced  bimodal volcanism during the late Oligocene and Miocene related to subduction. Tertiary andesites within 
 the map area have not been studied to determine their exact age or source.

Qfo
Old fans are 3 to 20 m thick. Deposits are typically subrounded, poorly sorted, coarse-grained sediments with subordinate amounts of sand, silt, and, clay.  Soils formed on older fans typically have well developed calcic horizons 
 at depths of about 45 cm, and the oldest surfaces may have petrocalcic horizons developed at similar depths.  Burrowing animals often bring white, calcic  material to the surface.  Degree of pavement and vanish 
 development were not consistently useful criteria due to carbonate weathering properties.  Older fans also typically support a greater density of pines and juniper than young fans.  Pediment surfaces on the western slope 
 of Antelope Mountain and in Divide Springs valley are mapped as Qfo.

Qfy Younger fans typically have carbonate coatings developed on clasts at depths of 10 to 20 cm but do not have calcic or petrocalcic subsurface horizons developed.  Desert pavement is rarely found on young fan surfaces. When 
 present, pavements are less developed and varnished than on older fan surfaces. The contacts between old and young fans are typically gradational.  The contacts with active alluvium are also gradational.  These young 
 fan deposits are Holocene in age.

Qal
Active alluvium includes stream channels, stream terraces, recent debris �ow deposits, and colluvium.  The active channel is characterized by sands and subrounded gravels. Limestone, volcanic, and siliciclastic sediments are 
 all found in Qal. Qal forms gradational contacts with Qf deposits. The contact is located where the topography changes from lobate to planar. These terraces and active channels are Holocene in age.

MDp

Dg

The Pilot shale underlies the Joana limestone as a  yellow, orange, and red banded shale with platy cleavage, that breaks easily into ~1 cm slabs. There are no diagnostic fossils. Thickness varies and pinches out to the south.

The Guilmette formation is a medium light grey limestone and dolomite reef with stromatoporoids. There are corals, clam shells, replaced with calcite. There are crinoids, snails, and bryozoans.
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 Paleozoic formations mapped, all marine, include crinoidal grainstones and wackestones 
of the Joana Limestone (Mississippian), mixed siliciclastics of the Antlerland-derived Chainman 
and Diamond Peak Fms (Mississippian), carbonate mudstones, wackestones and grainstones 
of the Ely Limestone (Pennsylvanian), and carbonate mudstones (with craton-derived quartz 
silt), wackestones and grainstones of the Arcturus Fm (Permian).  Diamond Peak coarse 
clastics exhibit both graded bedding and cross-bedding.  Tertiary units include basal red 
siliciclastics interpreted as fanglomerates, succeeded by �nely laminated and interbedded 
white, tu�aceous calcareous lacustrine sandstone and mudstone of the Sheep Pass Fm.  
Younger volcanic and volcaniclastic rocks include several ignimbrites, basalt and basaltic 
andesite �ows and dikes, vitrophyre �ows and a variety of airfall tu�s, epiclastic sandstones 
and lahar-emplaced diamictites.  At least three generations of Quaternary fan deposits are 
present.
  Unconformable relations suggest that Paleozoic formations were folded prior to 
deposition of basal Tertiary sediments.  Folds trend north-south, have wavelengths of one half 
to several km, vary from open and generally upright to tight with east-vergent axial surfaces, 
and plunge moderately both to the north and south.  The tightest structures, on Antelope Mt. 
and the southern half of Joana Ridge, exhibit fault-propagation fold geometry with overturning 
to the east.  A strange mesa (E�n Mesa), at the north end of Joanna Ridge, exhibits excellent 
fault-bend fold geometry with east-west trending cross faults separating the two folding styles 
along the ridge.  East-northeast trending normal faults crosscut Tertiary formations, and in turn 
are crosscut by north-south trending normal (Basin & Range) faults, some of which o�set 
Quaternary fans.  On the southern �anks of Joana Ridge, dense varicolored jasperoid is 
developed along the Joana-Chainman Fm contact.  However, on E�n Mesa extensive coeval (?) 
silici�cation of �at-lying Diamond Pk. (Newark Valley sequence?) calcareous chert pebble 
conglomerate, breccia and quartzose sandstone suggests that the zone of alteration migrated 
upwards within the Chainman/Diamond Peak clastic wedge.  The fault-bend fold geometry of the 
mesa suggests that here a decollment is stepping up from a deeper horizon to the Pilot Shale, 
which stratigraphically underlies the Joana Limestone.
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