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Q al Alluvial deposits undifferentiated Includes pedim ent talus
aprons, gravel accum ulations in dry w ash es and vegetated

playa lake deposits.

See accom panying text for references and 
descriptions of structure and stratigraph y.

Symbology (per FG DC-ST D-013-2006)

Syncline  Solid w h ere certain and location accurate.M
Anticline  Solid w h ere certain and location accurate.F

Thrust fault  Solid w h ere certain and location accurate. 
Saw teeth  on upper plate.
# # # # # # # #

Fault  Solid w h ere certain and location accurate,
sh ort-dash ed w h ere inferred. Ball on dow nth row n side.
:

Contact  Solid w h ere certain and location accurate,
sh ort-dash ed w h ere inferred.
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P ar Reef facies O ccurs as cliff-form ing outcrops in th e
cores of synclines in th e south ern part of th e m ap area

and at h igh  elevations in th e north ern part. Bedding is generally
m assive w ith  internal 1- to 5-cm -th ick lenticular and undulatory
depositional units. T h e fossil com ponent is generally greater th an
30%, and includes abundant and pervasive brach iopods, crinoids,
gastropods, and sponges(?) th at act as a fram ew ork for m icritic
m ud. T h e sponge-like biota are 2–3 cm  in diam eter, approxim ately
10–20 cm  long, and locally contain h ollow  centers. T h ey com m only
branch  into tw o tubes in an upw ard direction. T h ey occur both
norm al to bedding in a grow th  position, and parallel to bedding.
Local accum ulations of colony corals and bryozoans also occur but
are not com m on. Crinoid stem  fragm ents are locally abundant and
range up to 2 cm  in diam eter. None of th e fossils sh ow  preferential
orientations from  current rew orking. Cream  to buff or tan on
w eath ered surfaces, cream , tan, or ligh t gray on fresh  surfaces.
T h e base of th e unit lies conform ably on th e P latform  facies (P ap).
T h e unit is th e h igh est P aleozoic strata exposed in th e area so its
total th ickness is unknow n because of erosion; its m inim um
th ickness is 1200 m .

Arcturus Formation (Permian)

P af Fore-reef facies Distributed extensively th rough out th e
north ern h alf of th e m ap area; does not occur in th e

South  w h ere unit P ar lies directly above unit P ap.  Recessive unit
of lam inated to th in-bedded calcarenite and sandy lim estone.
Consists of 1- to 3-cm -th ick beds w ith  lam inated m ud parting
surfaces. Beds are generally planar but locally include
unidirectional asym m etric current ripples. Straigh t-sh elled
nautiloids are strongly current oriented in south erly exposures and
random ly oriented to th e north . T h e clastic com ponent com prises
w ell-rounded terrigenous, carbonate-cem ented quartz sand w ith  a
grain size of 80 to 120 m icrom eters. Basal part of unit contains a
distinctive biological population th at I used to identify th e unit
regionally. It contains w ell preserved pseudoplanispiral gastropods
(Amphiscapha?), orth ostroph ic type conispiral gastropods
(Murchisonia?), straigh t-sh elled nautiloids (Michelinoceroidia?),
am m onoids (Goniatites?), and brach iopods. In south erly exposures
th ey occur as localized th in bioclastic debris flow s scattered
interm ittently th rough  a th in-bedded to lam inated lim estone
sequence; to th e north  th ey occur at th e sam e lith ostratigraph ic
level but are m ore evenly scattered in lam inated and th in-bedded
lim e m ud.

Medium  to ligh t brow n or yellow ish  brow n on w eath ered surfaces,
m edium  brow n to ligh t gray on fresh  surfaces. U nit h as a m inim um
th ickness of 500 m . Its base is gradational, and is best defined by
th e last occurrence of m assive m icrite beds of unit P ap. T h e top is
everyw h ere tectonic; altered P ap lim estone occurs as th rust sh eets
th at term inate th e top of unit P af.

P at2 Upper transitional facies T h is unit is present only in
th e north ern part of th e m ap area; w h ere present it is not

everyw h ere m apped as a distinct facies due to a lack of adequate
exposure. W h ere not separately m apped it is included as th e basal
part of unit P af. Moderately recessive unit com posed of lith ologies
interm ediate betw een th e fore-reef facies (P af) and th e platform
facies (P ap), including carbonate-cem ented quartz sandstone,
bioclastic lim estone, and m assive m icrite; m assive m icrite stands
out in strong relief; th e calcarenite is recessive.  U nit progresses
from  m edium  to th ick beds of m assive m icrite separated by th in-
bedded sandy partings at th e base system atically upw ard to
entirely th in-bedded calcarenite. T h e unit typically does not contain
fossils except local accum ulations of crinoid stem  fragm ents.
Color is variable: th e m assive m icrite beds are ligh t to m edium
gray on fresh  and w eath ered surfaces; th e calcarenite is generally
pastel brow n to ligh t tan on w eath ered surfaces and m edium  to
ligh t gray-brow n on fresh  surfaces. T h e low er contact is sh arp and
is based on th e first occurrence of calcarenite beds betw een
m assive m icrite beds; th e upper contact is gradational over 30 to
50 m  and is based on th e last occurrence of m assive m icrite beds.
T h e unit ranges from  0- to 100-m -th ick.

VOLCANIC ROCKS

T b Mafic lavas (Tertiary) O ccurs only in th e north ern h alf of
th e m ap area in a relict w est-north w est-trending graben.

W ell-exposed, cliff-form ing basaltic lavas. G roundm ass is
m icrocrystalline to glassy. Euh edral plagioclase lath s up to 1 cm  long
and subordinate subh edral to euh edral pyroxene com prise th e
ph enocryst population. Brow n to reddish  brow n on w eath ered surfaces,
dark ch arcoal gray to black on fresh  surfaces. Lies unconform ably on
P aleozoic rocks and disconform ably on gravels of unit T g. Represents
th e youngest unit in th e m apped area; over 500 m  th ickness
rem ains preserved.

T r Silicic vent (Tertiary) O ccurs only in th e SW ¼  Section 24,
T 22N, R59E. Recessive, non-outcropping unit consisting of

angular fragm ents of altered P aleozoic rock in a groundm ass of rock-
flour, sh attered euh edral quartz crystals and subordinate broken biotite
euh edra. Form s anom alously w h ite clay-rich  soil. V ent is entirely
crosscutting, and apparently did not develop an effusive carapace.

SEDIMENTARY ROCKS

T g Unlithified Tertiary sediments Restricted to a sm all part of
a relict w est-north w est-trending graben in th e north ern part

of th e m apped area. Includes recessive, unconsolidated fluvial and
colluvial accum ulations of gravel derived dom inantly from  a local
P aleozoic source terrain. T h e unit is Eocene or older because it occurs
below  39-Ma m afic lava flow s (date from  C. Nutt, personal com m un.).
W h ere fluvial, sedim ents include locally derived lith ologies th at range
from  sand fraction to m oderately w ell-rounded 0.5-m -diam eter clasts.
Most of th e clasts are in th e size range of 20 to 30 cm . T h e colluvial
gravels are derived from  th e sam e source terrain; th ey are unsorted,
non-rounded, and form  plateaus of fanglom erate th at can be
distinguish ed from  presently form ing Q uaternary fanglom erate by th eir
deeply dissected geom orph ic signature and th eir stratigraph ic position
below  th e lavas.

P at1 Lower transitional facies O ccurs in abundance in
north ern th ird of McBrides Sh eep W ell Q uadrangle and

to north ; pinch es out to south . Recessive unit w ith  sim ilar lith ologies
to unit P at2: th in- to m edium -bedded calcarenite, carbonate-
cem ented fine-grained quartz sandstone, and th in-bedded to
lam inated lim estone. Contains locally extensive accum ulations of
crinoidal lim estone. W h ere present, th e crinoids form  over 80% of
th e rock; individual stem  fragm ents range in diam eter to over 3 cm ,
w h ich  m akes th is unit distinct from  oth er crinoidal lim estones in th e
section. G enerally ligh t-brow n to yellow  on w eath ered surfaces and
m edium -brow n to m edium -gray on fresh  surfaces. T h e crinoidal
lim estone is typically ligh t gray on both  w eath ered and fresh
surfaces. T h ickness ranges from  0 to over 600 m . Its base is
gradational (com m only indistinguish able) w ith  th e underlying Rib
Hill Sandstone; th e top contact is sh arp w ith  th e overlying P ap unit.
Much  of th e th icker parts of unit P at1sh ow  lateral facies transitions
into th e th ick-bedded carbonates of P ap, w h ich  is w h y I include it in
th e Arcturus Form ation.

P r Rib Hill Sandstone (Permian, Leonardian?) O ccurs
interm ittently th rough out m ap area, but generally th ickens and

is m ore abundant to north . Recessive, talus-form ing unit of th in- to
m edium -bedded calcite-cem ented sandstone. Com posed of rounded
quartz sand grains w ith  a uniform  80–120 m icron size. U nit consists of
am algam ated beds th at are generally m assive but locally sh ow  internal
planar lam inations and asym m etric current ripples. Fossils are generally
absent, th ough  som e locations in th e north ern part of th e McBrides
Sh eep W ell Q uadrangle h ave a basal crinoidal lim estone, w h ich
presents difficulty in separating th is unit from  P at1. Color varies betw een
h em atitic red, yellow  och re, and pastel brow n on w eath ered surfaces; it
is m edium  brow n to brow n gray on fresh  surfaces. Lies disconform ably
above th e Ely Lim estone. T h e basal contact is sh arp; th e top contact is
sh arp w h ere overlain by unit P ap, but is gradational w h ere overlain by
unit P at1. I use th e first occurrence of bioclastic lim estone beds to define
th e overlying base of th e unit P at1. T h icknesses vary from  non-
deposition to ±100 m . T h e large th icknesses described by Hose and
Blake (1976) are derived from  th eir inclusion of m y P at1 unit into th eir
Rib Hill.

ep Platform facies (Desmoinesian?) O ccurs th rough out
th e m ap area. Bold, outcrop-form ing unit of m edium  to

th ick, planar-bedded  m icritic lim estone th at form s a distinctive
ledge-and-slope topograph y. Micrite beds are generally th ick to
am algam ated and do not sh ow  sedim entary textures except for
local planar lam inations. Contains abundant and distinctive
concentrations of ch ert. T h e ch ert is bedding parallel, generally
displays irregular and diffuse upper and low er m argins, averages
2–5 cm  th ick, and represents up to 30% of m ost outcrops. I used
th e presence of significant ch ert to distinguish  th is unit from  th e
platform  carbonates of unit P ap. Contains a sparse fossil
population of h igh ly fragm ented crinoid stem s, brach iopods, and
locally, corals and fusulinids. Medium  to ligh t gray on w eath ered
surfaces, m edium  gray to locally dark gray on fresh  surfaces. T h e
low er contact w ith  th e Diam ond P eak Form ation is gradational over
less th an 10 m ; th e upper contact is an erosional surface, above
w h ich  is eith er th e Rib Hill Sandstone or th e platform  facies of th e
Arcturus Form ation (P ap). An intraform ational breccia occurs w ith in
th e Ely w h ere th e Rib Hill Sandstone is not present. T h ickness of
th e unit varies greatly from  300 m  to m ore th an 800 m .

Ely Limestone (Pennsylvanian)

er Reef facies O ccurrence is restricted to th e north ern
part of th e McBrides Sh eep W ell Q uadrangle.  Bold, cliff-

form ing lim estone unit th at is lith ologically sim ilar in m ost respects
w ith  th e platform  facies. Differences include a greater diversity and
abundance of fossils, and a significantly greater bed th ickness. T h e
fossils, som e of w h ich  are in th eir grow th  position, include an
abundance of brach iopods, bryozoans, corals, sponges(?), and
crinoids. T h e low er contact w ith  th e Diam ond P eak Form ation is
gradational over less th an 10 m ; th e upper contact is sh arp w ith  th e
P at1transitional facies.  T h ickness of th e unit is at least 800 m .

Mdp Diamond Peak Formation (Mississippian) O ccurs in th e
footh ills along th e w est flank of th e Butte Range. Represents

low est exposed unit in m ap area. Com posed of tw o subfacies th at w ere
not m apped separately. Sand/silt facies is generally m ore recessive
th an th e conglom erate facies; both  stand out locally w ith  good outcrop.
T h e base of th e unit is not exposed; th e top is gradational over 10 m  or
less to th e Ely Lim estone. T h e gradation is m arked by a system atic
increase in strongly crossbedded and resedim ented clastic carbonate
beds w ith in siliciclastic detrital beds, th ence to prim ary carbonate beds
of th e Ely. T h e conglom erates consist of w ell rounded pebble to cobble
size quartzite and ch ert fragm ents in a fine-sand to m ud m atrix. T h e
conglom erate occurs as lenses w ith in finer grained m aterial and as
am algam ated lenses. Most depositional units sh ow  eith er reverse or
bidirectional grading.  T h e sandstones consist of m edium - to coarse-
grained quartz sand w ith  local pebbles of quartzite, ch ert, and locally,
fossilized w ood fragm ents. Asym m etric current ripples are th e dom inant
bedform  w h ere present, but m ost of th e unit is planar lam inated.
Several m easurem ents of th e current ripples indicate a transport
direction of S20°–30°W  (Sh allow  w ell area, Sunsh ine W ell
NW  Q uadrangle).

Shoreline cliff  Solid w h ere certain and location accurate, 
dash ed w h ere inferred; queried if identity or existence 
uncertain. Hach ures point dow n cliff.

?

Intensely developed breccia G enerally associated w ith
th rust faults, and h osted by strongly altered platform

carbonate of unit P ap.
##

#

#

# #

#

###

#
#

#

#
#

Fracture cleavage
40ÈInclined

Strike and dip of beds
80sO verturned45o Inclined

ALTERATION

Stratabound dolomitization, silicification,
recrystallization and bleaching O ccurs w ith in th e platform

carbonate of unit P ap. T exture destructive; alteration h as destroyed
features and h as m asked all bed form s. Restricted to south ern h alf of
m apped area. Silicification and bleach ing overprints th e dolom ite and is
spatially associated w ith  th rust faults. T h e m ost intensely developed
portions generally occur in th e brecciated h anging w alls of th e larger
displacem ent faults and is strongest near th e base of individual th rust
sh eets. T h e silicification is ch alcedonic and bedding controlled, th ough
crosscutting replacem ent veins are generally present. W h ere bedding is
th e prim ary control, th e ch alcedony follow s bedding precisely;
intervening nonsilicified beds are com posed of coarsely crystalline
dolom ite. W h ere discordant to bedding th e quartz alw ays cuts th e
dolom ite. U naltered and unconsolidated gravels of unit T g occur as a
ch annel-filling sequence th at w as cut into th e altered carbonate strata,
dem onstrating th at alteration is older th an 39 Ma.
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Fusulinid

Gastropod

Brachiopod

Crinoid

Base m ap: Adapted from  U .S. G eological Survey Cabin Spring, 
Dickenson W ell, McBrides Sh eep W ell 7.5' quadrangles
P rojection: U niversal T ransverse Mercator, 
Zone 11, North  Am erican Datum  1927 (m )

P ap Platform facies O ccurs th rough out th e m ap area but is
best exposed in th e m iddle to north ern part of th e area.

Cliff-form ing unit of m edium - to th ick-bedded or m assive m icrite.
Beds are generally m assive and sh ow  no bed form s. Locally
includes concentrations of 200- to 300-m icrom eter quartz sand
grains floating in a carbonate m atrix, but is oth erw ise strictly m icrite
or a recrystallized equivalent. Local accum ulations of th in- to
m edium -bedded carbonate-m atrix, graded conglom eratic turbidites
occur in th e upper h alf of th e unit. Clasts in th e conglom erates are
com posed m ostly of quartzite and ch ert; th ey are w ell rounded and
range up to 2 cm  in diam eter. Much  of th e original rock texture is
destroyed by partial to total dolom itization. T h e dolom itic parts of
th e unit form  h igh ly resistant, w h ite to very ligh t gray outcrops. T h e
distribution of dolom ite w as not m apped due to m asking by later
epigenetic silicification. Contains a sparse and h igh ly fragm ented
fossil population locally, including fusulinids, brach iopods and
crinoid stem s. T h e fusulinids are generally restricted to near th e top
of th e unit. T h e base of th e unit is sh arp, defined by th e last
occurrence of Rib Hill-type sands. T h e upper contact is defined by
th e first occurrence of th in-bedded calcarenite of P at2or P af. T h e
unit is present th rough out th e m apped area and ranges from  200 m
to over 500 m  th ick. It lies conform ably on th e Rib Hill Sandstone or
th e P at1 transitional facies; locally it interfingers w ith  th e P at1
transitional unit.  W h ere P r and P at1 are not present, P ap lies
disconform ably on th e Ely lim estone and is separated by a 20- to
30-m -th ick intraform ational breccia.


