TIIE BIRD SPRING GROUP, CIIESTERIAN THROUGH
WOLICAMPIAN, AT ARROW CANYON, ARROW
CANYON RANGE, CLARK COUNTY, NEVADA
¥. A M. LANGENHEIM AND R, L, LANGENHEIM, JR.

01 W. Vermont, Urbana, ond tniversity of Hilnods, Trano

AngTRACT. — Approximately 3500 feot
of Chesterian (irovgh Wolfecampian rock
eXposed in Arrow Canyon are assigned
Lo the Bird Spring Group. At this lo-
cality the group comprises five unitg of
formational rank: The Baltleship Wash
Formation-—80 fect of cliff-forming lime-
stone of Chesterian age, the BSh nunit—
240 fect ol shale and sandy limestone of
probable Springeran ago, the BSe unit—-
2200 feet of limestone and chorty lime-
sione of Springeran (7)) through Mis-
souring age, the BEd anit—320 fect of
interhedded limestone and shaly linte-
stono of Miggourian, Virgilian and Wolf-
campian age, and the BSe unit- -530
keet of dolomite and limestone of Wolf-
campian ago.

The Tollowing deseription ol the
liate Paleozole eyelie Timestone se-
guence at Arvrow Canyon is part of
a eontinuing project Lo Turnish a
reference gection for Tate Camnbrian
through Permian rocks in the gouth-
arn part of the Cordilleran miogeo-
svneline, Delatled deseription of the
entive Bird Spring Groop exposed
i this [ocality should provide a use-
ful datum for investigators consider-
ing regional Late Paleozoie strati-
eraphy and eslablish stratigraphic
relationships of previously deseribed
invertebrate fossils  (MeCuteheon
and Wilson, 1961, 1963; Wilson,
1963; Wilson, Wainey and Cooean.
1963),

Arrow  Canyon is  superposed
across Lthe northern end of the Ar-
row Canyon Range approximately
30 miles N. E. of Las Vegasg, Nevada
{Iig. 1}. Certain strata well-ex-
posetl in the wals of this canyon
range i age Trom Late Mississippian

to Permian and have been placed
within the Bird Spring Group.

Procedure. — Stratigraphie see-
tiong wrre measured by tape and
compass and traverse data were To-
duced to stratigraphie thickness with
the aid of Mandelbaym and San-
ford’s (1952} tables. Representative
sumples were collocted from each
separately deseribed hed and feld
deseriptions arc supplemenied by
study of puolished sz2etions and in-
soluble residues. Seleeted fusulinids
have been identified for stratigraphic
contrel and only a few of 1he more
prominent or stratigraphically sig-
nifieant larger Invertebrates have
been stndied.

STRATIGRATIIY

Frevwous Work. - - Spurr (1803
first reported Carboniferous roeks
at ihe northern end of the Arrow
Canyon Range, but referred io the
mountaing as the Meadow Valley
Range. Longwall (1928, 1049, 1952}
briefly mentioned these rocks, but
noted in particular the exeellent ex-
posares in Arrow (Canyon., Tater,
Bowyer, IPampsyan and Longwell
(19281 showed the distribution of
Pennsylvanian and Permian rocks
on a geologie map of (Mark Coun-
Ly, Stratigraphic studies by Bissell
(1962b, ) refer to, but do noi de-
sertbe sections in the Arrow Canyon
Range. Brill (1963, Wiz 14) pre-
gented a generalized columnar see-
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tion of the strata In question and a
short discussion of their aspeet and
fauna, Coogan (1964} has provided
a more detailed deseription of the
Chesterian through mid-Atokan por-
tion of the sequence. Other pertinent
gtudies have been reported by Lang-
enheim et al, 196823, MeCutcheon
and Wilsonn (19613, Wilson, Waines
and Coogan (19637, and, in unpub-
lished theses, by Daley (1957),
Welsh (19589), Coogan (1962) and
V. A. M. Langenheim {1964),

Strutigraphic  Nomenclafure, —-

Tongwell {1921, 1928  deseribed
. w1 L4 3 . B L4 Fa N
Pennsylvanian &nd  Poermian rocks

in the Muddy Mountains, and as-
signed them to the Callville Thme-
stone, whereas Glock (1929) em-
ploved the namsz, “Bird Spring’,

for similar vocks in the Spring
Mountaing. laler, the Bird Spring

Formation was described by Hewett
(1931 1n greater detail. These Tor-
mation concepts, ag crvectod, distin-
guish strata between the cliff-form-
ing Missisgipplar rocks ol the region
and redbeds identified ag the
“Supai’’ Formation (e 230 Al
though the Callville concepl enjoys
priority, we prefer fo refer the Ar-
row Clanyon rocks to the Bird Spring
Formation because Ifs original de-
seripbion i more eomplete, becavse
there are no donbis concerning the
procige limits of itg application in
the type area, and hecanse it has
been employed by most workers In
ihe arca.

Tn addition to these two forma-
tionul coneepts, applicable to the en-
tire sequence, several less Inclusive
units have been proposed. Longwell
(1921, 1928 defined as the Lue
Point Limestone a eliff-formine lime-
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stone eontuining a ' ‘Drazer fauna’’.
This unil incorporates beds hetween
the overlying Callville Limestone
and the Lower Miss'ssippian Rogers
Spring Limesione, bul was mapped
hy Longwell as part of an undivided
sequenee with the Rogers Spring
Limestone. Tongwell (personal com-
munieation, 1933) has since sug-
eeated that the Blue ’oint Timestone
ay bhe cqnivalent to some part of
the Indian Springs Member of the
Bird Spring Formation., HExamina-
tion of sectiony in the Muddy Moun-
taing (Langenheim, 19536}, however,
failed Lo locate fossils clearly iden-
tical 1o those reported by Lonzwell,
and Twonewell’s orizinal collections
appear to have beer lost or mislaid
in the eolleetions of the T7. 8. Geolog-
teal Survey., As a consequenee, the
Bluepoint Limestons eonld possibly
be correlaled with either the Indian
Aprings Member or with the upper-
most Monte Criste Formation of
most authors,

Lengwell and Dunbar (1936) ree-
oonized a Chesterian faunal assem-
blage in the lowermost, shaly por-
tien of the 3ird Spring Formation
in the type area. Om this basis, they
asgigned theso roeks to what thoy
called the Indian Springs Memher
of the Bird Spring Formation. The
name, “‘lndian 8prings,”’ however,
is preccenpicd by the Tndian Spring
Hhale and the Indian S3pring Ted-
beds, Silurian of Marvland (Swartz,
1923) and by the Indian Springs
Shale, Chesterian of Indiana (Aalott
and Thowmpson, 1920%. We recom-
mend abandonment, therefore, of the
rame, ““Indian Springs™, for the
Chesterian, lowermost member of the
Bird Spring Formation of southern
Nevada.
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Perinian roeks, originally ineluded
in the Callville Limestone or Bird
Hpring Formation, have been assign-
ad by certain investigators to sep-
arate formational units, MeNair
{1951) has defined the Pakoon For-
mation as consisting of dolomitice,
Permian rocks, formerly included in
the Callville IPormation, ceropping
out n northwes crn Arivona and ad-
jacent arcas. The Spring Mountain
Formation, defined by Bissell
(14620, ), includes Wolfeampian
and Leonardian rocks formerly in-
eluded in the Bird Spring Forma-
tion.

Welsh’s (1959} more claborate
classifieation includes separate Penn-
sylvanian and DPermian formations
in hotlh a2 basinal and platform
facies within (lark County. The
Callville and Pakoon Kormations, in
the sense of MeNair (1951), are
recognized as the platform fagies,
the Bird Spring Formation 1g re-
stricted to Perwsylvanian rocks in
ihe basinal facies and a new forma-
tion, the Apex Formation, is pro-

posed for [Permian rocks in the
baginal facles.
We  (Langenheln et al, 1862

Langenheim, V. A, M., 1964) have
subdivided the Bird Spring Forma-
tion inte locally useful units, BSa
through BSe. The BHa unit is of
the proper lithology, age, and strati-
graphic position for assignment to
the Blue Point Lawmestone, but lhe
lagter was mnot alequately defined
and definite corrclallon appenrs to
be impossible. The BSa and LBSb
units together probably constitute
the ““Indian Springs Member'’ as
deseribed by Longwell and Dunbar
{19363, Doubt remaing, however, as
to whether the tops of the 1BSb
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nait and the Indian Springs Mem-
ber arve to be correlated. DPerhaps
a1l or part of the BS3b unit should
be more properly assigned (o the
White Pine Group in cither the
Chainman Shale or Tlamilton Can-
von Formation. The BSe and BSd
units together arve roughly equiv-
alent to the resiricted Bird Spring
Formation of Biesell (1962h, ¢) or
Welsh (19593, and the DBSe umnit
approximates the 1’akoon Forma-
tion of MeNair (1331), the Spring
Mountain  Tormaiion  of  Bissell
(1962h, ¢} or Apex FHormation of
Welsh (1961). Diferences between
the bounding lim'ts appear, how-
ever, hecanse the DPennsylvanian-
Permian boundary apparently les
within the B8d unit at a horizon not
readily  recognizable for mapping
PUrposes,

Txeept for the BSa wnit, we have
as yot not adequately demonstrated
tne other informal uniis 10 be read-
ily nseful in mapping, and, for this
reason, woe preler nof to propose
them as formational units. The 13Sa
unit, however, has a distinetive lith-
ology and serves as a nseful map
unit tlroughont its extent in the
Arrow  Canvon Quadrangle, Xor
these reasons we are formally des-
isnaling it the Bat:leship Wash For-
malion of the Bird Spring Group.

Deseriptive Stratigraphy (Figs. J,
4. - In Arrow Canyon the Bird
Spring Gronp is approximately 3500
foot thick and is almost entirvely of
limesione with the exception of one
prominent. dolomi e Interval abont
300 feet thick near the top and ap-
proximately 240 feet of predom-
inantly shaly rocks near the base.
Portions are abundantly cherty.
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Hetfleship Wash Formation, — The
basal contact will the underlying Monte
Crigto Grouvp is well exposed al the type
seation in the nortlh wall of Arrow Can-
von at the lower entrance to the deep
and narrow upper gorge. Here an irter-
hodded soguence of cherty, sandy lime-
atone and hiown-weoeathering, czlearcons
sandstone restz on thick-bodded, fine-to
medinm-egrained, sray limestone in the
Monte {Oristo Gronp. The =andstone,
thongh dizscontinuovs anl inconspicuons,
ig a4 meast nzeful feature in recognizing
the centact and iz the maost important
phyaical cvidencs of an intorruption in
depogition. Species of Faberophyllue,
nrescnt in the lowermost sandy  cnit,
algo occur in the Brazer Group of north-
arn Utaly (Duley, 1%587; Parks, 1951) and
have been  identified as  Chesterian,
whereas Lithasirofionelle sp. and othor
foggils in ihe uppermost Yellowpine
Limestone of the Monte Creigio Group
are Meramceeian or pogsibly  Osagian.
Thiag the apparent hiatus al thig con-
tact amounts 1o all or part of Mergme-
cian titme and provides further evidence
of a dizconformity.

The hasal sandstons
tyvpe section i n 4% foot interval of
interhedded sandy limestonc and eal-
carenus sandstone in beds approximalely
4 inches to 1 foot thick., Those rocks
are slabby and weather readily to form
4 bench or recntrant that iz easily over-
looked in the field hecauso of debrig de-
rived [rom rocks ahove and helow. At
Arrow Canyon, the basal member con-
taing abundant specimens of Faberophyl-
hum sp.

A middle member, wpproximately 65
feet thick at the type localily, consists
0f medium-grained. 1hick-bedded 1‘nmie-
dtone characterized by blocky jointing
and strilkingly parallel bedding. These
rocky weasther dark olive-gray in con-
trasf to Lhe lighter gray rocks ol the
Monte Cristo Group. Th addition, thesc
rocks ure apar cemented in contrast to
fhe lime-mud comented iimestone below.
Fossils are notably absent.

An  uppermost moember consigts of
ahont # lect of medium-grained lime-
wtone which weathers poarplish-gray and
is more thinly bedded than the middle
member. Bedding plane gurfaces boar
an Iintevesting association of Stigmarin
3p., zhark teeth, solilary rugose corals
and spirvilerid brachiopods.

BEB ynit. - - This unil consiats ol 243
feet of shaly rocks and characteristically
forms a prominent sirike valley or
hench., Exposures arc poor and all but

membar at the
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three feet of the unit are covered on the
line of the traverse. Secailered cutcrops
show that, although black and red shale
ig prominent in thoe covered gegucnee,
argillaceons limestone and caleareous
sandstone probally are as abundant. Bed
2, a characteristic limeglone, is fine-
grained, and weathers vrusty. It has ap-
proximately 5% inanluble rezidue, chict-
1y fine sand and silt and contains the
gaime brachiopod fannya as that oceurring
in the bassl parvt of the Bde unit.

B&o wnit, — Strata agzregating about
2200 feet in the Arrow Clanyon section
vonstilule thig heterogeneous unit dom-
inated by different kinds of limestone
gorme of which are chorty. These rocks,
Lagether with ghale and sandstone, ocour
in what iz regarded to be a cyelical allere-
nation.

RBeds i through 8, 285 feet thick, arc
compozed chiefly of fine-grained, pgray
limestone which weathery gray to rudily.
Silicified fossils are locally abundant and
the following brachiopods arve especially
prominent: Hchizophorie fewand, Pune-
tospivifer campestriz, Spirifer occiduus,
and Astiguafonie hermoserdg. An in-
soluble residue as much as 27% is com-
posed chiefly of fine sand and silt.

[Beds 9 through 3L, comprizing about
210 fect, are relatfvely thick-hedded
limestone., Limestones in this sedquence
range from fine- Lo coarse-grained; they
are predominantly dark gray aod wea-
Lher light gray. Chert iz zparse in the
lower hall of this unit but becomes rel-
atively abundant stratigraphically up-
ward, Fossils are mote congpicuous in
the upper hall and  inclnde chiefly
DBrachiopeds, hryozoans and echinoderm
fragments.

Beds 32 and 33, approximalely 130
teet thick, are coverced on the line of
traverze and ave drag folded. They arc
composed of more argillaceous lime-
stonc.  Logally abundant  brachiopods
within Uhis sequence include Spirifer
neciduus, ustedin rotunde, Clefolhyri-
ina orhicnlaris, Penctospirifer otmpey-
triy, Ldnoproducius protionionus, Anfi-
quatonie hermosant, and Orihotetes of,
). oveidentelis,

eds 34 through 45, approximately 230
fect thick, are composed of cherly lime-

stome  ranging from  fine- to  coarse-
grained and are chisfly dark gray to
medinm gray., The insoluble residue

eenerally is less than 10%. Brachiopods,
hryozoans and echinoderm fragments ave
abundani and rugoge covals oeccur in
heds 42 and 43,
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Beds 48 to 54, approximalely 125 feot

1hick, are characterized by insoluble
residues ranging from 109 Lo 324,

These dark gray. fine-gruined limestone
bheds weather grav to huif. Fossils are
not prominent.

Beds 55 through 60, approximalely 65
feet thiek, consist of limestone grading
upward into ealcareous siltstone. The
fine- to medium-grained, gray limestone
i cherty and containg aboult 10%% in-
soluble residuc.  Silicified brachiopods
occur in bed §56. The gray caleareous
siligione weathers to gray and buit and
containg chert nodules. It is composed of
approximalely 60 insoluble flne sand
and silt,

Beds 61 through 84, about 175 feet
thick, are composed of repeated szo-
quences of relatively thin beds of chert
and limestone, g1ty limestone, and cal-
carcous  giltstone.  Ingoluble  eontent
ranges to 33% but, within the limestone,
ig from 3 to 18%,. Quartz fine zand and
gilt dominates the regidues. These light
to dark gray vocks wenther gray ar
buif. Brachiopods, Dhryozouns, and ech-
insderm fragmonts are present.

Beds 490 to 81, approximately 43 fset
Lhiek, vonsist of medium- to coarse-
grained limestore with ingoluble res-
idues of aquartz fine sand and gilt rang-
ing from 20¢, 1o 459,

Bods 82 through 98 are composed of
about 65 foel of relutively chert-froe,
fine- to coarsc-grained limestone., 1n-
weluble residues ave either less than
10¢ of sand and silt or are larger and
composed of elay,

Beds 99 and 100 total 33 feel thick and
are composed of coarse-grained, sandy
limestone which iz light grav anm! wea-
thers Lull to brown.

lleds 101 through 151, approximalely
180 feet thick, arc characteriatically
shaly and relatively chert-free.  Thia
casily eroded gequence is composzed of
thin unitz of fine Lo medinm-grained,
gray to black, zandy or silly limestone
alternaling with poorly exposed, rel-
alively thick unirs of thin-bedded shaly,
nadular limestoue. Insoluble residues,
chicfly of fine sand and zilf, range from
5% ta 28%. Chaeleles fovosus ocenrs in
hed 112, Brachiopods, Tenestellid bry-
gzoans, solitary corals and fuswlinids
are locally abundant,

Bedg 152 through 163, approximalely
125 feet thick, are chargeterized by more
ahundani chert. Tnzoluble residucs are
generally leas than 108 Lhut range from
1.2% to 52%. Limostones range from
fine- to medium-grained. Shaly limestone
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iz confined to beds 1350, 163 and 165 and
bed 166 is dolomitic. Brachiopods and
fenestellid bryozoans are the most prom.-
inent fossils, hut Candnde gp. occurs in
bed 156,

Beads 170 through 182 consist of about
180 feet nf relatively ihick-bedded, fine-
to coarse-grained limestone. Chert s
moderately abundant, butl shaly or allty
Iayers are absent, Insgoluble vegidues
rauge from a trace fto from 209 (o
3%, These cliff-forming tocks cause
a narrows in the canvon, Bed 182 is
notably  drag-folded, Brachiopods and
ryoxoans are locally  abundant  and
Wedekindelling (?) sp. ovenrs in heds
174 and 176,

Tieds 183 throuzh 199, about 200 feot
of rock, are chisfly of thick-bedded, fine-
grained lmegtone, ot lwelude szeveral
prominent  interbedded layeras of  cul-
carepus siltstone and silty  limestone.
Chert is largely corniined to the lower
half of this sequence. Tnsoluble residues
of silt and fine sand range from a trace
tir about 25%, in the Thmesione and 305
to K% of the silty rock iy carbonate.
Fysualing (?) ap, occurg in bed 190 and
brachiopods and bryozoans oceur locally
taronshout the geguence.

HHd wnit., — This unit inecludes beds
200 Lhrough 226 and is ahout 320 foet
ihick at Arrow Canyvon. Tt is charactor-
ized by resistant thick-hedded, velatively

pure limestone scouences allernating
with nodular, shaly, cherty interyals

which erode to Lorm ullics and henches,

The limestone sequernces range from
10 to 50 feer thick and generally are
composed of layers ranging from a few
inches to 2 feet thick., A few. exceptional
laFers in Ded 226 are as much ag § feei
thick, The limestone is chiefly fine-
grained, Lut medinm-grained limestone,
with ov without scattored coarse erys
tale, is pregent. Inzoluble residues of
fine #and or silt are characteristic and
range from KEL to 2059, Beds 224 and
225 are dolomite, The silty gequences
are as much as 20 feet thick, and, al-
though largely covered, are characterized
by¥ luvers from & inches to 1 foof Lhick
of nodular aspect.

Fugulinida are abundant in the lime-
stone beds, Triticites app., ineluding T
colifornicus, ocour in Deds 210, 212, and
228, Nehwagerina  sp. has  also been
nated in bed 223, Bryozoans, hrachio-
nods, ragoge corals, and  Syringounre
spp. are locally ahundant.

BRe wnit. - - Approximalely 530 feet of
this unit were measgnred and deseribed.
The lower three-filths iz dolomite and
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forms Lhe prominent eliffs capping ont-
eropg of the BREdA nnit. These rocks are
exposed where #toeply dipping beds
flatten abruptly to the east in Arrow
Janyon. Beds 227 to 22§ are composed
of abont 45 fect of fine-grained, gray
dolomite which weathers bufi, Tayers
arc ag much as 3 feet thick and contain
seattered clhiert nodnles. Insoluble vos-
iducs of white gilt range from 5% to
205, Beds 229 to 231 comprizc about
200 teet oi similar, but chert-iree, dolo-
miite,

The upper two-fifths of the measnred
part of the unit, about 195 feet of rocl
in beds 222 through 23%, consists of fine-
grained. light gray limestone in layers
as muech as 3 Teel thick., Minor dolomite
layers aro interbadded and scattercd
chart modules ave preseont.  Seattered
tossil] occeurrcnees include Hieopafring
Ftatufecte and Syringoporae mooufcheo-
noe in hed 237; Owrhaming cordilleren-
giy In bed 233; and fusulinids in beds
232, 235, 236, und 238,

Age and Correletion.-—Although
relatively few fossils have been de-
seribed and ilustrated from Penn-
s¥lvanian and Permian rocks in the
Great Basin, idissell {1962a, b) and
Brill (1963) have published =zomal
schemes for these rocks based om
fusnlinid oceunrrences. Coogan
(1962, 1964) has outlined a sonie-
what more detailed subdivision of
pre-Desmoinesian rocks in which he
uililizes the ranges of {usulinids and
other invertebrates and Wilson and
Langenheim (1862} have recognined
a set of coral zonules in the Wolf-
campian and Leonardian. These
schemes, along with the unpublished
fusulinid zone classifieation of Welsh
(1959), are arranged aceording to
the standard stages and zones for
Pennsylvanian and Terminn rocks
{Moore and Thompson, 1943;
Thompson, 1948) in Figure 5.

Thirty-one fossil invertebrate spe-
¢ies, determined in the eourse of this
study, are tabulated in Figurce 6
aceording to their stratigraphic oc-
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curenee, Jome of these species can
be related to one or another of the
already deseribed yones and, there-
fore, serve 1o correlate the Arrvow
Clanyon rocks with roc's elsewhere
in the Great Basin or with the stand-
ard North Awmerican Pennsylvanian
and Permian biostratigraphie units,
Ranges of other species are not well
Lknown, and it iz hoped that deter-
wination of their range at Arrow
Canyon may be useful for fwtnre
stratigraphic work in the region.

Punctospirifer cuanpestris, Sohizo-
phorig texane, Cleiothyriding orbicularis
and dnfiguatonric herniosore, ocenrring
in beds G, 22, and 33, along with other
brachiopods and Adeenthogecten gp., arc
all characterigtic of the RAdpidonelic
nenadensis fauna of lhe Greal Basin.
N. 3. Lane {1962) has described Schi
phorie terane, Ovthotetes ocoldentalis,
and  Anthracospivifer  birdspringensgis
{Spivifer occidwus of this reporet) and
asglgns them to the late Movrowan,
B. (). Lane (1%2), however, reports
spirifer occiduus, Punctospirifer ogmp-
esfriy and Anliguafonic Rermosana oc-
curring stratigraphically above Fusulin-
etlg and Profusulinella in the White
Pine Range, thereby extending their
rangeg at least to the middle Atokan.

Coogan (1942, 19684} asasizgnzg the on-
tire BSL unit and the bhasal 95 feet of
1lie T38¢ unit at Arrow Canyon, which
includes onr bed 6 to hig Flererig-
Retivylariae-Michelinie Faunizone, Tha
overlying Millerelle wmarblensis-Staffelln
expanse-Caninogtrofion  sp.  Faunizone
{Cloopan, 1962, 1964) apparently includes
our beds 29 and 33 in the lower portion.
Aeccording to Coogan (1962, 14964) dnfi-
qualownic hermoseng, Schigopharic fer-
ana and Spirifer ooridwuy range through-
out the Milferelto morblensiy ete, Faun-
izone and Reticularinag campesiriy
{ Punctospirifer compestris of thilg re-
port) may ocear in the lower portion.

loogan (1962, 1964) places the Flex-
arig ete. Faunizone somewhere between
the Lale Chesterian and the Early Mor-
rowan but declines to recognize Spring-
eran tocks in the Great Basin. 1Te
places the MWillerelle expansg cte Faun-
jizone in the Morrowun.

Welsh (19543, on the basgiz of his
recognition of Rhipidomelle nevadensis
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Critateles cf O accidentolls

Fluncfospirifer campestels
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SAMPLE NUMBERS

B4572; 5139
B497T3: 5229
B4974

BE252
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E4976,; 5864
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E4983; 8052
B49H5; 6124

B4961; 042
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B458%, 6140
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B4993,; 654
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B4596; 652
B495T, 6163

B4308, 6139

B43987, 6135

BEl4]
BE149

L

Fuvre 6.—Checklist

of fossily
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the

Bird Spring

Group at Arrow Canyon.
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in the Arrow Canyon section assigos
rocks apparently sonivalent fo our beds
% through the basal 1i of bed 8 to the
Rheipidomelle nevodensls zone, Hisg cor-
relation of these vocks iz somewbat am-
biguous, however, inasmuch as he as-
signs the collectiong to the Morrowan
in hiz deseription and illustration of
the columnar section (Welsh, 193%, p.
A-168, Enclosure 12) but limits occur-
vences of RRripidomella nevadensis to the
vone of that namsz (Welsh, 1959, Table
I, p. 26) which he tentatively refers Lo
gither the Springeran or Morrowun
{ Walsl, 1959, p. 25, 307, Our collectious
from hed § fall within this sequence but
de not include Rhipidomelln nevadensis,
they do inelude shundant Schizophoria
texong, however, a  brachiopod which
grosaly resembles i nepadensiy.

Welsgh (1959, p. 20) assigng all rocks
petween the highest occwrrence of R
nevadensis and the lowest oecurrance of
Profusulinelly, Lis  slation  NAC1TT
through NAC-187--(20-30), to the Zone
of Mitlerelle and Poaremillerelia. Thig
gequence apparently includes our collao-
Lieng from beds 20, 34, 42 and 56,

Congan {1962, 1964) defined the Mitler-
ella nrarblensis-Stafielle eppanse-Caning-
strofion sp. Mannizone at Arrow Canyon
and uged his units 84 through 124, es-
gentially equivalmt to our beds 10
through 107, as the type section. Thus
our colleetions from: heds 29, 33, 42, 54
and 101 belong to this Faunizone as de-
fined by Coogan. Coogan (1962) reports
the tollowing species from this zone
which have also 3een collected here by
ns: Anbguetonin hermosana, Hastedi
of. H. miseri (H. rolundo of this report),
Finoproductys profienionus, Spirifer oc-
riduus, and Refioylaring  compestris
(Punciospirifer cempestrie of this re-
porcld.

Welsh (1954) agsigns rocks which ap-
parently fall belvrean our beds 101 and
112 to the Zone of Profwsulinelle and
Coogan (1962, 1b64) apparcntly recog-
nizes the game sone in our bheds 108§
through 111. Thug we have no fossils
rapresentative ol this zone in our collec-
tinna.

Both Welsh (19569) and Coogan {1962,
1964 apparently assipgn rocks eguiva-
lent to our beds 112 through 144 to the
Zone of Pusulinella. Our collection of
Chaetetes fevosws from bed 112 i ap-
parently equivalent to Welsh's Chueletes
gp. biostrome at hig station NAC-TRH-L
(10-20y and to the oecurrence of €
favosus  reporvied by  Coogan (1962,
19647 in hiz unit 162. Coogaw’s unit 160
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apparently also is Included within our
bed 112 and is assigned by Coogan to
the Chacictes fovesus-Multithecopore n.
sp. IPaunizone and probably o the
Fiasutinelle fugas-Chasteley favosus
Faunizone. We, however, huve not col-
leated any of the charactoristic inverie-
brates, othicr than €. fevesas, veported by
Coogan {rom thesge 1ocks. ’

Our collections from beds 125 and 142
are within the Xome of Fusulinella as
reporfed hy both Coogan {(1962) anil
Welahh (1838) and Dboth collestions ap-
pear  to fall within the Fusuline!lo
acwminale-Komie Farnizone of Clogan,
None of the brachiopods or the corul
collected by ng, however, ave roported
by Coogan ([962). Welsh's (1958 re-
purl of Composits sp., Lophophyllidiam
&R, Nenspirifer sp., Punctospirifer sp.
and dpdivifer opimns prohably s eguiv-
alent to our Coumposite suhiilite, Slero-
stylus M. sp, Neospisifer camerafus,
Functospirifer kentuckyensis and Spir
ey ngHmgs.

Welsh (1959) reports Wedekindelling
sp. Irom many beds in an interval ap-
parently equivalent to onr beds 135
through 188, and, on thix hasis, asaisns
these rocks to the Subzonoe of Wedekin-
delting, Our two collections of Wedekin-
relfing sp, from beds 174 and 178, as
well asg a collection of Punclospirifer
kentuckyensis lrom bod 171 also are
from this interval.

Welsh (1939) aszsigns rocks roughly
cendvalent to our beds 188 through 195
to the Zone ol fusulivg, and these rocks,
at bed I80, yielded our collection of
Fusuling (%) sp.

Welsh (19593, on the basig of single
occurrences of Waeringelln (Wedekin-
delling) ultima and Triticites (?) sn.,
places rocks roughly eguivalent to our
beds 199 through 210 in the Missourian.
Our eollection of Tviticites sp. from bed
210 supports Welsh g concelusion, but
our only other Mizzourian ceollection.
four speecies of Syringopere from hed
205, has little sireatigraphic siznifieance.

Welsh™s (105%) Zmme of vontricose
Triticites includes rocks ranging from
his stalion NACGT6--20 through NAC-
SO0 and iz subdivided into a lower
Waeringelle subZone and an upper FHn-
harinelin subzone. This sequence appoars
Lo ineludes beds 211 through 226, hut our
collections of Permian fusulinids, Tvrid-
cites of. 7. califorpicus from hed 212
and T. cofifornicus and Schiwagering sp.
trom Dbed 223, conitradict Welsh's cor.
relation of these roclis with the Virgil-
tan, DBrill (19637, p. 321, fig 143} also
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shows Triticlies californicus at the base
ol the Parmian and about 50 fect below
thie baze of 4 prominent dolomite sc-
gquence,  Therctore the occurrence  is
probably from our bed 223, which is
approximately 756 feet helow the base of
the thick dolomitic sequence and which
has yielded Schwagerine sp, and 7.
celifornicus. Wealsh’s colloction of Priti-
cites gp. from a bed ten feet below the
hasc of the dolomite is probably unre-
lated to our colleciiony or those of Brill
{1963).

We have aldo collected Swringopora
of. 8. mullatienuaia (beds 211 and 217)
and Psewdozuphrenioides ordingetus (bed
217y from Virgilian rocks al Arrow Can-
von. Rogs and Ross (19862) originally
described P, ordinatny from Virgilian
racks near the top of the Gaptank For-
mation in the Glasg Mountaine, Mexas.
Welsh's (195%) repovis of Preudozaph-
rentoides (7Y from hig Missourian eol-
leetions NAC-T95 and NACY96 and iy
Virgilian eollection NAC-7984-(40-50)
may or may not be taxonomically cquiv-
alentl to our . ordinalis.

Welsh (1959)  deserihes 10 feot of
Wolfearupian Apex JFormation. placing
the base ai the hotiom of a prorinent,
thick-bedded, cliff-forming dolomite ge-
quence, We have measured and desceribed
only 431 fect of Wollecampian rock which
includes Welseh's Apex Formation
through his station NAC-1RT 4+ 80,
Waelsh (1959) reoporls many ocourrances
of Scharagericna s, and Psendoschwnag-
ering ap. within thig sequence and we
have also collected many fugalinids from
fhesc rocks, We. however, have found
them difficult to identily because of sili-
eificalion.

Aganciution of Hleopatring ftololecta
anfl Syringopore mecutcheonss in bhed
237 {MeCulcheon and Wilzon, 1961; @il-
gon and Langenhelm, 1962} iz similar
to an occurrence in Wolfecampian rosks
ot the Iy Quadrangle, 200 mileg north
of Arrow Canyon, In the Ely Quad-
rangle, however, ihese corals ocour
gtratigraphically helow Dushancing
corditlerensis, which at Arvrrow (anyon,
ocours in bed 232, below K. ftatofeeto.
This relationship is Lhe reverse of lhat
reported by Wilson and Langenheim
{1962, p. &N8) and nzed by them in
establighing o sequence of coral zonules
in the Ely Quadrangle. Excopt for the
facd that minor morphotogic dilferences
hetween D. cordillerensis from Arrow
Canyon and from the Hly Quadrangle
way prove taxonomically  significant,
this inwvalidates the zohoales of Wilson
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and Langenheim (1962) for use through-
out the Great Basin. It iz possible, how-
ever, that the absence of . cordilleren-
i helow . ftotateete at Bly is couse-
quent upon the fact that there are no
Permian rocks of suiiable facics below
the K. fietolecta oceurrance.

Syringopore mitttattenuate i3 present
in. beds 227 and 233, thus aipnificantly
extending Doth the stratigraphic and
geographic range of this species (Mo
Cutcheon, 18613,

QU MMARY

Approximately 3500 leet of (Thes-
terian through WolTeampian rocks
aszigned to the Rird Spring Group
are well oxposed In Arrow Canyon
in the mortheastern corner of the
Arrow Canyon Quadrangle. These
rocks are among the soulheasicrn-
most exposures of miogeosynelinal
Liate Mississippian through Permian
rocks in thig area, and the cxeep-
tivnal exposure at this locality s
well filled {o serve as a regional

standard of reference for future
gludy.
Repotitive depositional patterns

and subtle, complex Tacies relation-
shipg have frustrated atlempts at
region-wide classification of forma-
tional unils and already deseribed
“rock! unils are, in large part,
defined by locompletely known bio-
stratigraphic data. Ior this reason,
wi formerly cmployed a local elas-
silteation of inlormal units in which
the Bird Spring Formation was
freated as a gronp divided info five
units of Lormational rank: 138a,
BEL, B8e, BSd, and BRe (Langen-
Teim et al, 1962). We arc now
satisfied that the BSa unit has re-
gional significance as a lithological-
l¥ defined unit and, for this reason,
have recognized it as the Baltleship
Wash Formation,
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The Battleship Wash Forwmation
s approximately B0 feet thick at
Arrow Canyon. 18 is characterized
by thick-bedded limestone and vests
disconformably on the Yellowpine
Limestone  of  the WMonte Crislo
Group, Tt is Chesterian.

The BSb unit is approximately
2400 feet thick at Arrow Canyon
and is  characerized by readily
eroded shale and sandy Jimestone,
1t i probably Springeran,

The BSe unit is approximately
2200 feet thick. Tt iz composed of
strikingly  laveced limestone and
cherty limestone which is charvacter-
istic of the Bird Spring (;rnup
throughout its extent. It ranges in
age tfrom Spricgeran {2 through
Missouria.

The BSd unlt is approximately
5200 fect fthick and is composed of
alternating  seqnenees of registant,
cliff-forming limestone and readily
eroded shaly limestone, 1t ineludes
late Missoueian, Virgilian and carly
Wolfeampian rocks, thus spanning
the Tennsylvanian-Permian bound-
ary. There Is no convineing physical
or Dbiostratigraphic evidence of an
uneonformity,

The TBe unil g approximately
230 feet thick 1n our Incomplete
measured scetion, The Tower part
congists  of  thick-bedded dolomite
and all of the measured and de-
seribed portion of the unii is Wolf-
campian.
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