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A B S T R A C T
i

Several localities within the Roberts Mountains allochthon in central and 

northeastern Nevada have been mapped as undifferentiated Ordovician through Devonian 

rocks of the western siliceous assemblage. The poor exposure, repetitive lithology, and 

structural complexity o f the upper plate rocks have made their stratigraphic correlation 

and structural interpretation difficult. To address the problems, biostratigraphic work 

using radiolarians, graptolites, and conodonts was undertaken to provide critical age 

control, to differentiate stratigraphic units, and to resolve structural relationships within 

the allochthon in the Tuscarora Mountains in the Marys Mountains area of Eureka 

County, Nevada.

New collections of radiolarians, graptolites, and conodonts have significantly 

improved the age control on Paleozoic strata in this area. Radiolarian biostratigraphy has 

revealed eight distinct radiolarian assemblages ranging from Late Ordovician to latest 

Devonian/early Mississippian. Graptolites yield Middle to Late Ordovician (Caradocian) 

ages plus one Wenloekian (late Early Silurian) age. Two eonodont assemblages, a 

Devonian (Lower Givetian to Frasnian) assemblage and a Late Devonian (Frasnian) 

assemblage, are now recognized in the Marys Mountain area.

New biostratigraphic data allows the detailed lithostratigraphy to be unraveled in 

upper plate rocks in the Marys Mountain area. Stratigraphic units include the upper 

portion o f the Vinini Formation, the Elder Formation, and the Slaven Chert. 

Lithostratigraphic units recognized at Marys Mountain can now be correlated across a 

distance of over 150 km within the Roberts Mountains allochthon, from the REN 

property in the northern Tuscarora Mountains to Vinini Creek in the Roberts Mountains.
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Structural features in these rocks include tight to isoclinal folds and imbricate thrust 

faults (presumably Paleozoic features related to emplacement o f the Roberts Mountains 

allochthon) and high-angle normal faults (middle to late Cenozoic but possibly older as 

well). Marys Mountain can be divided into two structural domains; 1) a southwest 

domain defined by north-south striking steeply dipping strata with a high degree of 

structural imbrication, and 2) a northeast domain with northwest striking gently to 

moderately dipping strata and exhibiting less structural disruption.
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INTRODUCTION

This report summarizes biostratigraphic work done in the Tuscarora Mountains of 

northeast Nevada. The purpose of this study was to elucidate the stratigraphy and 

structure o f the Roberts Mountains allochthon (RMA), the hanging wall rocks (upper 

plate rocks) o f the Roberts Mountains thrust.

During the Late Devonian to Early Mississippian Antler orogenic event, western 

siliceous and volcanic assemblage rocks were thrust eastward up to 175 km over coeval 

eastern carbonate assemblage rocks along the Roberts Mountains thrust (Carpenter et al., 

1994; Saucier, 1997). Merriam and Anderson (1942) first described the Roberts 

Mountains thrust in the Roberts Mountains. Since then the term Roberts Mountains 

thrust has been applied to the low angle thrust that separates Ordovician through 

Devonian rocks of the western siliceous and volcanic assemblage from time equivalent 

Ordovician through Devonian eastern strata of the carbonate assemblage (Stewart, 1980; 

Saucier, 1997). Evidence for the age of emplacement o f the Roberts Mountains thrust 

(early Late Devonian 383 ma to late Mississippian 348 ma. Carpenter et al., 1994) can be 

ascertained in the Pinon Range, where the Mississippian Webb Formation lies 

unconformably over both the western siliceous assemblage (upper plate rocks) and the 

eastern carbonate assemblages (lower plate rocks) (Roberts et al., 1958; Smith and 

Ketner, 1968; Stewart, 1980; Saucier, 1997). Rocks from the Roberts Mountains 

allochthon crop out throughout most of the northern and central parts o f Nevada as far 

south as the Toiyabe Range (Stewart, 1980; Saucier, 1997). Although the distinction 

between upper and lower plate rocks can be made with ease, the distinction between 

formations within the allochthonous rocks is more subtle.
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The poor exposures, repetitive lithology, and structural complexity o f the upper 

plate rocks, along with poor age control and a lack o f distinct well-exposed marker units 

have made their structural interpretation and stratigraphic correlation difficult. Thus, 

large parts o f the RMA have previously been mapped as undifferentiated Ordovician 

through Devonian western siliceous assemblage.

However, recent biostratigraphic work in selected areas of the allochthon has 

successfully used radiolarians, graptolites, and conodonts to aid in differentiating and 

recognizing distinct lithostratigraphic packages of upper plate stratigraphy (Finney et al., 

1993; Cluer et al., 1997; Boundy-Saunders et al., 1999; Noble and Finney, 1999; Noble, 

2000; Finney and Cluer, 2000; Peters, 2002). Radiolarians, marine protists that have 

persisted from the Cambrian to the Recent, have been instrumental for dating Paleozoic 

siliceous units (i.e. chert) throughout the allochthon (Noble, 2000). Chert units can 

typically be readily mapped along strike because of their resistant ridge forming nature. 

Conodonts, marine nektonic organisms present from the Cambrian through the Late 

Triassic (Clark, 1987), have been useful for dating calcareous units throughout the 

allochthon (e.g. Gilluly and Gates, 1965; Finney and Perry, 1991; Boundy-Saunders et 

al., 1999, and others). Graptolites, marine macroplankton ranging from the Cambrian 

through the earliest Devonian (Palmer and Rickards, 1991), have been invaluable for 

dating siltstone, shale, and calcareous sandstone units (Noble and Finney, 1999; Finney 

and Cluer, 2000). Collectively, these three fossil groups provide critical age control for 

the dominant lithologic units in the allochthon (Plate 1).
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Based on new biostratigraphic studies, the ages and probable correlation of chert, 

shale, siltstone, limestone, and sandstone units have been established in the Marys 

Mountain area o f the southern Tuscarora Mountains, Eureka County, Nevada.

Marys Mountain is located 12 km west of Carlin and 45 km west-southwest of 

Elko on the Emigrant Pass 7.5' Quadrangle (Figs. 1 and 2). This project has focused on 

the Paleozoic strata in an area east of the 559000 E line and north of the 4505000N line 

(UTM coordinates NAD 27 datum. Zone 11) within this quadrangle. Deformed strata of 

the RMA crop out in and around Marys Mountain and are overlain by Tertiary volcanic 

and tuffaceous sedimentary rocks. Reconnaissance during the fall o f 1998 and spring of 

1999 indicated that this area had the potential to yield new biostratigraphic data to help 

elucidate stratigraphic relationships in the Marys Mountain area.

Detailed mapping o f Paleozoic strata on the Emigrant Pass 7.5’ Quadrangle by 

Flenry and Faulds (1999) was combined with biostratigraphic data produced during this 

study to elucidate the stratigraphic and structural relationships at Marys Mountain. The 

resulting refinements to the stratigraphy have revealed previously unknown faults and 

structural relations within the RMA in this area.

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



116° W

40° N

N evada

Approximate 
frontal edge 
of the Roberts 
Mountains 
allochthon

Battle
Mtn.

Vinini
Creek

ureka

0 Km
Figure 1
Generalized map o f  north-central and north eastern 
Nevada show ing the approximate frontal edge o f  the 
Roberts Mountains allochthon and the location o f  
Marys Mountain, the REN property, and Vinini Creek. 
Major mountain ranges shown in green. M odified  
from N oble (2000).

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



iie’oo'

FIELD S 7.5

ffOSStMINS

B b b ts tra p  V O 
W i n d o w  S . ^

R0 (5ll)*cflTIR
Y  NE 7.5- \

BLUgSr4fi\\ X
MU i '

E L K O  COE L K O  CO ___ 
L A N D E R  ^ T e u R E K A

HW 7 .5 '

IISwalM 
M o u n t a i n  Z

< / a u

1/'
RO D EO  CREEK a o iD

MINt
\

NW 7.5 SW ALES MTN 7.5

R i i  h m o n d

d is tr ic t

^Wind 3w /
SC H R O ED ER  

MTN 7.8
W EL C H E S CANYON 

7.8

O unphy
ro UKO

E M IG R A N T  
m inu te  quadrangle

R /w r

1 5  k i l o m e t e r s

EXPLANATION
C ontac t
Mine

Au Gold
Ba Barium
Cu Copper
Pb Lead
Ag Silver

Marys
Mountain

N

Figure 2.
Southern Tuscarora M ountains show ing the location o f  the Emigrant Pass 7.5' 
Quadrangle and adjacent quadrangles. M odified from Evans (1974).

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



GEOLOGY OF MARYS MOUNTAIN, SOUTHERN TUSCARORA MOUNTAINS 

Previous Work

A small number of paleontologic and stratigraphic studies have been conducted in 

the southern Tuscarora Mountains including Clark and Ethington’s (1967) regional study 

of conodonts and Ross and Berry’s (1963) study of Ordovician graptolites. A more 

comprehensive study o f the stratigraphy in the southern Tuscarora Mountains was 

conducted by Evans in the 1970s. Evans produced geologic maps of the Welches 

Canyon and Rodeo Creek NE 7.5' Quadrangles (Evans, 1974, Evans and Theodore,

1978). This was followed by a more detailed report, including supporting paleontologic 

data and stratigraphic descriptions (Evans, 1980). Craig (1987) published a short paper 

on the lithostratigraphy o f the Tuscarora Mountains. Other stratigraphic studies in and 

around the Lynn window in the Schroeder Mountain (Evans and Cress, 1972) and Swales 

Mountain Quadrangles (Evans and Ketner, 1971) (Fig. 2) have been completed, but little 

paleontological data were obtained to support the proposed stratigraphic models.

Henry and Faulds (1999) mapped the Emigrant Pass Quadrangle and subdivided 

the Paleozoic strata by lithology into chert, siltstone, and limestone units. At that time, 

time biostratigraphic control was insufficient to determine accurately the number of 

stratigraphic horizons and their stratigraphic succession. Biostratigraphic data were 

lim ited to a few Middle to Late O rdovician graptolite localities (Ross and Berry, 1963) 

and one Late Devonian conodont locality (Clark and Ethington, 1967). The only other 

age control available was from the Welches Canyon Quadrangle located directly north of
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the Emigrant Pass Quadrangle, where several Devonian conodonts were reported from 

limestone beds mapped as lower plate eastern carbonate shelf facies rocks and interpreted 

as structural windows through the allochthon (Evans, 1974).
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METHODS

The original geologic map compiled by Henry and Faulds (1999) was used as a 

base map to locate outcrops for a biostratigraphic study employing radiolarians, 

graptolites, and conodonts. One hundred and thirty-two samples were collected for this 

study, including 103 radiolarian samples with a 59% recovery rate, 13 conodont samples 

with a 19% recovery rate, and 16 new graptolite samples. Sample collecting was 

completed in two phases. The first phase was completed in 1999 when 90 samples were 

collected. The second occurred in 2000, when an additional 42 samples were taken to fill 

biostratigraphic gaps, where either data were missing or poor recovery rates characterized 

previously collected samples. Once compiled, the new age controls on units in the Marys 

Mountain area were incorporated into the 1:24,000, Emigrant Pass geologic map 

produced by Henry and Faulds (1999). A field check correlating fossil data and 

lithologic units was performed in 2001 to rectify geologic and structural contacts in the 

Marys Mountain area.

Radiolarian Processing

In the field, a preliminary check for radiolarians was made using a 14x-hand lens 

to view freshly broken rock surfaces. If the rock contained radiolarians, enough of the 

rock was collected to fill a 1000 ml plastic beaker; additional material was collected for 

description and possible future work with geochemistry and/or petrography. The method 

of Pessagno and Newport (1972) was used for processing all radiolarian samples and is 

briefly described herein. The rocks, once back at the lab, were broken into ~ 1-3 cm 

chips to maximize the fresh surface area on the rock. Anything finer would potentially
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destroy the fossils. The 1000 ml beaker was filled with a dilute ~ 3 % solution of 

hydrofluoric acid (HF) and allowed to sit in a HP bath for ~ 24 hours. The sample was 

then decanted through a 63 pm sieve to collect the fine residue. The HF was neutralized 

with sodium hydroxide (NaOH). The fine residue was rinsed and placed back in the 

beaker with the etched rocks. The sample was then rinsed and sieved through a nest of 

three sieves: 500pm; 180pm; and 63pm. The residue from the 180pm and 63pm sieves 

was saved as both coarse and fine fractions in filter papers to be picked later. The sample 

was then covered with a fresh dilute HF solution and allowed to soak for another ~ 24 

hours. This process was done three times, with each run successively etching more of the 

sample, thus releasing more microfossils.

The dried samples were sprinkled onto a black picking tray. Radiolarians were 

picked with a moist 000 paintbrush while looking through a binocular microscope. Those 

samples containing radiolarians were picked, mounted, and photographed using the 

Scanning Electron Microscope (SEM). Samples lacking or containing very poorly 

preserved radiolarians were termed “barren”. It is important to note that not all rocks 

with visible radiolarians in hand sample produce recoverable radiolarians after 

processing. In the case o f recrystallized cherts, radiolarians may fuse to the matrix, 

making their recovery nearly impossible. Therefore, rocks that are termed “barren” may 

have originally had fossils, but the fossils could not be separated from the siliceous 

matrix.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



10

Graptolites

A total of 16 new graptolite collections were amassed to fill biostratigraphic gaps 

in the shale and siltstone units. Samples were sent to Stan Finney at California State 

University, Long Beach, for identification.

Conodonts

Thirteen limestone samples were collected and processed for conodonts. The 

samples were crushed (sizes ranging from 2 to 5 cm in diameter), and a standard 2 kg 

representative sample was separated for processing. Samples were placed in a five- 

gallon bucket and covered with a solution of 10% formic acid (HCOOH). The sample 

was allowed to react with the acid for about 20-24 hours. After the acid fully reacted 

with the carbonate and the reaction stopped, the residues were sieved through a set o f 500 

pm, 125 pm, and 63 pm sieves. Once in the sieves, the samples were washed with a 

gentle stream of water to remove clays. After sieving, the residues were transferred from 

the sieves to a set of 250 ml beakers, filled with water, and stirred to remove any algae. 

All floating material was decanted after the residues settled. Once the algae had been 

removed, the residues were transferred from the beaker into filter papers for picking.

Once processed, all samples were sent to Gilbert Klapper, University o f Iowa, for 

identification.
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STRATIGRAPHY

Stratigraphy of the Marys Mountain Area

The stratigraphy o f the Marys Mountain area ineludes Ordovician through 

Devonian strata assigned to the Vinini Formation, Elder Formation, and Slaven Chert 

(Fig. 3). The Paleozoic strata are unconformably overlain by Tertiary volcanic rocks. 

This project focuses only on the Paleozoic strata. The Vinini Formation at Marys 

Mountain is composed of shale, siltstone, minor chert, and porcellanite.

Compositionally, a porcellanite consists of 25 -50 % silt and clay, with a ratio greater 

than 1:1 of carbonate material to authigenic silica (Gilbert, 1954). However, in this study 

a textural description for porcellanite will be used, whereby it is a dense siliceous rock 

having a eonchoidal fracture and a dull luster similar to unglazed porcelain (Isaacs,

1982). Stratigraphically above the Vinini Formation lies the Silurian to Lower Devonian 

Elder Formation (Finney and Cluer, 2000), consisting of chert, porcellanite, and 

micaceous siltstone. Devonian strata at Marys Mountain are comprised of both siliceous 

(siltstone, chert, porcellanite, and chert breccia), and calcareous (limestone, limy 

mudstone, and calcareous sandstone) lithologies. The calcareous component is 

significant, comprising 20-30 % of the exposed Devonian strata at Marys Mountain.
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K inderhookian

Frasnian

G ivetian

Eifelian

Em sian

Praghian

Lochkovian

W enlockian
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A shgiJlian

—C aradocian—
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Red, green and gray porcellanite, chert and sedimentary chert breccia
Entactiniid-Archocyrtium  assemblage
Holoeciscus assemblage
Cyrtisphaeractenium crassum  assemblage
Uppermost Devonian to Lower Mississippian
(Upper Famennian to Kinderhookian)

Calcareous sandstone and silty limestone 
Mesotaxis assemblage: lower Frasnian

Tan thin bedded silty limestone w/barite 
Polygnathus assemblage:
Emsian to Frasnian

Brown and gray to black siltstone and chert 
Ceratoikiscum planistellare assemblage: 
(Lower Frasnian)

Brown and gray chert and siltstone 
Ceratoikiscum caivum  assemblage 
(Emsian to Givetian)

Micaceous siltstone (Se) 
green, red, tan and black siltstone
Chert upper Silurian?: (Seuc)
Secuicollacta  assemblage (Wenlockian to Pridolian) 
black and gray, siltstone and porcellanite

Micaceous Siltstone (Se) Pristiograptus graptolites
tan and green siltstones
Cherry Spring chert: (Secs)
green, brown and black vuggy chert
Haplotaeniatum-Orhicuiopylorum  assemblage: (Llandoverian) 

Organic rich graptolitic shale Zone 15 graptolites 
Phosphatic mudstone member: (Ovsc)
Black mudstone and porcellanite with 
white phosphatic nodules

White porcellanite/siltstone member: (Ovwps) 
Syntagentactinia assemblage:
Cardocian upper Ordovician Zone 
13-15 graptolites

Black shale and mudstone member: (Ovbsm)
Black shales with interbedded light gray porcellanite 
Zone 12 Bicornus graptolites

Pale blue siltstone member: (Ovpbs)
|_L . ' ' Pale blue siltstone with fine grained quartz

sand: Zone 9 graptolites
Figure 3.
Stratigraphic column o f  the Marys Mountain area, showing m ajor mappable units and 
associated biostratigraphic assemblages. Vertical scale based on The Geological Society o f  
America, 1999, Geologic Time Scale.
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Vinini Formation

The Vinini Formation (Fig. 4) was first mapped by Merriam and Anderson (1942) 

at Vinini Creek in the Roberts Mountains, where it is relatively well exposed. Two 

informal members were recognized: a lower member dominated by quartzite and 

sandstone and an upper member dominated by shale and chert (Merriam and Anderson, 

1942; Finney and Perry, 1991). Finney and Perry (1991) further described the lower 

member of the Vinini Formation in the Roberts Mountains and recognized a lower 

graptolite black shale ~140 m thick, overlain by a sandstone sequence ~ 1832 m thick. 

The latter consists of quartzite, quartz-arenite, quartz-wacke, calcareous sandstone, 

siltstone, shale, limestone, rare chert, and conglomerate units. The upper member of the 

Vinini Formation in the Roberts Mountains, ~ 170 m thick, is dominated by shale, 

argillite, and chert with a noticeable absence of sandstone and limestone units (Finney 

and Perry, 1991).

At Marys Mountain, only the upper member of the Vinini Formation crops out. 

Locally, these strata are subdivided into four informal members at a scale o f 1:12,000; a 

pale blue siltstone member (Ovpbs), a black shale and mudstone member (Ovbsm), a 

white porcellanite/siltstone member (Ovwps), and a black phosphatic mudstone member 

(Ovsc) (Fig. 4). Reference localities for these four units have been designated and appear 

on Plate 1 (localities 1 to 4).
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O rganic rich graptolitic shale

Black to dark gray m udstone and porcellanite w ith phosphatic nodules. 
Nodules w eather w hite and range in length along the long axis from  2 to 
6cm . B edding thickness for this unit ranges from  3 to  20 cm.

Blue gray and brow n siltstone and  porcellanite beds w ith interbedded 
w hite and gray  ribbon chert. B edding thickness ranges from 6 to  9  cm.

Black to very dark gray  organic rich m udstone and porcellanite unit. 
Z one 15 Norm alograptus persculptus. D icellograptus
com planatus.

W hite to  m edium  gray siltstone and porcellanite w ith hem atite and 
lim onite stains form ing liesegang banding. H osts graptolites and 
brachiopods. B edding thickness i cm  to 10 cm  in shaley units, up to  20 
cm  in m ore siliceous units. M inor vitreous ribbon chert beds less than 0.5 
m  thick. Siltstones are quartz dom inated and contain very little to  no 
detrital mica.
T hickness range 121 m  to  309 m.
^ n ta g e n ta c tin ia  assemblage:
/ o n e l 4  graptolites : C lim acograptus?. N orm alograptus? (rihulifeivus. 
O rthograptus  sp., D icellograptux com planatus.
Z one 13 graptolites: O rthograptus? quadrim ucivnatus. 
Pseudodim acogt'aptits scnarenhetgi. Cryptograptus  sp.. O y p to g ra p tu s  
insectiform us. O rthoretioiites?. D icranograptus nicholsoni.
O rthoretiolites hanii. O rthograptus (Rectograptus) sp. Ciim acograptus sp. 
(C. spiniferus?}. D icranograptus  sp., O rthograptus quadrim ucivnatus. 
Ciim acograptus caudatus.

M edium  gray to w hite porcellanite, bed thickness averaging from  2 to 10 
cm  thick but reaching as m uch as 50 cm  in thickness. Bedding planes, flat 
to wavy, brecciation com m on locally. Unit thickness 10-15 m.

Black to very dark gray  to m edium  light gray  shale, siltstone and 
m udstone with interbedded m edium  to light gray porcellanite and 
silty chert beds. B edding thickness ranges from  very th in ly  lam inated 
to m edium  bedded.
Zone 12 graptolites; Pseudoclim acograptus schai-enheigi. 
O rthograptus ?. C rw to g ra p tu s  sp., C iyptograptus bicornis. 
Norm alograptus ? u im a c o g ra p tiis  bre\’is, D icranograptus  
nicholsoni. H a l lo g r ^ tu s  sp., Ciim acograptus bicornis. O rthograptus 
calcaratus acurus. C o iynoides calicularis. D icranograptus nichol.soni

Pale blue to  blue gray siltstone w ith fine grained quartz  sand, very thinly 
bedded to thin bedded. S lope form ing unit found only w here vegetation 
is absent.
Z one 9 graptolites; Pseudoclim acograptus  sp.,
Phyllograpfus  sp., G lossograptus sp.?, O rthograptus or  
Ciyptograptus.

Siltstone Porcellanite

M udstone/A igillite ■ Shale
r ~

M udstone/Siltstone 

Bedded C hert

M udstone w ith phosphatic nodules 

C hert and Shale

Figure 4.
Schem atic stratigraphic colum n o f  the upper Vinini Form ation in the M arys m ountain  area, show ing lithology, sam ple locations and 

biostratigraphic assem blages. Vertical scale based on The G eological Society o f  A m erica, 1999, G eologic Tim e Scale.
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Pale Blue Siltstone Member (Reference Locality: 1) (Ovpbs): The lowest member of 

the Vinini Formation at Marys Mountain is the pale blue (5PB 7/2)' siltstone member. It 

contains planar beds of siltstone and shale with interbedded very fine-grained quartz 

sandstone beds. Bed thicknesses ranges from very thin bedded to thin bedded (1 to 3 cm) 

(Fig. 4). The pale blue siltstone member produces gentle slopes (<10°) and can only be 

observed where vegetation is lacking and soils are very thin. The overall thickness, 

interpreted from cross-section, is approximately 30 m. At its reference locality (locality- 

1) the pale blue siltstone member crops out on the west side of Marys Mountain, where a 

thin fissile shale and siltstone sequence dominates the lower hills. Float mapping along a 

N60W strike indicates a continuation of the pale blue siltstone member until it is covered 

by volcanics to the northwest and southeast. This is the oldest member seen on the 

Emigrant Pass Quadrangle and is located in the northeast domain of the quadrangle in a 

structurally imbricated zone. The top and bottom of this member are structurally 

bounded by the white porcellanite/siltstone member of the Vinini Formation. Age 

control for this unit is based on a graptolite collection made from sample Ep-00-g04. 

Graptolites, identified by Stan Finney, include Pseudoclimacograptus sp., Phyllograpfus 

sp., Glossograptus sp.?, Orthograptus or Glyptograptus, indicating that this unit is lower 

Middle Ordovician, Llanvirnian, Zone 9 of the Marathon area (Berry, 1960). Lithologies 

hosting Zone 10 and 11 graptolites either are absent at Marys Mountain or were not 

recognized during this study.

* Munsell rock color chart codes given to reference colors for rock units
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Black Shale A nd Mudstone Member (Reference Locality: 2) (Ovbsm): The black shale 

and mudstone member is a sequence of interbedded black to very dark gray to light gray 

(N1 to N3) shale, siltstone, and mudstone beds. Beds are planar and range in thickness 

from very thinly laminated (3 mm) to thinly bedded (3 cm) to medium bedded (10 cm). 

The black shale and mudstone member grades from a shale and siltstone dominated 

sequence in the lower part to a more siliceous mudstone and porcellanite dominated 

sequence higher in the section (Fig. 4). The change to a more siliceous lithology is 

accompanied by a corresponding increase in bedding thickness from thin beds (3 cm) to 

medium beds (10 cm).

The reference locality for the black shale and mudstone member can been found 

just east of Marys Creek on a west facing slope where both the base and top of the black 

shale and mudstone member are structurally bounded and or covered. At its reference 

locality (locality-2) the base of the black shale and mudstone member is defined by the 

first black siltstone/mudstone bed. The top of the black shale and mudstone member at 

its type locality is fault bounded with the Elder Formation and is therefore defined by the 

last black porcellanite bed. Exposure of the black shale and mudstone member is limited 

to the west side o f Marys Mountain, where it crops out in two localities. Thickness for 

this member ranges depending on the degree of exposure and cover from surrounding 

colluvium but is typically around 10-20 m thick.

Age control for this member comes from several graptolite collections made 

during this study. Samples Ep-99-G05, Ep-99-GlO, and Ep-00-G06 have all produced 

Ciimacograptus bicornis (Zone 12) graptolites, restricting the age control o f this unit to 

the early Caradocian in the early Late Ordovician. Poorly preserved Late Ordovician
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radiolarians such as Syntagentactinia were recovered from poreellanites eorroborating the 

age of this member.

White Porcellanite/siltstone Member (Reference Locality: 3) (Ovwps): The most 

widely recognized member o f the Vinini Formation at Marys Mountain is the white 

porcellanite/siltstone member. The white porcellanite/siltstone member is white to light 

gray (N9 -  N8) on weathered surfaces and medium gray (N6 -  N4) on fresh surfaces. It 

contains beds o f shale, siltstone, siliceous siltstone, porcellanite, and vitreous chert. 

Bedding thickness ranges from very thinly to thinly bedded (1 to 3 cm) in the more silty 

beds and medium to thiek bedded (10 to 20 cm) in the poreellanite and chert beds (Fig.

4). Bedding planes range from planar in the more silty beds to wavy in the more 

silieeous beds. Finely disseminated hematite and limonite locally produce liesegang 

banding. Graptolites are common in this unit and can be found at nearly any outcrop 

(Figs. 5 and 6). Other fossils present include brachiopods, ichnofossils (i.e. burrows), 

and radiolarians in the more siliceous beds. At its reference locality (locality-3) the base 

of the white porcellanite/siltstone member is defined by the first white to medium gray 

siltstone/porcellanite bed; the top is defined by the last white to pink thick (> 30 cm) 

bedded chert bed.

At its reference locality on the west side of Marys Creek along a southeast facing 

slope on the north side of the draw, the white porcellanite/siltstone member sits 

structurally above the Silurian to Lower Devonian Elder Formation. Lower beds of the
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white porcellanite/siltstone member consist of medium gray to white porcellanite beds 

with thickness averaging from 2 to 10 cm thick but reaching as much as 50 cm, with flat 

to wavy bedding planes. Stratigraphically upsection is section o f white to medium gray 

siltstone and porcellanite beds. This part o f the white porcellanite/siltstone member 

typically forms moderately steep slopes. Bedding thicknesses range from 1 to 10 cm in 

shaley beds and up to 20 cm in the more siliceous beds. Minor vitreous ribbon chert beds 

30-50 cm thick are interbedded with the siltstones. Siltstones are quartz dominated and 

contain very little to no feldspar or mica. Continuing up section at the reference locality 

is a section of black to very dark gray mudstone and porcellanite with abundant organic 

carbon. This lithology has only been observed at the reference locality and is not present 

in other areas where the white porcellanite/siltstone member crops out (Fig. 4). The 

white porcellanite/siltstone member can be traced laterally for hundreds of meters.

Lateral variations of this member include the absence of the more siliceous beds and the 

increase in siltstone and mudstone beds. The thickness o f the unit, as estimated from two 

cross-sections from the west and east sides of Marys Creek, ranges from a minimum of 

30 m to a maximum of ~ 100 m. A possible explanation for the large variation in 

thickness of the white porcellanite/siltstone member is that the member has been more 

highly structurally attenuated or excised by faults on the east side o f Marys Creek, where 

fossil data suggest several north-striking faults in the area.

At Marys Mountain, the white porcellanite/siltstone member has graptolites 

(identified by Stan Finney) ranging from Zone 13 and 14, Orthograptus amplexicaulis 

(Zone 13), Orthograptus quadrimucronatus (Zone 14) through zone Normalgraptus 

persculptus (Zone 15). Based on graptolite biostratigraphy, the white
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porcellanite/siltstone member is considered late Caradocian to early Ashgillian, (late Late 

Ordovician). In addition to the graptolites, radiolarians have been recovered from the 

porcellanite and chert beds. The Syntagentactinia assemblage contains rare 

Protoceratoikiscum, Haplotaeniatum, and Syntagentactinia providing further 

confirmation that the white porcellanite/siltstone member is upper Caradocian to lower 

Ashgillian.

Black Phosphatic Mudstone Member (Reference Locality: 4) (Ovsc): The uppermost 

member of the Vinini Formation at Marys Mountain is represented by a black mudstone 

with phosphatic nodules. The black phosphatic mudstone member is composed of black 

to dark gray (N1 to N3) thin bedded siltstone and shale beds with interbedded silicificed 

mudstones and silty chert beds containing white phosphate nodules and thin 

discontinuous white phosphatic streaks (Figs. 4 and 7). At its reference locality (locality- 

4) on the west side of Marys Creek along an east facing slope in low lying hills, the black 

phosphatic mudstone member rests stratigraphically above the white porcellanite/siltstone 

member. The base of the black phosphatic mudstone member when seen is defined as the 

first phosphatic chert bed. The black phosphatic mudstone member is poorly exposed 

and is commonly only seen as large angular blocks in float. Hence, laterally this unit 

appears to pinch and swell depending on the amount o f cover in the area. The top of the 

black phosphatic mudstone member is defined as the last organic-rich shale below the 

Cherry Spring chert member of the Elder (Fig. 3). Thickness o f this unit at Marys 

Mountain, taken from cross-sections, is 10 to 30 m.
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Elder Formation: (Se) (Fig. 8)

The Silurian Elder Sandstone was first defined by Gilluly and Gates (1965) at its 

type locality in the drainage basin of Elder Creek (Gilluly and Gates, 1965), later 

redefined, and renamed by Finney and Cluer (2000) as the Elder Formation. Both the 

base and the top o f the Elder Sandstone were considered to be fault bounded (Gilluly and 

Gates, 1965), and thus stratigraphic relationships to underlying and overlying units were 

not clearly defined. Finney et al., (1993) provided a stratigraphic base for the Elder 

Formation at Vinini Creek, where the Elder Formation lies conformably on the Vinini 

Formation. Similarly, the top of the Elder Formation can be observed in depositional 

contact with the overlying Slaven Chert in a road cut in the Beaver Creek Quadrangle 

(Finney and Cluer, 2000). Dominant lithologies in the Elder Formation are sandstone 

and siltstone beds containing approximately 80 % quartz, 15-20 % potassium feldspar, 

and 5 % muscovite, with traces of albite. Other lithologies include interbedded chert and 

silty chert beds (Gilluly and Gates, 1965).

The Elder Formation at Marys Mountain is dominated by micaceous siltstone 

beds with two distinct chert intervals. The base of the Elder Formation at Marys 

Mountain is placed at the base of the Cherry Spring chert member (Secs) (Figs. 3 and 8). 

The second chert occurs up section within the micaceous siltstone (Figs. 3 and 8). The 

top of the Elder Formation is not exposed at Marys Mountain. Even though the upper 

contact has not been observed in the area o f study, it is assumed that it is depositional, 

whereby the micaceous siltstone of the Elder Formation is directly overlain by the lower 

chert, shale, and limestone member (Dsl) of the Devonian Slaven Chert.
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No exposure o f  upperm ost Silurian o r lowerm ost Devonian strata

M icaceous pale green, pale red, tan and black siltstone U pper Silurian to 
possibly Lower Devonian

Upper chert (Seuc) m arker beds consist o f  black and gray very thin 
to thin bedded porcellanite and vitreous chert with laminations 
on the order o f  I to 2 mm, the unit is approxim ately 10 m  thick. 
Secuicollacta  assemblage

M icaceous siltstone (Se) Reddish orange to pale yellowish brown to pale gray- 
green micaceous siltstone w ith m inor yellowish brown sandstone and olive to 
forest green porcellanite beds. Produces gentle slopes with little outcrop. M ost 
observations are from chips in soil.
Pristiograptus assemblage; Ludensis zone

Cherry Spring chert m arker beds (Secs) Vari-colored chert that ranges from 
tan, brown, white, black, to green on the w eathered surface and grayish brown 
to moderate olive brown on fresh surfaces. Locally contains b ^ s  rich in 1-2 
mm diam eter w eathered sulfide nodules, giving the rock a vuggy appearance. 
Nodules on bedding planes are small mounds ranging in size from 2 - 4 cm  in 
diameter. Bed thickness ranges from 3 to  30 cm , averaging around 10 cm. 
This unit ranges in thickness from 7 to  15 m throughout the field area. 
Haplotaeniatum -O rbiculopylorum  assemblage

' —

Siltstone Bedded Chert
------------ = r i= —

Chert and Shale

Figure 8.
Schematic stratigraphic column o f  the Elder Formation in the Marys M ountain area showing lithology
a n d  b io s t r a t ig r a p h ic  a s s e m b la g e s .  Vertical scale based on The G eological Society o f  A m erica, 1999, G eologic T im e Scale.
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Reference localities for Elder Sandstone units have been designated and appear on Plate 1 

(Localities 5, 6 and 7).

Cherry Spring chert Member (Reference locality: 5) (Secs): The Cherry Spring chert 

member (Secs) forms a prominent marker unit and is interpreted to represent the base of 

the Silurian strata throughout the Roberts Mountain allochthon (Ketner, 1991; Noble et 

al.,1997; Cluer et al., 1997; Finney and Cluer, 2000). Lower Silurian cherts were first 

described as a sequence of chert that contains sparse radiolarians and spicules, lacks 

organic matter, and locally includes silver bearing iron, lead, and zinc sulfides that 

suggest a gossan pattern (see lower Silurian strata o f Ketner, 1991). Noble (1997) refined 

the age and description. A type loeality was assigned for Cherry Spring chert member in 

the Northern Adobe Range. Additional studies of the Cherry Spring chert member have 

been conducted by Noble in localities such as Garden Pass and the Roberts Mountains 

(Noble and Aitchison 1995; Noble et al., 1997; Noble et al., 1998; Noble and Finney, 

1999).

At Marys Mountain, the Cherry Spring chert member ranges in color along 

strike, from tan to brown, white to black, and yellow to green on the weathered surface 

and grayish brown (5YR 5/2) to moderate olive brown (5Y 4/4) on fresh surfaces. It 

locally contains beds rich in 1 -2 mm diameter sulfide nodules (oxidized to goethite and 

jarosite), giving the unit a vuggy appearance (Fig. 9). Bedding surfaces range from 

nodular to wavy. Nodules on bedding planes range in size from 2 - 4 cm in diameter.

Bed thickness ranges from 3 - 30 cm thick with a mean thickness around 10 cm. The
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Cherry Spring chert member ranges in thickness from 5 -8 m throughout the field area. It 

is a ridge-forming unit and can be traced along strike for several hundreds o f meters. 

Laterally, the Cherry Spring chert member may thin and thicken by a meter but typically 

remains at a constant thickness throughout the Marys Mountain area. The Cherry Spring 

chert member stratigraphically overlies the black phosphatic mudstone member of the 

upper Vinini Formation. At its reference loeality (locality-5), on a west facing slope 

along the west limb of an anticline, the Cherry Spring chert member can be observed 

approximately 25 m east of a north trending drainage cutting through a draw and 

continuing along strike to the south. At the Cherry Spring chert member reference 

loeality, the black phosphatic mudstone member has been structurally attenuated within a 

tight anticline, with Cherry Spring chert member on the east and west limbs and the white 

porcellanite/siltstone member along the hinge of the anticline. There, the Cherry Spring 

chert member is recognized by the lowest varicolored gossanous chert bed. The Cherry 

Spring chert member is stratigraphically overlain by micaceous siltstones o f the Elder 

Formation; the upper contact of the Cherry Spring chert member is sharp and interpreted 

to be a conformable contact marked by the upper most varicolored gossanous chert bed.

Radiolarians are the only fossils recovered from the Cherry Spring chert member 

at Marys Mountain and are consistently assigned to the Haplotaeniatum -  

Orbiculopylorum assemblage (Noble, 2000), a distinct radiolarian fauna that, in Nevada, 

is restricted to the Cherry Spring chert member and is interpreted to be Llandoverian 

(Early Silurian) age (Noble et al., 1998; Noble, 2000).
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Micaceous Siltstone Member (Reference Locality: 6) (Se): Volumetrically, the 

dominant lithology (70-80 %) in the Elder Formation is orange (lOR 6/6), to pale 

yellowish brown (10 YR 6/2) micaceous siltstone beds that contains approximately 60- 

80% quartz silt; 10-20% feldspars; and 5-10% muscovite (Gilluly and Gates, 1965). The 

siltstone is poorly exposed and carmot be described comprehensively. Most observations 

are made from chips in the soil and limited gully exposures. Thus, the Elder Formation is 

difficult to trace laterally. Lithologic variations within the micaceous siltstone include 

the coarsening and fining of siliciclastic beds. Siliciclastic beds are dominated by 

yellowish brown sandstone beds and olive to grayish green (5GY 3/2) porcellanite beds 

(Fig. 10). At its reference locality (locality-6) a thick homogenous package of thin 

bedded planar laminated micaceous siltstone beds are exposed on the north side of a 

west-northwest-trending gully. The base of the micaceous siltstone at its reference 

locality is bounded by a low-angle thrust fault placing micaceous siltstone beds of the 

Silurian-Devonian Elder Formation on top of Devonian siltstone and chert beds of the 

lower chert, shale, and limestone member of the Devonian Slaven Chert. The top of the 

micaceous siltstone beds at the reference locality is covered but is interpreted to be the 

last siltstone bed stratigraphically below a sequence o f Middle Devonian chert and 

siltstone beds.

Age control for the micaceous siltstones at Marys Mountain is sparse and is based 

on a single graptolite collection (sample Ep-00-G02) that occurs above the Cherry Spring 

chert member but below the upper ehert. The graptolites are Wenlockian age (Late Early 

Silurian) {Pristiograptus jaegeri, P. ludensis, and P. dubius). No fossils have been 

recovered from the uppermost beds of micaceous siltstone found above the upper chert.
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Consequently, it is unclear whether the age of the micaceous siltstone strata ranges into 

the early Devonian at Marys Mountain, as it does in strata on the Beaver Creek 

Quadrangle (Finney and Cluer, 2000).

Upper Chert Unit (Reference Locality: 7) (Seuc): The upper chert is the second set of 

traceable chert beds within the Elder Formation at Marys Mountain (Fig. 8). It occurs 

within the micaceous siltstone (Se), approximately 50-75 m above the top of the Cherry 

Spring chert member on the west side of Marys Creek. Only one exposure of the upper 

chert beds is recognized at Marys Mountain. Consequently, the upper chert cannot be 

used to separate underlying micaceous siltstone from the overlying micaceous siltstone. 

Instead, the upper chert beds are treated as a local marker unit within the micaceous 

siltstone unit. At its reference locality (locality-7), the upper chert unit is ~ 10 m thick 

and is comprised of interbedded black and gray vitreous ribbon chert, porcellanite, and 

siltstone beds. Bedding thickness ranges from 2 to 5 cm in the siltstone and porcellanite 

beds and up to 10 cm in the chert beds. Bedding surfaces are very wavy and undulating. 

Bedding surface nodules up to 5 cm in diameter can be found locally. Both the lower and 

upper contacts are gradational. The lowermost beds of the upper chert beds are siltstone 

and porcellanite beds that grade upwards into vitreous chert and porcellanite. The upper 

contact is gradational over 5-10 m from porcellanite and chert into the overlying 

micaceous siltstone beds.

Radiolarians recovered from the upper chert marker beds are part of the 

Secuicollacta assemblage, a poorly preserved assemblage that contains both latticed and 

spongy spumellarians. The lack of spongy concentric sphaerellarians or bladed
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entactiniidae distinguishes this assemblage from both the Early Silurian Haplotaeniatum 

-  Orbiculopylorum assemblage below in the Cherry Spring chert member and the 

Ceratoikiscum caivum assemblage above in the lower chert, shale, and limestone member 

of the Devonian Slaven Chert. Several Secuicollacta picked from the Seuc samples have 

similar morphologic features to Late Silurian (Ludloian to Pridolian) radiolarians 

described by Noble (1994) in the Caballos Novaculite, Marathon Uplift, in West Texas. 

The Secuicollacta assemblage is tentatively placed in the Upper Silurian based on the 

range and presence o f Secuicollacta solaria.
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Slaven Chert: (Fig. 11)

The Slaven Chert was first named after its type locality along the west side of 

Slaven Canyon in the Northern Shoshone Range in northeastern Nevada (Gilluly and 

Gates, 1965). Gilluly and Gates (1965) described the Slaven Chert as a sequence of 

black nodular chert beds with subordinate amounts o f carbonaceous shale and brown 

poorly sorted limey sandstone with detrital fragments of chert, greenstone, and limestone. 

Both the top and bottom of the Slaven Chert in the Shoshone Range are considered fault 

bounded or unrecognizable due to poor exposure (Gilluly and Gates, 1965). The overall 

thickness of the Slaven Chert is thought to be 600 -  915 m (Gilluly and Gates, 1965).

The age of the Slaven Chert in the Northern Shoshone Range is considered Devonian 

based on conodonts and radiolarians found in Slaven Canyon (Boundy-Saunders et al., 

1999). Cluer et al., (1997), Noble (2000), and Cellura et al., 2001) have extended the 

name Slaven Chert to include Devonian chert and siltstone sequences in the Tusearora 

Mountains.

At Marys Mountain, the Slaven Chert is a heterogeneous package of chert, 

siltstone, shale, chert breccia, calcareous sandstone, and limestone. It has been separated 

into two informal members (at a scale of 1:12,000): 1) a lower chert, shale, and limestone 

member (Dsl), and 2) an upper chert and shale member (Dsu). Locally the Slaven Chert 

is unconformably overlain by Tertiary volcanic rocks.
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Figure 11.
Schematic stratigraphic column o f  the Devonian Slaven Chert in the M arys M ountain area, showing lithology, 
sam ple locations, and biostratigraphic assemblages. Vertical scale based on The G eological Society o f  A m erica,
1999, Geologic Time Scale.
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Lower Chert, Shale, A nd Limestone Member (Dsl): The lower chert, shale, and 

limestone member, (Dsl) represents over 70% of the total Devonian stratigraphy exposed 

at Marys Mountain. The lower chert, shale, and limestone member (Dsl) is a mixture of 

black, light to medium gray, tan to brown, and light pale green siltstone and shale with 

fissile planar beds to undulating laminations. Chert and porcellanite beds range in color 

from pale green, green-gray, yellowish brown, brown gray, black, to red and are thinly 

bedded to very thick bedded. Calcareous strata include thin bedded limestone, sandy 

limestone, crossbedded limestone and calcarenite, and coarse-grained calcarenite. The 

lack of distinct lithologic characteristics within the Dsl prevents any further stratigraphic 

subdivision of this member other than subdividing its siliceous and calcareous 

components (Plate 3). Three reference localities were established to show variations 

within the lower chert, shale, and limestone member.

Siliceous Beds O f The Lower Chert, Shale, And Limestone Member O f The Slaven 

Chert: (Reference Locality: 8): Several chert intervals throughout the Dsl cannot be 

reliably mapped on lithology alone and thus have been lumped into one unit (Plate 3).

The most widely observed lithology of the siliceous beds are sequences of medium 

brownish gray to black (N4-N6), vitreous chert, poreellanites, and greenish gray to 

brownish gray siltstone beds (Fig. 11). Weathered surfaces may produce any variation of 

color including pale blue (5Pb 7/2), moderate red (5R 5/4), yellowish brown (lOYR 6/2), 

and grayish brown (SYR 3/2). Bedding surfaces are very wavy and undulating and range 

in thickness from 2 to 10 cm; locally beds may be as thick as 30 cm. Although these
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siliceous sequences vary laterally in thickness, chert outerops can commonly be traced 

laterally for hundreds o f meters.

A reference locality is given for one of the presumably widespread chert horizons, 

which has been dated with radiolarian biostratigraphy and relative stratigraphic position 

with respect to overlying limestone beds. At its reference locality near Marys Creek 

(locality 8), the siliceous part of the Dsl is represented by a sequence of siltstones 

interbedded with gray brown to black silty chert and porcellanite. At the reference 

locality, a 6 m thick, thin to medium (5 to 10 cm) bedded brown to gray and black 

vitreous chert and gray brown porcellanite, with very thin white laminations, marks the 

base of the siliceous part of the Dsl (Fig. 12). Up section at the reference locality, cherts 

and porcellanite beds are replaced by more silty beds and an interbedded sequence of 

siltstone and porcellanite beds. Bed thickness ranges from 1 to 2 cm in the siltstone beds 

and 1 to 5 cm in the porcellanite beds. Thick vitreous chert beds with bed thickness of up 

to 50 cm are interbedded approximately every 3-5 m up section for approximately 15-20 

m. Strata above this section are poorly exposed but are represented by interbedded shale 

and chert beds. The top of the siliceous component of the Dsl at its reference locality is 

marked by the last non calcareous planar laminated silty grayish orange siliceous 

siltstone/shale bed below calcareous siltstone beds of the calcareous section of the Dsl.

Radiolarians recovered from siliceous beds in the Dsl include the Ceratoikiscum 

calvum assemblage and the Ceratoikiscum planistellare (see paleontology section for 

more details). Some siliceous beds of the Dsl are interpreted to range from the late Early 

to Middle Devonian (Emsian to Eifelian) based on the presence of the calvum assemblage
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Siltstone and silty chert, interbedded with minor 
amounts o f vitreous ehert. Only about 30% of beds are 
exposed in this interval.

Location o f  Ep-99 13 
Ceratoikiscum planistellare

33.5 - 35.0

28 .5 -30 .0

I  7 .5 -8 .0

T 4 .5 -6 .0

3 .0 -4 .0  

1 .5 -3 .0  

0 .0 - 1.5

Light brown to tan siltstone with interbedded pale gray 
blue thin bedded (1 to 5 cm) porcellanite. Vitreous 
chert beds averaging 50 cm thick interbedded every 
3-5m.

Blaek shale, weathers to a light gray to white.

Tan to light brown siltstone, planar bedded, only 
about 15-20% o f this interval is exposed.

A Decrease in bed thiekness to 3 cm.

Medium to thin bedded chert and porcellanite, with 
laminated white pinstripes interbedded with brown to 
gray and black vitreous cherts and gray brown 
porcellanite. Bedding planes are undulose, and beds are 
5 to 10 cm thick.

I

Fig. 12
M easu red  S ection  o f  E p -9 9 -13 locality .

B racke ted  in tervals  show  po s itio n  o f  com posite  sam p les  taken  11/99
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(See paleontology section for more details), whereas others are younger and assigned a 

Frasnian age based on the presence of Ceratoikiscum planistellare, which appears to be 

restricted to the Frasnian (early Late Devonian) (Nazarov et al., 1983; Aitchison, 1993).

Calcareous Beds O f The Lower Chert, Shale, And Limestone Member O f The Slaven 

Chert: (Reference Locality: 9 A nd 10): The calcareous components of the Dsl are

observed as lensoidal bodies throughout the Marys Mountain area (Plate 3). At reference 

locality 9, north o f an old reclaimed drill road and along the southeast side of Marys 

Mountain, calcareous beds consist of tan very fine- to fine-grained sandy limestone with 

< 5% lithic fragments and interbedded coarse-grained calcareous sandstone and very thin 

beds of limey mudstone (Fig. 13). Bedding surfaces are typically laminar and platy with 

bed thickness less than 5 mm. Stratigraphically below the calcareous mudstone and 

calcarenite beds lie 10-20 cm thick beds of calcareous siltstone with medium-grained 

calcarenite beds containing up to 5% coarse-grained euhedral barite. This is the only 

locality in the Marys Mountain area where barite beds have been observed.

Conodonts (identified by Gil Klapper) were recovered from this section 5 m 

above the barite bed and are assigned to the Polygnathus assemblage, which is early 

Givetian to Frasnian in age (Ziegler et al., 1973, Fliggins et al., 1985). About 1 km to the 

south-southwest of the Marys Mountain saddle is a slightly different calcareous 

component of the Dsl, containing no barite beds and a heterogeneous package of
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calcareous sandstone, calcareous siltstone, and siltstone as well as a distinct fine cross

laminated calcareous siltstone and cross laminated micritic limestones (Fig. 14).

The top of the ealcareous strata and subsequently the top o f the lower chert, shale, 

and limestone member o f the Devonian Slaven Chert at Marys Mountain is marked by 

the highest occurrence of the planar laminated calcareous siltstone beds. Field relations 

between the lower chert, shale, and limestone member and the overlying Devonian 

Slaven upper chert and shale member are typically covered and cannot be precisely 

defined.

At reference locality 10 east of the main road cutting through Marys Mountain, 

the base of the calcareous component of the Dsl is marked by the lowest light brownish 

gray (SYR 6/1) to pale yellowish orange (lOYR 6/6) calcareous sandstone beds (Fig. 14). 

It has a subrounded to subangular fme-medium-grained (2.5 to 1.5 o) quartz and arkosic 

sand matrix with a sparry calcite cement. Up section (as observed by top indicators such 

as cross bedding) is a sequence of interbedded planar laminated limy sandstone and 

calcareous siltstone beds with cross-laminated silty limestone beds (Fig. 14). At 

reference locality 10 and elsewhere at Marys Mountain, this limestone package forms 

moderate to steep slopes and prominent ridge lines but typically produces small outcrops.

Variations of the calcareous beds in the Dsl unit include very fine to fine-grained 

grayish orange (lOYR 7/4) to a moderate yellowish brown (lOYR 5/4), thin planar 

laminated limy sandstone beds. Laminations are approximately 1 to 2 mm and are 

marked by iron oxide stains of limonite. Finer beds are composed of micritic limestone 

muds with planar millimeter size laminations consisting of quartz, feldspar, and lithic
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fragments. Thick lensoidal beds of coarse-grained limy sandstone containing 1 mm to 3 

cm sized detrital fragments of subrounded to subangular clasts of chert, glauconite, mafic 

minerals, quartz grains, and other lithic and sandstone fragments are observed on the west 

side of Marys Mountain (Fig. 15). The similarities of the limestone packages and lack of 

distinctly different ages prevent any further subdivision of the calcareous portion of the 

Dsl.

Fossils recovered from the limestones at locality 10 include conodonts, sponge 

spicules, and cone shaped siliceous fossils. Conodonts (identified by Gil Klapper) from 

two samples from the east (Ep-99-COl) and west (Ep-99-C02) sides of Marys Creek 

produced a Mesotaxis assemblage containing species o f Mesotaxis ovalis, Mesotaxis sp., 

and Ancyrodella sp. These conodonts are confined to the lower part o f the Frasnian stage 

in the early Late Devonian.

Upper Chert A nd Shale Member (Reference Locality: 11) (Dsu): The upper chert and 

shale member (Dsu) is a siliceous package of ehert, porcellanite, shale, and sedimentary 

chert breccia beds. At its reference locality (locality-11) the base o f upper chert and shale 

member (Dsu) is defined by the lowest reddish gray and pale green massive vitreous 

chert and porcellanite bed above the calcareous strata of the lower chert, shale, and 

limestone member. Bedding commonly ranges in thickness from medium (10 cm) to 

thick bedded (30 cm) with more siliceous beds forming planar massive beds o f 30 to 100
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cm thick. Stratigraphically up section, the upper chert and shale member consists of 

interbedded medium gray silty cherts and siliceous shales, with a light gray (N7) to very 

light gray (N8) clast supported chert/porcellanite breccia with subangular to angular gray, 

green-gray, and brown-gray chert breccia fragments ranging in size from 0.2 cm to 2 cm 

(Fig. 16) with a light gray porcellanite matrix. Breccia beds range in thickness from thin 

to medium bedded (3- 9 cm) to thick bedded (40 cm). Beds exceeding 20 cm may exhibit 

sedimentary structures such as load casts and graded bedding (Fig. 16 and 17). Breccia 

beds are interbedded approximately every 10 to 20 m with siliceous shale and 

porcellanite. Bedding thickness for the interbedded shale and porcellanite ranges from 1 

to 2 cm in the shales and 3 to 6 cm in the porcellanite. Bedding surfaces tend to be planar 

to wavy.

A second set of breccia beds was observed along an east west ridge east of the 

saddle at Marys Mountain. There, a chert conglomerate, containing angular to 

subangular clasts of pale green and brown chert and to a lesser degree siltstone occurs 

within a section that is interpreted to be part of the upper chert and shale member. The 

breccias mentioned above and the chert conglomerates described herein have similarities 

in clast composition, but their relative stratigraphic positions have not been established. 

The upper chert and shale member represents the highest stratigraphic unit exposed in the 

Devonian Slaven Chert at Marys Mountain. Hence, the top of the Dsu is undetermined. 

Radiolarians are the only fossils recovered from the Dsu and indicate an early 

Mississippian age, with the lower part possibly as old as latest Famennian (latest
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Devonian). Sample Ep-99-70, recovered in the northeast part of the map area from 10 m 

below the top of this unit, is early Mississippian based on the presence of 

Cyrtisphaeractinium crassum {Albaillella 1 assemblage o f Holdsworth and Jones, 1980). 

About 50-60 m below, theEp-99-25 sample yielded fragments of Holoeciscus, which is 

no younger than the latest Famermian {Holoeciscus 3 assemblage of Holdsworth and 

Jones, 1980). The Holoeciscus-heaxing sample is a ehert breccia. However, it is not 

clear whether Holoeciscus is contained in the matrix or in reworked ehert clasts. At 

present, it is unclear whether this unit spans the latest Devonian through early 

Mississippian or whether it is limited to the early Mississippian and contains reworked 

latest Devonian radiolarians. Other radiolarian samples from this unit are less well 

constrained and assigned to the Entactiniid-Archocyrtium  assemblage, which is Late 

Devonian through Mississippian age.
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PALEONTOLOGY 

Radiolarians At Marys Mountain

Eight distinct radiolarian assemblages ranging from Late Ordovieian through Late 

Silurian and from Middle Devonian to Early Mississippian have been recognized at 

Marys Mountain in the southern Tusearora Mountains (Fig. 18). Preservation of 

radiolarians in early Paleozoic chert can be highly variable. Some samples may produce 

very poorly preserved radiolarians, whereas others yield very well preserved hut sparse 

radiolaria. Others may produce both abundant and well preserved radiolarians (Table 1). 

Fossil loealities are shown on Plate 2.

Syntagentactinia Assemblage (Photo Plate 1)

Radiolarians recovered are specimens of Haplotaeniatum, Syntagentactinia and 

possible fragments of Frotoceratoikiscum. All radiolarians were poorly preserved and 

sparse. Samples typically yielded less than a dozen identifiable fragments. The 

Syntagentactinia assemblage is believed to be equivalent to the Haplotaeniatum spinatum 

assemblage of Noble (2000) found in the Roberts Mountains and on the REN property in 

the Tusearora Mountains.
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Age And Zonal Assignment: The Syntagentactinia assemblage is interpreted to be 

Caradocian (Late Ordovician). Although the Syntagentactinia assemblage is missing 

Kalimnasphaera, the presence of Protoceratoikiscum and Syntagentactinia sp. suggest 

that the Syntagentactinia assemblage is best assigned to the Pylomate- large concentric 

sphaerellarian Zone 1 of Noble and Aitchison (2000) (Fig. 19). The Caradocian age is 

further substantiated by the occurrence of six graptolite collections from the white 

porcellanite/chert (Table 3).

Occurrence: This assemblage is restricted to the white porcellanite/siltstone member at 

Marys Mountain. Similarly, the Haplotaeniatum spinatum assemblage o f Noble (2000) 

is associated with white chert and porcellanite strata in the Roberts Mountains and other 

parts of the Tusearora Mountains (Noble, 2000). Samples from two localities (Ep-99-04, 

and Ep-99-07) at Marys Mountain were assigned to this assemblage, and one other 

sample (Ep-99-15) with poorer preservation was provisionally assigned (Table 1, Plate 

2).

Haplotaeniatum-Orbiculopylorum- Assemblage (Photo Plate 2)

The Haplotaeniatum-Orbiculopylorum assemblage appears to be the same 

assemblage as that recovered from the Cherry Spring chert in other parts of the RMA 

(Noble et al., 1998; Noble, 2000). In the Marys Mountain area, samples 

contain sparse but well-preserved specimens o f the following taxa: Cessipylorum sp., 

Rotasphaera sp., Secuicollacta sp., and Orbiculopylorum sp. (Tablel).
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Age And Zonal Assignment: This assemblage is assigned to the Llandoverian (Early 

Silurian). Age control thus far has been based on correlation to Silurian faunas from 

Germany (Noble et ah, 1998) the Ural Mountains (Nazarov and Ormiston, 1993), Alaska 

(Won et a l, 2002), and from a sparse graptolite collection made from samples in the 

Adobe Range, northeastern Nevada, assigned to the Monograptus cyphus zone of early 

Llandoverian age (Noble et al., 1997). Based on the presence o f Cessipylorum and 

Orbiculopylorum this assemblage may be assigned to the Pylomate- large concentric 

sphaerellarian Zone 2 of Noble and Aitchison (2000)(Fig. 19).

Occurrence: This fauna was recovered from samples Ep-99-02, Ep-99-12, Ep-99-05, 

Ep-99-37, Ep-00-14, and Ep-99-15, all taken from outcrops of the Cherry Spring chert at 

Marys Mountain.

Secuicollacta Assemblage (Photo Plate 3)

The Secuicollacta assemblage is a poorly preserved assemblage that contains both 

latticed and spongy spumellarians and Secuicollacta sp. that resembles Late Silurian 

Secuicollacta spp. from the Marathon uplift, west Texas (Noble, 1994). One sample 

tentatively contains Secuicollacta solara. This assemblage is reported from only one 

outcrop in the field area (see location of sample Ep-99-20, Plate 2). Other samples from 

this outcrop lack diagnostic Late Silurian taxa but also lack taxa diagnostic of younger 

and older assemblages, such as the robust spongy sphaerellarians of the Llandoverian or 

the bladed entactiniidae of the Devonian. The lack of these robust taxa precludes
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assignment of this assemblage to the older Haplotaeniatum-Orbiculopylorum or the 

Ceratoikiscum calvum assemblages. Although this assemblage is poorly preserved, it is 

of great importanee, because it is the first reported occurrence of a Late Silurian 

Secuicollacta-hQeirmg assemblage in the alloehthon and provides additional information 

regarding the placement of the Silurian - Devonian boundary.

Age And Zonal Assignment: Radiolarians recovered from the Secuicollacta assemblage 

are very poorly preserved. Nevertheless, Secuicollacta solaral (Photo plate 3 no. 2) and 

other specimens of Secuicollacta resemble Late Silurian Secuicollacta species from 

Rotasphaerid Superzone from the Caballos Novaculite, Marathon Uplift, west Texas 

(Noble, 1994). The Secuicollacta assemblage is correlated to the Secuicollacta 

Superzone, and provisionally correlated to the Long-spined inaniguttid Zone 3 o f Noble 

and Aitchison (2000) (Fig. 19).

Occurrence: The Secuicollacta assemblage is found in siliceous gray and blaek pin- 

stripped chert and porcellanite beds within the upper chert marker unit that lie 

conformably above a package of micaceous siltstone interpreted to be Silurian Elder 

Formation (Fig. 8).

Ceratoikiscum Calvum Assemblage (Photo Plate 4 & 5)

This assemblage contains Ceratoikiscum calvum, Helenifore laticlavium, and 

abundant Trilonche spp. with tri-bladed spines. It lacks other Ceratoikisciids that occur 

with C. calvum in late Early - Middle Devonian assemblages, such as Circulaforma
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admissarius and Ceratoikiscum lyratum, (Aitchison et al., 1999) which may be a function 

o f preservation. The marker taxon from this assemblage is Ceratoikiscum calvum, which 

possesses a simple well-defined triangular frame with poorly developed caveal ribs 

except for one robust caveal rib.

Age and Zonal Assignment: This assemblage is assigned a late Early to early Late 

Devonian age (Emsian to Givetian), based on the range of Ceratoikiscum calvum and 

Helenifore laticlavium (Aitchison, 1993). This assemblage may correlate with a Middle 

Devonian assemblage in the Roberts Mountains, the Ceratoikiscum lyratum assemblage 

of Noble (2000). It is assigned to the middle part of the Entactiniid Superzone of Noble 

and Aitchison (2000). The age is further constrained by conodonts from the Polygnathus 

assemblage which occur up section. For more information on the age o f the Polygnathus 

assemblage, refer to the conodont section of this report.

Occurrence: The Ceratoikiscum calvum assemblage is found within the lower chert, 

shale, and limestone member of the Devonian Slaven Chert, a widespread chert and 

siltstone package that makes up a large portion of the Devonian strata at Marys 

Mountain.

Ceratoikiscum Planistellare Assemblage (Photo Plate 6)

The Ceratoikiscum planistellare assemblage is defined by the presence of 

Ceratoikiscum planistellare, a distinct Ceratoikiscum that has six prominent extra 

triangular rods and a central triangular skeleton making six pointed star. The points on
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the star are conneeted by patagium (a lacy framework with a variety o f openings) 

(Nazarov and Ormiston, 1983; Aitchison, 1993). Other taxa found within the assemblage 

include paleoscenidiids and Trilonche spp. This assemblage may correlate with an early 

Frasnian assemblage reported as the Slaven Chert in Slaven Canyon, Northern Shoshone 

Range, which also contains Ceratoikiscum planistellare (Boundy-Sanders et ah, 1999).

Age And Zonal Assignment: This assemblage is assigned a Late Devonian (Frasnian - 

Famennian) age based on the range of Ceratoikiscum planistellare (Aitchison, 1993). 

Early Frasnian conodonts from limestone depositionally overlying this assemblage 

further constrain the Ceratoikiscum planistellare assemblage as Latest Givetian to the 

Early Frasnian (early Late Devonian) (Fig. 20 B).

Occurrence: This assemblage was recovered from sample Ep-99-13 at reference 

locality-8 in a conformable section of vitreous cherts and interbedded siltstone and 

porcellanite (the lower chert, shale, and limestone member o f the Devonian Slaven ehert), 

9 m below the Frasnian? limestone beds.

Entactiniid-Archocyrtium Assemblage (Photo Plate 7)

These Latest Devonian to early Mississippian radiolarians at Marys Mountain are 

characterized hy Archocyrtium sp. and the presence of bladed entactiniidae.

Archocyrtium sp. is a pylomate with a single tri-radiate apical horn and three divergent 

feet surrounding the pylome margin (Cheng, 1986). Other radiolarians found within the
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Entactiniid-Archocyrtium assemblage include Paleoscenidium sp., Stigmosphaerostylus 

sp., and Trilonche sp.

Age And Zonal Assignment: Archocyrtium ranges from Late Devonian (Famennian) to 

Early Mississippian. There are four biozones during this time interval to which this 

assemblage might be assigned, but the lack of index fossils specific to these zones 

precludes such assignment. It is interpreted to be Late Devonian (Famennian) to Early 

Mississippian (Kinderhookian) based on the range of Archocyrtium.

Occurrence: This assemblage is found in both porcellanite and chert breccia beds of the 

upper chert and shale member o f the Slaven Chert.

Holoeciscus Assemblage (Photo Plate 8)

The Holoeciscus assemblage is defined by the presence of Holoeciscus sp. Other 

taxa found within the assemblage include Archocyrtium sp., Archocyrtium ormistoni, 

Paleoscenidium, and Trilonche spp. (Cheng, 1986).

Age And Zonal Assignment: This assemblage is assigned a latest Devonian (latest 

Famennian) age based on the range of Holoeciscus (Cheng, 1986). Based on the 

presence o f Holoeciscus sp. and Archocyrtium sp., this assemblage may be assigned to 

the Holoeciscus-!) (Ho-3) Zone of Eloldsworth (Cheng, 1986) (Fig. 20).
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Occurrence: This assemblage was recovered from samples Ep-99-24 and Ep-99-71 from 

of a sequence o f gray and brown vitreous chert and porcellanite beds and from samples 

Ep-99-26 and Ep-99-73 from a sequence of breccia beds in the upper chert and shale 

member of the Slaven Chert at the topographically highest point at Marys Mountain.

Cyrtisphaeractenium Crassum Assemblage (Photo Plate 9)

The Cyrtisphaeractenium crassum assemblage is defined by the presence of 

Cyrtisphaeractenium crassum. Other taxa found within the assemblage include 

Archocyrtium sp. and Trilonche sp., (Cheng, 1986).

Age And Zonal Assignment: This assemblage is assigned a Late Devonian (Famennian) 

to Early Kinderhookian age based on the range of Cyrtisphaeractenium crassum (Cheng, 

1986). Based on the presence and range of Cyrtisphaeractenium crassum, this 

assemblage may he assigned to the base of the Albaillella 1 (A bl) zone or the top of the 

Ho3 zone of Holdsworth (Cheng, 1986) (Fig. 20A).

Occurrence: This assemblage was recovered from samples Ep-99-60, and Ep-99-70 in a 

sequence of gray and brown vitreous chert and porcellanite beds in the upper chert and 

shale member o f the Slaven Chert.
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Table 1:
Taxon occurrence chart: radiolaria, Marys Mountain.

S a m p le  #

E p -9 9 -6 0
|E p -9 9 -7 0

R o c k  u n it A s s e m b la g e

Cyrtisphaera ctenium  
cra ssu m  a s s e m b la g e

L egend

A bundance
r-rare
c-com m on
a-abundant

Preservation
p-poor
f'fa ir
g-good
e-excellent

E d -99 -24 • . r f
E p -9 9 -2 6 . . . c
E p -9 9 -7 1 . . c R,
E p -9 9 -7 3 • • • • c

E p -9 9 -4 0 . r R
E p -9 9 -2 3 . . c P
E p -9 9 -6 7 . • r g
E p -9 9 -6 9 • • c f

H oheciscus
a s s e m b la g e

Entactiniidae- 
Archocyrtium  
a s s e m b la g e

E p -9 9 -1 3 « . c g
E p -9 9 -1 4 . r p
E p -0 0 -0 2 • • r JL

CeratoOascum
planistellare
a s s e m b la g e

E p - 9 9 - I l . • c g
E p -9 9 -3 9 . . . c g
E p -99 -43 . . . a g
E d -00 -18 * • c f
E p -9 8 -0 2 . . c p
E p -9 9 -6 1 • • c f

Ceratoikiscum  
C ahum  a s s e m b la g e

E d -98-01 r f
E p -9 9 -0 1 . r f
E p -9 9 -2 7 - c g
E d -9 9 -2 9 . c g
E p -9 9 -3 0 r p
E p -9 9 -3 2 r p
E p -99 -33 . r g
E p -9 9 -3 4 . r P
E p -99-41 r P
E p -99 -59 r p
E p -99 -65 r g
E p -99 -6 6 r g
E p -0 0 -0 8 JL J L .

Entactiniid
a s s e m b la g e

E d -99-21 • • • r g
E d -99 -2 0 • r f
E p -0 0 -0 3 • r f

E d -9 9 -0 2 • • • c g
E p -9 9 -1 2 . • . a g
E p -99 -05 r f
E p -9 9 -3 7 • r R
Ep-OO-14 r g
E p -0 0 -1 5 j l .

Se cuicollacta 
a s s e m b la g e

H apiotaeniatum -
O rbiculopyhrum

a s s e m b la g e

E p -9 9 -0 4 • • • r R
E p -9 9 -0 7 . r P
E p -9 9 -1 5 • ' r P

I si
B Syntagentactinia  
~  S a s s e m b la g e
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Conodonts at Marys Mountain

Thirteen conodont samples were collected. Three samples yielded dateable 

conodonts (Tahle 2). One sample contains a Middle to Late Devonian Polygnathus 

assemblage, and the other two samples contain a Late Devonian Mesotaxis assemblage, 

which correlates with to the Polygnathus duhia (=^asymmetrica?) assemblage (Clark and 

Ethington, 1967). All conodonts from this study were identified by Dr. Gill Klapper at 

the University o f Iowa.

Polygnathus assemblage (Photoplate 10)

The Polygnathus sp. assemblage comes from sample Ep-00-e5 which had a low 

recovery rate and produced poorly preserved Polygnathus sp. Polygnathus varcus?

Age And Zonal Assignment: Klapper (written communication, 2000) assigned this 

sample to the Polygnathus varcus zone ( Ziegler et al., 1973), which is restricted to the 

lower part of the Givetian (Middle Devonian) (Fig. 20) (Ziegler et al., 1973; Higgins and 

Austin, 1985). The poor preservation and low recovery rate for this assemblage raise 

caution to assigning these fossils to a particular hiozone. Therefore, the age of the 

Polygnathus assemblage is considered to be no older than the Polygnathus varcus zone 

(Early Givetian) hut could be as young as Early to Middle Frasnian spanning the range of 

Polygnathus.

Occurrence: The Polygnathus assemblage is found in a thin-bedded silty limestone unit 

taken 5 m above the barite beds that are part of the lower ehert, shale, and limestone
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member of the Slaven Chert.

Mesotaxis Assemblage: (Plate 10)

The Mesotaxis assemblage is defined by the presence of Mesotaxis ovalis. Other 

species that occur within this assemblage include Ancyrodella sp. and Icriodus 

subtermins (Ziegler, 1971). This assemblage correlates with the Polygnathus dubia 

(=asymmetrica?) zone reported by Clark and Ethington (1967) (Klapper, written 

communication, 2000).

Age And Zonal Assignment: The range of Polygnathus dubia (=asymmetrica?) and 

Mesotaxis ovalis restrict this assemblage to the lower part of the Frasnian (lower Late 

Devonian) (Fig. 20) (Higgins and Austin, 1985; Irwin and Orchard, 1991).

Occurrence: The Mesotaxis assemblage is found in the calcareous beds o f the lower 

chert, shale, and limestone member and has been recovered from two localities, samples 

(Ep-99-cl, and Ep-99-c2). This same fauna was also recovered in the Marys Mountains 

area by Clark and Ethington (1967), just north of the spring (SEl/4, N W l/4 Sec. 28, 

T33N, R51E) along the east side of Marys Mountain.
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Table 2:
Taxon occurrence chart: conodonts, Marys Mountain.

Sample #
E p -9 9 -c 1
E p -9 9 -c2

•S

3
•:g
a
Io pL,

Legend

A bundance
r-rare
c-com m on
a-abundant

P reseA 'abon
p-poor
f-fair
g-good
e-excellent

Rock unit Assemblage

 ̂ s“ e u «g c

Mesotaxis
assemblage

IE p -0 0 -c 5 Polygnathus
assemblage
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Graptolites At Marys Mountain

The majority o f the graptolite collections were taken within the upper part of the 

Vinini Formation and yielded upper Middle to Late Ordovician age graptolites 

(Caradocian to Ashgillian) assigned to Zones 9 through 15 of Berry (1960, Table 3). One 

Early Silurian assemblage was recovered in the 2000 field season from the Elder 

Formation providing age constraints for this unit and the underlying Cherry Spring chert 

(Table 3). All graptolite determinations were made by Dr. Stanley C. Finney from 

California State University, Eong Beach, California.

Zone 9 Graptolites

Collections of zone 9 graptolites from the Marys Mountains area contain: 

Pseudoclimacograptus sp., Phyllograptus sp., Glossograptus sp.?, Orthograptus or 

Glyptograptus sp. and Hallograptus sp.

Age And Zonal Assignment:

The range for zone 9 graptolites is restricted to the latest part of the Llanvimum, late 

Middle Ordovician (Berry, 1960). Assignment of graptolites to zone 9 was based on the 

presence of Hallograptus sp. and Glyptograptus sp. (Finney, written eommunication, 

2000; Table 3).

Occurrence: Zone 9 graptolites at Marys Mountain are found within the pale blue 

siltstone member o f the upper part of the Ordovician Vinini Formation.
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Zone 12 Graptolites:

Collections o f zone 12 graptolites from the Marys Mountains area contain: 

Pseudoclimacograptus scharenbergi, Orthograptus?, Cryptograptus sp., Cryptograptus 

bicornis, Normalograptus? Climacograptus brevis, Dicranograptus nicholsoni, 

Hallograptus sp., Climacograptus bicornis, Orthograptus calcaratus acutus, Corynoides 

calicularis, Dicranograptus nicholsoni.

Age And Zonal Assignment: The range for zone 12 graptolites is restricted to the early 

part of the Caradocian, early Late Ordovician (Berry, 1960). Assignment of graptolites to 

zone 12 is based on the presence o f Climacograptus bicornis (Finney, written 

communication, 2000; Table 3).

Occurrence: Zone 12 graptolites at Marys Mountain are found within the black shale 

and mudstone member of the upper part of the Ordovician Vinini Formation.

Zone 13 Graptolites

Collections of Zone 13 graptolites from the Marys Mountains area contain: 

Orthograptus quadrimucronatus, Pseudoclimacograptus scharenbergi, Cryptograptus 

sp., Cryptograptus insectiformus, Orthoretiolites?, Dicranograptus nicholsoni, 

Orthoretiolites hami, Orthograptus (Rectograptus) sp., Climacograptus sp. (C. 

spiniferus?), Dicranograptus sp., and Climacograptus caudatus.
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Age and Zonal Assignment: The range for zone 13 andl4 graptolites is restricted to the 

upper part of the Caradocian, Upper Ordovician (Berry, 1960). Graptolites assigned to 

zone 13 and 14 were done so based on the presence of Orthograptus quadrimucronatus, 

and Dicranograptus sp. (Finney, written communication, 2000; Table 3).

Occurrence: Zone 13 and 14 graptolites at Marys Mountain are found within the white 

siltstone/porcellanite member of the upper part of the Ordovician Vinini Formation.

Zone 14 and 15 Graptolites

Zone 14 graptolites from the Marys Mountains area contain: Normalograptus 

trihuliferous, Orthograptus, Climacograptus, Dicellograptus complanatus.

Collections of zone 15 graptolites from the Marys Mountains area contain 

Normalograptus persculptus and Dicellograptus complanatus.

Age And Zonal Assignment: The range for zone 14 and 15 graptolites is restricted to the 

Ashgillian, late Late Ordovician (Berry, 1960). Assignment to zone 15 is based on the 

presence of Dicellograptus complanatus (Finney, written communication, 2000; Table 3).

Occurrence: Zone 14 and 15 graptolites at Marys Mountain are found within the shaley 

parts of the black phosphatic mudstone member of the upper part of the Ordovician 

Vinini Formation.
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Lower Silurian Graptolites (Ludensis Zone)

Collections o f Early Silurian (Wenlockian) graptolites from the Marys Mountains 

area contain Pristiograptus jaegeri, Pristiograptus dubius, and Pristiograptus ludensis.

Age and Zonal Assignment: The range for the Early Silurian graptolites is restricted to 

the upper part of the Wenlock, upper Early Silurian (Berry and Murphy, 1975). 

Assignment of graptolites to the ludensis zone is based on the presence o f Pristiograptus 

dubius and Pristiograptus ludensis (Finney, written communication, 2000; Table 3).

Occurrence: Ludensis zones graptolites at Marys Mountain are found within the 

micaceous siltstone member of the Silurian Elder Formation.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CD■D—iO
o .co
CD
Q .

■D
CD

C/)
( /)

OO■D
c q '

CD
—i

CD■D—iO
o .c
a
o

■ D
—i
O

CD
Q .

■D
CD

( /)
( /)

w
3
oo
re
oOS

wa
oo
ti
o04

o

VO
ro
o

tm
o
'OVO
TO
Otyi

•
.

•
.

.
• •

- . •

• •

.

.

• •

.

m
a
oo
ro
oLrt

w
a
oo
ro
o
04

W
3
Oo
ro
o

W
3
MO
VO

ro
o

W
3
vlo
VO
ro
o
04

W
3

VO
ra
o

• •

.

•

•

.

-

.

• • • • •
.
-

•

• • •

w
3
'b
VO

ro
o
45.

w
3
VO
VO
ra
o
ov

m
3
M5
VO
ro
o
K>

.

•

*

•

•

3
b
o

o
to

5/5
P
5
3
o '
4t

C lim a c o g ra p tu s  b icorn is
C lim a c o g ra p tu s  b revis
C lim a c o g ra p tu s  c a u d a tu s
C lim a c o g ra p tu s  sp .
C lim a c o g ra p tu s  sp in ife ru s?
C oryno ides  ca licu la ris
C ryp to g ra p tu s  b icorn is
C ryp to g ra p tu s  in sec ttfo rm u s
C ryp to g ra p tu s  sp .
D ice llograp tu s  c o m p la n a tu s
D icra n o g ra p tu s  n ic h o h o n
D icra n o g ra p tu s  s p
G lo s so g r a p tu s  s p .
G lyp to g ra p tu s  sp .
H a llograp tu s  sp .
N o rm a lo g ra p tu s  p e r s c u lp tu s
N o rm a lo g ra p tu s  s p .
N o rm a lo g ra p tu s  tr ib u lfe ro u s
N o rm a lo g ra p tu s  tuhu liferu s
O rth o g ra p tu s  c a lc a r a tu s  a c u tu s
O rth o g ra p tu s  q u a d r im u c ro n a tu s
O rth o g ra p tu s  s p .
O rthore tio lite s h a m i
O rthoretio lites sp .
P h y llograp tu s  sp .

• P ris tio g ra p tu s  d u b iu s
• P ris tio g ra p tu s  ja e g e r i

. P ris tio g ra p tu s  lu d e n sis
P s e u d o c lim a c o g r a p tu s  s c h a r e n b e r g i
P s e u d o c lim a c o g r a p tu s  sp .

V m in iF orm alion

p a le
b lu e

i l t s to n e
T ie m b e r

b l a c k  s h a le  
a n d  m u d s t o n e  

m e m b e r

w h ite  p o r c e l l a n i l e /  
s i l t s to n e  m e m b e r

b la c k
p h o s p h a t i c
m u d s t o n e
s i l t s to n e
m e m b e r

E ld e r
F o r m a t io n

=r c o 2

tn>•n

CO

3

Z one 14-15 L u d e n s is  
Zone 3

C\
O S



6 7

Marys Mountain Structural Interpretations 

Structural Overview

Detailed geologic mapping by Henry and Faulds (1999) highlighted several of the 

structural features in the Marys Mountain area, including a major low-angle fault that 

separates two distinct structural domains in the Marys Mountain area. In an unpublished 

report, Henry and Faulds (1999) described east-verging tight to isoclinal folds, imbricate 

thrusts, and high-angle reverse faults that record Paleozoic contractional deformation 

(Henry and Faulds, 1999, Faulds written comm., 1999) (Fig. 21, plate 1). In addition, 

Henry and Faulds (1999) mapped steeply dipping normal faults that are typically 

associated with middle to late Cenozoic extension and cut both Paleozoic and Tertiary 

strata. The high-angle normal faults and reverse faults commonly parallel bedding in 

Paleozoic strata. Biostratigraphic data obtained in this study permit more accurate 

placement of previously mapped faults and document additional faults shown on Plate 1.

Marys Mountain is divided into northeast and southwest domains. The boundary 

between the two domains is interpreted to be a major thrust fault, here termed the Marys 

Mountain thrust, which is inferred to sole into the Roberts Mountains thrust at depth 

(Figs. 21 and 22). These two domains differ principally in their structural style and, to a 

lesser extent, in their internal stratigraphy.

The southwest domain has a thin Paleozoic section ranging from the Ordovician 

through Latest Devonian/Early Mississippian. The strata are tightly folded and internally 

disrupted such that continuous sections are typically less than 250 m thick. Beds have
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steep to vertical dips and are associated with isoclinal, north-trending, east-verging folds 

(Faulds, written comm., 1999). Several mappable units are bounded by north-striking, 

west-dipping high-angle normal and reverse faults (Fig. 21, Plate 1) that commonly omit 

stratigraphic units, have minimal surface expression, and are typically recognized by 

juxtaposed stratigraphic units of differing ages (Fig. 21, Plate 1). The southwest domain 

is interpreted as a thrust sheet, the upper plate o f the Marys Mountain thrust, which 

structurally overlies the northeast domain.

Similar to the southwest domain, the northeast domain consists o f a stratigraphic 

package ranging from Ordovician through Latest Devonian/Early Mississippian. The 

area of exposure of Devonian strata in this domain is roughly two to three times that in 

the southwest domain. The northeast domain is characterized by gently west-dipping 

strata (< 20°) and fewer imbrications (Fig. 21, Plate 1). The stratigraphy is internally 

disrupted, although not as extensively as in the southwest domain. The northeast domain 

is cut by east-dipping high-angle normal faults.

Structural Features

Biostratigraphic work contributed to the confirmation of numerous steeply 

dipping normal and reverse faults cutting Paleozoic strata. Some of the major faults 

recognized by this study are labeled 1 to 4 in Fig. 21. In addition, this study has helped to 

trace more accurately some of the Tertiary faults recognized by Henry and Faulds (1999) 

into the exposed Paleozoic sequence (reference locality 12 on plate 1 and 3). Of 

particular interest is the major structure separating the two domains. The complex 

structural history of the Tuscarora Mountains including folding and faulting from the
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Antler orogenic event, and later extension during the Cenozoic allow for numerous 

potential explanations that could be applied to interpret movement along faults in the 

area. For this report, interpretations of fault movement were made based on the presence 

of older over younger relationships.

Fault 1 (Plate 1, cross section B-B’; Fig. 21) lies near the west edge of the exposed 

Paleozoic strata. There, west dipping strata from the Upper Ordovician Vinini Formation 

overlie Frasnian strata of the Devonian Slaven Chert (Fig. 21, Plate 1). Based on the 

older over younger relationship, this fault is interpreted as a high-angle west-dipping 

reverse fault. Fault 2 cuts the east limb of a well exposed tightly folded anticline of the 

Ordovician white porcellanite/siltstone member and the Silurian Cherry Spring chert 

member. Stratigraphically, the phosphatic mudstone member is missing and is 

interpreted to have been removed during the folding process. The east limb is bounded 

by a steeply west-dipping reverse fault placing Llandoverian (Early Silurian) strata over 

upper Famennian (Late Devonian) strata of the upper chert and shale member of the 

Slaven Chert.

Fault set 3 (3.1, 3.2, 3.3) represents a series of high-angle reverse faults showing the 

imbricate style characteristic of the southwest domain. The westernmost fault (3.1) lies 

near the base of Marys Creek, where it places a thin slice of west-dipping Vinini strata 

over the west limb of an east-verging syncline largely composed of the Elder Formation. 

Along the east limb of the syncline, the Cherry Spring chert member has been omitted by 

a steeply dipping fault (3.2) placing micaceous siltstones from the Elder Formation in 

contact with the white porcellanite and siltstone member of the Vinini Formation. The 

resulting movement on fault 3.2 is unclear and could be interpreted as either a normal or
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a reverse fault. Fault 3.2 is interpreted to be a high-angle reverse fault, possibly a small 

imbricate thrust fault breaking along the east limb of the syncline because of the 

relatively small offset and its proximity to fault 3.1. To the east, an upright section of 

upper Vinini Formation lies in contact with the lower chert, shale, and limestone member 

of the Slaven Chert. The contact between these two units is interpreted to be a high-angle 

reverse fault (3.3) placing older over younger strata.

As shown on both cross sections A-A’ and B-B’ (Fig. 21), the white porcellanite and 

siltstone member (Plate 1) is interpreted to be repeated by a series of imbricate thrust and 

reverse faults, (e.g. fault set 4 - 4.1,4.2, 4.3, 4.4, 4.5, 4.6). Cross section A-A’ shows a 

sequence of the white porcellanite and siltstone member repeated four times as it is 

dissected by both older over younger reverse faults and younger over older high-angle 

normal faults. Although this part of Marys Mountain has very poor exposure, a transect 

of graptolite samples has revealed a shuffled Ordovician sequence. Along the west edge 

of the zone, an upright section of steeply west-dipping lower Silurian and upper 

Ordovician strata are displaced along a west-dipping high-angle reverse fault (4.1). The 

east edge o f the Elder Formation is truncated by another high-angle fault (4.2) 

juxtaposing Silurian strata of the Elder Formation over the white porcellanite and 

siltstone member of the Ordovician Vinini Formation. Movement sense along fault 4.2 is 

unclear, but the younger over older relations and the high angle nature of the fault suggest 

the fault is a high-angle normal fault that dips to the west. East along cross section A-A’, 

west dipping strata from the white porcellanite and siltstone member overlie the black 

mudstone with phosphatic nodules member. There, the contact between the two 

members is interpreted to be a bigh-angle reverse fault (4.3) placing older Ordovician
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strata over younger Ordovician strata (Plate 1). Continuing to the east, the white 

porcellanite and siltstone member (hosting zones 13 and 14 graptolites; Upper 

Ordovician) is juxtaposed hy a high-angle normal fault (4.5) with the pale blue siltstone 

member (Zone 9 graptolites, Upper Middle Ordovician). The eastern contacts of both the 

pale blue siltstone member as well as the black mudstone are interpreted to be high-angle 

normal faults (4.4 and 4.6) mapped by Henry and Faulds (1999) that merge with normal 

faults cutting the overlying volcanic strata. Although the sense of movement on fault 5 

on cross section B-B’ is unclear, fault 5 juxtaposes Middle Devonian strata to the west 

against Upper Ordovician strata to the east in what is tentatively interpreted to be a high- 

angle hack thrust dipping to the east.

As mentioned previously the Marys Mountain thrust is a major structure 

separating the southwest and northeast domains. This contact is interpreted to be a low- 

angle thrust fault, dipping approximately 23° to the west, and is herein termed the Marys 

Mountain thrust (Fig. 21, plate 1). Ordovician through Devonian stratigraphic units on 

the west side (southwest domain, upper plate of the Mary Mountain thrust fault) of the 

Marys Mountain thrust are tightly folded and cut hy several steeply west-dipping, north- 

striking, normal and reverse faults, producing a broad zone o f imbricated stratigraphy that 

typically dips 60 to 90° to the west. Strata on the east side (northeast domain) of the 

Marys Mountain thrust fault dip to the west, with dips ranging from 10-39°, and are cut 

by steep east-dipping normal faults that repeat sections to the east and are interpreted to 

he a result of Cenozoic extension. Structurally, the northeast domain is much less 

complex than the southwest domain. Along the east side of Marys Mountain, a truncated 

section of the Silurian-Devonian Elder Formation and the Ordovician Vinini Formation
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overlies middle Devonian strata from the lower chert, shale, and limestone member of 

Slaven Chert (Plate 1). This contact is poorly understood as it lies on the edge of the map 

area but is interpreted as a thrust fault that represents another thrust sheet in the northeast 

domain.

The overall geometry and fabric of the westward dipping strata, the east-verging 

folds, and faults record geometry similar to that discussed by Evans and Theodore 

(1978); Carpenter et al., (1994); Peters, (1995) and Saucier, (1997) that records the 

eastward transport of siliceous rocks over coeval autochthonous shelf rocks. Chert marker 

units form tight to isoclinal folds with an east vergence (Faulds and Henry, unpublished 

data) and may be repeated several times along a traverse perpendicular to strike. Folded 

chert beds have hingelines that trend north-northwest to north. Similarly, high-angle 

reverse faults strike north to north-northwest, and the Marys Mountain thrust fault strikes 

northwest. Tertiary deformation includes high angle normal and reverse faults that locally 

cause dips of up to 45 degrees in a westerly direction. The pre-Tertiary structural fabric 

of the Marys Mountain area is therefore interpreted to have formed during the 

emplacement o f the Roberts Mountain allochthon during the Late Devonian to 

Mississippian Antler orogenic event.
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DISCUSSION

An Ordovician through Devonian sequence of RMA strata is now documented in 

the Marys Mountain area, and contains stratigraphic features similar to other parts of the 

allochthon. The successful subdivision of the stratigraphy in the Marys Mountain allows 

for better clarification of local and regional structures and, in turn facilitates exploration 

efforts in the local mineral industry. Whereas previous exploration along major gold 

trends in northeast Nevada has been focused near tectonic windows into lower plate 

carbonate rocks, future exploration of deeper targets will require accurate predictions of 

subsurface structure and stratigraphy (Cluer, 1999). Detailed mapping (e.g. Henry and 

Faulds, 1999) combined with biostratigraphic work, has helped to illuminate previously 

overlooked surface structures aiding in the identification of structurally complex zones in 

and around exploration projects. With the help of lithologic data collected from previous 

drilling and accurate surface control, exploration groups can readily generate three- 

dimensional models of local geological features and exploration targets. A study of this 

nature was done on the REN property (northern Tuscarora Mountains), where detailed 

mapping and biostratigraphy helped define structural zones that were targeted in a 1997 

drill program. Results from this drill program included two deep intercepts; a 19.81 m 

(65 ft) interval o f 0.068 ounces per ton (opt) with 3.048 m (10 ft) of 0.307 opt and a 

38.10 m (125 ft) interval of 0.045 opt with a 1.54 m (5 ft) interval of 0.125 opt 

(Romarco, 1997). Continued drilling in subsequent years has expanded these targets (V. 

Spalding, personal comm., 2000).

The work at Marys Mountain is the initial step in an exploration program. The 

pertinent questions that need answering are 1). What is the thickness o f the upper plate?
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2).What are the major structures, their orientation, and how much duplication is in the 

upper plate? These questions were answered at the REN property through a multi-step 

process that includes achieving accurate surface maps followed by trenching and drilling 

programs that add additional control. At Marys Mountain, an accurate surface map has 

been produced taking advantage of all available exposure and biostratigraphic data. Cross 

sections have been constructed and extrapolated to a depth of 475.2 m (1500 ft) based on 

the surface control. These cross sections are models that can be further tested with 

follow-up studies. Additional structural data (Faulds, unpublished data) will further refine 

the cross sections. Acquisition of more surface control through trenching and depth to 

structures seen through drilling will provide subsurface control and allow for further 

refinement and extrapolation of cross sections to greater depth.

The Marys Mountain thrust appears to be the largest structural feature in the map 

area as it forms the boundary between two structural domains (Fig. 23). Strata in the 

southwest domain are tightly folded and steeply dipping. In contrast, the northeast 

domain is characterized by gently dipping strata and significantly less deformation. 

Structurally, the southwest domain is much more complicated, including more 

imbrication, and high-angle faulting. The Marys Mountain thrust forms the base o f a 

duplex structure of allochthonous rocks in the Marys Mountain area, with the northeast 

domain representing the footwall and the southwest domain representing the hanging 

wall of the thrust. The complex structures in the southwest domain are attributed to 

shortening and imbrication of strata as the Marys Mountains thrust plate moved eastward
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during the Antler orogenie event (Fig. 23). Although the Marys Mountain thrust appears 

to be a prominent structural feature, there does not appear to a significant amount of 

transport along the Marys Mountain thrust, based on a comparison o f the stratigraphy 

between the two domains. In a fold and thrust belt, one can expect to see telescoping of 

the basin where more distal facies are transported inboard and emplaced on proximal 

basin and slope facies (Carpenter et ah, 1994). In such circumstances, there should he 

differences in the stratigraphy in adjacent thrust sheets.

A comparison of the stratigraphy between the two domains shows some 

differences but does not suggest telescoping. Differences between domains is attributed 

largely to the structure. There is more stratigraphy exposed in the southwest domain than 

in the northeast domain (Fig. 24) and locally in the southwest domain, the oldest units are 

very prominent in their surface exposure. In the northeast, the oldest unit exposed is the 

phosphatic chert unit, whereas on the southwest domain, there are three additional older 

units exposed. The white porcellanite is particularly prominent in the southwest domain 

and comprises 70% of the surface exposure. Another difference is the extent of the 

upper chert and shale member. It comprises 40% of the stratigraphic exposure in the 

northeast domain, hut comprises less than 10% of the exposed stratigraphy in the 

southwest domain.

These differences in exposed stratigraphy give the appearance of a more substantial 

difference in stratigraphy between domains than what actually exists. When comparing 

the internal stratigraphy of the units between the two domains no significant facies 

changes are observed, nor are there differences in thickness o f units, as might be expected 

if the Marys Mountain thrust were to have juxtaposed different parts o f the basin. The
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stratigraphy therefore does not support significant transport along the Marys Mountain 

thrust.

The stratigraphy exposed at Marys Mountain is typical of that seen throughout the 

allochthon with one notable exception; the large percentage o f limestone present in the 

Slaven Chert. The Devonian limestone beds at Marys Mountain make up 40-50% of the 

stratigraphic thickness in the Slaven Chert. The limestone beds are intercalated with 

deep-water lithologies (i.e. chert and shale) and are clearly part o f the basinal section. 

These relations demonstrate that calcareous strata locally can be a substantial component 

of the upper plate Devonian section. This interpretation contrasts with that of Evans 

(1974), who mapped Devonian limestone to the north on the Welches Canyon 7.5' 

Quadrangle as windows into the lower plate. A quick field examination of the limestone 

beds in the Welches Canyon 7.5' Quadrangle shows them to be lithologieally 

indistinguishable from the limestone in the Marys Mountain area, and are likewise part of 

the upper plate.

Large amounts of limestone in a basinal section does not require the invention of 

structural windows nor major oscillations in facies to explain their presence. It is not 

uncommon to find calcarenites in basinal settings as a result o f transport o f shallow water 

carbonate debris by gravity driven processes. For example, the Caballos Novaculite is a 

chert and shale unit that contains allodapic limestone beds interpreted to be deposited in 

this fashion (McBride and Thomson, 1970; Barrick and Noble, 1995). Similar to the 

Slaven Chert, the Caballos Novaculite is part of a passive margin sequence of 

parautochthonous strata (Viele, 1989) deposited in an analogous basinal setting.
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The limestones in the Marys Mountain area are graded calcarenites displaying 

sedimentary structures, such as graded bedding, sharp planar beds and well developed 

trough eross bedding features that are commonly associated with calcareous turbidites, 

(James and Bourque, 1993; Meisehner, 1974). These calearenites (also called allodapic 

carbonates) most likely formed from isolated high-energy events allowing transport into a 

low-energy system by gravity driven processes. The localized nature o f these deposits, 

their lenticular geometry, the coarseness of the sediments, and their intercalation with 

deep-water shales and radiolarian cherts, all support the idea that the calcarenites can he 

interpreted as turbidite beds within the basinal sequence at Marys Mountain. Aside from 

turbidity flows, allodapic carbonates may also be deposited into deeper facies as grain 

flows; unstable aeeumulations of lime sands near the platform margin that are set in 

motion and spill over into the basin with little erosive power (James and Bourque, 1993). 

Deposition of allodapic grain flows can occur during the initial phase o f a transgression 

as overflow when carbonate production increases in response to sea level rise (James and 

Kendall, 1992) or may purely be assoeiated with progradation of shelfal carbonates with 

no change to relative sea level.

A third explanation for the formation of the limestone beds is that they are distal 

tempestites deposited below wave base as isolated events as a result o f storms. 

Tempestites are fine grained to very fine grained calcarenites that are most commonly 

deposited along the inner shelf environment (Ito et al., 2001). Tempestites form large 

broad sheet deposits ranging in thickness from .01 m to 10 m, decreasing sand supply 

results in thinner tempestites (i.e. distal tempestites) (Einsele, 1996). One the most 

dominant features o f a tempestites is the present of hummocky cross-stratification (Ito et
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a l, 2001). Proximal or sandy tempestites typically form at or above storm base in 

shallow water (20-30 m) shelf environments (Wetzel et al., 2003). Deposits of this nature 

reflect deposition under oscillatory flow that produce sedimentary structures with basinal 

intervals of flat laminae overlain by hummocky cross-stratification, and wave ripples 

(Duke et al., 1991). Distal tempestites deposited below the storm base are recognized by 

homogenous packages of mud mixed with siltstone and sandstone (Aigner and Reineck,

1982). They often contain inter fingering relationships o f mudstone and sandstone, and 

display a shortened hummocky cross-stratification wavelengths, ranging only 1 - 2 m, 

significantly less than that of the proximal tempestites (3-6 m k) (Aigner and Reineck, 

1982: Ito et al., 2001; Wetzel et al., 2003). The occurrence and frequency of tempestites 

is a function o f terrigenous sediment input and or carbonate production (Einsele, 1996). 

These calcarenites were deposited in the basin and hummocky cross-bededing was not 

observed, so it is unlikely that these beds are tempestites.

A recent study northeast of Mary Mountain in the Carlin Trend suggests a 6-7 

million year depositional hiatus, when deposition of platform carbonate sediments ceased 

during a sea level drop in the Frasnian (Furley, 2001). The calcarenite beds in the Slaven 

Chert are roughly time equivalent with the hiatus proposed by Furley, within the broad 

resolution afforded by conodont biostratigraphy, and may possibly be the deeper water 

equivalent of that hiatus (Fig. 25). If the allodapic carbonates are turbidites or 

tempestites, they may have been deposited during periods of low sea level if  the 

carbonate shelf was subaerially exposed and eroded (James and Kendall, 1992, Boggs, 

1995). During lowstands, one might expect to see evidence o f reworked of older
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carbonate material in the calcarenites. No extensive petrography was done to support or 

refute such reworking, however conodont analysis revealed no significant reworked 

elements.

There are two separate calcarenite intervals within the lower chert, shale, and 

limestone member. Although the age control from these units is not sufficient to separate 

the two units, they are separated by siliciclastie material deposited between the two units, 

thus representing two distinct events. The lack of reworked conodonts suggests that the 

calcarenites are less likely to have been deposited from shelfal erosion during a low stand 

period

The most plausible explanation for the calcarenites is that they were set in motion 

by some other event such as slope failure, possibly associated with tectonic activity. At 

convergent plate boundaries where magmatic arcs tend to rise effecting sedimentary 

processes in forearc and backarc basins, there may be slope failure caused by 

oversteepening and/or undercutting by contour currents that are deflected from their 

previous position (Einsele, 1996). Although the age o f the calcarenite is Frasnian, 

predating the commonly concurred start of the Antler orogeny (Carpenter et al., 1994), it 

is possible that these events represent some early effects of contractional deformation.
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REGIONAL CORRELATION

Using biostratigraphy, several lithostratigraphic packages from Marys Mountain 

can be correlated laterally over 150 km from the Tuscarora Mountains to the Roberts 

Mountains. This demonstrates that some of the units, although thin, are regionally 

extensive (Fig. 26). The following descriptions of correlative strata are taken from 

locations where detailed biostratigraphic work has been applied to upper plate rocks 

including: the northern Tuscarora Mountains (the REN property, Cameoc U.S.A., Inc 

Exploration), Marys Mountain (southern Tuscarora Mountains), Vinini Creek (Roberts 

Mountains), and Slaven Canyon (northern Shoshone Range) (Cluer et al., 1997; Noble 

and Finney, 1999; Boundy-Saunders et al., 1999) (Fig. 1).

Ordovician Vinini Formation

Three lithostratigraphic units from the upper part of the Vinini Formation can now 

be correlated from Marys Mountain to other parts of the RMA (Fig. 26): 1) the black 

shale and mudstone member, 2) white porcellanite/siltstone member, and 3) black 

mudstone with phosphatic nodules. Although no fossils have been recovered from the 

black mudstone with phosphatic nodules member, this unit it is considered correlative 

based on the distinct lithologic characteristics and its consistent stratigraphic position 

above the white poreellanite/siltstone throughout the RMA.

The main difference between sections of Vinini throughout the RMA is the 

amount of carbonate. Significant amounts are found in the section at Vinini Creek
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Ren Property 
C iuerand Finney, 2001 
Nobte. 2000

Marys Mountain 
This study

Chert gray, green, brown 
thickness undetermined.

Feidspathic siltstone & 
sandstone, > I Cm. 
Black/graychert with 
shale partings, >30m.

Brown chert, 
interbedded with black 
argillite. 10-20m.

Micaceous Siltstone and 
mudstone,
olive to red, contains 
late Early to latest Silurian

Cherry Spring chert, 
varicolored
sulfide nodules, 2 - 6 m.

Chert, black
-vhite . , -  

latic nodules.

PK chert, white/pink, 3-5m, 
llaploiaeniatum spinalum.

Graptolitic siltstone. 
gray, contains 
bicomis zone graptoliles,'  
10-15m,

Roberts Mountains 
Noble. 2000

Red, green and gray porcelianite, chert and sedimentary chert breccia
KniactiniiJ-Archocyrtium assemblage
lloloedscvs assemblage
(ynisphaeraclenium crassum assemblage
Uppermost Devonian to Lower Mississippian
(Upper Fameimian to Kindeihookian)

Calcareous sandstone and silty limestone . 
Mesotaxis assemblage: lower Frasnian 

Tan thin bedded silty limestone w/barite 
Mygnaihus assemblage:
Emisian to Frasnian

Brown and gray to black siltstone and chert 
CeraioikiKum planiilellare assemblage: 
(Lower Frasnian)

Ceraiotkiscum (.alvum assemblage • -  
(Emsian toG ivetian)

Siltstone. white 
weathering 
(med. brown fresh), 
>20m.

C akarenite bed with 
Eifelianconodonts.

Chert, gre^i/brown/gray, 
laminated, planar bedded, 
grades into above siltstone. 4- 
10m,

Structural attenuation

Micaceous Siltstone I’risiiograpiwi graptolites 
tan and green siltstones

Cherry Spring chert: (Secs) 
green, brown and black vuggy chert 

^Haploiaenialum-Orhiculopylorum assembiige:

" Pho^hatic  mudstone member:
Black mudstone and porcelianite with 

 ̂white phosphatic nodules

White porcellanite/siltstone member: 
Syniagenlaclinia assem bl^e: 
Cardocian upper Ordovician Zone 
13-l.S graptolites

Black shale and m ud^one member:
Black shales with interbedded light gray porcelianite 
Zone 12 bicomus zone graptolites

Pale blue siltstone member:
Pale blue siltstone with fine grained quartz 
sand: Zone 9 graptolites

Micaceous siltstone, rare beds 
o f  very line sandstone and 
chert pebble conglomerate, 
thickiiess unknown.

Cherry Spnng chert, 0.25m bed. 
light g rea t shale.

M kritic  limestone, a llodapk, 
gray/tan, I Dm.
Oiganic rich graptolitic shale, 
10m.
O gan ic  rich allodapic limestone, 
mudstone, chert, 8 m.

Chert, black with white 
phosphatic nodules 0.5m bed. 
Shale, fissile, 
some phosphate nodules.

Chert/porcellanite. 
white/light gray, 3-6m, 
Haploiaenialum splnatum.

Shale, fissile, 
black/gray white 
weathering, contains 
bicom is zone graptolites, 
thkkness unknown.

Figure 26.
Correlative stratigraphy in the Roberts Mountain aliochthon, from the northern Tuscarora Mountains to the 
Roberts Mountains; correlation based on similar lithologies and time equivalent fossil assemblages. Refer 
to locality map (Fig. 1) for location o f sections.
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in contrast to the Tuscarora Mountains where less than 10% of the Vinini is carbonate 

strata. Prevalenee and thiekness variations of silieieiastic eomponents may be due to 

exposure and degree of struetural complexity within the sections, as well as variation in 

stratigraphic thickness.

Silurian to Devonian Elder Formation

Silurian to Devonian strata assigned to the Elder Formation is typified throughout 

much of the aliochthon by micaceous siltstone beds with subordinate chert marker units. 

Sandstone and other silieieiastic units are present but are typically uncommon (Fig. 26). 

The Cherry Spring ehert member is distinctive. Although thin, it is eorrelative 

throughout several mountain ranges including the Northern Adobe Range (Noble et al., 

1997), Independenee Mountains, Sulfur Springs Range (Noble et al., 1998), Roberts 

Mountains, and other parts of the Tuscarora Mountains (Noble, 2000).

Although there are lithologic similarities between mieaceous siltstone beds from 

the Tuscarora Mountains to the Roberts Mountains, the high variability in eolor, lack of 

lithologically distinct beds, and the lack o f fossil control prevents any confident 

correlation o f siltstone beds throughout the aliochthon.

Devonian Slaven Chert

Devonian strata assigned to the Slaven Chert have been grossly lumped as a 

sequence of chert and siltstone beds. Detailed biostratigraphie work has allowed for the 

Devonian Slaven Chert at Marys Mountain to be divided into two distinct 

lithostratigraphic packages (Fig. 26). The lower chert, shale, and limestone member is
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lithologically correlative as well as time equivalent (based on radiolarian and conodont 

fossil assemblages) to the Slaven Chert as described in the Roberts Mountains (Noble and 

Finney, 1999), at Slaven Canyon (Boundy-Saunders et al., 1999), and in the northern 

Tuscarora Mountains (Cluer et al., 1997).

A conspicuous difference in this unit observed in the Marys Mountain area, 

compared to other localities throughout the RMA, is the amount of carbonate interpreted 

to result from local turbidites in the lower chert package. The carbonate component 

makes up a significant part of the Devonian strata throughout the Marys Mountain area. 

This relatively high ratio of carbonate to silieieiastic strata seems to be localized to the 

southern Tuscarora Mountains. Similar stratigraphy has been observed in the Welches 

Canyon Quadrangle (Evans, 1974), suggesting that upper plate Devonian strata are more 

common in the quadrangles to the north than originally interpreted. The upper chert and 

shale member has not been recognized in other areas of the aliochthon and is currently 

considered the youngest part of the Devonian Slaven Chert in the RMA. Hence, no 

correlation of the upper chert and shale member can be made at this time.
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CONCLUSIONS

New collections of radiolarians, graptolites, and conodonts provide critical age 

control for the Paleozoic strata in the Marys Mountain area o f the southern Tuscarora 

Mountains. Radiolarian hiostratigraphy has revealed eight radiolarian assemblages 

ranging from Late Ordovician to latest Devonian/Early Mississippian. Graptolite 

collections yield Middle to Late Ordovician (Caradocian) ages plus one Wenlockian 

(late Early Silurian) age. Two conodont assemblages, yielding a late Middle 

Devonian (Lower Givetian to Frasnian) age and a Late Devonian (Frasnian) age have 

also been obtained. Collectively, these constraints provide subdivision, correlation 

and reveal additional structural information about the aliochthon.

Biostratigraphic work as a follow-up to detailed mapping (Henry and Faulds,

1999) allows a detailed lithostratigraphy in the Marys Mountain area to be 

established. These units consist of the upper part of the Ordovician Vinini Formation, 

the Silurian-Devonian Elder Formation, and the Devonian Slaven Chert.

The Vinini Formation at Marys Mountain is composed of shale, siltstone, 

minor chert, and porcelianite. The most widely exposed member of the Vinini 

Formation at Marys Mountain is the white porcellanite/siltstone member, 

which contains abundant graptolites.

The Silurian- Devonian Elder Formation consists of chert, porcelianite, and 

micaceous siltstone. The Elder Formation at Marys Mountain is dominated by 

micaceous siltstone beds with two distinct chert intervals, including the 

Cherry Spring chert member, which can be correlated to strata found across a
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distance o f 150 km from the Northern Adobe Range to the Roberts 

Mountains.

- The Devonian Slaven Chert in the Marys Mountain area is comprised of 1) a 

lower member that is represented by siltstone, chert, porcelianite, and 

calcarenite beds, and 2) an upper member composed of chert, porcelianite, 

shale, and sedimentary ehert breccia beds.

Many of the units recognized within the Marys Mountain area, including thin (2- 

4m) siliceous marker beds, can be correlated many tens o f kilometers to other 

parts of the aliochthon, including the REN property in the Tuscarora Mountains to 

the north, parts o f the Northern Adobe Range and Independence Mountains to the 

west, and to the Roberts Mountains and Sulphur Springs range to the south.

Pre-Tertiary structural features in the Marys Mountain area include multiple meter 

to kilometer scale, east-vergent tight to isoclinal folds, and many poorly exposed 

imbricate thrusts and high-angle reverse faults. The orientation of folds and reverse 

faults indicate that they are Antler age contractional deformation.

Marys Mountain can be divided into two structural domains: 1) a southwest 

domain defined by north-striking, steeply west-dipping strata with a high degree of 

structural imbrication and 2) a northeast domain characterized by northwest-striking 

gently to moderately west-dipping strata and less structural disruption. These two 

domains differ principally in their structural style and, to a lesser extent, in their 

internal stratigraphy. The boundary between the two domains is interpreted to be a
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duplex thrust (the Marys mountains thrust) with the allochthonous rock in the Marys 

Mountain area, which formed during the emplacement of the Roberts Mountains 

aliochthon during the Antler orogenic event.
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Photo plate 1
Syntagentactinia assemblage
Photo # Sample Number
1 Ep-99-04
2 Ep-99-07
3 Ep-99-07
4 Ep-99-04

Taxa
Syntagentactinia sp. ? 

Syntagentactinia sp. ? 

Spumellarian 
Haplotaeniatum sp. ?

Magnification
300
350

500
350

Scale Bar pm 
100 
100 

50 
100
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Photo plate 2
Haplotaeniatum-Orbiculopylorum assemblage
Photo # Sample Number Taxa Magnification Scale Bar pm
1 Ep-99-12 Orbiculopylorum sp.? 400 50
2 Ep-99-02 Orbiculopylorum sp.? 200 100
3 Ep-99-12 Secuicollacta sp. 400 50
4 Ep-99-12 Secuicollacta sp. 300 100
5 Ep-99-12 Syntagentactinia sp.? 350 100
6 Ep-99-12 Haplotaeniatum aperturatum  250 100
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Photo plateB
Secuicollacta assemblage
Photo # Sample Number
1 Ep-99-59
2 Ep-99-20

Taxa
Entactiniidae 

Secuicollacta solara?

Magnification
250
450

Scale Bar pm 
100 
50
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Plate 3
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Photo plate 4
Ceratoikiscum calvum assemblage
Photo # Sample Number Taxa Magnification Scale Bar pm

1 Ep-99-61 Trilonche sp. 500 50

2 Ep-99-11 Ceratoikiscum sp. ? 650 50

3 Ep-99-61 Trilonche sp. 500 50

4 Ep-98-02 Helenifore laticlavium 350 100

5 Ep-99-61 Trilonche sp. 400 50

6 Ep-99-39 Stigmosphaerostylus sp. 400 40

7 Ep-99-11 Trilonche 300 100

8 Ep-99-11 Trilonche 300 100

9 Ep-00-18 Trilonche sp. 250 100

10 Ep-99-11 Palaeoscenidiidae 300 100

11 Ep-00-18 Trilonche sp. 250 100

12 Ep-00-18 Trilonche sp. 250 100
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Photo plate 5
Ceratoikiscum calvum assemblage
Photo # Sample Number Taxa Magnification Scale Bar pm

1 Ep-99-43 Ceratoikiscum calvum 400 50

2 Ep-99-43 Ceratoikiscum calvum 450 50

3 Ep-99-11 Ceratoikiscum calvum 500 50

4 Ep-99-39 Ceratoikiscum calvum 550 50

5 Ep-00-18 Ceratoikiscum calvum 270 100

6 Ep-99-43 Ceratoikiscum calvum 400 50

7 Ep-99-11 Ceratoikiscum calvum 450 50

8 Ep-99-11 Ceratoikiscum calvum 500 50
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Photo plate 6
Ceratoikiscum planistellare assemblage
Photo # Sample Number Taxa Magnification Scale

1 Ep-99-13 Ceratoikiscum planistellare 350 100

2 Ep-99-13 Ceratoikiscum planistellare 450 50

3 Ep-99-13 Ceratoikiscum planistellare 350 100

4 Ep-00-02 Ceratoikiscum calvum 330 100

5 Ep-00-02 Ceratoikiscum? 450 50

6 Ep-00-02 Entactinia gogoense 300 100

7 Ep-00-02 Trilonche sp. 300 100

8 Ep-99-13 Trilonche sp. 350 100

9 Ep-99-13 Trilonche sp. 300 100
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Photo plate 7
Entactiniidae- Archocyrtium  assemblage
Photo # 
1 

2
3

4

5
6

Sample Number
Ep-99-60

Ep-99-60
Ep-99-40

Ep-99-27

Ep-99-24

Ep-99-27

Taxa
Archocyrtium sp. 
Archocyrtium sp. 
Paleoscenidium sp. 
Paleoscenidium sp. 
Trilonche sp. 
Trilonche sp.

Magnification

700

700
500

500

500
270

Scale Bar pm 
50 

50 

50 

50 

50 
100
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Photo plate 8
Holoeciscus assemblage
Photo # Sample Number Taxa Magnification Set

1 Ep-99-71 H- fram e Holoeciscus sp. 700 50
2 Ep-99-73 H- fram e Holoeciscus sp. 550 50
3 Ep-99-24 Trilonche sp. 500 50
4 Ep-99-26 Archocyrtium sp. ? 600 50
5 Ep-99-26 Archocyrtium ormistoni sp. ? 700 50

Scale Bar |xm
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Photo plate 9
Cyrtisphaeractenium crassum assemblage
Photo # Sample Number Taxa Magnification Scale

1 Ep-99-60 Entactiniidae sp. tri radiate 200 100

2 Ep-99-70 Haplentactinia sp. 500 50

3 Ep-99-67 Stigmosphaerostylus sp. 500 50

4 Ep-99-70 Archocyrtium sp. 600 50

5 Ep-99-70 Archocyrtium sp. 800 50

6 Ep-99-70 Cyrtisphaeractenium crassum 500 50

7 Ep-99-70 Cyrtisphaeractenium crassum 500 50

8 Ep-99-60 Cyrtisphaeractenium crassum 700 50
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Photo plate 10 
Mesotaxis assem blage
Photo # Sample Number

Ep-99-Cl
Ep-99-Cl
Ep-99-C2
Ep-99-C2
Ep-99-C2

Taxa

Mesotaxis sp. 
conodont fragment 

Mesotaxis sp. 
Ancyrodella 
conodont fragment

Magnification

100
80
200
200
190

Scale Bar pm

100

100

100

100
100

Polygnathus assem blage
Photo it Sample Number

Ep-00-C05
Ep-00-C05

Taxa

conodont fragment 

Polygnathus

Magnification

180
200

Scale Bar pm

100
100
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Appendix A
Radiolarian data from the Marys Mountain area, in the northeast quarter of the Emigrant Pass 7.5” quadrangle.
All age and fossil determinations made by Brian R. Cellura with assistance from Dr. Paula J. Noble, University of Nevada Reno, 
Nevada.
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SAMPLE
NUMBER

UTM NORTH 
COORDINATE

UTM EAST 
COORDINATE

TAXA PRESENT PERIOD/EPOCH FORMATION

Ep-98-01 4503440 562598 Bladed entactiniidae.

rh is  san ^ jle  is  located  o f f  th e  se lec te d  fie ld  a rea , th e  9 8 -serie s  s a m p le s  w ere  u se d  to 
de term ine  th e  v iab ility  o f  th e  p io jecL  T h e  p ro jec t a re a  w as  red u c ed  a t  a  la te r  date.

Devonian or younger Devonian Slaven 
equivalent

Ep-98-02 4505177 560246 Helenifore laticlavium  
Entactiniidae sp.? 
Entactiniidae

Devonian or younger 
Emsian to Eifelian

Devonian Slaven 
equivalent

Ep-98-04 4504177 562236 Entactiniidae
T his sam ple  is  located  o f f  th e  se lec te d  f ie ld  a re a , th e  9 8 -serie s  sa m p le s w ere  u se d  to 
de term ine  th e  v iab ility  o f  th e  p r o je c t  T h e  p ro jec t a re a  w as  red u c ed  a t  a  la te r  date.

Devonian or younger Devonian Slaven 
equivalent

Ep-98-06 4503432 562600 Barren
This sam p le  is  lo c ate d  o f f  th e  se lec ted  f ie ld  a rea , th e  98-serie s  sa m p le s  w ere  u se d  to 
de term ine  th e  v iab ility  o f  th e  p r o je c t  T h e  p ro jec t a re a  w as  reduced  a t  a  la te r  date.

Ep-99-01 4508355 560008 Entactiniidae sp.? 
Stigmosphaerostylus sp.?

Devonian or younger Devonian Slaven 
equivalent
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SAMPLE
NUMBER

UTM NORTH 
COORDINATE

UTM EAST 
COORDINATE

TAXA PRESENT PERIOD/EPOCH FORMATION

Ep-99-02 4508405 560133 Haplotaeniatum  sp.? 
Orbiculopylorum  sp.? 
Haplotaeniatum aperturatum  

Seculcollacta sp.? 
Spumellarians

Silurian or older 
Llandoverian

Silurian Elder 
equivalent

Ep-99-03 4508208 560133 Age call based on lithologic comparison to 
other similar cherts around the project: e.g. 
Ep-99-02; Ep-99-05; E p-00-25

Silurian or older Silurian Elder 
equivalent

Ep-99-04 4508069 560173 Protoceratoikiscum - (lost) 
Syntagentactlnia sp.? 
Haplotaeniatum  sp.? 
Spumellarians

Ordovician Ordovician Vinini 
equivalent

Ep-99-05 4508113 560173 Secuicollacta sp.? 
Inaniguttids sp.?

Silurian or older Silurian Elder 
equivalent

Ep-99-06 4508152 560201 Barren

Ep-99-07 4508510 560586 Syntagentactinia sp.?
Spumellarians
Age based on graptolite collection at Ep - 

99-g03.

Ordovician Ordovician Vinini 
equivalent

Ep-99-08 4508516 560737 Barren
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SAMPLE
NUMBER

UTM NORTH 
COORDINATE

UTM EAST 
COORDINATE

TAXA PRESENT PERIOD/EPOCH FORMATION

Ep-99-09 4508394 561015 Barren

Ep-99-10 4507921 561119 Age determination based on Ep - 9911. Devonian Lower Middle 
Eifelian

Devonian Slav en 
equivalent

Ep-99-11 4507872 560884 Ceratoikiscum Calvum 
Trilonche sp.? 
Entactiniidae sp.?

Devonian Lower Middle 
Eifelian

Devonian Slaven 
equivalent

Ep-99-12 4507346 559807 Secuicollacta sp.? 
Syntagentactinia sp.? 
Orbiculopylorum  sp.? 
Haplotaenia turn aperturatum  
Conical bulbous shaped grooved 
radiolarians.

Silurian
Llandoverian

Silurian Elder 
equivalent

Ep-99-13 4507278 560073 Ceratoikiscum pianistellare 
Trilonche sp.?

Devonian Upper Late 
Frasnian to Famennian

Devonian Slaven 
equivalent

Ep-99-14 4507093 560102 Entactiniidae sp.?
Age determination based on Ep-99 13.

Devonian Upper Late 
Famennian

Devonian Slaven 
equivalent

Ep-99-15 4507149 560234 Age based on graptolites found at Ep-99 g5.

Spongy inaniguttid 
Entactiniidae sp.?

Ordovician
Caradocian

Ordovician Vinini 
equivalent

Ep-99-16 4507127 560409 Barren
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SAMPLE
NUMBER

UTM NORTH 
COORDINATE

UTM EAST 
COORDINATE

TAXA PRESENT PERIOD/EPOCH FORMATION

Ep-99-17 4506536 560388 Barren

Ep-99-19 4507326 559628 Barren

Ep-99-20 4507514 559220 Spumellarians (latticed) 
Barren

Ep-99-21 4506797 559581 Secuicollacta sp. 
Latticed Spumellarians

Silurian or older Silurian Elder 
equivalent

Ep-99-22 4508975 562128 Barren

Ep-99-23 4509070 562186 Barren

Ep-99-24 4509172 562237 Entactiniidae sp.? 
H oloeciscuss^.l, H -frame

Devonian
Famennian

Devonian Slaven 
equivalent

Ep-99-25 4509545 562257 Archocyrtium  sp.? 
Entactiniidae sp.?

Devonian to Mississippian 
Famennian

Devonian Slaven 
equivalent

Ep-99-26 4509822 561827 Archocyrtium  sp.? 
Entactiniidae sp.? 
Holoeciscus sp.?- H-frame 
Trilonche sp.? 
Archocyrtium ormistoni

Devonian to Mississippian 
Famennian

Devonian Slaven 
equivalent
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SAMPLE
NUMBER

UTM NORTH 
COORDINATE

UTM EAST 
COORDINATE

TAXA PRESENT PERIOD/EPOCH FORMATION

Ep-99-27 4509230 562003 Entactiniidae sp.? 
Paleoscenidium  sp.?

Devonian or younger Devonian Slaven 
equivalent

Ep-99-28 4509223 561994 Barren

Ep-99-29 4508075 562104 Trilonche sp.? 
Entactiniidae sp.? 
Paleoscenidium  sp.?

Devonian or younger Devonian S laven 
equivalent

Ep-99-30 4507803 562399 Entactiniidae sp.? Devonian or younger Devonian Slaven 
equivalent

Ep-99-31 4507854 562553 Barren

Ep-99-32 4507824 562617 Sponge spicules 
Entactiniidae sp.?

Devonian or younger Devonian Slaven 
equivalent

Ep-99-33 4507830 562815 Entactiniidae sp.? 
Stylosphaera sp.?

Devonian or younger Devonian Slaven 
equivalent

Ep-99-34 4507919 562857 Entactiniidae sp.? 
Stigmosphaerostylus sp.

Devonian or younger Devonian Slaven 
equivalent

Ep-99-35 4508325 562113 Barren

Ep-99-36 4506423 559440 Barren
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SAMPLE
NUMBER

UTM NORTH 
COORDINATE

UTM EAST 
COORDINATE

TAXA PRESENT PERIOD/EPOCH FORMATION

Ep-99-37 4506317 559297 Secuicollacta sp.? 
Orbiculopylorum  sp.?

Silurian or older Silurian Elder 
equivalent

Ep-99-38 4506309 559232 Large spongy spumellarians. Silurian or older Silurian Elder 
equivalent

Ep-99-39 4506243 559149 Entactiniidae sp.? 
Stigmosphaerostylus sp.? 
Ceratoikiscum calvum

Devonian
Eifelian

Devonian Slaven 
equivalent

Ep-99-40 4506276 558873 Sponge spicules 
Entactiniidae morphotype B 
Trilonche sp.?
Entactiniidae morphotype A 
Paleoscenidium  sp. 
Archocyrtium  sp.?

Devonian
Famennian

Devonian Slaven 
equivalent

Ep-99-41 4505540 559302 Entactiniidae sp.?

Ep-99-43 4505127 560170 Trilonche sp.? 
Ceratoikiscum calvum 
Stigmosphaerostylus sp.

Devonian
Eifelian

Devonian Slaven 
equivalent

Ep-99-44 4505213 559949 Ceratoikiscum  sp.? Devonian or younger Devonian Slaven 
equivalent

Ep-99-45 4508518 561941 Barren

Ep-99-46 4508872 561830 Spongy spum ellarians.
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SAMPLE
NUMBER

UTM NORTH 
COORDINATE

UTM EAST 
COORDINATE

TAXA PRESENT PERIOD/EPOCH FORMATION

Ep-99-47 4509021 561906 Haplotaeniatum  sp.? 
Silicified conodonts

Ordovician Ordovician Vinini 
equivalent

Ep-99-58 4507246 559522 Barren

Ep-99-59 4507246 559524 Entactiniidae sp. Silurian or Devonian Silurian Elder 
equivalent

Ep-99-60 4507283 559846 Archocyrtium  sp. 
Entactiniidae sp.? 
Entactiniidae s^.7 (tri-radiate) 
Cyrtisphaeractenium crassum

Devonian to Mississippian 
Famennian to 
Kinderhookian 
Holoeciscus 3 zone

Devonian Slaven 
equivalent

Ep-99-61 4507275 559981 Trilonche sp.?
Helenifore laticlavium  or pilodisius?
Entactiniidae
Entactiniidae

Devonian or younger 
Frasnian to Famennian

Devonian Slaven 
equivalent

Ep-99-62 4508140 560196 Barren

Ep-99-63 4509048 562088 Barren

Ep-99-64 4509045 561098 Barren

Ep-99-65 4509365 561622 Trilonche sp.? 
Trilonche ehinata

Devonian or younger Devonian Slaven 
equivalent
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SAMPLE
NUMBER

UTM NORTH 
COORDINATE

UTM EAST 
COORDINATE

TAXAPRESENT PERIOD/EPOCH FORMATION

Ep-99-66 4509366 561625 Entactiniidae sp.? Devonian or younger Devonian Slaven 
equivalent

Ep-99-67 4509821 561827 Archocyrtium  sp.? 
Stigmosphaerostylus sp.?

Devonian to Mississippian 
Famennian to 
Kinderhookian 
Holoeciscus 3 zone.

Devonian Slaven 
equivalent

Ep-99-68 4509797 561800 Entactiniidae Devonian or younger 
Holoeciscus 3 zone.

Devonian Slaven 
equivalent

Ep-99-69 4509746 561724 Entactiniidae sp.? 
Paleoscenidium  sp.?

Devonian to Mississippian 
Holoeciscus 3 z one

Devonian Slaven 
equivalent

Ep-99-70 4509825 561660 Archocyrtium  sp.? 
Haplentactinia sp.? 
Cyrtisphaeractenium crassum  
Entactiniidae. sp.?

Devonian to Mississippian 
Famennian to 
Kinderhookian 
Holoeciscus 3 zone

Devonian Slaven 
equivalent

Ep-99-71 4509839 561560 Holoeciscus sp.? H - frame 
Paleoscenidium  sp.? (lost) 
Archocyrtium  sp.? 
Entactiniidae sp.?

Devonian to Mississippian 
Famennian to 
Kinderhookian 
Holoeciscus 3 zone

Devonian Slaven 
equivalent

Ep-99-72 4509753 562012 Barren

Ep-99-73 4510020 562030 Holoeciscus sp.? H - frame 
Archocyrtium  sp.? 
Entactiniidae sp.? 
Paleoscenidium  sp.? 
Trilonche sp.?

Devonian to Mississippian 
Famennian to 
Kinderhookian 
Holoeciscus 3 zone

Devonian Slaven 
equivalent
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SAMPLE
NUMBER

UTM NORTH 
COORDINATE

UTM EAST 
COORDINATE

TAXA PRESENT PERIOD/EPOCH FORMATION

Ep-99-74 4510230 562000 Barren

Ep-00-01 4507886 560035 Barren

Ep-00-02 4507694 560057 Spumellarian (tight lattice) 
Paleoscenidium  sp.? 
Ceratoikiscum calvum

Devonian or younger 
Eifelian

Devonian Slaven 
equivalent

Ep-00-03 4507380 560252 Very poor preserved spumellarians Silurian or older Silurian Elder 
equivalent

Ep-00-04 4508795 560219 Very poor preserved radiolarians. 
Correlation bases on lithology and 
stratigraphic position.

Silurian
Llandoverian

Silurian Elder 
equivalent

Ep-00-05 4508105 561739 Barren

Ep-00-06 4507839 562659 Barren

Ep-00-07 4507830 562797 Barren
Age based on Ep -99-33.

Devonian or younger Devonian Slaven 
equivalent

Ep-00-08 4508113 562695 Trilonche sp.? Devoni an or younger Devonian Slaven 
equivalent

Ep-00-09 4509054 562497 Age call made from correlative conodont 
sample Ep -00-c05, sample taken from the 
same lithologic unit.

Devonian
Eifelian to Givetian

Devonian Slaven 
equivalent
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SAMPLE
NUMBER

UTM NORTH 
COORDINATE

UTM EAST 
COORDINATE

TAXA PRESENT PERIOD/EPOCH FORMATION

Ep-00-11 4510784 563023 Barren

Ep-00-12 4510751 562913 Age call made by association from 
radiolarians found in Ep -00-15.

Silurian
Llandoverian

Silurian Elder equivalent

Ep-00-13 4510826 562912 Age call made by association from 
radiolarians found in Ep -00-15.

Silurian
Llandoverian

Silurian Elder equivalent

Ep-00-14 4510923 562905 Secuicollacta sp. 
Spongy spumellarian

Silurian
Llandoverian

Silurian Elder equivalent

Ep-00-15 4510681 562915 Large spongy spumellarians 
Secuicollacta sp.
Silicified conodont

Silurian
Llandoverian

Silurian Elder equivalent

Ep-00-16 4505854 561109 Barren

Ep-00-17 4505986 560935 Barren

Ep-00-18 4506369 560491 Entactiniidae sp.? 
Ceratoikiscum calvum 
Trilonche sp.

Devonian
Eifelian

Devonian Slaven 
equivalent

Ep-00-19 4506527 560541 Barren

Ep-00-24 4510724 562386 Barren

Ep-00-25 4510099 562840 Barren
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Appendix B
Conodont data from the Marys Mountain area, in the northeast quarter of the Emigrant Pass 7.5” quadrangle. 
All age and fossil determinations made by Dr. Gilbert Klapper, Iowa State University, Iowa.

SAMPLE
NUMBER

UTM NORTH 
COORDINAT

UTM EAST 
COORDINATI

TAXA PRESENT PERIOD/EPOCH FORMATION

Ep-99-cl 4507384 560000 Mesotaxiss^. DevonianLower upper 
Frasnian lower

Devonian Slaven 
equivalent

Ep-99-c2 4507982 562029 Mesotaxis avails 
Mesotaxiss'p. indeterrmnate 
Ancyrodellasp. indeterminate A recta 
or A alata Icriodus subtermins:

DevonianLower upper 
Frasnian lower

Devonian Slaven 
equivalent

Ep-99-c3 4508710 562802 Barren
Ep-99-c4a 4507181 560008 Barreiv same lithologic unit as 

Ep-99-cl
Devonian Devonian Slaven 

equivalent
Ep-99~c4b 4507181 560008 Barren-same lithologic unit as 

Ep-99-cl
Devonian Devonian Slaven 

equivalent
Ep-OO-cl 4506755 559470 Barren
Ep-00-c2 4506421 559715 Barren
Ep-00c3 4506287 559628 Barren
Ep-00-c4 4506364 559495 Barren
Ep-00-c5 4509032 562545 Polygnathus sp.? 

Polygnathus varcus sp.?
Devonian- Middle 
Eifelian toFrasnian

Devonian Slaven 
equivalent

Ep-00-c6 4510896 563261 Barren
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SAMPLE UTM NORTH UTM EAST TAXA PRESENT PERIOD/EPOCH FORMATION
NUMBER COORDINAT COORDINATI

Ep-00-c7 4507192 561091 Barren
Ei>00-c8 4510891 563261 Barren
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Appendix C
Graptolite data from the Marys Mountain area, in the northeast quarter of the Emigrant Pass 7.5’ quadrangle. 
All determinations made by Dr. Stanley C. Finney, California State University, Long Beach California.

SAMPLE
NUMBER

UTM NORTH 
COORDmTE

UTM EAST 
COORDINATE

TAXA PRESENT PERIOD/EPOCH FORMATION

Ep-99-gOl 4508330 560118 Orthograptus ? quadrimucronatus 
Pseudoclimacograptus scharenbergi 
Cryptograptus sp.

Ordovician 
Caradocian 
Zone 13

Ordovician Vinini 
equivalent

Ep-99-g02 4508242 560129 Normalograptus persculptus. Ordovician 
Ashgillian 
Zone 15

Ordovician Vinini 
equivalent

Ep-99-g03 4508503 560481 Orthograptus ? quadrimucronatus 
Pseudoclima cograptus scharenbergi 
Cryptograptus insectiformus 
Orthoretiolites 7 
Dicranograptus nicholsoni

Ordovician 
Caradocian 
Zone 13

Ordovician Vinini 
equivalent

Ep-99-g04 4507638 560211 Climacograptus 7 
Normalograptus 7 tribuliferous 
Orthograptus sp.

Ordovician 
Caradocian 
Zone 13 - 14

Ordovician Vinini 
equivalent

Ep^99-g05 4507100 560227 Pseudochmacogr aptus scharenbergi 
Cryptograptus insectiformus 
Orthoretiolites 7 
Dicranograptus nicholsoni 
Cryptograptus sp.

Ordovician 
Caradocian 
Zone 12 - 13

Ordovician Vinini 
equivalent
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SAMPLE
NUMBER

UTM NORTH 
COORDINATE

UTM EAST 
COORDINATE

TAXA PRESENT PERIOD/ EPOCH FORMATION

Ep-99-g06 4506652 559867 Dicellograptus complanatus ? Ordovician
Caradocian to Ashgillian 
Zone 14- 15

Ordovician Vinini 
equivalent

Ep-99-g07 4507349 559655 Pseudoclimacograptus scharenbergi 
Orthograptus quadrimucronatus ?

Ordovician 
Caradocian 
Zone 13

Ordovician Vinini 
equivalent

Ep-99-g08 4508726 561900 Several species indicative of Zone 13 of 
Berry

Ordovician 
Caradocian 
Zone 13

Ordovician Vinini 
equivalent

Ep-99-g09 4506211 562671 Several species indicative of Zone 13 of 
Berry

Ordovician 
Caradocian 
Zone 13 -  14

Ordovician Vinini 
equivalent

Ep-99-glO 4508186 560165 Pseudoclimacograptus scharenbergi 
Orthograptus ?
Cryptograptus sp.
Cryptograptus bicornis 
Normalograptus ?

Ordovician 
Caradocian 
Zone 12

Ordovician Vinini 
equivalent

Ep-OO-gOl 4506908 559303 Orthoretiolites hami 
Normalograptus tubuhferus 
Orthograptus (Rectograptus) sp. 
Climacograptus sp.(C. spiniferus )  ? 
D icranograptus sp.

Ordovician
Caradocian
Zone 13 or the spiniferus 
zone of the eastern U.S.

Ordovician Vinini 
equivalent
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SAMPLE UTM NORTH UTM EAST TAXA PRESENT PERIOD/EPOCH FORMATION
NUMBER COORDINATE COORDINATE

Ep-00-g02 4508468 560361 PristiograptusJaegeri 
Pristiograptus dubius

Silurian
Wenlockian

Silurian E Ider equivalent
do

Pristiograptus ludensis Ludensis Zone
CO

EEp-00-g03 4506146 560629 (Zone 13) Ordovician Ordovician Vinini
Orthograptus quadrimucronatus Caradocian equivalent Q.
Climacograptus caudatus Zone 13 

Zone 12

»3O

(Zone 12) ■|
Climacograptus brevis ■D

D icranograptus nicholsoni !5
H allograptus o

Ep-00-g04 4509385 561076 Pseudoclimacograptus sp. Ordovician Ordovician Vinini Q.
C

Phyliograptus sp. Llanvirnian equivalent o

Glossograptus sp.? Zone 9 o

Orthograptus or Glyptograptus o
Ep-00-g05 4508050 561350 Orthograptus quadrimucronatus Ordovician Ordovician Vinini

Q.
CD

Climacograptus caudatus Caradocian 
Zone 13

equivalent CD

■c
Ep-00-g06 4507881 560627 Climacograptus bicornis Ordovician Ordovician Vinini u_

Orthograptus calcar a tus acutus Caradocian equivalent CD
H allograptus sp. Zone 12 C

Corynoides calicularis o
»

D icranograptus nicholsoni .O)
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