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The Devonian Simonson and Guilmette Formations provide examples of

Cordilleran miogeosynclinal inner and middle shelf carbonate deposition

that act in response to changes in eustasy, sedimentation, and

tectonics. The Simonson Dolomite consists of four members that

collectively record three distinct transgressive-regressive cycles.

The Coarse Crystalline dolomudstone lithofacies represents restricted

upper intertidal to supratidal sedimentation deposited on a distally

steepened carbonate ramp. Evolution of the Cordilleran shelf occurred

concurrent with deposition of the Lower Alternating cryptalgal

dolomudstone lithofacies. A depositional rimmed margin developed

recording lagoonal deposition, in the form of upward-shallowing

sequences, across the entire Middle Devonian shelf. A continued

relative sea-level rise is represented by the lower intertidal to

subtidal stromatoporoidal biostromal bank buildups of the Simonson

Brown Cliff Member. A relative sea-level fall is recorded by the

intertidal to supratidal Upper Alternating dolomud-wackestone

lithofacies.

Four lithofacies and nine subfacies are differentiated for the



Guilmette Formation, representing a broad spectrum of shallow subtidal

to intertidal environments. Thick buildups of primarily wackestone and

packstone lithofacies accumulated in response to a continued relative

sea-level rise. The extensive lateral growth of stromatoporoidal

biostromal bank buildups formed under open-marine conditions while

more restricted lagoonal environments dominated the inner shelf.

Acting in response to initial Antler orogenic foreland effects and in

concert with a continuing rise of sea-level, the Guilmette lithotope

was eliminated in the Late Devonian along with the Cordilleran

depositional rimmed margin.

Diagenetic fabric relationships observed in the Simonson and

Guilmette reveal a complex history beginning with the early-submarine

cementation of aragonite and/or high-Mg calcite. Neomorphic processes

followed and resulted in the stabilization to low-Mg calcite.

Diagenesis continued in the deep subsurface and included silica

cementation and replacement events that both predated and act

concurrently with pressure-solution stylolitization and

dolomitization. Late diagenetic silicification postdated both burial

dolomitization and secondary porosity evolution. Calcite pore and

fracture-filling cementation postdated all diagenetic events.

Diagenetic textures reflect deep-burial processes rather than the

original depositional environment. Reservoir qualities have been

enhanced by late-diagenetic dolomitization producing secondary

intercrystalline porosity within dolomitic Guilmette horizons and

especially in the Simonson Coarse Crystalline Member.
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STRATIGRAPHY, DEPOSITIONAL ENVIRONMENTS, AND DIAGENESIS

OF THE DEVONIAN SIMONSON AND GUILMETTE FORMATIONS

IN THE WHITE PINE, EGAN, AND SCHELL CREEK RANGES,

WHITE PINE COUNTY, NEVADA

INTRODUCTION

Purpose

The primary purpose of this investigation was to examine the

stratigraphic and petrologic relationships of selected Middle and lower

Upper Devonian carbonate rock units of the Simonson and Guilmette

Formations in the White Pine, Egan, and Schell Creek Ranges. A second

goal was to interpret the depositional environments and diagenetic

history of these rocks, while also examining their reservoir

characteristics. Three separate map areas (Figure 1) were selected

because they provided the opportunity to examine facies changes

approximately perpendicular to their depositional strike.

The objectives of this thesis include: (1) describe the

stratigraphy of the rocks selected for detailed study, (2) assign ages

for stratigraphic control, using fossils, (3) interpret the deposit-

ional environments of these rocks and construct a depositional model

for the Middle and lower Upper Devonian rocks of east-central Nevada,

(4) describe the diagenetic processes that these rocks have undergone,

and (5) examine the reservoir characteristics of these rocks.

It was hoped that study of the depositional environments, along

with knowledge of the diagenetic history, would both provide insight

into the characterization and prediction of the reservoir qualities of

these carbonate rocks.
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Location and Accessibility

The three map areas (Figure 1) within the White Pine, Egan, and

Schell Creek Ranges are all located in the southern portion of White

Pine County. In the White Pine Range, field work was conducted at

Blackrock Canyon, within sections 2, 3, 10, and 11, T13N, R58E, in the

Treasure Hill 15 minute quadrangle (Plate 1). Access was gained

through dirt roads and jeep trails from Highway 6, approximately 41

miles (66 km) southwest of the city of Ely. In the Egan Range, field

work was completed 9 miles (14 km) southeast of the town of Lund, just

north of Sheep Pass Canyon, within an unsurveyed area of T1ON, R65E,

Haggerty Springs 7.5 minute quadrangle (Plate 2). The area was

approached from Highway 318. In the Schell Creek Range, field work was

completed within sections 4 and 9, T14N, R65E, of the Cave Creek 7.5

minute quadrangle and within sections 28 and 33, T15N, R65E, of the

Conners Pass 7.5 minute quadrangle (Plate 3). Access was gained

through dirt roads and jeep trails from Highway 93, 14 miles (22 km)

southeast of the city of Ely. The horizontal distance from the field

area in the White Pine to the field area in the Egan Range is

approximately 30 miles (48 km), trending northwest-southeast, and for

the Egan to Schell Creek Range, is approximately 31 miles (50 km),

trending southwest-northeast.

Previous Work

The three map areas (Figure 1) have been mapped as part of broader

investigations by Moores and others (1968) in the White Pine Range, by

Playford (1961) in the Egan Range, and by Drewes (1967) in the Schell

Creek Range.
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The Simonson Dolomite was named by T.B. Nolan (1930, p. 427; 1935

p. 19) for exposures along the north side of Sevy Canyon, in the

northwest part of the Deep Creek Range, in western Utah. The formation

is named after Simonson Canyon, on the west side of the Deep Creek

Mountains. Nolan noted that the most striking feature of the Simonson

was the general presence of fine lamination, but no environmental

interpretation was made.

Osmond (1954, p. 1931-1954) conducted a comprehensive study of the

Simonson over large parts of eastern Nevada and western Utah, and

divided it into four members based on lithology. In ascending order

these include: a lower, coarse-crystalline, light tan, cliff-forming

dolomite member, a lower, alternating light gray and dark brown

dolomite member, a brown, massive, cliff-forming dolomite member, and

an upper, alternating light gray and dark brown dolomite member.

Osmond (p. 1939-1940) reported small, local bioherms in the lower

alternating member, south of Lund, and described the brown, cliff-

forming member (p. 1944-1945) as a massive, fetid, brown dolomite

biostrome composed of stromatoporoids, tubular corals, and bryozoans

which could (p. 1954) act as reef-type traps for petroleum

accumulations. He also noted that indigenous petroleum was present in

the lower coarse member and the uppermost member.

The Guilmette Formation was named by T.B. Nolan (1935, p. 20) for

exposures in Sevy Canyon. The formation is named after Guilmette

Gulch, on the west side of the Deep Creek Range, in western Utah. At

Sevy Canyon, Nolan distinguished the Guilmette from the underlying

Simonson Dolomite by the increase in the ratio of limestone to

dolomite. At this location, the formation mostly consists of dolomite,
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but also contains some thick limestone beds, and several lenticular

sandstones. Merriam (1940, p. 39-40) subdivided the Guilmette into

three zones, at Dutch John Mountain, based on brachiopod and coral

assemblages.

Kellogg (1960, p. 192) described the Guilmette in the southern

Egan Range while Langenheim, Hill, and Waines (1960, p. 63-71) reported

on the Devonian stratigraphy of the Ely area, which included

descriptions of both the Simonson and Guilmette Formations. At the

same time, Tschanz (1960, p. 202) discussed the Guilmette in Lincoln

County, Nevada. It was beyond the scope of these early workers to

present any ideas concerning the depositional environments of the

Guilmette.

Reso (1959, p. 1661; 1963, p. 909-910) working in the Pahranagat

Range, in southeastern Nevada, suggested that there were definite

similarities, in age and depositional environments, between the

carbonate buildups of the Guilmette and the extensively studied reefs

of central Alberta, Canada. Reso determined that lower units of the

Guilmette, in the Pahranagat's were equivalent to the Beaverhill Lake

Formation in Alberta. He also considered the upper units of the lower

Guilmette to be correlative with the Cooking Lake Formation biostromal

shoal foundation upon which the main reef complex of the Leduc reef

developed. In addition, Reso correlated the lower part of the upper

Guilmette with the Leduc reef. Much subsequent study of the Guilmette

buildups remained unpublished (Reso, personal communication, reported

in Hoggan, 1975) due to increased exploration for petroleum reserves in

the area.

Waines (1964, p. 230) described stromatoporoid faunas of the
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Guilmette along with other Devonian strata in Nevada. Nadjmabadi

(1967) described the paleoenvironment of the Guilmette near Wendover,

Utah. Hoggan (1971) examined the paleoecology of the Guilmette in

eastern Nevada and western Utah, but released only portions of his

data. Hoggan did not release data of measured sections from the three

map areas of this study, as well as other ranges in White Pine County,

at the request of an unidentified oil company which employed him during

his study. Hoggan concluded that carbonate buildups in the Guilmette

are not reefs as described by Reso, but are carbonate bank deposits

representd by pelletal or lime mud banks.

Biller (1976) examined the petroleum possibilities of the

Guilmette in west-central Utah as part of a U.S.G.S. petroleum

resources investigation of the Great Basin and concluded that the

Guilmette has limited potential as a source rock for petroleum. Suek

and Knaup (1979, p. 251-252) documented that there are numerous

biostromes in the Guilmette of which some may form bioherms locally.

They also noted that certain Guilmette mud mound deposits have very

little original porosity, but that diagenetic processes can greatly

increase porosity and permeability. Niebuhr (1980) examined the

biostratigraphy and paleoecology of the Guilmette in eastern Nevada and

recognized seven lithofacies. Niebuhr (p. 112) constructed a

lithofacies model for the early Frasnian depicting an elongated belt of

stromatoporidal bioherms separating open marine, argillaceous limestone

to the west, from lagoonal, gray and black laminated limestone,

followed by intertidal and supratidal dolomite to the east.

Recently, Smith (1984) and Williams (1984) conducted detailed

studies of the Guilmette in Elko County, just southeast and northwest
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of Wendover, respectively. Smith examined the petrology and

depositional environments of the Guilmette buildups while Williams

studied the petrography and microfacies.

Most recently, Elrick (1986) investigated the depositional and

diagenetic history of the Guilmette in the southern Goshute Range and

divided the formation into twelve distinct lithofacies. She concluded

(p. 70) that deposition of the lower and upper Guilmette Formation were

more strongly affected by local barrier and Antler foreland processes,

respectively, rather than eustatic events. She also concluded (p. 99)

that the diagenetic history of the Guilmette was controlled by both the

depositional environment and texture of the sediment, and most

importantly, by paleogeography.

Methods of Investigation

Geologic and topographic maps were closely examined prior to going

into the field and a field reconnaissance was completed during June of

1984. The reconnaissance was made to select representative, unfaulted,

and well exposed outcrops for both formations. The summer of 1985,

involved the measurement and detailed description of seven

stratigraphic sections, totaling 8,746 feet (2,666 m), and limited

mapping of three map areas (Plates 1-3). Two sections, one of each

formation, were measured in each of the three map areas, along with an

additional section of Guilmette from the Schell Creek Range.

Lithic samples were collected from the measured sections at

lithologic breaks represented by changes in rock type, texture,

bedding, color, and where diagnostic sedimentary structures were

present. Hand samples were used to make 160 thin sections for
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petrographic analysis. A petrographic checklist was employed to record

compositional and textural characteristics which provided the means for

assigning rock names to each sample. Samples were named according to

Dunham's (1962) and Folk's (1962) classifications (Appendix D) with the

addition of Dean's (1981) scheme for dolomite crystal size. Gregg and

Sibley's (1984) dolomite textural classification was used to

differentiate the various types of dolomite (Appendix E). Thin

sections were stained with Alizarin Red S according to Friedman (1959)

to differentiate between calcite and dolomite.

Rock porosity was classified following the scheme of Choquette and

Pray (1970). The net effective porosity and air permeability (Appendix

C) were determined for 50 hand samples, from representative units from

each measured section, as a technical service by Conoco, Incorporated.

The description of bedding thicknesses follows the following

scheme: 2 mm or less is thinly laminated, 0.08 0.5" (2 mm - 1 cm) is

laminated, 0.5" 2" (1 5 cm) is very thin- bedded, 2" - 2' (5 - 60

cm) is thin-bedded, 2' 4' (60 - 120 cm) is thick-bedded, and greater

than 4' is very thick-bedded.

Samples were also collected for macrofossils within highly

fossiliferous horizons. Brachiopods were sorted and submitted to

Dr. J. G. Johnson of Oregon State University for identification and age

determination (Appendix A) . Corals were identified by Dr. R. A.

Flory, California State University, Chico and Dr. W. A. Oliver,

U.S. National Museum (Appendix A). Eleven 12-15 pound (5.4-6.8 kg)

samples were collected from the Guilmette Formation to process for

conodonts. Conodont samples were crushed into small chips, and then

dissolved in a diluted formic acid solution. The insoluble fraction



9

was then treated with tetrabromoethane (TBE) to separate the heavy and

light fractions. Conodonts were picked from the heavy fraction by

Claudia Regier of Oregon State University. The author assigned a

color alteration index to each sample (Appendix B) following the scheme

of Epstein, Epstein, and Harris (1977). Conodonts were then sent to

Dr. Gilbert Klapper of the University of Iowa for identification and

age determination (Appendix A). Further familiarization of the

Guilmette was gained through the collection of 20 additional conodont

samples from the top 200 feet of the formation at Cooper Wash, Schell

Creek Range by the author and fellow graduate student, Jill Bird,

during the summer of 1986. These samples will be used for the future

research interests of Drs. Johnson and Klepper.

Regional Geologic Setting

During the late Precambrian, Paleozoic, and the early Mesozoic,

the north-south trending Cordilleran geosyncline was the dominant

structural feature controlling sedimentation in western North America.

The region was characterized by a period of tectonic stability from

latest Precambrian to Late Devonian time. During this interval,

deposition in the geosyncline occurred in three characteristic

lithofacies assemblages. From east to west these include: a shallow

carbonate shelf assemblage, a transitional outer shelf and slope

assemblage, and a siliceous deep basin assemblage (Roberts et al.,

1958; Smith and Ketner, 1968; Stewart and Poole, 1974; Stewart, 1980).

Several transgressive-regressive cycles have been recorded by

using conodonts and brachiopods in conjunction with lithologic changes,

indicating migration of the carbonate platform boundary (Johnson, 1970;
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Johnson, 1971; Johnson and Sandberg, 1977; Kendall et al., 1983;

Johnson and Murphy, 1984; Johnson et al., 1985; Johnson et al., 1986).

The depositional and tectonic setting of Nevada changed greatly

during the Late Devonian. Nevada, along with the entire North American

continent, was subjected to a major eustatic transgression with the

commencement of the Taghanic onlap in the late Middle Devonian

(Johnson, 1970). This event has been considered by Sandberg (1980,

1981) to mark the beginning of the Antler orogeny, the principal middle

Paleozoic tectonic event in Nevada. Johnson and Pendergast (1981)

considered the formation of the Pilot basin (approximately 4.5

m.y. later, Sandberg et al., 1983) during the Late Devonian, to

represent the first foreland event of the Antler orogeny.

The culminating event of the Antler orogeny was the emplacement of

the Roberts Mountains allochthon (Merriam and Anderson, 1942) during

the Early Mississippian (Kay, 1952; Dott, 1955; Roberts et al., 1958;

Smith and Ketner, 1968; Johnson and Pendergast, 1981; Speed and Sleep,

1982; Murphy et al., 1984). During the orogeny, siliceous and volcanic

rocks were thrust eastward, as much as 145 km, over coeval shallow-

water carbonate shelf rocks. The emplaced allochthon formed the Antler

orogenic highland along the western margin of North America, trending

north and northeast, through central Nevada along the edge of the

former shelf. The initial formation of this highland is thought to

have begun after a short period (3 m.y.) of continental stability

during the earliest Mississippian. The highland phase continued into

the Late Mississippian in conjunction with a second major eustatic

cycle (Sandberg et al., 1983).

The depotectonic setting in Nevada changed as a result of the
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Antler highland phase. During this phase, a deep trough formed in

central and eastern Nevada receiving as much as 4,500 meters of flysch

followed by molasse from the Antler highlands to the west (Poole, 1974;

Sandberg et al., 1980; Johnson and Pendergast, 1981; Poole, 1981).

During the Pennsylvanian and continuing up to the Late Permian,

the general tectonic and depositional setting in Nevada was similar to

that of the Late Mississippian. The Antler orogenic highland underwent

tilting and erosion, providing elastics to the east which interfingered

with carbonate rocks farther to the east.

Nevada was affected by a second orogeny during the Late Permian

and Early Triassic. The Sonoma orogeny (Silberling and Roberts, 1962)

was responsible for the emplacement of the Golconda allochthon, in

which deep-water siliceous and volcanic rocks were thrust eastward, as

much as 100 km, onto shallow-water carbonate and clastic rocks of the

Antler highland (Silberling and Roberts, 1962; Silberling, 1973;

Stewart et al., 1977; Speed, 1979; Gabrielse et al., 1983; Miller et

al., 1984).

Mesozoic rocks are poorly represented in eastern Nevada. In White

Pine County, Middle and Upper Triassic and Jurassic strata have not

been identified, but limited outcrops of Cretaceous strata have been

noted (Hose and Blake, 1976).

From the late Mesozoic to the present, two major structural events

affected east-central Nevada. The first deformational event resulted

in [younger-on-older] low-angle normal faults that commonly remove

section. Two sets of these low-angle faults are present in the Schell

Creek Range and nearby Snake Ranges. Early workers (e.g. Misch, 1960;

Drewes, 1967) interpreted these faults as Mesozoic thrusts based on
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observed apparent reverse separation. However, Miller and others

(1983) have shown that these faults were formed by rotation of the

original set of faults through movement along the latter set, resulting

in formerly east-dipping faults now dipping to the west. Most of the

extension, accompanying this deformational event, took place during the

Oligocene since Paleozoic rocks are extended with Oligocene volcanics

(Gans, 1982). Wernicke (1981) proposed that a major Tertiary

decollement, the Snake Range decollement, is a low-angle normal fault

which separates brittle upper crustal rocks from ductile mid-crustal

rocks. The Schell Creek and Egan Ranges, unlike the Snake Range, do

not have surface exposure of the decollement. However, both ranges

exhibit the same hanging wall structural style as the Snake Range

(Bartley and Wernicke, 1984). Bartley and Wernicke (1984) have

suggested that the Snake Range decollement is possibly present at

a higher level in the Schell Creek Range and that the basal decollement

is possibly a separate, lower structure below the Egan and Schell Creek

Ranges.

The second deformational event was accompanied by continued

extension, resulting in a new succession of east-dipping, high-angle

normal faults. The more recent faults cross-cut earlier faults and are

thought to sole into the brittle-ductile transition at a depth of 10 to

15 km. In the Schell Creek Range, these younger faults offset the

decollement and penetrate into the brittle lower plate at a depth of

5 km, thus producing the present asymmetric grabens in the area (Gans

et al., 1985).

Estimates of the amount of Basin and Range extension produced in

the area vary from about 300% (Wernicke, 1981), to 250% (95 km) (Miller
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et al., 1983), to 60 km (Bartley and Wernicke, 1984). Therefore two of

the three thesis field areas (Egan and Schell Creek Ranges) were

originally horizontally much closer together than they are at the

present time. This provides a constraint for reconstructing the

depositional environments for both the Simonson and Guilmette

Formations.
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STRATIGRAPHIC NOMENCLATURE AND CORRELATION

Before attempting to understand the timing of depositional events

and interpret the depositional environments of the North American

Devonian miogeosyncline, a stratigraphic and nomenclatural framework is

needed. Figure 2, modified from Johnson and others (1985), is a

time-rock basin-to-shelf model that provides such a framework. Figure

3 shows a map view of the transect. The figure represents several

years of research by Johnson, his colleagues, and many graduate

students. The model integrates biostratigraphic, lithostratigraphic,

petrographic, and field data which are then used to better understand

the timing of Devonian depositional events. The author relied heavily

on this model in attempting to improve the positioning of the members

of the Simonson Dolomite and the Guilmette Formation with the rock

units of central Nevada.

Because of a lack of time-diagnostic fossils in the Simonson

Dolomite, placement of the formation is based on stratigraphic position

and lithologic correlation. This approach is reasonable because the

Simonson overlies the Lower Devonian Sevy Dolomite which is correlative

with the Lower Devonian Beacon Peak Dolomite of the Nevada Group.

Therefore the Simonson Dolomite occupies the same stratigraphic level

as, in ascending order, the upper Oxyoke Canyon Sandstone, Sentinel

Mountain Dolomite, Woodpecker Limestone, and Bay State Dolomite

Formations of the Nevada Group. The lower two members of the Simonson

Dolomite, the Coarse Crystalline and Lower Alternating, are

lithologically very similar to the Coarse Crystalline Member of the

Oxyoke Canyon Sandstone and the Sentinel Mountain Dolomite,

respectively and are thus considered to represent the same two rock
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units.

Correlating the upper two members of the Simonson Dolomite, the

Brown Cliff and Upper Alternating Members, with formations of the

Nevada Group is less constrained. In absence of lithologic

correlation, conodont and brachiopod data along with stratigraphic

position helped to constrain the position of each member.

At Blackrock Canyon, White Pine Range, the Lower Alternating

Member of the Simonson is overlain by limestone assigned to the

Guilmette by Lumsden (1964, p.73-74, 76-78). Johnson and others (1980,

p. 86) assigned these lower limestones to the Leiorhynchus castanea

Zone of late Eifelian age. The author reaffirmed the brachiopod zone

assignment with faunal collections from Blackrock Canyon (Appendix A,

samples BRDg 1,2,2b,3). This age relationship can be interpreted in

two ways. Either the base of the Guilmette is diachronous, and is

oldest to the west, or the lower 200 feet of limestone at Blackrock

Canyon should be assigned to the Woodpecker Limestone, as suggested by

Kleinhampl and Ziony (1985, p. 73). For the purposes of this study the

author chose not to extend the Nevada Group usage eastward and will

refer to limestone beds overlying the Simonson Lower Alternating Member

as the Guilmette.

However, in following the suggestion of Kleinhampl and Ziony, it

might further clarify stratigraphic relationships to extend the Oxyoke

Canyon Sandstone, Sentinel Mountain Dolomite, and the Devils Gate

Formations to Blackrock Canyon. As stratigraphically problem-causing

as this recommendation may seem, there are several advantages to this

suggestion. 1) At the present, there is no criterion for the placement

of the boundary of the Oxyoke Canyon Sandstone and Sentinel Mountain
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Dolomite with the lower members of the Simonson. This stratigraphic

problem could be resolved by restricting usage of the Simonson only to

areas where all four members are present, as is the case east of the

White Pine Range. 2) As previously discussed, the lower 200 feet of

limestone at Blackrock Canyon is of Woodpecker age. 3) The overlying

2200 feet of limestone at Blackrock Canyon contains no dolomite or

quartz arenite beds as does the Guilmette at all other eastern

locations. This would be a useful criterion for differentiating the

Devils Gate from the Guilmette. However, the base of the Devils Gate

is much younger at Modoc Peak where it overlies the Bay State Dolomite

(see Figure 2).

The Simonson Brown Cliff Member overlies the Lower Alternating

Member and therefore occupies the same stratigraphic level as does the

Woodpecker Limestone. The correlation and placement of the Simonson

Upper Alternating Member is the most uncertain of the four Simonson

Members. Unfortunately, samples collected for conodonts from the basal

Guilmette did not yield any diagnostic data. However, in the Egan

Range, approximately 560 feet above the top of the Upper Alternating

Member, conodonts indicate an age of Givetian, Polygnathus varcus Zone

(Appendix A, sample BCDg 9). This date suggests that the Upper

Alternating Member of the Simonson is of early Givetian age, Middle

varcus Zone, as is shown in figure 2. This age suggests that the

Simonson Upper Alternating Member is coeval with the upper Woodpecker

Limestone and the Bay State Dolomite.
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Figure 2. Time-rock model for Devonian carbonate
platform across central and eastern Nevada, modified
after Johnson and others (1985, Figure 3). Conodont
zones are as indicated; FI indicates faunal intervals
(Johnson and Sandberg, 1977); line of transect is
plotted on Figure 3. Arrows in the far right column
mark the beginnings of transgressions (T-R cycles)
referred to in the thesis.
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SIMONSON DOLOMITE

Simonson Lithofacies

Introduction

Excellent and unfaulted exposures of the Simonson dolomite, in the

three map areas, provided the opportunity to examine the petrologic and

stratigraphic relationships of the formation in great detail. Osmond's

(1954) original four members were easily distinguished, and thus

furnished a framework for the study of Middle Devonian inner and middle

shelf carbonate sedimentation.

Each member or lithofacies is discussed in terms of its thickness,

distribution, along with its lithology and petrography. Isopach maps

were constructed, for each member, in order to examine depositional and

subsidence trends. Isopachous data were taken from Osmond (1954, 1962),

Kendall (1975), along with data from this study. The base of the

Simonson was used as a horizontal datum plane. An unconformity

is present at this stratigraphic level (see p. 25-26); therefore, it

seems safe to use the top of the unconformity to represent a nearly

horizontal plane, as suggested by Krumbein and Sloss (1963, p. 443).

Lithologic and petrographic characteristics are used in

conjunction with sedimentary structures to aid in interpreting the

depositional environments for each lithofacies. Modern day models are

used as comparisons along with the work of other Devonian studies. An

attempt was made to show the depositional environment of each member

with western equivalent carbonates.

Figure 4 is an isopach of the Simonson Dolomite showing areas of

thickening and thinning. These high and low areas reflect changes in
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the behavior of the inner shelf during the deposition of each member.
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Figure 4. Isopach map of Simonson Dolomite throughout east-central
Nevada (1 inch = approximately 45.2 miles).
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Coarse Crystalline Member (Dolomudstone Lithofacies)

Thickness and Distribution

The Coarse Crystalline Member (CCM) of the Simonson Dolomite is

present in each of the three map areas (Figure 1). The member is 263

feet thick in the White Pine Range, 235 feet thick in the Egan Range,

and 212 feet thick in the Schell Creek Range. Figure 5 shows the

distribution and thicknesses of the member and equivalent Coarse

Crystalline Member of the Oxyoke Canyon Formation. The isopach map

demonstrates that deposition of the member was greatest along a

northwest-southeast belt that thins to both the northeast and

southwest. If the top and bottom of the member can be assumed to have

had horizontal depositional surfaces, then subsidence contemporaneous

with deposition was most pronounced along this northwest-southeast

trend.

Lithology and Contacts

The member is predominantly composed of thick-bedded, cliff-

forming, coarse-crystalline dolomite. On fresh surfaces, the member is

light to medium gray colored and weathers to a characteristic buff to

pale-yellowish-gray.

The contact between the CCM and the Sevy Dolomite was placed at

the first appearance of coarsely-crystalline dolomite. At Blackrock

Canyon, the contact is sharp and planar to wavy. About 6 inches below

the contact, a 4 inch thick bed of reddish colored quartz arenite is

present. At this location, the basal few feet of the member contain

dolomite-cemented quartz arenite.
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Figure 5. Isopach map of Simonson Coarse Crystalline Member (1 inch =
approximately 45.2 miles).
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At the Sheep Pass section, the contact appears sharp and scoured.

The basal 10 feet of the member contain thin, discontinuous quartz

arenite beds intercalculated with 8 inch long and 1/2 inch thick black

chert lenses.

Quartz arenite beds are not present at the Cooper Wash section and

the contact with the underlying Sevy Dolomite is a sharp and wavy

plane. The top of the Sevy at this location consists of finely-

crystalline intraclastic dolomite.

The nature of the contact between the CCM and underlying Sevy

Dolomite has been disagreed upon by workers of the Devonian. Osmond

(1954, p. 1917) considered the contact conformable, due to the clear

and sharp nature. He also observed 1 to 3 foot beds of Sevy-like

dolomite occurring as high as 60 feet up in the CCM and interpreted

these beds as interbeds of the Sevy. However, Johnson (1962, p. 543,

544) proposed that there is an unconformity at this stratigraphic level

in the Sulphur Spring Range of Eureka County. Osmond (1962, p. 2039,

2040) contended that there was no physical evidence for the proposed

unconformity because the Sevy lacks fossils to the east.

The author disagrees with Osmond's interpretation and agrees with

Johnson's, but for the following different reasons. (1) The clear and

sharp nature of the contact as described by Osmond (Osmond, 1954,

p. 1917) does not necessitate a conformity, but just as easily can be

used as evidence for a disconformity or paraconformity. (2) The

scoured and wavy nature of the contact as observed by the author

further suggests that the contact is unconformable. (3) The author

also observed Sevy-like beds 263 feet up, at the top of the member at

Blackrock Canyon and at the 184 foot level at Cooper Wash, but
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interprets these Sevy-like beds to represent the original carbonate

texture, and not interbeds of the Sevy. In this interpretation, these

Sevy-like beds represent syndepositional dolomite (see discussion on

diagenesis of the Simonson on p. 105) that were unaffected by the late

diagenetic dolomitizatiqn event that has produced the characteristic

coarse-crystalline dolomite found throughout the CCM.

The shelf-wide Lower-Middle Devonian unconformity has been

documented in central Nevada (Sulphur Spring Range) by Kendall and

others (1983), where conodonts collected from the Sadler Ranch

Formation date a regression at the end of the Early Devonian (serotinus

Zone). This resulted in the Quartzose carbonate Member of the Oxyoke

Canyon Formation shifting its position westward to the edge of the

carbonate shelf. The ensuing transgression extended into the early

Middle Devonian, from the upper part of the serotinus Zone into the

lower part of the costatus Zone (Kendall et al., 1983, p. 2207).

Thin Section Constituents

In thin section, the CCM consists almost entirely of coarse-

crystalline () 2 mm) sparry dolomite (85-100%), along with lesser

amounts of dolomite microspar and pseudospar (0-13%), authigenic quartz

(<1-3%), iron oxide (<1-2%), and pore space (0-12%). No visible

allochems are present, thus the CCM is interpreted to represent

dolomudstones and coarsely-crystalline dolomites (Appendix D).
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Depositional Environments

Determining the depositional environment of the CCM is somewhat

problematic because the depositional texture has been obliterated by

diagenetic events. A few horizontal laminations were the only

sedimentary structures observed.

The presence of Sevy-like dolomite beds (discussed on the previous

page) are interpreted to represent the original carbonate sediment of

the CCM. This inference along with the lack of visible or relict

allochems lead the author to interpret the CCM to have been deposited

under restricted and low energy conditions. Upper intertidal and

supratidal environments could satisfy these conditions.

Kendall (1975, p. 138-139) suggested that the Coarse Crystalline

Member of the Oxyoke Canyon Sandstone was deposited under higher energy

conditions than the Simonson CCM because of the increasing amount of

quartz sand found in the member to the west. Kendall (p. 139)

interpreted an intertidal-supratidal depositional environment with poor

circulation for the Oxyoke Canyon Sandstone Coarse Crystalline Member.

The author partly agrees with Kendall's interpretation, but

suggests that the amount of quartz sand present within the member is

more controlled by the proximity of the depositional environment to the

source of the sand, rather than the physical conditions within the

depositional environment. Petrographic analysis of the CCM also

revealed that the amount of detrital quartz observed is controlled by

the degree of dolomitization that the rock has been subjected to. In

some instances, samples that appeared to originally represent quartz

arenites or quartzose dolomites are now dolomitic quartz arenites as

indicated by their replaced dolomitic texture (see Figure 9, p. 34).
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Figure 6 is a depositional model for the CCM and Oxyoke

equivalent. In this model, the entire carbonate shelf is shown to be

dominated by low-energy intertidal-supratidal conditions resulting in

dolomudstone deposition. At the carbonate shelf edge, crinoid meadows,

represented by the Sadler Ranch Formation, thrived on the inner slope

of a silled outer shelf basin (Kendall et al., 1983, p. 2203).

Deposition of the CCM commenced with transgression in the

uppermost part of the serotinus Zone (see Figure 2) concomitant with

T-R Cycle 1c of Johnson and others (1985, p. 577). Although the CCM is

regionally transgressive, the member progrades at its western margin in

central Nevada (Johnson, written communication, 1982).

Sevy and Simonson Quartz Arenites and Quartzose Carbonates

Osmond (1954, 1962) considered quartz arenite and quartzose beds

found in the upper part of the Sevy to represent a "sandy member" of

the Sevy. Kendall (1975, p. 141) hypothesized that the Quartzose

Member of the Oxyoke Canyon Formation is a lateral equivalent of

Osmond's sandy member of the Sevy. However, Johnson (1962, p. 544, his

Figure 2; Johnson and Sandberg, 1977, p. 129, their Figure 2)

interpreted these thin quartzose beds as onlapping tongues of the

Oxyoke Canyon transgression and placed these sands at the base of the

Simonson. Subsequently, Johnson and Murphy (1984) accepted Kendall's

interpretation.

Without faunal evidence in eastern Nevada, field evidence was

employed and indicated that these quartz arenites and quartzose

carbonates belong to both the Sevy and Simonson Dolomites. The author

suggests that there were at least two different periods of quartz sand
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deposition; (1) regressive sands belonging to the top of the Sevy and

(2) transgressive sands belonging to the base of the Simonson. At

locations where quartz sands were found interbedded with Sevy-like

beds, the sands were assigned to the Sevy. Conversely, quartz sands

observed interbedded with coarsely-crystalline dolomite were designated

to the Simonson.

Figure 7 depicts the suggested sequence of events responsible for

the shelf-wide unconformity between the Sevy and Simonson Dolomites and

demonstrates how quartz sands can belong to both formations. In this

interpretation, the Oxyoke Canyon Quartzose Member represents a barrier

bar/beach complex as originally suggested by Kendall (1975, p. 127)

(A). Initially, at the base of the unconformity, erosion of the Sevy

began to the east (B). Previously deposited quartz sands of the Sevy

were reworked and redeposited to the west, possibly infilling low-lying

depressions within the Sevy tidal flats. As the regression continued,

eastern areas continued to undergo erosion, which may, in part, explain

why lesser amounts of quartz sand are found at the top of the Sevy to

the east (C). Following the regression, the ensuing transgression

resulted in an eastward shift in quartz sand deposition onlapping the

surface of the unconformity (D). During deposition of the CCM, the

proximity of the barrier bar/beach complex continued to influence the

basal part of the member by supplying the member with quartz sand

grains. This depositional setting may, in part, explain why the amount

of quartz sand found at the base of the member decreases to the east as

it becomes more distal from the barrier bar/beach complex.
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Provenance of the Quartz Sands

The source of the Lower-Middle Devonian quartz sands is somewhat

problematic. Osmond suggested that the sands were derived from eroded

early Paleozoic sandstones (Eureka and Swan Peak Quartzites) to the

south (1954, p. 1926) and/or to the east (1954, p. 1926; 1962,

p. 2054). However, Johnson (1962, p. 544) favors a northern source

because the quartzose member thickens in that direction. This northern

source is also indicated by the lithofacies map constructed by Johnson

and Flory (1972, p. 893).

An isopach map was constructed, Figure 8, of the quartz sands to

aid in provenance interpretation. The isopach strongly shows that a

northern source was largely responsible for the present configuration.

Not only do the sands thin from the north to the south, but also show

rapid thinning to both the west and east. A southern and/or

southeastern contribution is also suggested from the isopach. An

eastern source is difficult to envision having much of an influence,

but it cannot be entirely ruled out. The author interprets the thin

blanket of sand (< 5 feet thick) shown in White Pine County to

represent onlapping transgressive sands as is shown in Figure 7, part

(D).

The author agrees with Osmond's selection of a sedimentary source

for the quartz sands. In thin-section, (Figure 9), the quartz sands

are coarse-grained (0.5-0.75 mm), well rounded, monocrystalline, non-

undulatory, and contain no detrital matrix. Several quartz overgrowths

were noted indicating that the grains have undergone at least two

cycles of erosion and deposition. These compositional and textural

characteristics would classify the sands in the supermature stage of
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Figure 8. Isopach map of Lower-Middle Devonian quartz sands throughout
eastern Nevada (1 inch= approximately 45.2 miles).
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Figure 9. Photomicrograph of Lower-Middle Devonian
dolomitic quartz arenite (Sample SPSil, crossed
polars, field of view is 3.2 mm).
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Folk (1951). The author employed the method of Dickinson and Suczek

(1979) for determining the tectonic setting of the quartz sands. A

craton interior continental block provenance is interpreted from the

QFL plot (Figure 10).
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Figure 10. Triangular QmFLt plot (where Qm is monocrystalline quartz
grains, F is total feldspar, and Lt is total polycrystalline lithic
fragments) for Lower-Middle Devonian quartz sands. (After Dickinson
and Suczek, 1979)
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Lower Alternating Member (Dolomudstone Lithofacies)

Thickness and Distribution

The Lower Alternating Member (LAM) of the Simonson Dolomite is

present in each of the three map areas (Figure 1). The thickness of

the member is 498 feet thick in the White Pine Range, 330 feet thick in

the Egan Range, and 117 feet thick in the Schell Creek Range. Figure

11 shows an isopach of the LAM and western equivalent Sentinel Mountain

Dolomite. Similar to the CCM, the depocenter, during LAM deposition

was along a northwest-southeast-trending trough near what is now the

Nye and White Pine County boundary line.

Lithology and Contacts

The LAM is made up of finely laminated to thin-bedded, slope to

step forming, very finely to medium-crystalline dolomite. The name of

the member is derived from the alternating nature of brown and gray

beds of various color shades (Figure 12).

Within the LAM are several cycles that appear to represent

upward-shallowing cycles. These cycles are characterized by the

gradual color change, from dark (reduced) below to light (oxidized)

above. Each cycle begins with a dark brown dolomite bed,

representative of a deepening event. The lower contact of the dark

brown dolomite is sharp and the upper contact is gradational (Figure

13).

Several types of dolomite beds are present within the LAM. The

author used six main divisions of dolomite for describing the LAM in

the field. However, it should be noted that there are variations
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Figure 11. Isopach map of Simonson Lower Alternating Member (1 inch =
approximately 45.2 miles).
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Figure 12. Alternating nature of brown and gray
colored beds displayed by the Simonson Lower
Alternating Member (View to the north, Cooper Wash,
Schell Creek Range).
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Figure 13. Upward-shallowing sequence within the
Simonson Lower Alternating Member (Cooper Wash,
Schell Creek Range).
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within these six. These six include: 1) dark brown to black, very

finely to fine-crystalline dolomite, with wavy laminations and possible

soft-sediment deformational structures, 2) tan to light tan, fine to

medium-crystalline dolomite, weakly to irregularly laminated, also

containing possible soft-sediment deformational structures, 3) light

gray to bluish gray, Sevy-like, very finely-crystalline dolomite, 4)

conspicuously striped, finely laminated alternating light and dark

colored, very finely-crystalline dolomite, 5) strikingly mottled,

dark brown and light brown, very finely-crystalline dolomite, and 6)

brown intraformational breccia, consisting of finely laminated, angular

dolomite clasts floating in a dolomite and calcite matrix.

The contact between the LAM and the overlying Brown Cliff Member

is gradational. The contact was placed at the first appearance of

fossiliferous brown dolomite and after the last appearance of thinly

laminated dolomite.

Thin Section Constituents

In thin section, the LAM consists of dolomudstones and very finely

to fine-crystalline dolomite (Appendix D). It is composed of very

finely to fine-crystalline (<0.03-0.1 mm) dolomicrite (91-99%), with

minor amounts of dolomite microspar and pseudospar (3-8%), authigenic

quartz (<1-7%), iron oxide (<1-2%), and pore space (0-3%). Allochems

are absent with the exception of a few brachiopod fragments (samples

SPSi 14 and CWSi 12, Appendix D). Dolomitization and recrystallization

have obliterated the original rock texture, and thus it is possible

that allochems, such as pellets, made up part of the original

allochemical constituents.
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Depositional Environments

The LAM is interpreted to have been deposited under low energy

upper intertidal and supratidal conditions interrupted by a short

interval of lower intertidal to shallow subtidal deposition. Shinn

(1983, p. 172-210) discusses diagnostic sedimentary structures of the

tidal flat environment and notes (p. 177) that horizontal laminations,

which are ubiquitous to the LAM, are restricted to supratidal and upper

intertidal environements in both modern and ancient tidal flats.

The problem with the fine laminations of the LAM is in determining

whether they are of sedimentary or algal origin, because dolomitization

has obscured any possible original algal microstructures. Sedimentary

or physical laminations are thought to be the result of spring or storm

tidal deposition (Ball et al., 1963), while flat laminated algal

structures (Type 1 of Logan et al., 1964) represent blue-green algal

mats. Horizontal laminations within the LAM (Figure 14) display

antigravity structures, strongly indicating that they are of algal

origin (Shinn, 1983, p. 181). In addition, the strong fetid odor

commonly observed in freshly broken samples may also be indicative of

an original organic algal and/or bacterial contribution. These

features lead the author to interpret the laminations to represent

cryptalgal laminations.

Shinn (1983, p. 183) also mentions that supratidal algal

laminations forming in arid regions can be produced from both

alternating flooding and deposition of carbonate sediment accompanied

by algal mat growth or eolian deposition along with algal growth.

Conversely, James (1979, p. 112) suggests that, in arid settings,

algal mats cannot grow above the upper intertidal into the supratidal
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Figure 14. Horizontal cryptalgal laminations
displaying antigravity structures (Cooper Wash,
Schell Creek Range).
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zone. But under humid conditions, where the supratidal zone is moist

or flooded for extended periods of time, algal mat growth can be

prolific.

It is difficult to determine whether the LAM was deposited under

arid or humid conditions.. Evaporitic minerals, which are

characteristic of all modern arid tidal flats (Shinn, 1983, p. 199),

are absent from the LAM. However, because evaporites are very soluble

when exposed to percolating meteoric waters of low salinity (James,

1979, p. 116), they are easily removed from the rock record. Detailed

thin-section examination of the Simonson Dolomite did not reveal any

evidence of evaporite minerals or evaporitic molds, which according to

Scholle (1978, p. 134) would be expected to remain preserved even after

post-depositional dissolution. This lack of evidence leads the author

to favor a humid setting.

Although in this humid environment, evaporitic conditions may have

existed temporarily during dry seasons, only to be removed during

wet seasons, possibly resulting in the formation of collapse breccias.

This seasonal evaporitic condition is known to occur at Andros Island

on the Bahamas (Shinn, 1983, p. 199). Intraformational breccias have

been reported from the LAM by Osmond (1954, p. 1932, 1940-1943) and by

Jarvis (1981, p. 48-51, 61-62). The author also observed this

lithology in the Schell Creek Range (Figure 15). Osmond (p. 1942)

interpreted these breccias to be the result of depositional slumping on

an oversteepened slope. The author disagrees with Osmond's

interpretation because the slope of the inner carbonate shelf was

probably very gentle and the depositional environment was of low

energy. Jarvis (p. 61) concluded that the origin of the breccias is
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Figure 15. Intraformational solution collapse breccia
in the Simonson Lower Alternating Member (Sample CWSi12
Cooper Wash Section, Schell Creek Range).
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problematic, but did note (p. 62) the similarity of the breccias to

Mississippian solution-collapse breccias in southwestern Montana

reported by Middleton (1971).

The author interprets the breccias in the LAM to represent

collapse breccias, in which former evaporites were dissolved and

removed from the rock record. This provided voids for the eventual

collapse of the overlying sediments. In this interpretation, the

matrix and angular fragments, of the overlying beds, should differ in

grain site and texture. Figure 16 shows this relationship in which the

matrix material is the product of void filling carbonate fluids that

cemented the rock fragments together. Therefore, the breccias involve

both depositional and diagenetic processes with the formation of

evaporites followed by the diagenetic solution, collapse, and final

lithification.

A short interval of lower intertidal to shallow subtidal

deposition is indicated by the occurrences of brachiopod dolopackstones

(dolomitic biomicrites) and mottled dolomite. These lithologies

increase in abundance westward (basinward). At Blackrock Canyon, the

first mottled dolomite bed occurs 157 feet above the contact with the

CCM. This mottled bed is overlain by three more mottled dolomite beds

interbedded with two brachiopod dolopackstone beds for an interval of

96 feet (see Plate 4).

At the Sheep Pass Section, an almost identical stratigraphic

sequence is present with the first mottled dolomite bed occurring 154

feet above the top of the CCM. Two more mottled beds and one

dolopackstone bed are found throughout a 111 foot interval.

As might be expected these two lithologies decrease shoreward,
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Figure 16. Photomicrograph of Intraformational breccia
showing angular, laminated dolomudstone clast and
surrounding carbonate matrix (Sample CWSi12, crossed
polars, field of view is 3.2 mm).
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and at Cooper Wash only one mottled dolomite bed was observed 64 feet

above the top of the CCM.

It seems reasonable to interpret the mottled dolomite beds to be

the result of bioturbation because of their proximal stratigraphic

position to brachiopod dolopackstone beds.

Figure 17 is a depositional model for the LAM and equivalent

sediments prior to deposition of the BCM. In this model the LAM is

coeval with the Sentinel Mountain Dolomite, based on lithologic

similarity and stratigraphic position (Johnson, personal communication,

1986). During this time interval, conditions on the inner and middle

carbonate shelf were very similar dominated by cyclic sequences of

shallow marine platform dolomites. Stromatoporoid growth occurred

along the carbonate shelf edge, in the Sulphur Springs Range (Johnson,

personal communication, 1987), and acted as a barrier separating

lagoonal from slope environments. Cyclic sequences, of the Sentinel

Mountain Dolomite and Simonson LAM, gave way basinward to slope

sediments of the lower Denay Limestone deposited on a steepened

carbonate slope.

The base of the LAM corresponds to T-R Cycle Id (begins at or near

the base of the australis Zone, Figure 2) of Johnson and others (1985)

and is considered to be (p. 577) the most distinct deepening event of

the pre-Taghanic Devonian. T-R Cycle 1e, which occurs before the BCM-

Woodpecker Limestone deepening event, is not documented in Nevada.

However, the author hypothesizes that the subtidal-lower intertidal

deepening event, that occurs near the middle of the LAM, may be related

to T-R Cycle Ie. This hypothesis could be tested by collecting samples

for conodonts from within the brachiopod dolopackstone beds.
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Brown Cliff Member (Dolowackestone-Dolopackstone Lithofacies)

Thickness and Distribution

The Brown Cliff Member (BCM) is present in the Schell Creek and

Egan Ranges, but is absent in the White Pine Range, where the

Woodpecker Limestone is present at this stratigraphic level (see

discussion of stratigraphic nomenclature and correlation p. 15).

The depositional pattern of the Simonson dolomite significantly

changed during deposition of the BCM. Figure 18 shows how the

depocenter shifted, from the northwest-southeast trough that prevailed

during CCM and LAM deposition, to more of a east-west, wedge-shaped

pattern thickening towards the Nye County-Lincoln County line.

Lithology and Contacts

The BCM consists of medium to thick-bedded, cliff-forming, medium-

crystalline dolomite, represented by fossiliferous dolowackestones and

stromatoporoidal dolopackstones. The member is light to chocolate

brown colored on weathered surfaces, and dark gray on fresh surfaces.

Dark gray to black colored chert lenses, 1 - 6 inches thick, occur

about 10 feet above the base of the member at Cooper Wash.

The BCM is very fossiliferous throughout and has the descriptive

features of a biostrome, as originally defined by Cumings (1932), as

applying to "distinctly bedded structures that do not swell into

lenslike or reeflike form but... consist mainly or exclusively of the

remains of organisms." Thus, a biostrome is restricted to a bed of

skeletal remains that does not exhibit topographic relief (Heckel,

p. 92, 1974). The following fossils are present in the BCM, in order



Figure 18. Isopach map of Simonson Brown Cliff Member (1 inch =
approximately 45.2 miles).
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of decreasing abundance; these include: stromatoporoids; branching

forms, chiefly Amphipora, and bulbous forms, algal stromatolites?,

gastropods, Stringocephalus brachiopods, unidentifiable rugose corals

and the tabulate coral Syringopora, and echinoderms.

The contact between the BCM and overlying Upper Alternating Member

appears gradational. The contact was placed at the first appearance of

slope to step forming, unfossiliferous, alternating light and dark

dolomite.

Thin Section Constituents

In thin section, the BCM is represented by fossiliferous

dolowackestones, stromatoporoidal dolopackstones, and dolomitic

biomicrites (Appendix D). The BCM is largely composed of fossil

allochems (10-100%) (average 53%) and dolomicrite (31-85%) (average

42%). Branching stromatoporoids, mainly represented by Amphipora,

are the most abundant allochem. Bulbous stromatoporoids, brachiopods,

gastropods, corals, echinoderms, a possible ostracode, and possible

algal stromatolites? constitute the remaining allochems. Peloids

appear to have originally been present, but their structures have been

obliterated by dolomitization and recrystallization. This suggestion

is supported by the fact that the Guilmette Formation contains

lithofacies nearly identical to the BCM, in which peloids are abundant

(see p. 69-70).

Minor constituents include dolomite microspar and pseudospar

(2-5%), authigenic quartz and chert (0-2%), iron oxide (0-1%), and pore

space (0-5%).
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Depositional Environments

The BCM is interpreted to have been deposited under shallow

subtidal and lower intertidal conditions. Post-depositional dolomite

has replaced both fossil allochems and the matrix, but it appears that

the original matrix was very micritic, indicating that deposition

occurred under relatively quiet water conditions.

Figure 19 shows a model of the depositional environments

interpreted to have been present during deposition of the BCM. In this

model, the outer margin of the inner shelf contained the main carbonate

buildup consisiting of the tabulate coral Syringopora, rugose corals,

and bulbous stromatoporoids. Energy conditions, at this margin, were

probably moderately agitated, with good circulation, and a rich

available nutrient supply. These biological, physical, and chemical

conditions were optimum for carbonate production.

The above interpretation is supported by the work of Krebs (1974)

and Klovan (1964) for Devonian reefs in Europe and Canada,

respectively. They both concluded that tabulate corals favored the

main reef and fore reef environment, while rugose corals preferred the

fore reef, but were also found in the back reef environment. Bulbous

stromatoporoids are thought to have a wide range of distribution,

including the margin of the main buildup.

Kobluk (1978, p. 222) examined stromatoporoid morphologies from

the Frasnian Miette Reef complex of Alberta and determined that massive

and encrusting forms lived at or close to the reef margin, in contrast

to branching forms, which preferred sheltered areas away from the

margin. Similarly, Klovan (1964), Krebs (1974), and Wilson (1975)

concluded that Amphipora thrived best in relatively quiet, sheltered
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subtidal waters, as would be found in back reef and lagoonal

environments.

Massive and encrusting forms are not present in the BCM, but

Amphipora is prevalent throughout. Therefore, relatively quiet water,

lagoonal conditions must have dominated during BCM deposition. This

lagoon may have separated the main buildup at the outer margin of the

inner shelf from shoreward tidal flat environments, as is shown in

figure 19.

Amphipora was always observed with its long axis oriented parallel

to bedding. This orientation probably resulted from a combination of

strong currents and wave activity when the organisms were found

parallel to each other and bedding; due to toppling after death of the

organism, when Amphipora was observed parallel to bedding but randomly

oriented to each other.

The BCM has the physical features of a biostrome (see p. 50) and

lacks evidence of positive topographic relief or wave resistance.

Therefore, the BCM can best be classified as a biostromal bank buildup,

as defined by Heckel (1974, p. 91-95).

Within the BCM are several smaller cycles that provide the

opportunity to examine the depositional history of the member in great

detail. At the Cooper Wash Section, the BCM consists of three separate

cliff-forming units, with each unit containing two to three cycles

within. These cycles consist of the following microfacies, in

ascending order: 1) subtidal-dolopackstone (bulbous stromatoporoids

and occasional tabulate corals), 2) transitional-dolomudstone and

dolowackestone (Stringocephalus brachiopods and gastropods),

3) lagoonal-Amphipora dolopackstone, and 4) intertidal-dolomudstone
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(cryptalgal laminations).

These smaller cycles appear to represent upward-shallowing

sequences, similar to those described, for reefs, by Read (1973), Wong

and Oldershaw (1980), and James (1984, p. 220-221). The cyclicity can

be explained by variations in the rate of carbonate production (Wong

and Oldershaw, 1980, p. 421). Rapid rates of carbonate production

coincide with deepening events produced from rises in sea-level and/or

increased subsidence rates. The base of each cycle (microfacies 1)

marks the beginning of the deepening event creating optimum conditions

for carbonate production.

Biostromal growth can outpace sea-level rise and/or subsidence

causing eventual shoaling in the cycle (Read, 1973, p. 48). With

progressive shoaling and decreasing circulation, conditions for

carbonate production decrease, thus reducing the rate of production.

Subtidal environments give way to intertidal deposition and slower

rates of sedimentation. Subsidence was then able to outpace carbonate

production, ultimately bringing back subtidal conditions and a repeat

in the cycle.

Deposition of the BCM coincides with an abrupt, eustatic,

deepening event, T-R Cycle If of Johnson and others (1985) (begins at

or slightly above the base of the ensensis Zone, Figure 2). This

deepening event is documented in eastern North America, Germany, and in

Canada, where reef growth occurred (Johnson et al., 1985, p. 578). In

Nevada, this transgression is documented at the base of the Woodpecker

Limestone (Johnson and Sandberg, 1977, p. 137). The author reaffirmed

the dating of this event with brachiopods collected from the basal

Guilmette, at the Blackrock Canyon Section (Appendix A). Brachiopods
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were originally collected at this location by W. Niebuhr and R. A.

Flory, Oregon State University, in 1971.
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Upper Alternating Member (Dolomudstone-Dolowackestone Lithofacies)

Thickness and Distribution

The Upper Alternating Member (UAM) crops out in the Egan and

Schell Creek Ranges (Figure 1), and like the BCM, is absent in the

White Pine Range. The member is 224 feet thick in the Egan Range and

134 feet thick in the Schell Creek Range.

The depositional pattern of the UAM is similar to that of the

underlying BCM, with the development of an eastward-thickening wedge,

Figure 20. The isopach also shows an area of thinning in eastern White

Pine County and renewed thickening along the northwest-southeast trough

that existed during CCM and LAM deposition.

Lithology and Contacts

The UAM closely resembles the LAM, but is much thicker-bedded and

is slightly more fossiliferous. The member consists of finely

laminated to thick-bedded, slope-to step-forming, very finely to

coarsely-crystalline dolomite. Four types of dolomite beds, numbers

1-4, as described for the LAM, are present in the LAM. Mottled

dolomite and intraformational breccia were not found.

The contact between the UAM and the overlying Guilmette Formation

is sharp and conformable. The contact was placed at the top of the

last dolomite bed of the UAM and below the first appearance of

limestone. Figure 21 shows the changeover from the gentle slopes of

the UAM to the massive cliffs of the Guilmette. Figure 22 is a closeup

photogragh of the contact showing its sharp and conformable nature.

Above the UAM a zone of limestone 80-100 feet thick is present below
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Upper Alternating Member

Contour Interval 100 feet

Figure 20. Isopach map Simonson Uppper Alternating Member (1 inch =
approximately 45.2 miles).
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Figure 21. View to the northeast of the contact
between the Simonson Dolomite and overlying limestone
cliffs of the Guilmette Formation in the Egan Range
(Simonson UAM, BCM, and LAM are visible in the foreground).
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Guilmette Formation

Simonson Dolomite

Figure 22. Sharp and conformable contact between
Guilmette Formation (limestone) and underlying Simonson
Dolomite, Upper Alternating Member (Cooper Wash, Schell
Creek Range).
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the cliffs of the Guilmette. The author assigned these limestone beds

to the Guilmette Formation. However, Osmond (1954, p. 1946) reported

that the uppermost part of the UAM contains interbeds of limestone at

all locations in east-central Nevada and placed the contact at the base

of the first cliff-forming exposure of Guilmette. The author did not

see this alternating dolomite and limestone relationship at any of the

three map areas of this study, but is aware that it is present at

several other localities, especially to the east.

Elrick reported (1986, p. 9) that the Simonson-Guilmette contact

is gradational over 100 feet in the southern Goshute Range, and used a

combination of criteria to define the contact. In attempting to

resolve and simplify the problem, the author suggests that the contact

be defined as a lithologic boundary and be placed at the first

appearance of bedded limestone. In this definition, the Simonson

Dolomite would consist only of dolomite and the Guilmette Formation,

which commonly contains dolomite beds throughout, would contain

alternating dolomite and limestone at its base.

Thin Section Constituents

In thin section, the UAM is represented by dolomudstones,

dolowackestones, and very finely to coarsely-crystalline dolomites.

The UAM is predominantly composed of dolomicrite (84-99%). Allochems

are rare except for a brachiopod-rich bed found at Cooper Wash, in

which 50% of the bed is made up of brachiopods (sample CWSi 24,

Appendix D). Dolomitization and recrystallization have obliterated the

former evidence of other possible allochems. Minor constituents

include dolomite microspar and pseudospar (2-7%), authigenic quartz
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(<1%), iron oxide (1%), and pore space (0-5%).

Depositional Environments

The UAM is interpreted to represent intertidal and supratidal

deposition. The physical characteristics of the UAM are very similar

to those of the LAM, except that the UAM is thicker-bedded and

horizontal laminations are less conspicuous. These differences can be

explained by greater subsidence rates, less episodic and more stable

depositional trends, or sedimentation in slightly deeper water, with

more favorable conditions for carbonate production. Such an

environment is shown in Figure 23.

Sevy-like, very finely-crystalline interbeds are abundant at the

top of the member (see Plate 6) at the Cooper Wash Section. These

interbeds alternate with dolomudstone beds representing deposition

under supratidal conditions. Below the Sevy-like interbeds are

dolowackestones and brachiopod dolopackstones, in descending order.

This lithologic sequence indicates that the entire UAM is upward-

shallowing.

At the Sheep Pass Section, the UAM is composed of alternating dark

brown and light tan dolomite, with no Sevy-like beds present. The lack

of Sevy-like beds may indicate that the member was deposited under

slightly deeper water conditions, as compared to the member at Cooper

Wash.

Shoaling accompanied with basinward progradation, during

deposition of the UAM, is suggested by Johnson and Sandberg (1977,

p. 137). The Bay State Dolomite and Simonson UAM prograded towards

each other, thus reducing the size of the Woodpecker basin.
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The UAM fits well with the eustatic sea-level curve of Johnson and

others (1985, p. 584), with a regressive event occurring at the top of

T-R Cycle If. An overall sea-level fall is indicated by subtidal

conditions, of the BCM, yielding to inter-supratidal deposition in the

UAM. The shoaling sequence observed within the UAM, at the Cooper

Wash Section, is further evidence of the regressive event.
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GUILMETTE FORMATION

Guilmette Lithofacies

Introduction

Unlike the Simonson Dolomite, which has four distinct members, the

lithology of the Guilmette Formation is not as predictable laterally or

vertically, thus making it difficult to correlate lithofacies from one

range to another. No attempt was made to isopach the Guilmette because

the formation is so commonly faulted, usually removing section, that

many of the wide-ranging thicknesses reported for the Guilmette are

suspect.

Without detailed conodont zonation, detailed petrographic and

field relationships were used to define the primary lithofacies and

subfacies of the Guilmette. Four main lithofacies and nine subfacies

are recognized and discussed according to their distribution, outcrop

nature, and petrographic characteristics. Possible. environmental and

depositional conditions are suggested for each lithofacies to aid in

constructing a model for the depositional history of the formation.
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Mudstone Lithofacies

The mudstone lithofacies is prevalent throughout the lower 627

feet of the Blackrock Canyon Section and lower 315 feet of the Sheep

Pass Section. The outcrop character varies widely from thin-bedded,

slope and ledge-forming to massive, cliff-forming. Color shades range

from light gray to dark bluish gray.

Pervasive recrystallization has obscured the mudstone texture,

converting micrite to microspar (Figure 24). The only allochems noted

were tabular-shaped patches of unidentifiable fossil fragments filled

with pseudospar (rock sample BRDg 9). As much as 10% of the

lithofacies is composed of calcite filled veins. Idiotopic-P textured

dolomite occurs occasionally along with minor amounts of bi-pyramidal

authigenic quartz. Microstylolitic swarms are common within the

lithofacies, and most are oriented parallel to bedding and stained with

iron-rich material. Only one subfacies, the dolomudstone subfacies, is

recognized.

Dolomudstone Subfacies

The dolomudstone subfacies occurs randomly throughout the Sheep

Pass, East Cooper Wash, and North Cooper Wash Sections. The subfacies

is absent at Blackrock Canyon, as is all appreciable dolomite at this

location.

The dolomite is fine to medium (0.04-0.17 mm) crystalline and

exhibits a xenotopic-A texture. Most of the dolomite crystals have

dirty centers and clearer rims, resulting in a dirty overall

appearance. Iron staining and microstylolitic swarms are common.
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Figure 24. Photomicrograph of Guilmette mudstone
lithofacies (Sample BRDg7, plane light, field of
view is 3.2 mm).
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Depositional Environments

The mudstone lithofacies reflects low-energy, subtidal

deposition. Thin, mud-rich beds along with the lack of fauna, suggest

a turbid environment with poor circulation. Such an environment may

have separated supratidal flats from lagoonal areas. The dolomudstone

subfacies is interpreted to be the result of post-depositional

replacement dolomite. No allochem ghosts are present, as they are in

the other replacement dolomite lithofacies, indicating that the

original rock was probably a mudstone.
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Wackestone Lithofacies

Wackestone textures are the most common of the Guilmette

lithofacies, present throughout all of the measured sections. Rocks of

this lithofacies are sometimes difficult to recognize in the field,

because they closely resemble the mudstone lithofacies. Petrographic

examination was essential for differentiating the two lithofacies. The

wackestones occur as thin to thick-bedded, light gray to dark blue

colored beds, commonly forming ledges and cliffs. Argillaceous

partings are frequently associated with the lithofacies.

Thin-sections reveal the presence of iron-stained stylolites

oriented parallel to bedding and perpendicular to calcite veins, that

cross-cut the stylolites. The calcite veins may represent extensional

features. Three wackestone subfacies occur within the lithofacies:

Amphipora, brachiopod and gastropod, and peloidal.

Amphipora Wackestone Subfacies

Light gray to dark gray beds make up the Amphipora subfacies at

all four measured sections. Amphipora is usually well preserved and

abundant, composing up to 40% of the subfacies. Discrete layers of

whole and fragmented pieces commonly occur parallel to bedding (Figure

25). This outcrop character has lead previous workers to refer to the

Amphipora subfacies as "spaghetti beds", particularly when the beds

have been dolomitized.

Thin sections reveal that peloids may also be present with the

Amphipora. The peloids display a fuzzy texture, possibly due to

compaction and recrystallization making their identification difficult.
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Figure 25. Discrete and parallel layers displayed by
Guilmette Amphipora wackestone subfacies.
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Post-depositional dolomite commonly replaces the subfacies at the

Egan and Schell Creek Range Sections, in the form of medium (0.15 mm)

crystalline xenotopic-A textured dolomite. Calcite veins, iron-

stained microstylolites, and opaque patches of probable hematite are

very common throughout the subfacies.

Brachiopod and Gastropod Wackestone Subfacies

Brachiopod and gastropod wackestones occur within all of the

measured sections. Brachiopod wackestones are most abundant thoughout

the lower 35 feet of the Blackrock Canyon Section. Dark gray, thin to

thick-bedded limestone with numerous yellow-brown argillaceous

interpartings make up the subfacies. Brachiopods compose as much as

30% of the total rock constituents and are usually whole in form and

oriented parallel to bedding surfaces.

Two distinct types of gastropod wackestone were observed. One

type contained abundant, small (5-20 mm) tightly coiled forms, while

the other consisted of less abundant, larger (25-35 mm) specimens.

In thin section, the shell walls of both fossil groups have been

neomorphosed to pseudospar. Other fossils associated with the

subfacies include conodonts, calcispheres, crinoids, and algae.

Peloidal Wackestone Subfacies

Medium gray to dark gray colored peloidal wackestone is common

within all of the measured sections. The subfacies is most abundant at

the top of the Guilmette.

Peloids make up as much as 60% of the allochemical constituents,

but are still in mud support. The peloids range in size from 0.08 mm
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to 0.2 mm and are ovoid in shape. Neomorphism has obscured the outer

boundaries of the peloids with the formation of microspar.

Several fossil types, but few in quantity, occur with the peloid

subfacies; including gastropods, ostracodes, brachiopods, calcispheres,

corals, and Amphipora sp.. These fossils have also been

recrystallized, containing pseudospar within their wall structures.

The author preferred to use the term peloid rather than pellet for the

grains, because it is not obvious as to whether the grains are of fecal

origin.

Depositional Environments

Rocks of the wackestone lithofacies represent a wide range of

environmental conditions. The variable bedding thicknesses and

presence of argillaceous interpartings, typical of the lithofacies, are

both indicative of middle shelf sedimentation (Wilson and Jordan,

1983, p. 302)

The horizontal character displayed by the ubiquitous Amphipora

wackestone subfacies strongly indicates that deposition occurred in a

quiet, sheltered, and restricted environment. Klovan, 1964; Krebs,

1974; Wilson, 1975; and Kobluk, 1978, have suggested that Amphipora

thrived best in back reef, lagoonal environments. The lack of

open-marine, euryhaline fauna, occurring with the Amphipora wackestone

subfacies, further suggests that the stromatoporoids preferred quiet,

restricted, and probably hypersaline conditions. In this lagoonal

setting, the Amphipora meadows may have acted like algal mat

structures, by helping to stabilize fine-grained sediment.

The brachiopod wackestone subfacies represents shallow subtidal
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deposition in marine waters of normal salinity. The association of

crinoids and conodonts with the brachiopods is indicative of normal

marine salinity. The presence of argillaceous interpartings and wealth

of well-preserved brachiopods suggests that burial of the fossils

occurred at the depositional site. Such a hospitable environment may

have been a lagoonal channel, tidal inlet, or seaward of a bank

buildup, where good circulation would provide normal marine salinity

conditions.

The gastropod wackestone subfacies also represents deposition

under open-marine conditions. The association of the subfacies with

ostracodes, calcispheres, and blue-green(?) algae suggests that

deposition occurred in a muddy, shallow-water environment. Modern

small, thin-shelled mollusks are sensitive to changes in salinity and

energy conditions and prefer mudstone substrates for burrowing, thus

producing wackestone textures. In addition, modern day blue-green and

dasycladacean algae occur in normal marine environments, but can

tolerate changes in salinity, and are commonly found in waters of less

than 5 meters (Wilson and Jordan, 1983, p. 302).

The peloidal wackestone subfacies may represent the most

restricted subfacies of the wackestone lithofacies. The amount of

fossils in the subfacies is very minor. The abundance of peloids (as

much as 60%) and micrite indicate relatively quiet, shallow subtidal or

lower intertidal conditions. In the Bahamas, the pellet-mud

lithofacies is the shallowest and most sheltered environment west of

Andros Island (Bathurst, 1975, p. 136).
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Packstone Lithofacies

Rocks belonging to the packstone lithofacies are usually easily

identified in the field due to their wealth of fossil allochems.

Outcrop features are of little value for recognizing the lithofacies,

because bedding characteristics vary widely from thin, slope-forming to

massive and cliff-forming. The lithofacies is common within all of the

measured sections, in particular at Blackrock Canyon, where bulbous and

branching stromatoporoids are most concentrated.

Calcite veins, iron-stained stylolites, authigenic quartz, and

patches of probable hematite are ubiquitous to the lithofacies, just as

they are to the other Guilmette lithofacies.

Five packstone subfacies are recognized, including; Amphipora,

bulbous stromatoporoid, peloidal, brachiopod and gastropod, and

crinoidal.

Amphipora Packstone and Dolopackstone Subfacies

Amphipora packstones and dolopackstones dominate the packstone

lithofacies. Most Amphipora occur as thick and discrete clusters with

their long branches oriented parallel to bedding (see p. 53, 55 for

discussion on environmental significance and parallel orientation of

Amphipora).

The subfacies rarely contains appreciable amounts of other

fossils. Minor occurrences of calcispheres were observed in

thin-section. Possible compacted and recrystallized peloids along with

apparent neomorphosed algal grains constitute the remaining allochems.

Fine to medium (0.1 mm) crystalline idiotopic-P textured dolomite
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occurs in variable amounts (<1-15%) in contrast to xenotpoic-A textured

dolomite, which composes 100% of the the Amphipora dolopackstone

subfacies. The Amphipora dolopackstone subfacies is common at the

North Cooper Wash Section, but is absent at the East Cooper Wash

Section, approximately one-half mile away. This relationship indicates

that the origin of the dolomite is a result of post-depositional

replacement processes.

Bulbous Stromatoporoid Packstone Subfacies

Bulbous stromatoporoid packstones are abundant in every section,

especially at Blackrock Canyon, and occur in a variety of physical

positions. Some are in growth position with the width of their base

being narrower than the width of their top. Others appear to be in

place, with accumulations of individual "cabbage heads" resting on and

interconnected with each other. Finally, some appear to have been

transported to their present sites and are usually isolated, upside

down, and commonly have abraided exteriors.

No attempt was made to petrographically differentiate the various

genera of stromatoporoids. Hoggan (1975, p. 159-168) discusses the

various forms of stromatoporoids and notes the occurrences of several

genera for the Guilmette.

In thin section, the stromatoporoids display characteristic

cellular pillar structures that have been affected by neomorphic

processes producing microsapr and pseudospar. Possible recrystallized

encrusting algae and fuzzy peloids constitute the remaining allochems.

The peloids and micritic matrix are influenced by sheltering effects,

produced by the exterior of the stromatoporoids, resulting in the
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packstone texture.

Peloidal Packstone Subfacies

The peloidal packstone subfacies can be recognized only through

petrographic examination (Figure 26). The peloids are too small (<0.25

mm, average 0.1 mm) to distinguish in the field. The subfacies is

found at several different stratigraphic levels, but is most prevalent

at the top of the Guilmette. Between 25-80% of the subfacies is

composed of peloids. The peloids are ovoid shaped and have a blurred

appearance, due to neomorphism. The matrix is composed of microspar

and pseudospar and sometimes contains as much as 5% of randomly

occurring idiotopic-P textured dolomite. Fossils observed in thin

section include calcispheres, gastropods, Amphipora, and small rugose

corals. Calcareous algae, forming algal mat structures, are associated

with the subfacies near the top of the Blackrock Canyon Section (Figure

27).

The top of the Guilmette at Blackrock Canyon contains an

interesting peloidal packstone subfacies that contains large (3-4

inch), in place, thick-shelled bivalves (identified by Dr. J. G.

Johnson and Dr. R. B. Blodgett). The same fauna is also reported by

Niebuhr (1980, p. 129-130) to occur at the top of the Guilmette at

Douglas Hills and Ward Mountain. Niebuhr suggested that the bivalves

appeared identical to Klovan's (1964) Megladont fauna. A recent

publication by Smith (1984), working in the southern Goshute Range,

incorrectly identified (his figure 24, p. 130) the fossils as

Stringocephalus brachiopods. The bivalves have also been reported by

Elrick (1986, p. 19,20) and James (1983, figure 128, p. 404), as
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Figure 26. Photomicrograph of Guilmette peloidal
packstone subfacies (Sample NCDg2, plane light, field
of view is 3.2 mm).
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Figure 27. Photomicrograph of algal mat structure in
peloidal packstone subfacies (Sample BRDg45, crossed
polars, field of view is 3.2 mm).
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provided by P. Playford, from the Upper Devonian reef complex of

Australia. Playford interpreted the bivalves to represent a back reef

facies.

The shell walls of the bivalves contain neomorphic spar, as

evidenced by competitive growth fabric, with crystals increasing in

size towards the center of the shell walls and lacking plane

intercrystalline boundaries. Other fossils observed petrographically

include numerous calcispheres and a few uniserial foraminifera.

Brachiopod and Gastropod Packstone Subfacies

Brachiopod and gastropod packstone textures are less common than

wackestone textures, but occasionally form distinct beds within each of

the measured sections. Most individual beds contain nearly equal

amounts of each fossil group or occur as single-fossil type beds.

Many of the beds resemble coquinas, with brachiopods composing as

much as 70% of the whole rock. In outcrop, the subfacies is commonly

slope-forming and contains several argillaceous interpartings.

Other constituents include compacted and recrystallized peloids

and micrite (15-20%). Most of the fossils are found in discrete layers

parallel to bedding and are whole in form. Calcispheres, conodonts,

and ostracodes are also associated with the subfacies. Red algae

(Pseudochaetetes sp., identified by Dr.. Jacques Poncet, Universite de

Caen, France) occurs with the subfacies at the Cooper Wash Section

(Figure 28).

Crinoidal Dolopackstone Subfacies

Very few crinoids are present at any of the Guilmette sections.
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Figure 28. Photomicrograph of calcareous red algae
from brachiopod packstone subfacies (Sample NCDg8,
crossed polars, field of view is 3.2 mm).
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However, at the Sheep Pass Section, in the Egan Range, crinoidal

dolopackstone is abundant about 500 feet from the base of the formation

for an interval of 30 feet. The subfacies is thick-bedded and has been

replaced by post-depositional dolomite. The dolomite has produced a

conspicuous texture causing the crinoids to stand-out white colored

against the dark brown colored dolomite. The crinoidal material is

represented by small (0.25-4.0 mm) stem plates.

Depositional Environments

Rocks of the packstone lithofacies are distinguished from the

wackestone lithofacies by the greater percentage of allochems, which in

thin-section display grain-support textures. Several diverse

depositional settings are represented by the lithofacies.

The Amphipora packstone subfacies was deposited in an environment

similar to the Amphipora wackestone subfacies, that of a back-reef

lagoonal setting. The grain-support texture and greater abundance of

Amphipora are probably the result of periodic increases in energy

conditions within the depositional environment. Seasonal storm and/or

increased rates in subsidence could account for the differences.

The absence of other open-marine, euryhaline fauna associated

with the subfacies indicates that the lagoonal depositional site was

somewhat restricted and may have been hypersaline.

Rocks of the bulbous stromatoporoid subfacies represent higher

energy environments as compared to the other Guilmette lithofacies. A

shallow subtidal high energy, open-marine environment is interpreted

for the subfacies. The abundance of bulbous forms in growth position

increases in a westward direction, towards the carbonate shelf edge.
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At Blackrock Canyon, thick lateral and vertical biostromal

accumulations of the stromatoporoids reflect favorable conditions for

increased rates of carbonate growth. High energy subtidal, open-marine

conditions would provide an ideal environment for such biostromal

growth. Murphy and Dunham (1977, p. 201), working with the Devils Gate

Limestone, suggested that the stromatoporoid masses of the Devils Gate

represented sustained prolific organic activity. They also concluded

that the extensive lateral growth pattern displayed by the

stromatoporoids reflected slow platform subsidence, in contrast to

vertical growth under elevated rates of subsidence. Depositional

conditions favorable for such prolific organic growth include shallow,

open-marine waters with normal marine salinity. High wave and current

action is also suggested providing optimum temperature, oxygen, and

nutrient supply demands (Murphy and Dunham, 1977, p. 201).

The stromatoporoidal biostromal buildups may have separated deeper

open-marine waters from the shallower, restricted lagoonal and tidal

flat environments of the inner carbonate shelf.

The peloidal packstone subfacies is interpreted to represent a

restricted marine shoal environment. The peloids may be hardened fecal

pellets, owing their origin to the organic pelleting of mud.

Therefore, the subfacies probably involves low-energy conditions with

very little water movement. The restricted marine shoals may grade

laterally into restricted shelf lagoons containing peloidal

wackestones.

Rocks of the brachiopod, gastropod, and crinoidal packstone

subfacies reflect shallow subtidal, open-marine shelf environments with

good circulation. This interpretation is further supported by the
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occurrence of red algae, associated with the brachiopod and gastropod

subfacies, which often grow in high-energy reefal environments

(Dr. Jacques Poncet, written communication, 1987). The presence of

argillaceous partings with the brachiopod and gastropod packstone

subfacies is indicative of periods of quiet water muddy deposition.
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Quartz Arenite Lithofacies

Dolomite-cemented quartz arenites occur at both of the Schell

Creek Range Sections. The lithofacies is absent, to the west, at the

Egan and White Pine Range Sections. At the Cooper Wash Section, thin

beds of quartz sand occur randomly over an 150 foot interval,

interbedded with mudstone and wackestone textures. The lithofacies

weathers to shades of light olive gray and orange brown. Sedimentary

structures, such as laminations or cross-beds, were not observed.

Upper and lower contacts are not exposed and are further hidden by

post-depositional dolomite.

In thin section, the quartz grains are coarse grained (0.5-1.0

mm), well rounded (where not replaced by dolomite), monocrystalline,

somewhat undulatory, and constitute 55-60% of the whole rock (Figure

29). Xenotopic-A textured dolomite (40-45%) has replaced both

overgrowths and the detrital quartz grains, demonstrating that the

dolomite precipitated after the formation of the secondary quartz

overgrowths.

Most quartz grains show extensive replacement textures around

their exteriors. However, some quartz grains are in grain-to-grain

contact cemented by authigenic quartz. This fabric indicates that the

original rock was probably a nearly pure quartz arenite. The lack of

detrital matrix material further supports this interpretation, thus

classifying the lithofacies as supermature.

Depositional Environments

The lack of both sedimentary structures and geometric constraints
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Figure 29. Photomicrograph of Guilmette quartz arenite
lithofacies (Sample NCDg13, crossed polars, field of
view is 1.3 mm).
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of the quartz arenite lithofacies makes it difficult to determine the

source direction or depositional environment of the lithofacies.

Thin, lenticular sandstones are reported to occur at various

stratigraphic levels from within the Guilmette in Elko, Nye, and

Lincoln Counties, in addition to areas in western Utah. A

northeastern, eastern and/or southeastern source is suggested because

of the lack of sands to the west, in both the Egan and White Pine

Ranges. Moreover, quartz arenite beds are not reported for the western

equivalent parts of the Devils Gate Limestone.

Occurring stratigraphically above and below the lithofacies are

quiet-water, possibly lagoonal, mudstone and wackestone interbeds. If

the sands represented a barrier tidal inlet or high-energy offshore

bar/beach complex, one would expect to find thick couplets (as thick as

12 meters) of crossbedded sandstone beds. The sandstone beds in the

Guilmette occur as thin (0.1 to 1 meter) interbeds. Scour surfaces and

lag deposits would also be expected if the lithofacies represented a

tidal inlet (Inden and Moore, 1983, p. 230). None of these higher

energy features were observed in the lithofacies.

Except for biostromal stromatoporoid buildups in the Guilmette,

the formation is dominated by lagoonal and somewhat restricted marine

shelf deposition, and it is with these environments that the quartz

arenite lithofacies is associated. In these low-energy environments,

large waves would not be present, thus reducing the development of

longshore currents and potential barriers.

Therefore, the quartz arenite lithofacies represents either a low-

energy beach, which characteristically consist of thin 0.1 to 1.5 meter

thick beds (Inden and Moore, 1983, p. 230), or possibly a transgressive
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beach environment. In a transgressive beach environment, preservation

of the depositional environment is affected. Facies deposited above

the effective wave base are removed during the transgression, thus

making interpretation of the original depositional environment nearly

impossible. Areas with a most favorable chance of preservation include

washover fans into lagoons and backshore zones (Inden and Moore, 1983,

p. 230). The author suggests that these lagoonal and backshore

zones are the most representative depositional sites for the Guilmette

quartz arenite lithofacies.
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Depositional History and Model

The first record of Guilmette deposition commenced during the

late Eifelian (see p. 15) in the White Pine Range. At this location,

brachiopod wackestone and packstone lithofacies were deposited within a

north-south trending intrashelf basin (see Figure 19, p. 54),

coincident with the deepening event of T-R Cycle If of Johnson and

others (1985). East of this intrashelf basin, in the Egan and Schell

Creek Ranges, biostromal buildups of the Simonson BCM developed.

Near the upper part of T-R Cycle If, shoaling occurred with

shallow-water dolomites, of the Bay State Dolomite and Simonson UAM,

prograding both eastward and westward, respectively (Johnson and

Sandberg, 1977, p. 137). Deeper water lithofacies, at Blackrock

Canyon, gave way to shallow-water mudstones while the subtidal BCM

yielded to the inter-supratidal UAM.

The onset of a long-sustained relative sea-level rise, T-R Cycle

IIa, began during the Middle Varcus Subzone (Johnson et al., 1985,

p. 578) with the commencement of the Taghanic onlap (Johnson, 1970).

Limestones of the lower Guilmette onlapped dolomites of the Simonson

UAM. The relative sea-level rise persisted throughout the remaining

deposition of the Guilmette. Rates of carbonate production kept pace

with the relative sea-level rise and is reflected by the immense

thicknesses attained by the Guilmette.

Figure 30 is a generalized model showing the interpreted

distribution of lithofacies and depositional environments across the

Frasnian Guilmette platform. Stromatoporoid biostromal buildups acted

as barriers along the western edge of the inner shelf and middle
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shelf, providing environments for the packstone lithofacies. Likewise,

prolific accumulations of these buildups extended to the western edge

of the middle shelf, as represented by the Devils Gate Formation.

Most of the Guilmette Formation was deposited within a broad shelf

lagoon. Several diverse environments existed within this lagoonal

setting as energy conditions decreased to the east, with packstone

lithofacies yielding to wackestone and mudstone lithofacies.

Intertidal and supratidal environments recorded mudstone and

dolomudstone deposition along with interspersed pulses of clastic

deposition into lagoonal and backshore environments.
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Simonson and Guilmette Platform Evolution

The Simonson and Guilmette Formations provide examples of an

evolving carbonate platform that acted in response to changes in

sedimentation, eustasy, and tectonics. During CCM time (see Figure 6,

p. 29), the Middle Devonian carbonate platform may be best described as

a distally steepened carbonate ramp, as defined by Read (1985, p. 3).

No major break in slope occurred at the carbonate shelf edge, where

crinoid meadows of the Sadler Ranch Formation thrived along the upper

parts of the ramp (Kendall et al., 1983, p. 2203).

Evolution of the shelf took place during LAM time (see Figure 17,

p. 49) with the formation of a rimmed carbonate shelf. A pronounced

increase in slope separates the shallow platform, of the Simonson LAM

and Sentinel Mountain Dolomite, from the lower Denay Limestone, which

was deposited on a steepened slope.

The LAM rimmed shelf margin displays the features of a

depositional or accretionary rimmed margin, as described by Read (1985,

p. 9, his Figure 4), with lagoonal deposition dominating the entire

shelf. A continuing relative sea-level rise during BCM time (see

Figure 19, p. 54) aided in the development of the Woodpecker intrashelf

basin and back-reef lagoonal environments of the BCM. A relative

sea-level fall during UAM time (see Figure 23, p. 64) brought back a

return to shallower, cyclic tidal-flat deposition.

With commencement of the Taghanic onlap, broad lagoonal

environments returned to the Givetian rimmed shelf margin and continued

to dominate throughout the early Frasnian. Beginning in the middle

Frasnian (A. triangularis Zone), the depositional rimmed margin that
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prevailed during Guilmette time was affected by Antler foreland effects

(Johnson, personal communication, 1987). The eastward relative

movement of the Roberts Mountains allochthon, acting in concert with a

continuing relative sea-level rise, resulted in the eventual drowning

of the Devils Gate/Guilmette platform and formation of the Pilot Shale

Basin. These initial foreland events were followed by continuing

thrusting and the eventual emplacement of the Roberts Mountains

allochthon during the earliest Mississippian. This large-scale

thrusting resulted in a slope reversal and the eventual halt of

Guilmette deposition.
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DIAGENESIS

Diagenetic History of the Simonson Dolomite and Guilmette Formations

Introduction

The Simonson and Guilmette Formations reveal a complex diagenetic

history of calcite stabilization, neomorphism and cementation, silica

cementation and replacement, and dolomitization and stylolitization.

Each diagenetic process is discussed in terms of fabric relationships

as exhibited through detailed petrographic analysis. The sequence of

diagenetic events is interpreted and placed into a relative time

order. In addition, diagenetic environments and models are

hypothesized.

Modern-day studies that attempt to correlate diagenetic processes

with a particular carbonate depositional environment, were not observed

in this study. The effects of burial diagenesis and changes in the

late diagenetic pore water chemistry are more controlling factors.

Except for the eastward increase of dolomite observerd in the

Guilmette, lateral variations in diagenetic trends were not observed,

but conversely, were remarkably similar over large distances.
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Calcite Stabilization, Neomorphism and Cementation

All fabrics of the Simonson and Guilmette lithofacies have

undergone extensive neomorphism (all types of transformation between

one mineral and itself or a polymorph, including inversion and

recrystallization) with the formation of microspar (0.004-0.01 mm) and

pseudospar (> 0.01 mm). Precursor micrite-sized grains (0.001-0.004

mm) are absent from the Guilmette, indicating that the entire formation

has been subjected to aggrading (increase in grain size) neomorphism.

Likewise, precursor micrite of the Simonson Dolomite is now dolomite

microspar or dolomite pseudospar.

Carbonate mineral stabilization or calcification involves the

inversion of high-Mg calcite to low-Mg calcite and is therefore

considered a neomorphic process (Bathurst, 1975, p. 239-242). Elrick

(1986, p. 79) determined that the Guilmette Formation underwent the

stabilization of high-Mg calcite and aragonite early in its diagenetic

history. Using x-ray diffraction, Elrick analyzed originally high-Mg

calcite echinoid grains and found the grains to now contain low-Mg

calcite. She also found that the overall composition of the Guilmette

is represented by low-Mg calcite. Evidence for the calcification of

aragonite, in the Guilmette, is observed in thin-section (Figure 31),

where gastropod skeletal grains contain neomorphic pseudospar within

their shell walls. Similar conclusions can be inferred for the BCM, of

the Simonson Dolomite, in which gastropod shell walls contain dolomite

pseudospar.

The inversion of aragonite to calcite is accompanied by a volume

increase of 8% (Bathurst, 1975, p. 234), thus provides a source of
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Figure 31. Photomicrograph of gastropod skeletal grain
containing neomorphic pseudospar (crossed polar, field
of view is 3.2 mm).
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CaCO3 for a possible early, first generation cement. The abundance of

neomorphic spar in the Guilmette obscures evidence of possible

isopachous cement rims. However, thin-section examination of skeletal

fragments reveals that early marine cementation may have occurred.

Early cementation is also suggested, for the Simonson and Guilmette,

because both formations lack evidence of grain-to-grain penetration

compaction features.

The inversion of high-Mg calcite to low-Mg calcite is an insitu

process and is not accompanied by a volume change. Thus, the inversion

process does not contribute to cementation. Therefore, cementation

must have occurred prior to the stabilization of low-Mg calcite, or an

allochthonous cement is required. The following sequence of diagenetic

events is suggested for the Simonson and Guilmette Formations:

1) inversion of aragonite to calcite, 2) precipitation of first

generation calcite cement, 3) stabilization of high-Mg calcite to

low-Mg calcite, 4) neomorphism of micrite to microspar and pseudospar

(could have been concurrent with 3).

The diagenetic environment that is most conducive for these

diagenetic events is the eogenetic zone. The eogenetic origin is

supported by the early-formed submarine cementation event that

pre-dated compaction. Subsequent sources for CaCO3 cement probably did

not become available until the formations were subjected to the

mesogenetic environment, where carbonate could be released during

pressure-solution. Later generations of calcite cementation resulted

in pore-filling and fracture-filling cements that post-date all

diagenetic events. These late-formed cements may owe their origin to

the mixing of saturated groundwaters in the teleogenetic environment.
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Silica Cementation and Replacement

The Simonson and Guilmette Formations both record silica

cementation and replacement events. The author recognized four types

of silica formation. These include: type 1, cementation, with the

formation of individual bi-pyramidal quartz overgrowths, type 2,

cementation as a pore-filling cement, type 3, selective replacement of

skeletal grains, and type 4, random replacement by chert parallel to

bedding.

Type 1 results in the secondary enlargement of quartz grains with

the formation of optically continuous overgrowths, in the form of

individual, bi-pyramidal quartz crystals (Figure 32). This type of

cementation is the most prevalent form of diagenetic silica present

within both formations, commonly constituting 2-3% of whole rock

compositions. The presence of remnant blebs of neomorphic microspar in

the overgrowths (see Figure 32) may indicate that cementation occurred

after mineralogic stabilization and neomorphism. However, it is also

possible that neomorphism occurred after the formation of the quartz

overgrowth (Dr. A. Niem, personal communication, 1987). The occurrence

of these bi-pyramidal quartz crystals throughout all four members of

the Simonson Dolomite indicates that cementation took place after or

coeval with dolomitization. A pre-dolomitization silica cementation

event is also observed, within quartz arenite lithofacies, where

dolomite replaces both detrital grains and quartz overgrowths.

The precipitation of silica as a pore-filling cement, type 2, is

clearly visible in Figure 33. Euhedral, interlocking crystal faces are

observed filling void space created by intercrystalline porosity,
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Figure 32. Photomicrograph of bi-pyramidal authigenic
quartz overgrowth (Sample BRDg11, crossed polars, field
of view is 1.3 mm).
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Figure 33. Photomicrograph of euhedral pore-filling
silica cement (Sample CWSi2, crossed polars, field
of view is 1.3 mm, C = calcite, D = dolomite, and
Q = Quartz, red stain is for calcite).
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within a coarse-grained dolomite. These relationships indicate that

the pore-filling silica cement post-dates both dolomitization and

intercrystalline porosity evolution.

Random occurrences of silica replacement of skeletal grains, type

3, were only observed in the Guilmette Formation. Silica replacement

preserves the former carbonate microstructures of brachiopod and

gastropod shell fragments (Figure 34). It is unclear as to whether the

timing of type 3 silicification is related to types 1 or 2. If

mineralogic stabilization and neomorphism occurred prior to

replacement, then type 3 is probably fabric selective and

mineralogically non-selective.

Silica, in the form of chert, type 4, replaces bedding within the

Simonson BCM (at Cooper Wash), Simonson CCM (at Sheep Pass), and the

Guilmette (at Blackrock Canyon). The replacement of fossiliferous

dolomite beds in the BCM indicates that silification occurred after

dolomitization. Precursor carbonate fabrics are preserved (Figure 35)

confirming that the chert is secondary and of replacement origin.

The primary source for silica, observed in the Simonson and

Guilmette Formations, is probably from the dissolution of detrital

quartz grains and quartz arenite lithofacies. Quartz dissolution

fabrics occur in all thin-sectins, of both formations, supporting the

above interpretation. The dissolution liberates dissolved silica into

pore waters, which then become supersaturated and precipitate silica as

overgrowths.

Silica dissolution is promoted by changes in temperature and pH.

With increasing depth of burial, temperature, and pH (above pH=9) the

solubility of silica also increases, in contrast to calcite (Pettijohn,
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Figure 34. Photomicrograph showing fabric selective
silica replacement of brachiopod skeletal fragment
(Sample NCDg8, crossed polars, field of view is 1.3
mm).
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Figure 35. Photomicrograph showing preservation of
precursor carbonate fabric, confirming secondary
replacement origin for silica (Sample BRDg 35, crossed
polars, field of view is 1.3 mm).
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Potter, and Siever, 1972, p. 427). Dissolved silica then can become

mobilized and is allowed to migrate from quartz-rich lithofacies to

adjacent carbonate beds. A lowering of the temperature and pH may then

result in silica reprecipitation during the upward migration of the

silica-rich fluids. Much of the silica dissolution, for the Simonson

and Guilmette Formations, probably occurred in the mesogenetic

environment under elevated temperature and pH conditions. In the

mesogenetic environment, high effective pressures form, resulting in

pressure-solution processes. The solubility of silica is increased at

these grain-to-grain contacts, resulting in preferential dissolution

(Pettijohn, Potter, and Siever, 1973, p. 424)

Physical compaction, pressure-solution, stylolite formation, and

burial dolomitization are all considered to be mesogenetic processes.

Diagenetic fabric relationships, observed in the Simonson and Guilmette

Formations, indicate that much of the silicification took place in the

mesogenetic environment. Cementation of quartz arenite lithofacies

predated dolomitization and may represent the first silica cementation

event. Most of the following silicification was probably concurrent

with pressure-solution and either coeval with or post-dated both burial

dolomitization and intercrystalline porosity evolution.
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Dolomitization and Stylolitization

Dolomitic textures recognized for the Simonson and Guilmette

Formations follow the textural classification of Gregg and Sibley

(1984) (Appendix E). The classification is based on the premise that

dolomite textures are controlled by the temperature at which crystals

grow. Xenotopic dolomite texture is produced at temperatures above

50 C through the neomorphic recrystallization of dolomite and/or

dolomitization of limestone after burial. In contrast, idiotopic

dolomite texture mostly forms at lower temperatures and at near-surface

conditions (Gregg and Sibley, 1984, p. 908-909).

Within the Simonson and Guilmette Formations, three distinct types

of dolomitization are recognized, these include: 1) early diagenetic,

syndepositional, 2) late diagenetic, postdepositional, pressure-

solution, and 3) hydrothermal fault-controlled.

The preservation of syndepositional dolomite is restricted to rare

beds in the CCM of the Simonson Dolomite. The dolomite is very-finely

crystalline and appears identical, in hand sample and thin-section, to

the underlying Sevy Dolomite. The dolomite crystals are too fine-

grained to classify their dolomitic texture. However, the dolomite

appears similar to Mattes and Mountjoy (1980) "Type 1" dolomite, which

they interpreted as an early diagenetic, pre-lithified? dolomite.

The author hypothesizes that the original carbonate sediment of

the Simonson CCM was represented by this Sevy-like, syndepositional

dolomite. In this interpretation, postdepositional dolomitization has

produced a diagenetic overprint throughout the CCM, in the form of

coarsely-crystalline dolomite. This overprint obscures the original
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first generation dolomite, except for the few Sevy-like beds that were

unaffected. The upper intertidal to supratidal depositional

environment, interpreted for the CCM (see p. 27), would have been very

conducive for the formation of syndepositional dolomite.

The most favorable mechanism for explaining the origin of the

syndepositional dolomite is the seepage reflux model of Adams and

Rhodes (1960). The seepage reflux model is a hypersaline model,

requiring high rates of evaporation in the tidal flat environment.

Dense, hypersaline brines are produced by the evaporation of seawater,

gypsum precipitation, and an increase in the Mg:Ca ratio. These dense

brines displace connate waters and seep slowly downward into the

underlying carbonate sediment, finally precipitating as dolomite.

Because the seepage reflux model requires the precipitation of

evaporites, which are not preserved in the CCM, humid conditions are

needed for their seasonal removal.

Late diagenetic, postdepositional, pressure-solution dolomitization

is prevalent throughout all four members of the Simonson Dolomite and

much of the Guilmette Formation. The late-formed dolomite has replaced

immense amounts of precursor limestone. Dolomitization was independent

of the depositional environment, since the subtidal Simonson BCM is as

pervasively dolomitized as is the upper intertidal to supratidal LAM.

The dolomite is fine to coarsely-crystalline, xentopic-A textured,

fabric selective, and resembles Mattes and Mountjoy (1980) "type 2"

mosaic dolomite. Precursor carbonate textures are preserved throughout

both formations. In addition, precursor neomorphic pseudospar fabrics

are preserved within skeletal grains, indicating that mineral stabil-

ization and neomorphism occurred prior to dolomitization (Figure 36).
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Figure 36. Photomicrograph of dolomitized brachiopod
skeletal grain. Precursor neomorphic pseudospar fabric
is preserved and is now dolomite pseudospar (Sample
BRSi14, crossed polars, field of view is 6.5 mm).
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Pressuresolution stylolites are present throughout the Simonson

and Guilmette Formations. Microstylolites and microstylolitic swarms

(Figure 37) cross-cut and are cross-cut by dolomite indicating that

stylolitization was concurrent with late diagenetic dolomitization.

The production of dolomite through pressure-solution processes is

described by Wanless (1979), and Mountjoy (1980).

Three basic requirements are necessary for dolomitization to occur

(Morrow, 1982, p. 95) and all three of these requisites are satisfied

with the application of a burial-pressure-solution model.

1) Source for Mg: During large-scale pressure-solution and

stylolitization, the total depositional thickness is reduced, thus

an insitu source of Mg is furnished for dolomitization along with

calcium carbonate for pore-filling cementation. Non-dissolved (or less

soluble) material remains within the stylolitic seam. Therefore,

dolomitization can be a closed system process (Wanless, 1979, p. 459)

and an external source of Mg is not needed. Mg is also derived during

the mineral transformation of montmorillonite to illite (Mattes and

Mountjoy, 1980, p. 292). This may occur when argillaceous shales

(common as interpartings in the Guilmette and in the overlying Pilot

Shale) undergo compaction, dewatering, thus liberating Mg during the

clay mineral transformation.

2) Actively Migrating Fluids: Stylolites may act as avenues for

the migration of dolomitizing fluids. If this process is a closed

system, then only short distances of migration are necessary. Mg

released from distant shales could migrate downdip through more

permeable zones and/or along stylolites.
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Figure 37. Photomicrograph of microstylolites and
microstylolitic swarms (Sample BRSi17, plane light,
field of view is 3.2 mm).
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3) Kinetics/Increased Temperatures: The mesogenetic environment

easily provides the necessary elevated temperatures for the formation

of dolomite. The kinetics involved in the formation of dolomite are

quite slow, because Ca and Mg migrate slowly into their separate

molecular planes. For the formation of xenotopic-A textured dolomite,

temperatures above 50°C are required (Gregg and Sibley, 1984, p. 908).

Under laboratory conditions, Gregg and Sibley (1984) produced synthetic

xenotopic dolomite from aragonite and calcite skeletal fragments at

temperatures between 250-300°C. This confirms that rate of the

reaction, for the formation of dolomite, can be increased by increasing

the temperature.

Occurrences of hydrothermal fault-controlled dolomitization have

been described by Nichols and Silberling (1980, p. 238) and Gregg and

Sibley (1984, p. 920-924). The dolomitization is thought to be

post-burial and telogenetic in origin and related to hydrothermal

alteration associated with igneous activity and faulting. Some of the

dolomite observed in the Guilmette Formation at Copper Wash, Schell

Creek Range may be derived from such processes. The dolomite is

coarsely crystalline, xenotopic-A textured, and forms near high-angle

normal faults, but probably could occur just as easily along any type

of fault plane. Thin (1-10 mm) calcite veins occur in abundance with

the brown dolomite (see Figure 38). Burial or depositional models are

precluded because the dolomite randomly replaces limestone across

stratigraphic boundaries (Figure 38). In addition, of the two measured

Guilmette sections, EC and NC, the EC section contains much more

dolomite, and the two sections are within one-half mile of each other,

along the same ridge. It is very unlikely that facies could change so
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Figure 38. Hydrothermal fault-controlled replacement
by dolomite (brown in center) of limestone (blue)
(calcite veins are found to be concentrated near the
dolomite, Cooper Wash, Schell Creek Range).



112

rapidly, over such short distances, on such a broad shelf, or that

burial histories could be so different for two proximal rock masses.

Hydrothermal alteration is common to the Cooper Wash area (site of

the Taylor Mine), thus it seems plausible that Tertiary igneous

activity (igneous bodies are nearby) may have been responsible for

the hydrothermal alteration, faulting, and origin of the replacement

dolomite.
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Reservoir Characteristics of the Simonson Dolomite and Guilmette
Formations

Interpretation of the reservoir characteristics of the Simonson

and Guilmette Formations is based on routine core and petrographic

analyses (Appendix C and D). Abbreviations for porosity type follows

the classification scheme of Choquette and Pray (1970).

Primary porosity that may have been present has probably been

eliminated by deep burial mesogenetic conditions. These conditions

resulted in dolomite production and the formation of secondary

intercrystalline porosity. These diagenetic processes appear to be the

single most important factor in enhancing porosity, as evidenced by

examination of the data (Appendix C and D). All dolomitic lithofacies

contain greater relative pore space, as compared to limestone

equivalents (average dolomite porosity = 2.4% core, 2.2% thin-section;

average limestone porosity = 0.7% core, 0.5% thin-section). Thus, it

appears that the reservoir qualities of both formations are dependent

upon chemical diagenetic processes rather than physical depositional

conditions.

The only considerable reservoirs in the Guilmette are dolomitic or

quartz arenitic horizons. In addition, the Guilmette contains an

extensive amount of calcite veins. If these veins were open at depth,

reservoir qualities could be greatly improved in the form of fracture

porosity. The reservoir qualities of the Simonson Dolomite are much

better than those of the Guilmette Formation. Average porosity

percentages and types, for each member, are as follows: CCM-average

porosity = 4.0%, high = 12.0%, BC, FE, and VUG; LAM-average porosity =

1.2%, high = 3.0%, BC, FE, VUG, and FR; BCM-average porosity = 1.9%,
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high = 5.0%, BC and FR; and UAM-average porosity = 1.7%, high = 5.0%,

FE, BC, and FR. The data indicate that the CCM of the Simonson Dolomite

has the best developed secondary porosity (Figure 39) of all the

lithofacies studied.

The size and geometry of the pores are also important parameters.

The coarse-crystalline dolomite displays better porosity, as compared

to medium and fine-crystalline. Binocular microscopic examination, of

intercrystalline porosity in the CCM, indicates that the pore spaces

are interconnected throughout. However, air permeability data (Appendix

C) demonstrates that the permeability is very low for both formations,

with no apparent prefered distribution. Permeability could be enhanced

at depth if calcite-filled fractures were open.

For dolomitized lithofacies to be considered as potential

reservoirs, late diagenetic dolomitization would have to closely precede

or be concurrent with hydrocarbon migration. In addition, the quality

of potential reservoirs would probably be dependent upon their depth.

For example, shallow reservoirs could be affected by cementation while

deeper reservoirs could be subjected to subsurface leaching. The coeval

or post-burial dolomitization silica cementation event (see p. 98-104)

could also the affect the reservoir qualities of both formations. Once

precipitated, silica is difficult to remove, as compared to calcite, and

thus could greatly reduce much secondary porosity.

In conclusion, the reservoir qualities of the Simonson Dolomite are

fair (CCM is fair to good) and those for the Guilmette are poor. Unless

calcite-filled fractures are open at depth, potential stratigraphic and

structural traps in the area are more likely to make better reservoirs.



115

Figure 39. Photomicrograph showing secondary
intercrystalline porosity in Simonson Coarse
Crystalline Member (Sample CWSil, plane light,
field of view is 3.2 mm).
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CONCLUSIONS

1. Following above the shelf-wide Lower-Middle Devonian

unconformity, the regionally transgressive, but prograding, CCM of the

Simonson Dolomite was deposited under restricted and low-energy

conditions. Supratidal to upper intertidal dolomudstones onlapped the

underlying craton-derived quartz sands.

2. Subsequent to regression, at the end of CCM time, deposition

of the transgressive-regressive Simonson LAM produced couplets of

upward-shallowing sequences, represented by alternating dark and light

cryptalgal laminations. Low-energy lagoonal and supratidal

dolomudstones dominated, as the carbonate platform evolved from that of

a distally steepened ramp (during CCM time), into a rimmed carbonate

shelf.

3. The shallow subtidal to lower intertidal Simonson BCM

represents renewed deepening, with the development of dolowackestone

and dolopackstone stromatoporoidal biostromal bui:dups, deposited

shoreward of the Woodpecker (Guilmette at Blackrock Canyon) intrashelf

basin.

4. The relative sea-level rises, that prevailed during CCM, LAM,

and BCM time, yielded to a relative sea-level fal:, represented by

shallow, cyclic tidal-flat deposition of the Simonson UAM.

5. Concurrent with deposition of the Simonsen BCM and UAM,

deposition of Guilmette lithofacies commenced at 1lackrock Canyon,

White Pine Range.

6. A long-sustained relative sea-level rise began during the

upper Givetian and resulted in an eastward shift in the limestone-

dolomite paleogeographic boundary.
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7. Rates for carbonate production were highly favorable during

the Givetian and Frasnian, as the Guilmette Formation attained great

thicknesses throughout eastern Nevada and western Utah.

8. Frasnian stromatoporoid buildups acted as barriers along the

western edge of the inner shelf, creating a variety of lagoonal

environments to the east.

9. Initial Antler orogenic foreland effects, in the middle

Frasnian, acted in concert with a continued relative sea-level rise,

resulted in the eventual drowning of the Guilmette carbonate platform,

and commencement of the Pilot Shale basin.

10. Simonson and Guilmette fabric relationships reveal a complex

diagenetic history involving early-submarine cemertation, calcite

stabilization, and neomorphism. These events were followed by silica

cementation and replacement processes, that predated, acted concurrent

with, and post-dated late diagenetic dolomitizaticn and stylolitization

in the mesogenetic environment.

11. Diagenetic processes have enhanced porosity independent of

the depositional environment. Late diagenetic dolomitization has

created secondary intercrystalline porosity throughout the Simonson CCM

and within some Guilmette horizons.

12. Late diagenetic dolomitization must have preceded or occurred

concurrent with hydrocarbon migration for potential quality reservoirs

to develop.
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APPENDIX A

FAUNAL COLLECTIONS

Sample: BR Dg 1
Formation: Guilmette
Location: Blackrock Canyon Section, White Pine Range
Footage: 2.5 ft. above Lower Alternating Member, Simonson Dolomite

total thickness is 2419.2 ft.
Brachiopods (in float)

indet. productid sp. 1
indet. leiorhynchids 4

Conodonts
Polygnathus parawebbi Chatterton
P. linguiformis Hinde

(gamma? and indet. morphotypes)
Belodella sp.

Age: Middle Devonian, australis Zone through Lower varcus Subzone

Sample: BR Dg 2
Footage: 14.0 ft. from base
Brachiopods

indet. productid sp. 2
Droharhynchia sp. 2
Leiorhynchus sartenaeri 45
Warrenella sp. 4

Corals
indet. solitary tetracoral

Age: castanea Zone, I 19
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Sample: BR Dg 2b
Footage: 14.2 ft. from base
Brachiopods

Droharhynchia? sp. 1

Ypsilorhynchus castanea 5
atrypid indet. 2
Warrenella sp. 35
Emanuella sp. 2

Bivalves
indet bivalve 1

Age: castanea Zone; I 19

Sample: BR Dg 3
Footage: 34.6 ft. from base
Brachiopods

indet. leiorhynchids 2, in rock
Warrenella sp. 4, plus 8 slabs

Age: castanea Zone; 119, same fauna as BR Dg 2b
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Sample: BR Dg 3a
Footage: 42.0 ft. from base
Brachiopods (in float)

Variatrypa exoleta 1

Sample: BR DG 20
Footage: 955.6 ft. from base
Brachiopods

Radiatrypa sp. 1

Age: Frasnian or Middle Devonian

Sample: BR Dg 24
Footage: 1198 ft from base
Conodonts

indet. ramiform elements
Age: no zonal determination

Sample: BR Dg 26
Footage: 1238 ft. from base
Brachiopods

slabs 7, with poorly preserved atrypids and spiriferids
Age: Frasnian or Middle Devonian

Sample: BR Dg 34
Footage: 1432 ft. from base
Conodonts

Pandorinellina insita (Stauffer)
(multiple denticles anteriorly)

Pand. cf. Pand. insita
(double-rowed morphotype)

Playfordia sp.
Polygnathus angustidiscus Youngquist
P. sp.

Age: Highest Middle Devonian to Upper Devonian, Frasnian, probably
Lowermost to Lower asymmetricus Zones (the range of Pand. insita
extends higher, however. The Playfordia is important for
limiting the zonal range).

Sample: BR Dg 45
Footage: 2122.4 ft. from base
Algae

Taravala? sp. Shuysky, 1973
Age: Frasnian
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Sample: BR Dg 46 (U.S.G.S. 11216-SD)
Footage: 2171 ft. from base
Corals

Peneckiella sp. (apparently all 1 colony)
Age: Frasnian. This ranges lower elsewhere, but is known only from

the Frasnian in North America.

Sample: BR Dg 48
Footage: 2377 ft. from base, 42.2 ft. from top of Guilmette
Conodonts

Polygnathus alatus Huddle
Age: Frasnian (by superposition and upper range of Huddle's species).

Sample: BR Dg 49
Footage: 2410.8 ft. from base, 8.4 ft. from top of Guilmette
Bivalves

Megladont bivalves (abundant)

Sample: BC Dg 9
Formation: Guilmette
Location: Box Canyon Section, Egan Range
Footage: 560 ft. above base, total thickness is 2016 ft.
Conodonts

Icriodus brevis Stauffer
Pelekysgnathus mackenziensis Uyeno

(Pel. brevis Sandberg & Dressen is a probable junior
synonym)

Polygnathus xylus xylus Stauffer
P. sp. indet.

Age: Middle Devonian, varcus Zone. A closely similar fauna has been
reported previously from SRc-8 (Six Mile Ranch, Egan Range,
about 131 m above the base of the Guilmette), which contains
the same Icriodus and Peleksgnathus but that fauna has
Polygnathus ansatus, allowing assignment to M. varcus Subzone.

Sample: BC Dg 12
Footage: 1024.8 ft above base
Brachiopods

indet. productid sp. 1

Atrypa sp. 11
Spinatrypa sp. 13

Corals
indet. solitary tetracoral

Stromatoporoids
Amphipora sp. 1

Age: Frasnian or Middle Devonian
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Sample: BC Dg 12a
Footage: 1027.6 ft above base
Brachipods (in float)

Spinatrypa sp. articulated in rock, 10 pieces
(larger than in NC Dg 10)

Age: Frasnian or Middle Devonian

Sample: BC Dg 13
Footage: 1036 ft. above base
Brachipods

Atrypids indet., 5 pieces
Age: Frasnian or Middle Devonian

Sample: BC Dg 13a
Footage: 1041.6 ft. above base
Brachiopods (in float)

Spinatrypa and Amphipora? 1 slab
Echinoderms

Crinoid plate? identified by R. A. Flory
Age: Frasnian or Middle Devonian

Sample: BC Dg 14
Footage: 1058.4 ft. above base
Brachiopods

indet. atrypids in 4 slabs
Age: Frasnian or Middle Devonian

Sample: NC Dg 2
Formation: Guilmette
Location: North Cooper Wash Section, Schell Creek Range
Footage: 33.6 ft. above base, total thickness is 1159.2 ft.
Gastropods (in float)

2 slabs with abundant, small, tightly coiled gastropods; 2
genera identified by Dr. R. B. Blodgett as
Tropidodiscus sp.
indet. loxonematid

Sample: NC Dg 8
Footage: 702.8 ft. from base
Algae

Phylum Rhydophycophyta (red algae), Family Solenoporaceae PIA,
1927.
Pseudochaetetes sp. Haug 1883; emend. Peterhans, 1929.

Age: Givetian or Frasnian
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Sample: NC Dg 10
Footage: 921.2 ft. above base
Brachiopods

Spinatrypa sp. 40 (all articulated)
indet. pauciplicate spiriferid sp. 1

Age: Frasnian or Middle Devonian

Sample: NC Dg 11
Footage: 928 ft. above base
Brachipods

atrypid fragments
Conodonts

Polygnathus n. sp. Q
P. angustidiscus
P. sp.
Ancyrognathus cf. A. ancyrognathoideus Ziegler

Age: Upper Devonian, Frasnian, Zone 2 of the Alberta sequencce =
approximately Middle asymmetricus Zone. The first species

listed is critical for the determination.

Sample: NC Dg 14 (U.S.G.S. 11215-SD)
Footage: 1040.5 ft. above base
Corals

Hankaxis infundibulum (Meek) (2 specimens)
Tabulophyllum sp. (8 or more specimens)
undet. rugosans (2 specimens)

Age: Frasnian

Sample: EC Dg 11
Formation: Guilmette
Location: East Cooper Wash Section
Footage: 503 ft. above base, total thickness is 840 ft.
Brachiopods (in float)

indet. spiriferid, in rock
Corals

indet. solitary tetracoral, in rock

Sample: EC Dg 12
Footage: 526.4 ft above base
Brachiopods

indet. stropheodontid, in rock
Stromatoporoids

Amphipora sp., in rock

Sample EC Dg 14
Footage: 590.8 above base
Stromatoporoids

Amphipora sp., abundant in rock
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Sample: EC Dg 17
Footage: 836.6 ft. above base, 3.4 ft. from top of Guilmette
Conodonts

Palmatolepis aff. Pa. "foliacea"
Palmatolepis hassi Muller & Muller
Ancyrodella curvata (Branson & Mehl) [late form]
An. sp.
Polygnathus evidens? Klapper and Lane
P. cf. P. lodinenis Polsler
Icriodus subterminus Youngquist
Mehlina sp.
Belodella sp.

Age: Upper Devonian, Frasnian, Zone 4b of the Alberta sequence. The
first species listed is critical for the determination. Note
that it is not the same as Pa. foliacea Youngquist.

Note: There are 8 numbered zones in the Alberta sequence, with three
of them subdivided. 1-3 correspond approximately to the Lower,
Middle, and Upper asymmetricus Zones, respectively, of the
standard zonation. 4-8 are superjacent. 8 may in part
correlate with the Uppermost gigas zone, but this is not
certain. The A. triangularis, Lower gigas and Upper gigas
Zones are unusable and cannot be related to the numbered zones
of the Alberta sequence (Klapper, written commun., 1986).
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APPENDIX B

CONODONT COLOR ALTERATION DATA
(following scheme of Epstein, Epstein, and Harris, 1977)

Sample Number Color Alteration Index

BR Dg 1 3.0 - 3.5

BR Dg 24 1.5 - 2.0

BR Dg 34 1.5

BR Dg 48 1.5

BC Dg 9 2.5

NC Dg 11 3.0 4.0

EC Dg 17 3.5 - 4.0



134

APPENDIX C

ROUTINE CORE ANALYSIS TEST RESULTS
(Performed by Keplinger Labs for Conoco Inc.)

Sample
Number

Footage
ft.

Air
Permeability

and

Porosity
Percent

Grain
Density
gm /cm

Lithology

BR Si 1 0.5 0.00196 0.8 2.78 Sandstone
BR Si 3 80.4 0.00826 3.7 2.85 Dolomite
BR Si 5 130.8 0.00724 2.7 2.85 Dolomite
BR Si 8 208.2 0.00117 1.1 2.85 Dolomite

BR Si 11 338.8 0.000079 2.0 2.85 Dolomite

BR Si 15 490.0 0.00198 1.2 2.84 Dolomite

BR Si 18 702.8 0.0238 0.4 2.83 Dolomite

SP Si 3 0.5 0.0833 2.3 2.84 Dolomite
SP Si 4 104.8 0.00697 2.0 2.84 Dolomite

SP Si 5 178.2 0.0176 1.3 2.82 Dolomite

SP Si 6 246.4 0.0171 1.2 2.85 Dolomite

SP Si 9 313.6 0.00458 2.8 2.86 Dolomite

SP Si 12 436.8 0.00144 1.1 2.85 Dolomite

SP Si 15 545.2 0.347 0.6 2.85 Dolomite

SP Si 19 700.0 0.00186 1.4 2.85 Dolomite

SP Si 20 845.6 0.307 1.3 2.85 Dolomite

SP Si 21 924.0 0.004 4.4 2.91 Dolomite

CW Si 1 0.5 1.35 10.3 2.83 Dolomite

CW Si 3 39.2 0.0594 2.9 2.83 Dolomite

CW Si 10 214.4 Not Testable 1.9 2.85 Dolomite

CW Si 18 349.2 0.0199 1.3 2.86 Dolomite

CW Si 25 518.3 0.367 0.8 2.85 Dolomite

BR Dg 5 131.6 0.092 0.4 2.70 Limestone

BR Dg 9 323.7 0.006 0.6 2.73 Limestone

BR Dg 11 518.0 0.006 0.2 2.71 Limestone

BR Dg 16 697.2 0.00187 0.6 2.70 Limestone

BR Dg 18 764.4 0.00683 1.2 2.76 Limestone

BR Dg 22 1103.2 0.00154 0.6 2.71 Limestone

BR Dg 27 1274.0 0.00777 0.1 2.70 Limestone

BR Dg 40 1789.2 0.0345 0.2 2.71 Limestone

BR Dg 41 1923.6 0.0255 0.3 2.70 Limestone

BC Dg 2 16.8 0.0106 0.5 2.70 Limestone

BC Dg 5 313.6 0.103 0.8 2.83 Dolomite

BC Dg 7 464.8 2.68 8.1 2.82 Dolomite

BC Dg 10 668.0 0.0182 1.2 2.70 Limestone

BC Dg 11 782.0 0.608 3.4 2.85 Dolomite

BC Dg 15A 1204.0 0.0466 1.0 2.71 Limestone

BC Dg 168 1568.0 0.0177 1.7 2.70 Limestone

BC Dg 18 1892.8 0.0236 0.7 2.71 Limestone
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APPENDIX C, continued

Sample Footage Air Porosity Grain Lithology

Number ft. Permeability
and

Percent Density
gm/cm

EC Dg 2 61.6 0.00209 0.7 2.71 Limestone

EC Dg 4 126.0 0.18 0.5 2.71 Limestone

EC Dg 5 211.0 0.00391 2.0 2.83 Dolomite

EC Dg 6 252.0 0.148 1.5 2.84 Dolomite

EC Dg 9 338.8 0.951 3.4 2.71 Sandstone

EC Dg 10 445.2 0.136 2.3 2.84 Dolomite

EC Dg 14 590.8 0.334 0.7 2.71 Limestone

EC Dg 16 794.0 0.0285 0.5 2.70 Limestone

EC Dg 17 840.0 Fractured 1.4 2.70 Limestone

NC Dg 2 33.6 0.00623 0.8 2.71 Limestone

NC Dg 5 957.6 0.00336 1.6 2.83 Dolomite
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APPENDIX D

ROCK CLASSIFICATION AND POROSITY DATA
(derived from thin sections)

Footage Rock Classification Porosity
ft. after Dunham after Folk Percent

Simonson Dolomite, Blackrock Canyon Section, White Pine Range

BRSil8 702.8 Dolomudstone Finely crystalline Dolomite 1.0 FR

BRSi17 609.8 Dolomudstone Finely-coarsely crystalline 1.0 FR

Dolomite
BRSi16 501.2 Dolomudstone Very finely-finely crystalline-

Dolomite
BRSi15 490.0 Dolomudstone Finely crystalline Dolomite 1.0 FR

BRSi14 454.0 Brachiopod Dolomitic Biomicrite 1.0 BC

Dolopackstone ,FR

BRSil3 409.8 Dolomudstone Very finely-medium crystalline2.0 BC
Dolomite

BRSil2 360.4 Dolomudstone Finely crystalline fossilif. 1.0 FR

Dolomite
BRSill 338.8 Dolomudstone Coarsely crystalline Dolomite 2.0 BC

BRSi10 296.2 Dolomudstone Medium crystalline Dolomite 1.5 BC
,VUG

Lower Alternating Member

BRSi 9

BRSi 8

256.0

208.2

Dolomudstone

Dolomudstone

Coarsely crystalline Dolomite 5.0 BC
,VUG

Medium crystalline Dolomite 2.0 BC
,VUG

BRSi 7 204.6 Dolomudstone Very finely crystal. Dolomite ------

BRSi 6 185.8 Dolomudstone Medium-coarsely crystalline 1.0 FR

BRSi 5 130.8 Dolomudstone Coarsely crystalline Dolomite 5.0 BC
,VUG

BRSi 4 125.7 Dolomudstone Coarsely crystalline Dolomite 3.0 BC

BRSi 3 80.4 Dolomudstone Coarsely crystal. Dolomite 12.0 FE
,BC

BRSi 2 45.8 Dolomudstone Medium-coarsely crystalline 5.OVUG

Dolomite ,BC

BRSi 1 0.5 Dolomite-cemented Quartz Arenite 1.0 BP

Coarse Crystalline Member



APPENDIX D, continued

Simonson Dolomite, Sheep Pass Section, Egan Range

SPSi21
SPS/20

924.0 Dolowackestone
845.6 Dolomudstone

Upper Alternating Member
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Very finely crystal. Dolomite
Very finely crystal. Dolomite 1.0 FR

SPSi19 700.0

SPSil8 689.8

SPSi17 611.4

SPSi16 598.2

Fossiliferous
Dolowackestone
Stromatoporoidal
Packs tone

Fossiliferous
Dolowackestone
Stromatoporoidal
Dolopackstone

Brown Cliff Member

Dolomitic Biomicrite

Dolomitic Biomicrite

Dolomitic Biomicrite

Dolomitic Biomicrite

SPSi15 545.2 Dolomudstone

SPSi14 500.4 Brachiopod
Dolopackstone

SPSil3 474.4 Dolomudstone
SPSi12 436.8 Dolomudstone
SPSill 389.2 Dolomudstone
SPSi10 349.2 Dolomudstone
SPSi 9 313.6 Dolomudstone

SPSi 8
SPSi 7
SPSi 6

300.8 Dolomudstone
256.0 Dolomudstone
246.4 Dolomudstone

Lower Alternating Member

5.0 BC

1.0 BC

2.0 FR

1.0 BC
,M0

Very finely-coarsely
crystalline Dolomite
Dolomitic Biomicrite

1..0 BC

1.0 MO

Medium crystalline Dolomite 3.0 BC

Very finely crystal. Dolomite 1.0 FR
Very finely crystal. Dolomite 1.0 FR
Very finely crystal. Dolomite
Finely crystalline Dolomite 3.0VUG

,BC

Medium crystalline Dolomite 0.5 BC

Very finely crystal. Dolomite
Finely crystalline Dolomite 1.0 BC

SPSi 5 178.2 Dolomudstone Coarsely crystalline Dolomite 1.0 BC

SPSi 4 104.8 Dolomudstone Coarsely crystalline Dolomite 2.0 BC

SPSi 3 2.5 Dolomudstone Coarsely crystalline Dolomite 3.0 BC

SPSi 2 0.5 Silica-replaced Dolomudstone 1.0 MO

SPSi 1 -22.4 Dolomite-cemented Quartz Arenite

Coarse Crystalline Member
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APPENDIX D, continued

Simonson Dolomite, Coopers Wash Section, Schell Creek Range

CWSi26 579.5 Dolomudstone Medium crystalline Dolomite 2.0 BC
CWSi25 518.3 Dolowackestone Very finely crystal. Dolomite 1.0 FR
CWSi24 500.3 Brachiopod Dolomitic Biomicrite 1.0 FR

Dolopackstone
CWSi23 449.7 Dolomudstone Coarsely crystalline Dolomite 5.0 FE

,BC
Upper Alternationg Member

CWSi22 444.0 Fossiliferous Dolomitic Biomicrite 1.0 FR
Dolowackestone

CWSi21 402.3 Crinoidal Dolomitic Biomicrite 1.0 FR
Dolowackestone

CWSi19 353.2 Dolomudstone Very finely crystal. Dolomite
CWSi18 349.2 Amphipora Dolomitic Biomicrite 2.0 FR

Dolopackstone
CWSi17 345.6 Amphipora Dolomitic Biomicrite 3.0 FR

Dolopackstone ,BC
CWSi16 341.6 Dolopackstone Dolomitic Biomicrite 2.0 FR
CWSi15 335.4 Dolopackstone Dolomitic Biomicrite 3.0 FR

Brown Cliff Member

CWSi14 316.4 Dolomudstone Very finely crystal. Dolomite 1.0 FR
CWSil3 282.8 Dolomudstone Very finely crystal. Dolomite 1.0 FR
CWS112 274.4 Intraclast Finely crystalline Intraclast-1.0 BR

Dolomudstone Dolomite
CWSill 244.8 Dolomudstone Finely crystalline Dolomite 1.0 FR
CWSi10a 225.0 Dolomudstone Finely crystalline Dolomite 2.0 FE

,FR
CWSi10 214.4 Dolomudstone Finely crystalline Dolomite 2.0VUG

Lower Alternating Member

CWSi 9 189.3 Dolomudstone Coarsely crystalline Dolomite 6.0 BC
,VUG

CWSi 8 184.8 Dolomudstone Very finely crystal. Dolomite ---
CWSi 7 165.4 Dolomudstone Coarsely crystalline Dolomite 2.0VUG
CWSi 6 146.6 Dolomudstone Coarsely crystalline Dolomite 5.0VUG
CWSi 5 125.7 Dolomudstone Coarsely crystal. Dolomite 12.0 FE

,BC
CWSi 4 78.4 Dolomudstone Medium-coarsely crystalline 1.0VUG

Dolomite
CWSi 3 39.2 Dolomudstone Medium-coarsely crystalline 3.0 BC

Dolomite
CWSi 2 33.6 Dolomudstone Coarsely crystalline Dolomite 2.0 BC
CWSi 1 0.5 Dolomudstone Coarsely crystal. Dolomite 12.0 BC

Coarse Crystalline Member
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APPENDIX D, continued

Guilmette Formation, Blackrock Canyon Section, White Pine Range

BRDg49 2410.8 Bivalve Packstone Biopelmicrite
BRDg47 2343.6 Wackestone Biopelmicrite 1.0 FR
BRDg45 2122.4 Packstone Biopelmicrite
BRDg44 2070.4 Packstone Biopelmicrite
BRDg43a 2046.8 Stromatoporoidal Packstone Biomicrite
BRDg43 2039.4 Amphipora Packstone Biomicrite 2.0 FR
BRDg41 1923.6 Amphipora Packstone Biomicrite 0.5 FR
BRDg40 1789.2 Wackestone Biopelmicrite
BRDg38 1677.2 Wackestone Biomicrite 2.0 FR
BRDg37 1576.4 Silicified Limestone 7.0VUG
BRDg36 1503.6 Wackestone Biomicrite
BRDg35 1453.2 Silicified Limestone
BRDg33 1396.4 Grainstone Intrasparite 0.5 FR
BRDg32 1357.2 Mudstone Micrite
BRDg31 1333.8 Stromatoporoidal Packstone Biomicrite ---- -
BRDg30 1300.2 Amphipora Packstone Biomicrite 0.5 FR
BRDg29 1296.4 Packstone Biopelmicrite 0.5 FR
BRDg28 1283.4 Mudstone Micrite
BRDg27 1274.0 Stromatoporoidal Packstone Biomicrite
BRDg24 1198.4 Wackestone Biopelmicrite
BRDg23 1122.0 Mudstone Micrite
BRDg21 1044.4 Mudstone Micrite
BRDg19 822.6 Mudstone Micrite 0.5 FR
BRDg18 764.4 Mudstone Micrite 1.5 FR
BRDg17 751.4 Packstone Biopelmicrite 1.5 FR

,BC
BRDg16 697.2 Mudstone Micrite 0.5 FR
BRDg15 669.4 Gastropod Wackestone Biomicrite 1.0 FR
BRDg14 657.2 Fossiliferous Wackestone Biomicrite 1.0 FR
BRDg13 627.2 Mudstone Micrite
BRDg12 551.6 Mudstone Micrite
BRDgll 518.0 Mudstone Micrite
BRDg10 456.4 Mudstone Micrite
BRDg 9 323.7 Mudstone Fossil. Micrite 0.5 FR
BRDg 8 266.0 Mudstone Micrite
BRDg 7 222.4 Mudstone Micrite 1.0 FR
BRDg 6 204.4 Peloidal Packstone Pelmicrite
BRDg 5 131.6 Peloidal Wackestone Pelmicrite
BRDg 4 70.2 Mudstone Fossil. Micrite
BRDg 1 3.0 Brachiopod Wackestone Biomicrite
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APPENDIX D, continued

Guilmette Formation, Sheep Pass Section, Egan Range

BCDg 18 1892.8 Mudstone Micrite
BCDg 16b 1568.0 Wackestone Biomicrite
BCDg 16 1386.0 Mudstone Micrite
BCDg 15a 1204.8 Mudstone Micrite
BCDg 15 1195.6 Wackestone Micrite
BCDg 14 1058.4 Mudstone Biomicrite
BCDg 12 1024.8 Wackestone Biomicrite
BCDg 11 782.0 Dolomudstone Coarse Crystalline Dolomite
BCDg 10 668.0 Wackestone Biomicrite
BCDg 9 560.0 Dolowackestone Dolomitic Biomicrite
BCDg 8 511.6 Crinoidal Dolo

wackestone
Dolomitic Biomicrite

BCDg 7 464.8 Dolomudstone Coarse Crystalline Dolomite
BCDg 6 414.4 Dolowackestone Dolomitic Biomicrite
BCDg 5 313.6 Dolomudstone Very finely Crystalline

Dolomite
BCDg 4 260.4 Mudstone Micrite
BCDg 3 143.0 Mudstone Micrite
BCDg 2 16.8 Mudstone Micrite
BCDg 1 0.1 Mudstone Micrite
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APPENDIX D, continued

Guilmette Formation, East Cooper Wash Section, Schell Creek Range

ECDg 17 840.0 Fossiliferous Wackestone Biomicrite 0.5 FR

ECDg 16 794.0 Wackestone Biomicrite

ECDg 15 705.0 Wackestone Biopelmicrite

ECDg 11 503.4 Wackestone Biopelmicrite

ECDg 10 445.2 Quartz-rich Dolomite Finely Crystalline 3.0 BP

Dolomite

ECDg 9 338.8 Calcite-cemented Quartz Arenite

ECDg 8 295.2 Dolomite-cemented Quartz Arenite 4.0 BP

ECDg 7 273.8 Amphipora Dolowacke-
packs tone

Dolomitic Biomicrite 1.0 FR

ECDg 6 252.0 Dolomudstone Finely Crystalline 0.5 FR

Dolomite

ECDg 5 211.0 Dolomudstone Medium Crystalline 2.0 BC

Dolomite

ECDg 4 126.0 Wackestone Pelmicrite 0.5 FR

ECDg 3 103.6 Wackestone Micrite

ECDg 2 61.6 Wackestone Micrite

ECDg 1 21.3 Wackestone Pelmicrite

--------------------------------

Guilmette Formation, North Cooper Wash Section, Schell Creek Range

NCDg 17
NCDg 16
NCDg 14
NCDg 15
NCDg 13
NCDg 12

1159.2
1158.6
1040.0
1019.2
982.8
954.8

Silicified Limestone
Wackestone
Coral Wackestone
Wackestone
Dolomite-cemented Quartz
Dolomudstone

Biomicrite
Biomicrite
Biomicrite
Arenite
Medium Crystalline
Dolomite

1.0 FR

0.5 FR

NCDg 11 928.0 Brachiopod/Gastropod Biomicrite 0.5 FR

Wackestone

NCDg 9 792.4 Brachiopod Wackestone Biomicrite

NCDg 8 702.8 Brachiopod Packstone Biopelmicrite

NCDg 7 634.8 Gastropod/Brachiopod Biomicrite 1.0 FR

Packstone

NCDg 6 518.0 Dolomudstone Dolomitic Micrite

NCDg 5 462.0 Stylolitic Wackestone Pelmicrite 1.0 FR

NCDg 4 292.2 Intraclast Pack-Grainstone Intrasparite

NCDg 3 91.6 Stylolitic Peloidal Pelmicrite

Wackestone

NCDg 2 33.6 Peloidal Packstone Biopelmicrite

NCDg 1 0.5 Mudstone Micrite



APPENDIX E

DOLOMITE AND CARBONATE ROCK CLASSIFICATIONS

Idiotooic Dolomite.. Rhombic shaped euhedral to
suonedral crystals.

142

Xenotooic Dolomite- Monrnomoic, usually anhedral
crystals.
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Dolomite textural classification from Gregg and Sibley (1983, fig. 6)

Crystalline Fabric

less than
.03mm

DOLOMICRITJ

.03-.1mm

FINE
RYSTALLINE
DOLOMITE

.1mm-.2mm

MEDIUM
CRYSTALLINE

DOLOMITE

more than
.2mm

COARSE
CRYSTALLINE

DOLOMITE

Dolomite crystal size, modified after Dean (1981)
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Dunham's (1962) classification of carbonate rocks

DEPOSITIONAL TEXTURE RECOGNIZABLE DEPOSITIONAL TEXTURE
NOT RECOGNIZABLE

Crystalline Carbonate

Original Components Not Bound Together During Deposition Original components
were bound together
during deposition...

as shown by intergrown
skeletal matter,.

lamination contrary to gravity,
or sediment-floored cavities that

are roofed over by organic or
questionably organic matter and
are too large to be interstices.

Boundstont

Contains mud
( particles of clay and fine silt size ) Lacks mud

and is
grain-supported

Grainstone

( Subdivide according to
classifications designed to bear

on physical texture or diagenesis.)

Mud-supported Grain-supported

Packstone

Less than
10 percent grains

Mudstont

More than
10 percent grains

Wackestone

INTRACLASTS
(i)

OOLITES
(0)

FOSSILS
)

PELLETS
(r)

Folk's (1962) classification of carbonate rocks
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