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ABSTRACT
The Guilmette Formation in southeastern Nevada consists 

of up to approximately 2500 ft of shallow subtidal to

supratidal deposits. Yet, our understanding of the

depositional systems operating during the deposition of this

thick and widespread formation are vague. The discovery of

the Grant Canyon and Bacon Flat Fields, Nevada, established 

the Guilmette as a hydrocarbon reservoir. These discoveries 

added to the need to fully understand the depositional 

environments operating during the Late Devonian.

The Guilmette Formation was measured, described, and 

interpreted at the southern Worthington Mountains and 

southern Schell Creek Range. Measured sections and 

stratigraphie analysis resulted in: 1) division of the 

Guilmette into three members : Lower, Middle, and Upper, 2)

division of the Lower Member into two intervals : yellow- 

slope forming and ledge-forming, 3) construction of 

idealized cycles for the intervals of the Lower Member, 4) 

paleoenvironmental interpretations of lithofacies, 5)

derivation of relative sea-level curves, 6) description and 

interpretation of the Middle Member, and 7) description of 

porosity types within the formation.

Cycles within the Lower Member display an increase
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upward in the thickness of limestone at the expense of 

dolomite lithofacies, reflecting an overall relative sea- 

level rise. Dolomite lithofacies comprise approximately 75% 

of the total interval thickness within the yellow slope- 

forming interval, interpreted as intertidal and supratidal 

deposition. Subtidal limestone deposition becomes prevalent 

in the ledge-forming interval. Though the percentage of 

limestone lithofacies varies, this interval reflects deeper 

depositional environments at the base of the cycles than the 

underlying yellow slope-forming interval.

At the Schell Creek Range locality, approximately 102 

shallowing-upward cycles were identified as comprising the 

Guilmette. These cycles may be due to autocyclic processes, 

regional or local tectonics, or shifts in climate and/or 

sea-level due to allocyclic Milankovitch-driven cycles. The 

division of the number of the cycles by the regional 

duration of the Guilmette (4.5 million years), gives 

approximately 44,117 years per cycle. This figure is very 

close to 41,000 year Milankovitch cycles related to axial 

tilt of the Earth.

The Middle Member represents deposition of a debris 

flow on the Guilmette platform. The thickness of the member 

is 132 feet at Worthington Mountains; it is absent at Schell

iv
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Creek Range. It varies from about 30 to 435 feet regionally 

and is present in at least five of the seven ranges studied 

over a larger area of southeast Nevada. The member is 

interpreted as the result of a single catastrophic event, 

that seismically fractured the carbonate platform of the 

Lower Member and resulted in a tsunami catastrophic flow.

The resulting deposit may have controlled the depositional 

environments of the lower part of the Upper Member.

Depositional environments represented in the Upper 

Member vary dramatically between ranges and even between 

different localities within a range. Three generalized 

lithofacies associations were delineated: 1) cyclic

carbonates, 2) thin-bedded carbonates and 3) cyclic 

carbonates with interbedded quartzose sandstones. Cycles 

within the Upper Member reflect subtidal to intertidal 

depositional environments. Up section the Upper Member 

reflects an overall deepening of the shelf as the small- 

scale cycles become dominated by subtidal lithofacies.

Four porosity types are present within the 

Guilmette: 1) fracture, 2) vuggy, 3) moldic, and 4)

intercrystalline. Porosity estimates from thin sections 

range from approximately 0 to 5%, with an average porosity 

of about 1%.
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Chapter 1: INTRODUCTION
General Statement 

The Guilmette Formation has been characterized as a 

widespread and thick carbonate formation, encompassing 

approximately 4.5 million years of deposition upon the Late 

Devonian shallow-water platform of the western United States 

(Nolan, 1935 ; Kellogg, 1963 ; Reso , 1963; Tschanz and

Pampeyan, 19 7 0; Poole# 1974 ; Cook, 1988 ; Hurtubise, 1989;

Johnson and Sandberg, 1989; Sandberg, et al., 1989 ; Ziegler

and Sandberg, 1990). The Guilmette Formation, within

southeastern Nevada, has previously been studied in a 

general context consisting of work concentrated on the 

stratigraphy of the whole Paleozoic, or on the Devonian. No 

publications exist on the detailed stratigraphy of the 

Guilmette within southeastern Nevada. With the discovery of 

hydrocarbon reservoirs in the Guilmette at Grant Canyon and 

Bacon Flats Fields in the early 1980's, both academic and 

industrial interest in the stratigraphy of this formation 

have grown. To learn more about the Guilmette, 

stratigraphie sections were measured, described, and 

interpreted in detail (at a scale of 1:480).

The study area for this report comprises two separate 

ranges in southeastern Nevada: the southern Worthington 

Mountains and the southern Schell Creek Range (Figure 1).
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The Meeker Peak measured section (MPS) (Plate 1) traversed 

the eastern exposures of the Worthington Mountains 

approximately 4 5 miles north-northwest of the town of Alamo, 

Nevada, at Meeker Peak (Figure 1). The Sidehill Pass 

measured section (SHPS) (Plate 2) traversed the western 

exposures of the Schell Creek Range approximately 50 miles 

south of the town of Ely, Nevada, at Sidehill Pass (Figure

1). Both the Meeker Peak and Sidehill Pass sections lie 

approximately 45 miles to the east and 4 5 miles to the 

south, respectively, from the Grant Canyon Field, which 

contains two oil wells that have some of the highest 

production rates in the 48 States (onshore) as of 1990.

This work is part of a larger stratigraphie and 

structural investigation of the Devonian Guilmette Formation 

within southeastern Nevada, conducted from the Colorado 

School of Mines (CSM). The study area of this Guilmette 

research program (GRP) incorporates approximately 5000 

square miles within Lincoln and Nye Counties. The 

Pahranagat and Timpahute ranges contain additional 

localities where work is currently being conducted by other 

GRP members : Alan Chamberlain (Doctoral Degree student) ,

Jane Estes (Masters Degree student), and Yarmanto (Masters 

Degree student). Within these two ranges five additional 

Guilmette sections were measured and described as follows:
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G ra n t  C a n y o n  F ie k

Nevada

1
*  S H P S = S id e h i l l  P a s s  S e c t ,o n  C P S - C o y o le  P e a k  S e c t io n  J E N -P a h r a n a g t  R a n g e  N o n r,

M M S - M o n t e  M o u n ta in  S o u th  S e c t io n  J E S - P a h r a n a g t  R a n g e  S o u th
*  M P S = M e e k e r  P e a k  S e c t io n  M IS - M n c n t  Ir is h  S e n t,o n

Figure 1. Index map showing study area of the Guilmette 
research program and locations of measured 
sections measured in this (identified by *) and 
other ongoing studies. Localities: SHPS=
Sidehill Pass, MPS= Meeker Peak Section, CPS= 
Coyote Peak Section, MMS Monte Mountain South 
Section, MIS= Mount Irish Section, JEN= Pahranagat 
Range North, JES= Pahranagat Range South.
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1) Pahranagat Range, one section two miles south of Hancock 

Summit (JEN) and one one mile south of Hancock Summit (JES);

2) Timpahute Range, one section at Coyote Peak (CPS), one at 

Monte Mountain (MMS), and one at Mount Irish (MIS) (see 

Figure 1). These sections are referred to herein for 

comparative purposes. All GRP members participated in 

initial stratigraphie reconnaissance at each location in 

order to become familiar with the formation throughout 

southeastern Nevada.

Research Objectives 

This research focused on four primary objectives: 1) to 

measure and described detailed sections of the Guilmette, 2) 

to interpret the depositional paleoenvironments of the beds,

3) to identify sedimentary cycles within the measured 

sections, and 4) to relate the combined cycles to the 

overall depositional framework of the Guilmette Formation. 

Two secondary objectives were : 1) to construct a relative

sea-level curve from cycle data, and 2) to investigate the 

reservoir properties of the Guilmette Formation.
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Chapter 2 : METHODS
In order to accomplish the objectives of this study a 

total of 4,205 feet of section were measured and described 

at two localities : Worthington Mountains (Meeker Peak 

section) and Schell Creek Range (Sidehill Pass section), 

both in southeastern Nevada (Figure 1).

Section Measurement

The sections were measured using a five-foot Jacob's 

staff and Brunton Compass. Sections were staked every 100 

stratigraphie feet and stripes painted every twenty feet 

between stakes. The measurement of the Meeker Peak and 

Sidehill Pass sections commenced within the Devonian 

Simonson Formation, at convenient marker beds. Traverses 

were located at ridges between drainages, wherever possible, 

in order to obtain continuous exposures. The location of 

the traverses are shown in the index maps on Plates 1 and 2 

(in pocket). The Meeker Peak section ended at a normal 

fault scarp where the hanging wall produced an impassible 

60-foot cliff. The Sidehill Pass section ended within the 

basal Mississippian Joanna Limestone. The measured 

intervals are plotted on Plates 1 and 2 (in pocket) at 1:480 

scale.

Scintillation counts were taken each five feet 

throughout the measured sections. This survey was conducted
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in order to create a natural gamma log from the outcrop that 

can be used by other workers to correlate the outcrop to the 

subsurface. The scintillation data are also plotted at 

1:240 scale (Plates 1 and 2).

Descriptions

To increase our knowledge of Guilmette deposition, 

detailed descriptions were undertaken on a bed-by-bed 

format. Descriptions of beds within measured intervals are 

located in plates 1 and 2 (in the pocket).

Description of depositional cycles included upper and 

lower bounding surfaces, internal lithologie variations, 

fossil distributions, and trends within and between cycles. 

Fossil distributions were plotted as higher taxonomic groups 

only ; no species, only generic or higher taxonomic 

identifications, were made. The range of occurrence in the 

sections and the relative abundance of the individual types 

are shown on Plates 1 and 2.

The interpretation of cycles was accomplished by the 

following : 1) microfacies were identification and named 

using a system from Wilson (1975), 2) microfacies were 

identified and placed into depositional facies, and 3) the 

facies were organized into idealized cycles. Based on these 

interpretations a relative sea-level curve was constructed 

for the formation.
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Individual cycles within the Guilmette Formation were 

numbered, beginning at the base of the formation. The cycle 

interpretations for the Meeker Peak and Sidehill Pass 

sections are plotted on Plates 1 and 2.

To supplement field descriptions, outcrop samples were 

taken for pétrographie analysis. Collections were made 

every twenty feet, in an attempt to eliminate biased 

sampling. Supplemental samples were taken at various

stratigraphie levels to clarify descriptive problems. A

total of 229 samples were collected for laboratory 

examination. Sample locations are shown on Plates 1 and 2, 

adjacent to the stratigraphie columns.

Petrology

Pétrographie thin sections were examined to clarify 1)

lithologies, 2) fossil content, and 3) porosity

characteristics. Thin-section preparation consisted of 1) 

notching the sample to specify the stratigraphie upward 

direction, 2) cutting the samples perpendicular to bedding,

3) impregnating with blue-epoxy, and 4) staining with 

Alizarin-Red S and potassium ferricyanide. Impregnation 

with blue-epoxy aided observation of porosity. Staining of 

the samples with Alizarin-Red S differentiated calcite from 

dolomite ; the calcite stains red and the dolomite remains 

colorless. Staining with potassium ferricyanide



T - 4012 8

differentiated between ferroan-rich carbonates and 

nonferroan-rich carbonates ; ferroan-rich dolomite stains 

pale to deep turquoise while ferroan-rich calcite stains 

purple (Scholle, 1978). The location of thin-sectioned 

samples are designated by (TS) next to the sample number on 

Plates 1 and 2, adjacent to the stratigraphie columns.

Architecture of Measured Section Plates 

The plates of the Worthington Mountains (MPS) and 

Schell Creek Range (SHPS) measured sections are located in 

the pocket (Plates 1 and 2 respectively). The plates 

represent the database from which the text was written and 

therefore should be in hand while reading. Appendix C (page 

205) was constructed as a guide to the arrangement of the 

information contained on the plates.

Stratigraphie Columns

The stratigraphie columns were drafted at a scale of 

1:240 and reduced to 1:480. The base of the sections begin 

at a convenient marker bed within the Fox Mountain Member of 

the Simonson Dolomite . The weathering profile represents : 

slope, ledge, and cliff. See plates for the legend to the 

lithologie symbols.

Faunal Columns

The faunal column displays the range of occurrence of 

and relative abundance of fauna throughout an interval.
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Abundance was displayed by an increase in the width of the 

corresponding faunal lines. In general an increase in the 

width of the line, directly related to fossil fragments 

(grains), also corresponds to a lack of m ud.

Relative Sea-level Curves

The relative sea-level curve was constructed from 

environmental interpretations of individual lithofacies that 

comprise the cycles, placed into one of three water depths : 

subtidal, intertidal, and supratidal. The sea-level curve 

was constructed from the dashed line (reference line) which 

represents a mean tide depositional environment. The 

relative sea-level curves display shifts within intertidal 

water depths only. Since I do not actually know how deep or 

shallow the subtidal and supratidal lithofacies got, I did 

not expound the curves into those water depths.

Descriptions

The descriptions were written in the following format : 

footage at the base of the description interval, footage at 

the top of the description interval, total thickness of the 

interval, lithology, textural classification, color of the 

interval upon the weathered surface, color of the interval 

upon a freshly broken surface, thickness of bedding, 

sedimentary structures, and faunal content. See Appendix C 

(page 205) for explanation of abbreviations used within the



d e s c r i p t i o n s .
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Chapter 3 : GEOLOGIC SETTING
Tectonic Episodes 

Within southeastern Nevada, five tectonic episodes are 

generally recognized that influenced the deposition and\or 

the structure of the Guilmette Formation: 1) Late

Proterozoic rifting (Precambrian-Cambrian), 2) Antler 

Orogeny (Late Devonian-Early Mississippian), 3) Sonoma

Orogeny (Late Permian-Early Triassic), 4) Sevier Orogeny 

(Jurassic-Cretaceous), and 5) Basin and Range Orogeny 

(Oligocene) (Burchfiel and Davis, 1972 ; Poole, 1974;

Dickinson, 1977 ; Poole and Sandberg, 1977; Cook, 1988) .

Late Proterozoic (850 to 550 Ma) rifting of the Pangean 

supercontinent produced a "north"-trending passive margin 

within western North America (Dickinson, 1977; Cook, 1988).

87SR/86SR ratios are commonly used to define the onset of 

oceanic crust (basalt) development within passive margin 

settings. 87SR/86SR ratios derived from both continental and

oceanic crust worldwide reveal global averages of .712 and 

.703 respectively (Sleep and Fujita, 1988). The continent- 

ocean crust transition lies within central Nevada at 

approximately 177°W, marked by the 87SR/86SR = 0.7 06 

(Sandberg, et aJL., 1989) (Figure 2). Following continental

break up, a broad stable megaplatform developed in which 

post-rift thermal subsidence allowed the accumulation of
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approximately 13,500 feet of carbonates, from the Late

Proterozoic to Devonian (Cook, 1988).

Following approximately 200 Ma (Late Precambrian

through Devonian) of sedimentation, platform deposition was

interrupted by major tectonic and accretionary events of the

Late Devonian-Early Mississippian Antler Orogeny. The

Antler orogenic belt is composed of a thrust system

approximately 2300 km long extending northward from the San

Andreas Fault to British Columbia (Goebel, 1991) (Figure 2).

The only major allochthon related to the Antler is found

solely within central and northern Nevada, the Roberts

Mountains thrust (Nilsen and Stewart, 1980). The tectonic

regime in which the Antler orogenic belt was formed has yet

to be delineated. To date ten different tectonic processes

have been proposed for the formation of the Antler Orogenic

belt (Nilsen and Stewart, 1980). Nilsen and Stewart (1980,

p. 298) described attributes of the Antler Orogeny within

north-central Nevada as follows :

...the major structural expression of the Antler 
orogeny...is a large internally complex thrust 
sheet, the Roberts Mountains allochthon. It 
consists of Cambrian to Devonian chert, 
argillite, greenstone, sandstone, and quartzite 
of the eugeosyclinal belt thrust over uppermost 
Precambrian to Devonian carbonate, shale, and 
quartzite of the miogeosynclinal belt.

During the Antler Orogeny basinal rocks were thrusted

eastward over shallow-water platform rocks, with 100-150 km
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of crustal shortening (Poole, 1974; Poole and Sandberg,

1977). The resulting highlands of the Antler orogenic event 

downwarped the crust and created the Pilot Basin (Poole and 

Sandberg, 1977), followed by the Chainman-Diamond Peak 

foreland basin. Following the Antler Orogenic event a 

stable carbonate platform again developed (Hurtubise, 1989), 

from Pennsylvanian through Permian, on which the Ely 

Limestone and younger carbonate formations were deposited. 

The Antler orogenic belt lies to the west of the study area 

(Figure 2). The Late Permian-Early Triassic marks the

beginning of the Sonoman Orogeny. This compressional event 

thrust previously deformed (Antler Orogeny) sediments 100 km 

eastward (Dickinson, 1977). Unlike the Antler orogenic 

event, an offshore island arc became welded to North America 

during the Sonoma event, resulting in a shift of the 

continental margin westward (Burchfiel and Davis, 197 2).

In the Jurassic-Cretaceous, eastward directed 

subduction resulted in the eastward thrusting designated as 

the Sevier Orogeny (Burchfiel and Davis, 1972), initiating 

an Andean type plutonic-volcanic arc in California. The 

study area lies within the Sevier orogenic belt (Figure 2).

In the Oligocene crustal extension began within 

southeastern Nevada, characterized by strike-slip and 

extensional faults related to plate interactions at the
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western North American continental margin (Burchfiel and 

Davis, 1972). The crust has extended as much as 100%

throughout southeastern Nevada. Low-angle normal faults 

make up the bulk of the structures responsible for the 

magnitude of crustal extension exhibited (Wernicke, 1981).

The Basin and Range normal faulting has overprinted previous 

compressional episodes and resulted in the present Basin and 

Range morphology (Zobach, et al., 1981). Volcanic flows

accompanied crustal extension, depositing lavas, tuffs, and 

ash-flows in places exceeding 3,000 feet thick in 

southeastern Nevada. Crustal extension is still in progress 

(Cook, 1988).

Devonian Geologic Setting 

Paleolatitude data indicate that the study area lay 

between latitudes 19° to 15°S during the Devonian, placing 

the platform within the global carbonate and evaporite belts 

(Witzke and Heckel, 1989). The established carbonate 

megaplatform continued to evolve throughout the Devonian.

In places, terrigenous siliciclastic sedimentation 

punctuated cyclic carbonate sedimentation during eustatic 

sea-level falls (Cook, 1988). The platform margin, in east- 

central Nevada, evolved from a nonrimmed ramp in the Late 

Cambrian to a rimmed margin with high-angle bypass in the 

Late Devonian. The establishment of the rimmed margin
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resulted from both marginal buildup and seaward 

progradation, and the evolution of reef and bank-building 

organisms of the Devil's Gate Formation (Cook and Taylor, 

1987) (Figure 3). Cratonward of the Devil's Gate Formation, 

deposition of the Guilmette Formation commenced as a 

shallow-water carbonate platform (Cook, 1988).

Deposition of the Guilmette Formation (Middle and Late 

Devonian) occurred in the shallow-water of the middle and 

inner shelf of a carbonate megaplatform (Johnson and Murphy, 

1984 ; Cook, 1988 ; Hurtubise, 1989 ; Johnson and Sandberg, 

1989) (Figure 3). The deposition of the Guilmette Formation 

began in response to the late Middle Devonian eustatic sea- 

level rise (Johnson and Sandberg, 1989). Guilmette 

deposition ended at the close of the Frasnian when a 

regression resulted in quartz-rich sedimentation within the 

upper Guilmette (Johnson and Sandberg, 1989). The Guilmette 

Formation reaches a maximum thickness of 3,500 feet within 

central-northern Lincoln County and thins to approximately 

1,300 feet to the southeast within the Delamar Range 

(Tschanz and Pampeyan, 197 0) .
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Chapter 4: THE GUILMETTE FORMATION
Past Work

The Devonian sections within southeastern Nevada 

consist of possibly the most complete exposures of Devonian 

rocks in western North America (Reso and Croneis, 1959).

Within southeastern Nevada, the Guilmette Formation is of 

Middle to Late Devonian ages (Osmond, 1954 ; Reso, 1963).

Five formations were been delineated by Hurtubise (1989) 

within the Devonian, in ascending order: 1) Sevy Dolomite,

2) Simonson Dolomite, 3) Guilmette Formation, 4) West Range

Limestone, and 5) Pilot Shale (Figure 4).

The term Guilmette Formation stems from the pioneer 

Devonian study by Nolan (1935), in west-central Utah, who 

named the "Guilmette", along with "Sevy" and "Simonson". 

Nolan measured and described the type section within the 

Deep Creek Mountains of west-central Utah. The formation 

terminology established by Nolan (1935) was also used by 

later workers, including Osmond (1954) within Nevada, Reso 

and Croneis (19 59) and Reso (19 63) in the Pahranagat Range, 

Kellogg (1963) in the Egan Range, Tschanz and Pampeyan 

(1970) in Lincoln County, Johnson and Murphy (1984) in 

central Nevada, Sandberg, et al. ( 1989) in Nevada and Utah, 

and Hurtubise (1989) in the Seaman Range.

Within Sevy Canyon, Nolan (1935, p. 21) measured 888
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Figure 4.
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feet of Guilmette. Nolan's (1935, p. 20) generalized 

description was as follows:

... composed chiefly of dolomite but contains
also some thick limestone beds and several
lenticular sandstones.

Nolan (193 5, p. 2 0) placed the Guilmette as Middle Devonian 

due to the presence of Strincrocephalus burtoni within a 4- 

foot thick dolomite unit 102 feet above the base of the 

formation. Internally the Guilmette was not subdivided into 

formal members by Nolan. His basal formational contact 

consisted of a laterally continuous dolomite conglomerate, 

below which lies the top of the Simonson Dolomite. As 

described below, the contact was moved upward by later 

workers. The upper contact is unconformable with the Upper 

Mississippian Woodman Formation (Nolan, 1935). The 

Mississippian Woodman Formation correlates to the 

Mississippian Chainman Shale within southeastern Nevada 

(Langenheim and Larson, 1973).

Though Nolan was the first to use the Guilmette name 

for Middle to Late Devonian strata within western Utah, he 

was not the first to measure and describe the 

lithostratigraphic equivalent in eastern Nevada. In 1932, 

Westgate and Knopf measured and described two Devonian 

formations near Pioche, Nevada: Silverhorn Dolomite and West 

Range Limestone. The Silverhorn Dolomite section is located
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within the Bristol Range, four miles south of Bristol Pass

(Westgate and Knopf, 1932).

Westgate and Knopf (193 2, p. 16) provided the following

generalized description of the 3003 feet of Silverhorn

measured at the type locality:

... a succession of varied dolomites with some 
beds of limestone and the upper part beds of 
quartzitic sandstone and a capping quartzite 
20 to 100 feet thick.

The type (Silverhorn Dolomite) section makes no reference to

the occurrence of the brachiopod Strincfoceohalus. In an

additional Silverhorn section measured to the north at Dutch

John Mountain, Westgate and Knopf (1932, p. 18) describe the

presence of Strinaocephalus as:

A block of float limestone, apparently derived 
from beds near the base of the Silverhorn 
Dolomite as exposed, contained a specimen 
of Strincrocephalus.

The basal contact is unconformable, in which Silverhorn

Dolomite overlies Ely Spring Dolomite (Westgate and Knopf,

1932). The upper contact is conformable, marked by a 20 to

100 foot thick quartzite (Silverhorn) overlain by thin to

medium bedded limestones (West Range) (Westgate and Knopf,

1932) .

In 1954, Osmond extended the Guilmette terminology of 

Nolan (1935) into eastern Nevada. The focus of his work 

involved the stratigraphy of the Devonian Sevy and Simonson
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Dolomites. In dealing with correlating the upper contact of

the Simonson Dolomite into eastern Nevada, Osmond (1954, p.

1946) made the following remarks about Nolan's (1935)

Guilmette type section:

The upper contact at the type section is not 
a striking one and must be related to either 
the Strinaocephalus zone or the appearance of 
limestone if it is to be recognized in 
east-central Nevada.

Osmond also recognized that Strinaocephalus may occur over

several hundred feet of section or may be absent altogether.

Therefore, he objected to making the occurrence of

Strinaocephalus the top of the Simonson and called on the

first occurrence of limestone to mark the boundary between

the Simonson Dolomite and the Guilmette Formation (Osmond,

1954). The Silverhorn Dolomite terminology is no longer

used. The Silverhorn section is composed of both the upper

Simonson Dolomite and Guilmette Formation (Hurtubise, 1989).

Lower Guilmette Contact

The contact separating the Simonson Dolomite from the

Guilmette Formation has yet to be agreed upon by all workers

in Eastern Nevada. Even after establishment by Osmond

(1954) of the first occurrence of limestone above the

Simonson Dolomite as the contact in eastern Nevada, the last

occurrence of Strinaocephalus was used as the contact by

later workers. In the Pahranagat Range, Reso and Croneis
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(1959, p. 1252) established the Simonson/Guilmette contact 

as follows:

... the Strinaocephalus zone may be used ...to 
define the top of the Simonson Formation. The 
diagnostic brachiopod apparently is restricted 
to about 2 5 feet of strata transitional from 
Simonson Dolomite to the overlying limestone 
beds of the Guilmette Formation.

In contrast to Reso and Croneis (1959), Kellogg (1963, p.

69 6) placed the basal contact of the Guilmette at the base

of a 2 00- to 400-foot cliff-forming limestone above the last

dolomite of the Simonson Dolomite within the Egan Range.

In an attempt to alleviate the obvious past confusion

on the exact position of the Simonson/Guilmette contact,

Tschanz and Pampeyan (1970, p. 35) defined it as a mappable

lithologie contact within Lincoln County, as follows :

We drew the contact at the base of the 
so-called yellow bed, a yellowish-gray 
nonresistant, silty, thin-bedded to platy 
dolomite that is at or near the base of 
the overlying limestone.

Reso (1963, p. 909) alluded to the same lithologie contact

in the description of his second unit of the Lower Member

(Guilmette) within the Pahranagat Range:

... a zone of grayish-yellow, nonresistant, 
thin-bedded, aphanitic dolomite... serves to closely 
mark the Simonson-Guilmette contact.

The yellow bed is mappable throughout Lincoln County and

closely overlies the last occurrence of Strinaocephalus.

The yellow bed was named the "yellow slope-forming interval"
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of the Guilmette Formation by Hurtubise (1989, p. 37), who

noted (p. 160) its use for correlating sections.

In moving the formation boundary stratigraphically up

to the base of the yellow slope-forming interval, a

stratigraphie gap is created throughout southeastern Nevada.

Hurtubise (1989, p. 148) filled the gap by defining a new

member within the Simonson Dolomite, the Fox Mountain

Member, defined as follows :

... includes all beds below the yellow 
slope-forming interval and above the Upper 
Alternating Member. In dolomitized sections, 
the member is distinguished by a slightly more 
resistant profile than under and overlying 
units. Where the member is limestone, the 
base is placed at the first limestone.

Hurtubise's (1989) definition of the Fox Mountain Member

included the previous definitions of the Simonson-Guilmette

boundary: 1) the first limestone above the Simonson

Dolomite, and 2) the last occurrence of Strincrocephalus.

Incorporating this interval into an additional member of the

Simonson Dolomite established the base of the yellow slope-

forming interval as the Simonson-Guilmette contact, which

was adopted herein.

Upper Guilmette Contact

Where the upper contact (Guilmette/West Range) is

conformable it is defined as the last presence of quartz-

rich carbonate overlain by thin- to medium-bedded limestones
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characteristic of the West Range Formation (Westgate and

Knopf, 1932). Reso (1963, p. 910) defined the upper

contact within the Pahranagat Range as follows :

The top of the formation is defined by a 
terminating sandstone unit 12-35 feet thick.
A well-marked sharp contact separates the top 
of sandstone unit from the overlying West 
Range Limestone.

Within the Egan Range, Kellogg (1963, p. 698) described the

upper units of the Guilmette as massive cliff-forming

calcilutites. Within the southern Schell Creek Range,

Kellogg (1963, p. 698) described the contact as follows :

... the upper 89 feet of section is interbedded 
calcisiltite, 1imestone-pebble conglomerate,
and yellowish-brown aphanitic dolomite 
containing up to 3 0 percent subangular quartz 
silt...

Hurtubise (1989, p. 37) characterized the top of the

Guilmette as follows :

The upper part of the member (Upper Member) is 
characterized by quartz-rich dolomites and 
sandstones...

Guilmette Members

Members were not delineated until 1963, when both Reso

(19 63) and Kellogg (19 63) differentiated two members : Lower

and Upper. Kellogg (1963, p. 698) placed the member contact

at the top of the thin-bedded carbonate unit which forms a

yellow rubbly slope within the Egan Range. Within the

Pahranagat Range, Reso (1963, p. 909) described the contact
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as being above a 120-340 foot massive biostromal cliff

containing prolific amounts of stromatoporoids and other

fauna. The Lower Member was subdivided into four lithologie

units : 1) 100 feet of gray limestone interbedded with

dolomites, 2) 28-93 feet of yellow-weathering aphanitic

dolomite, 3) a sequence of algal and stromatoporoid

limestones and dolomites, and 4) 120-340 feet of biostromal

cliff (Reso, 1963). The Upper Member was not broken into

lithologie units, instead the following generalized

description was provided (Reso, 1963, p. 909):

... a heterogeneous sequence of biostromal 
algal-stromatoporoid calcilutites, dark, 
dolomitized, amphiporid biostromes, lenses 
of shallow-water fossiliferous limestone, 
deeper-water barren limestones, 1 to 150-foot 
quartz sandstone units.

In the Seaman Range, two members were also delineated

by Hurtubise (1989, p. 35): Lower and Upper. Hurtubise

(1989, p. 37) described the contact between them as:

...placed at the base of a cliffy section 
of thick- to massive-bedded limestones 
containing locally abundant stromatoporoids.

The Lower Member was subdivided into two intervals:

yellow slope-forming and upper. Hurtubise (1989, p. 160)

characterized the yellow slope-forming interval as

containing recessive silty, yellow-weathering, thin and

medium-bedded dolomites with interbedded well-laminated

stromatolitic limestones. The upper interval contains
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interbedded fossiliferous limestones and capping laminated

dolomites; limestones thicken and become increasingly

fossiliferous up section (Hurtubise, 1989, p. 161).

The Upper Member was sub-divided into three intervals:

lower cliff-forming, middle recessive, and upper cliff-

forming. Hurtubise (1989, p. 162) described the lower

cliff-forming interval as follows :

... a series of stromatoporoidal limestones 
that alternate with recessive dolomites.
... In general, the lower cliff-forming 
interval is preceded by a thickening upward 
sequence in the upper part of the Lower Member, 
and, in turn, it is succeeded by a thinning- 
upward sequence in the middle recessive 
interval.

The middle recessive interval is composed mainly of

alternating light and dark weathering dolomites that become

thinner bedded and less fossiliferous up section (Hurtubise,

1989). The upper cliff-forming interval was described

(Hurtubise, 1989, p. 163) as follows :

...is generally fossiliferous limestone... 
characterized by extremely large massive 
stromatoporoids... pisolites, oolites and 
oncolites are also common, as are digitate 
stromatolites.

To date, no correlative lithologie or paléontologie 

datum has been established that defines a useful contact 

between the Lower and Upper Members of the Guilmette 

Formation throughout eastern Nevada.
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Nomenclature Adopted Herein 

Guilmette Formation contacts and member boundaries used 

in this study evolved from stratigraphie analysis at the 

Worthington Mountains (Meeker Peak section) and the Schell 

Creek Range (Sidehill Pass section) of southeastern Nevada, 

along with regional observations within the GRP study area 

(Figure 1).

Lower Guilmette Contact

Within the GRP study area the presence of the 

brachiopod Strinaocephalus is not obvious in all measured 

sections. Within the Worthington Mountains (Meeker Peak 

section) the last occurrence of Strinaocephalus is 

approximately 5 5 feet below the base of the yellow slope- 

forming interval. Within the southern Schell Creek Range 

(Sidehill Pass section) a single Strinaocephalus zone is 

present 519 feet below the yellow slope-forming interval and 

206 feet below the Fox Mountain Member of the Simonson 

(Hurtubise, 1989). Diagenetic dolomite occurs locally

throughout the study area, commonly crossing member 

boundaries, in some places rendering limestone/dolomite 

contacts useless as boundary markers. Therefore, a need 

exists to define a basal contact that approximates the 

contact as previously used and that is correlatable 

throughout the area. The yellow slope-forming
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interval is present in all sections measured within the 

Guilmette research program study area, and beyond that area 

as shown by Hurtubise (1989). Therefore, I adopted the base 

of the yellow slope-forming interval as the location of the 

Simonson/Guilmette contact, as was previously defined by 

Tschanz and Pampeyan (1970) and Hurtubise (1989).

Upper Guilmette Contact

Though quartzites may or may not be present in the 

Upper Guilmette throughout the GRP study area, the 

diagnostic West Range Limestone is easily recognized by the 

thin- to medium-bedded limestones containing subtidal 

fossils such as brachiopods, echinoderms, gastropods, and 

mollusks; stromatoporoids are absent. The Guilmette/West 

Range contact was not reached at the Meeker Peak locality 

(Plate 1). The Guilmette is 2431 feet thick at Sidehill 

Pass with the upper boundary being placed at 2 681 feet 

(Plate 2). The upper contact is placed directly above a 

six-foot quartzitic limestone bed containing limestone rip- 

up clasts (Plate 2). The West Range Limestone above this 

contact consists of medium- to thin-bedded, bioturbated 

limestones containing a typically diverse fauna.

Guilmette Members

This study delineates three members within the 

Guilmette Formation: Lower, Middle, and Upper (Figure 5).
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The Lower and Upper Members are present at all localities; 

the Middle Member may be absent.

Lower Member. Throughout the GRP study area the base 

of the Lower Member is placed at the base of the first 

occurrence of yellow-weathering dolomite above the Simonson 

Dolomite (Figure 5, 6 , and 7). The top of the Lower Member

is placed at the first massive cliff-forming unit, above the 

ledge-forming interval. The Lower Member is subdivided into 

two intervals : yellow slope-forming and ledge-forming 

(Figure 5).

The yellow slope-forming interval (YSFI) consists of 

distinctive yellow-weathering, thin-bedded, thin- to 

thickly-laminated dolomites and interbedded light to dark 

gray, thin- to medium-bedded limestones. Mud cracks, bird's 

eye structures, normal grading within laminations, and 

slight quartz silt contents are all common characteristics 

of the yellow-weathering dolomites. The interbedded 

limestones are commonly thinly laminated containing 

dolomitic rip-up clasts, pellets, bioturbation, ostracodes, 

calcispheres, stromatolites, stromatoporoids, and 

brachiopods. The upper contact of the YSFI is placed at the 

top of the last occurrence of the distinctive yellow- 

weathering dolomites. At Meeker Peak this interval is 100.5 

feet thick and recognized six shallowing-upward cycles
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(Plate 1). The same interval is 129 feet thick at Sidehill 

Pass and recognized seven shallowing-upward cycles (Plate 

2) .
The ledge-forming interval (LFI) consists of 

interbedded thin- to massive-bedded, gray limestones and 

light gray to brown, thinly-laminated dolomites (Figure 5). 

The lower contact is placed at the top of the last 

occurrence of the yellow-weathering dolomite of the YSFI.

The position of the upper contact depends on the presence or 

absence of the Middle Member (Chapter 7). Where present,

the contact is placed at the sharp erosive base of the

Middle Member (Plate 1 and Figure 7). Where absent, the 

contact is not placed at an exact bed but rather an abrupt 

change in weathering profile. In this case, the upper 

contact is placed at the base of the first massive cliff 

above the base of the LFI (Plate 2 and Figure 6).

Limestones within the LFI commonly contain rip-up clasts at

cycle boundaries and are thin-laminated to homogenous 

through bioturbation. Fossil assemblages are dominantly 

small (average less than 6-inch diameter) bulbous 

stromatoporoids, Amphipora, stromatolites, corals, 

brachiopods and ostracodes. Dolomites of the LFI are 

typically thin-laminated exhibiting mud cracks, a slight 

quartz-silt content, and stromatolites.
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At the Meeker Peak locality (Plate 1) the total 

thickness of the LFI is 297.5 feet thick, recognized 22 

shallowing-upward cycles. At the Sidehill Pass locality 

(Plate 2) the LFI is 621 feet thick, recognized 26 

shallowing-upward cycles.

Throughout the GRP the limestone constituents of cycles 

thicken while the capping dolomites thin up section, 

indicating that the overall Lower Member exhibits an 

increase in the rate of subsidence or relative sea level 

rise. The entire Lower Member represents shallow-water 

carbonate deposition, indicated by the presence of laminated 

dolomites at the top of most cycles representing upper 

intertidal to supratidal environments.

Middle Member. The Middle Member (Chapter 7) is a 

breccia, termed the Alamo Breccia (Warme et aT., 1991),

apparently deposited from a single sedimentary episode. 

However, the Middle Member is not present at all localities 

(Figure 5 and 7). Within the GRP study area the Middle 

Member has been identified in five ranges: Delamar, West 

Pahranagat, Timpahute, Worthington, and Grant (Figure 1). 

Where present, the lower contact is placed at the sharp base 

of the Middle Member where it cuts into the underlying 

cyclic deposits of the Lower Member (LFI). The upper 

contact is placed at a sharp and relatively flat erosional
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surface that separates the top of the Middle Member breccia 

from the cyclic deposits of the Upper Member (Plate 1).

This contact is commonly above the fine-grained sand-sized 

carbonate fragments within a mud-sized matrix characteristic 

of the upper limits of the Middle Member.

Throughout the GRP study area the Middle Member 

consists of dominantly carbonate lithoclasts within a 

carbonate matrix. To date, the largest identified 

lithoclast is approximately 1000 feet long and 80 feet wide. 

Internally the Middle Member is normally graded.

At the Meeker Peak section the Middle Member is 13 2 

feet thick, exhibiting a sharp erosive base, internal normal 

grading, and a sharp, erosive upper contact (Plate 1 and 

Figure 7). At the Sidehill Pass section the Middle Member 

is absent (Plate 2).

Upper Member. The lithology of the Upper Member is 

highly variable throughout the GRP study area. The location 

chosen for the Upper Member basal contact depends on the 

presence or absence of the Middle Member (Figure 5, 6, and

7): 1) where the Middle Member is present, the contact is

above the fine-grained sand-sized carbonate fragments within 

a mud-sized matrix at a sharp erosional surface (Plate 1), 

or 2) where the Middle Member is absent, it is at the base 

of the first massive cliff-forming unit above the ledge-
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forming interval of the Lower Member. In the Schell Creek 

Range this unit is 1681 feet thick (Plate 2). The upper 

contact is placed at the Guilmette-West Range contact as 

described above.

Regionally throughout the GRP study area three 

generalized sediment types are exhibited: shallowing-upward 

carbonate cycles, deeper-water thin-bedded carbonates, and 

interbedded carbonates and siliciclastics. Due to the 

diversity of the sediment types comprising the Upper Member, 

no widely correlatable subdivisions were delineated within 

the member.

Within the Worthington Mountains (Meeker Peak section) 

the basal 532 feet of the Upper Member was measured. 

Twenty-seven cycles were recognized (Plate 1). At Sidehill 

Pass (Plate 2) the Upper Member is 1681 feet thick. Sixty- 

eight cycles were recognized within the member at this 

locality.

Age of Guilmette Formation

The age of the Guilmette Formation is generally 

considered to be of Late Givetian to Late Frasnian (Johnson 

and Sandberg, 1989). Dating of the formation has 

principally been conducted through fossil zonations. Prior 

to the mid-7 0's macrofossils were used as the primary tool 

for dating the Guilmette. After the mid-70's conodont
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Figure 6. Photograph of the southern Schell Creek Range,
Sidehill Pass section (SHPS). The A interval is 
the outcrop of the upper Simonson Dolomite, B is 
the Lower Member of the Guilmette, C is the Upper 
Member of the Guilmette. The Middle Member is 
absent at this locality.
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microfossils were introduced as an additional tool for 

both dating and paleoecologic analysis of Devonian strata 

world wide. The exact age of the base of the Guilmette 

Formation varies between authors due to the various datums 

used for the basal contact with the Simonson Dolomite (as 

discussed above). In this study, no biostratigraphy was 

conducted at the formation boundaries, and none has been 

published, to my knowledge, by others. Therefore, ages 

encompassing the Guilmette Formation at the Meeker Peak and 

Sidehill Pass localities (Figure 1) are not known. The 

following is a discussion of past work within southeastern 

Nevada and western Utah on the approximate dates of 

Guilmette deposition.

Macrofossils

Prior to the report of Tschanz and Pampeyan (197 0) the 

basal contact of the Guilmette Formation was typically 

placed directly above the last occurrence of the brachiopod 

Strincroceohalus (Kellogg, 1963 ; Peso, 1963). The

brachiopod Strincroceohalus was considered to be of Givetian 

age by both Kellogg (1963) and Peso (1963). The upper 

Guilmette contact was placed at the base of the 

Crvotospirifer Zone of the West Range Limestone. The 

Crvptospirifer Zone is Early Famennian (Kellogg, 1963; Peso, 

1963). Therefore, the Guilmette Formation is considered to
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be Late Givetian to Early Famennian.

Microfossils

The dominant microfossils used in regional correlations 

and in dating the Guilmette Formation within southeastern 

Nevada are conodonts. Within the GRP study area the age of 

the Guilmette Formation (as defined above) is confined 

between the Lowermost asvmmetrica Zone and the Uppermost 

crieras Zone (Johnson and Sandberg, 1989). These conodont 

zones correspond to the Early falsiovalis and Late rhenana 

zones of Ziegler and Sandberg ( 1990) (Figure 8) . Therefore, 

the age of the Guilmette Formation (as adopted in this 

report) is Late Givetian to Late Frasnian. Guilmette 

deposition occurred over approximately 4.5 million years, 

according to the durations of the conodont zones estimated 

by Ziegler and Sandberg (199 0).

Eustasv During Guilmette Deposition

Deposition of the Guilmette Formation (as defined 

above) may have begun in response to the Lowermost 

asvmmetrica Zone "eustatic rise" (Johnson and Sandberg, 

1989). Figure 9, from Johnson and Sandberg (1989), shows 

the onset of Guilmette deposition to correspond with the 

start of their transgressive-regressive cycle lib. The 

Lowermost asvmmetrica Zone eustatic rise corresponds to the 

standard conodont zone of Early falsiovalis (Ziegler and
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Sandberg, 1990) which straddles the Givetian-Frasnian 

boundary (Figure 8). The Lowermost asvmmetrica Zone 

eustatic rise (lib. Figure 9) within eastern Nevada is 

marked by deposition of the yellow slope-forming interval of 

the Guilmette Formation (Johnson and Sandberg, 1989). 

Deposition of the Guilmette Formation within the GRP study 

area may have continued through four transgressive- 

regressive cycles : the Lower and Upper lie and the Lower and 

Upper lid (Figure 9). The top of the Guilmette, as defined 

by Johnson and Sandberg (1989), is placed at the Upper lid 

eustatic fall (Figure 9).

Other works have placed the onset of Guilmette 

deposition within the Middle vacus Subzone eustatic rise 

(lia), which corresponds to the onset of the Taghanic onlap 

in North America and the lunulicosta Zone transgression in 

Europe (Johnson and Murphy, 1984; Johnson, et a J ., 1985 ; 

Johnson and Sandberg, 1989) (Figure 9). Thfe work by 

Hurtubise (1989) established that the Fox Mountain Member of 

the Simonson Formation correlated with the Upper Bay State 

Dolomite and the lower units of the Upper Denay Limestone to 

the west. If this relationship is correct then the Taghanic 

onlap of North America is reflected by the Fox Mountain 

Member (Johnson, et al. z 198 5 ; Johnson and Sandberg, 1989).

Following the Taghanic onlap of the Middle varcus
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Subzone, Johnson and Sandberg (1989) delineated a regression 

within the Upper disparilis Zone. This regression is 

located within the upper lia transgressive-regressive cycle 

(Figure 9), and is recorded in the progradation of shoal 

limestones over the basinal rocks of the Upper Denay 

Limestone within central Nevada.

The Upper disparilis Zone regression of the Upper lia 

transgressive-regressive cycle may be represented within the 

study area as the boundary between the Fox Mountain Member 

of the Simonson Dolomite and Guilmette Formation. This 

boundary is characterized by a sharp erosive contact within 

the Worthington Mountains at Meeker Peak and a karsted 

contact within the southern Schell Creek Range at Sidehill 

Pass (Plates 1 and 2, respectively).
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Chapter 5: FACIES OF THE GUILMETTE PLATFORM
Rocks of the Guilmette Formation represent subtidal to 

supratidal paleoenvironments of the Devonian shallow-water 

carbonate platform (Johnson and Murphy, 1984; Cook, 1988; 

Sandberg, et al., 1989 ; Hurtubise, 1989). Guilmette 

deposition occurred on the middle and inner shelf, east of 

the platform margin represented by the Devil's Gate 

Formation (Cook, 1988). The Devils Gate Formation is the 

basinward lithostratigraphic equivalent of the Guilmette 

Formation (Langenheim and Larson, 1973). The platform 

margin is characterized as a rimmed margin consisting of 

dominantly stromatoporoid and coral limestones (Cook and 

Taylor, 1987).

Both Wilson's (1975) carbonate facies belts and his 

standard microfacies of an idealized carbonate platform were 

used as the basis for interpreting the facies within the 

Guilmette Formation. Within Wilson's (1975) idealized 

carbonate platform, nine facies belts and twenty-four 

standard microfacies were delineated (Figure 10). In 

general, both facies belts and standard microfacies exhibit 

a relative cratonward progression on the platform with each 

increase in numerical value (Figure 10). For example, 

facies belt 1 and standard microfacies 1 reflect a basinal 

deep-water facies, whereas facies belt 9 and standard
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Figure 10. Wilson's ( 1975) facies belts and standard 
microfacies classification for carbonate 
platforms.
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microfacies 23 reflect supratidal facies.

Microfacies of the Guilmette 

Pétrographie analysis was conducted on a total of 95 

thin sections from the Guilmette Formation, from both the 

Meeker Peak (Plate 1) and Sidehill Pass (Plate 2) measured 

sections. Thin-section analysis consisted of descriptions 

using Folk's (1962) classification and then placing the 

samples within Wilson's (1975) standard microfacies. In 

order to apply Wilson's standard microfacies (SMF) to the 

Guilmette Formation, modifications were made to enable 

accurate descriptions. Ten generalized microfacies were 

recognized within the Guilmette: 7, 9, 10, 12, 16, 19, 20,

23, 24, and 25 (Figures 10 and 11). Below is a brief

statement on each microfacies, modifications to the 

classification, and subdivisions within the microfacies.

Subdivisions within the microfacies based solely on the 

presence of detrital quartz grains were made as an 

interpretation tool. An increase in quartz content probably 

reflects proximity to a sand/quartz source. Table 1 shows a 

chart comparing Wilson's microfacies and facies belts to the 

proposed Guilmette microfacies and facies tracts.

SMF 7: Wilson (1975) described this microfacies as in 

situ organic growth, within facies belt 5 (Figure 10).

Within the study area there exists no stratigraphie evidence
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Table 1

Wilson's (1975) Guilmette

Microfacies Facies Belts Microfacies Facies Tracts

7 5 7(1), 7(2)
9 2,7 9, 9(1)

10 7 10 Subtidal

12 5,6 12 (1)

16 7,8 16(1)

16

19 00 19, 19(1-2) Intertidal

20 8,9 20, 20(1)

23 8,9 23, 23(1)
Supratidal

24 8 24

This table shows a comparison of Wilson's microfacies 
and facies belts to the interpreted microfacies and facies 
tracts of the Guilmette. Wilson's facies belts are named as 
follows: 2- Open shelf? 5- Organic reef; 6- Sands on edge of
platform; 7- Open platform; 8- Restricted platform; 9- 
Platform evaporites. Microfacies 25 (this report) is not 
shown in the above chart, because it represents crystalline 
dolomite that may have formed penecontemporaneously or as a 
late diagenetic event within any of the three facies tracts.
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to place this microfacies at the shelf margin. Therefore, 

this microfacies is placed within facies belt 7 representing 

localized bioherms/biostromes within the subtidal 

environment. Two modifications were made, SMF 7(1) and 

7(2), to tailor this microfacies to the Guilmette. SMF 7(1) 

consists of bulbous and tabular stromatoporoids and corals 

in growth position, commonly surrounded by a mud-matrix 

(boundstone to floatstone)(Plate 4). SMF 7(2) consists of 

the stromatoporoid Amphipora and/or stick-like corals 

encased within a mud-matrix (bafflestone)(Plate 5).

SMF 9: Wilson (1975) described this microfacies as 

bioclastic wackestone or mudstone (Plate 6), confining its 

occurrence to facies belts 2 and 7 (Figure 10). One

subdivision was added to this microfacies, SMF 9(1), in 

order to designate the presence of detrital quartz of 

varying proportions (Plate 7).

SMF 10: Wilson (1975) described this microfacies as 

containing coated and/or worn bioclasts in micrite, being a 

wackestone or packstone. Wilson confined its occurrence to 

facies belts 2 and 7 (Figure 10) (Plate 8).

SMF 12: Wilson (1975) described this microfacies as a 

bioclastic grainstone or rudstone confined to facies belt 6 

(Figure 10). Within this study, SMF 12 was recognized as 

discreet horizons encased within lime-mud. Therefore, SMF
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12 was reassigned the designation 12(1) and confined its 

occurrence to facies belt 7, calling on storms and winnowing 

on highs for the formation of this microfacies. SMF 12(1) 

contains intraclasts within a poorly-washed bioclastic 

deposit (Plate 9).

SMF 16: Wilson (1975) described this microfacies as a 

pelsparite or peloidal grainstone containing fecal pellets, 

admixed with concentrated ostracodes or forams (Plate 10). 

Wilson confined this sediment type to restricted marine 

shoals within facies belts 7 and 8 (Figure 10). One 

modification was added to this microfacies, SMF 16(1) 

representing a poorly-washed pelsparite (Plate 11). This 

microfacies was added to reflect lower energy environments 

within the subtidal facies tract.

SMF 19: Wilson ( 1975) described this microfacies as 

laminated to bioturbated pelleted mudstone to wackestone 

containing ostracodes, foraminifers, gastropods, and algae 

(Plate 12). Wilson confined this sediment type to the 

restricted and protected environments of facies belts 7 and 

8 (Figure 10). Two modifications to this microfacies were 

added: SMF 19(1) and SMF 19(2). SMF 19(1) was added to

represent samples containing detrital guartz (Plate 13).

SMF 19(2) represents the addition of intraclasts, possibly 

suggesting strong currents affecting the subtidal floor
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prior to deposition (Plate 14).

SMF 20: Wilson (1975) described this microfacies as 

stromatolitic mudstone, deposited within facies belts 7 and 

8 (Figure 10) (Plate 15). SMF 20(1) was added to represent 

samples containing detrital quartz (Plate 16).

SMF 23: Wilson (1975) described this microfacies as 

containing homogenous unfossiliferous micrite, deposited 

within tidal ponds (Plate 17). SMF 23(1) was added to 

represent samples containing detrital quartz (Plate 18).

SMF 24: Wilson (1975) described this microfacies as a 

coarse lithoclastic-bioclastic rudstone or floatstone with 

the matrix composed of micrite or calcisiltite, deposited as 

lag within tidal channels (Plate 19).

An additional microfacies was added to this study which 

is not delineated by Wilson: SMF 25. SMF 25 represents 

homogenous to thinly-laminated dolomites in which no biota 

is observed. This microfacies was not placed within any 

special facies tract. One subdivision was made within this 

microfacies, SMF 25(1), representing the presence of 

detrital quartz within the crystalline dolomite (Plate 21).

Facies Tracts of the Guilmette Formation

Following the interpretation of the thin sections for 

Wilson's standard microfacies, the samples were then placed 

within the facies belts comprising the idealized carbonate
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platform (Figure 10). The lithologie descriptions from both 

Meeker Peak (Plate 1) and Sidehill Pass (Plate 2) sections 

were used to interpret the columns according to Wilson's 

( 1975) facies scheme, the majority of which fell within 

facies belts 7 and 8 (Figure 10). Wilson's scheme places 

facies belt 7 within the open platform depositional 

environment, containing mudstones to wackestones and 

siliciclastic deposits. The dominant sedimentary structures 

are burrows, and the textures range widely from mudstones to 

grainstones. Bioherms may occur in facies belt 7. Facies 

belt 8 represents restricted platform, exhibiting bioclastic 

wackestones to lime-mud tidal-flat deposits. Sedimentary 
structures within facies belt 8 generally consist of thin 

laminations, bird's eye structures, graded bedding, rip-up 

clasts, stromatolites, and mud cracks.

In order to best describe the facies of the Guilmette 

Formation, Wilson's facies belts 7 and 8 were further 

subdivided into facies tracts related to wave and current 

agitation. The following facies tracts were constructed to 

reflect the depositional environments operating upon the 

Guilmette Platform: subtidal, intertidal, and supratidal 

(Figure 11). Standard microfacies which are interpreted to 

represent paleoenvironments within the subtidal facies tract 

are: 7(1) and 7(2), 9 and 9(1), 12 and 12(1), 16(1), and 19
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and 19(1) (Figure 11). Standard microfacies which are 

interpreted to represent paleoenvironments within the 

intertidal facies tract are: 16, 19 and 19(1), and 20 and

20(1) (Figure 11). Standard microfacies which are 

interpreted to represent paleoenvironments within the 

supratidal facies tract are: 20 and 20(1), 23 and 23(1), and

24 (Figure 11).

Subtidal Facies Tract

The subtidal facies tract represents deposition below 

low tide line behind the platform margin (Figure 11). 

Deposits within this facies tract are characterized by 

medium- to massive-bedded mudstones to packstones. 

Sedimentary structures include thin-laminations, varying 

degrees of bioturbation, storm induced rip-up deposits, 

channels, and local biostromes. Fossils represented within 

the subtidal facies dominantly consist of stromatoporoids, 

corals, brachiopods, mollusks, bryozoans, and rare 

echinoderms. The floor of the platform below the low tide 

line consisted of local channels or depressions, and local 

highs on which biostromes developed. The 

channels/depressions allowed the accumulation of loose 

debris commonly consisting of fragmented bulbous and tabular 

stromatoporoids, Amphipora, corals, brachiopods, gastropods, 

and mollusks. Biostromes within the Guilmette are commonly
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in 3- to 6-foot thick beds. Biostromes are composed of 

bulbous stromatoporoids and corals or Amphipora. both of 

which occur within a mud matrix. Amphipora has been 

interpreted as representing a back-reef paleoenvironment 

throughout the Devonian (Wilson, 1975).

Intertidal Facies Tract

The intertidal facies tract represents the deposition 

of limestone and dolomites between the high tide line and 

the low tide line (Figure 11). Lithofacies within this 

facies tract are characterized by thin- to medium-bedded 

mudstones to packstones. Sedimentary structures consist of 

thin-laminations, bioturbation, cross bedding, and rip-up 

clasts. Fossils represented within the intertidal facies 

tract include ostracodes, disarticulated brachiopods, 

gastropods, forams, and algae. Other fossils characteristic 

of lower energy depositional environments (i.e. 

stromatoporoids, corals, and echinoderms) may also be 

transported into the intertidal facies tract.

Supratidal Facies Tract

The supratidal facies tract represents deposition above 

the high tide line (Figure 11), with periodic submergence by 

storm surges. Lithofacies within this facies tract are 

characterized by thin laminated, thin- to medium-bedded, 

light colored mudstones. Sedimentary structures consist of
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mud cracks, tepees, bird's eye structures, burrows, scour 

surfaces, and flat-pebble rip-up clasts. The dominant 

fossils within the supratidal facies tract are stromatolites 

and ostracodes. Pellets are also a common allochem within 

the tract. Silt-sized quartz grains, typically making up 

less than 1% of the total lithology, are common within 

dolomites. The dolomites of the yellow slope-forming 

interval of the Lower Member (Chapter 6) are characteristic 

of this facies tract. Deposits of this facies tract are 

dominantly of dolomite lithology throughout the GRP study 

area.
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Chapter 6: LOWER MEMBER OF THE GUILMETTE FORMATION
Regional Description 

Throughout the GRP study area the Lower Member is 

characterized by cyclic carbonate deposition, consisting of 

basal light to dark gray limestones and yellow to dark brown 

capping dolomites. The Lower Member can readily be divided 

into two intervals: yellow slope-forming (YSFI) and ledge- 

forming (LFI) (Figure 5). These subdivisions were made on 

the basis of lithologie descriptions, paleoenvironmental 

interpretations, and weathering profiles. As of May 1991, 

four complete sections of the Lower Member were measured 

within the GRP study area (MPS, SHPS, JEN, and MIS, Figure

1). Table 2 shows thickness of the Lower Member at these 

localities.

Yellow Slope-Forming Interval

The lower contact of the YSFI is placed at the base of 

the first occurrence of the distinctive yellow-weathering 

argillaceous dolomite above the Simonson Dolomite.

Regionally the YSFI is characterized by argillaceous, yellow 

to light gray-weathering, thin- and medium-bedded, thin- 

laminated, stromatolitic, and mud-cracked dolomite. The 

yellow-weathering dolomite is commonly sparsely interbedded 

with light- to dark-gray limestones. The limestones are 

thin-laminated, thin-bedded, mudstones to packstones
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TABLE 2
Lower Member of the Guilmette

SHPS MPS MIS JEN

Total
Thick
ness 750 398 550 336

Yellow
Slope-
Forming 129 100 . 5 170 105

Ledge- 
Forming 621 297 . 5 380 231

Measurements are in feet

Table lists the total thickness of the Lower Member at 
the following locations : SHPS: Sidehill Pass Section, MP S :
Meeker Peak Section, MIS: Mount Irish Section, JEN: 
Pahranagat Range North. The location of the sections can be 
found on Figure 1.
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containing stromatolites, ostracodes, calcispheres, and 

foraminifera as the dominant biota. Rip-up clasts are 

common at the lower bounding surfaces of the limestones.

The contact between the YSFI and LFI is placed above 

the last occurrence of the yellow-weathering supratidal 

dolomites of the YSFI. This boundary is a 

paleoenvironmental contact and therefore arbitrary. The 

exact placement of the contact is additionally hampered by 

poor exposure typical of this interval.

Regional thickness variations range between 100.5 feet 

at MPS and 17 0 feet at MIS. Table 2 exhibits the 

thicknesses of the YSFI throughout the GRP study area. The 

average thickness for the YSFI in these sections is 

approximately 12 6 feet.

The entire YSFI is composed of shallowing-upward 

carbonate cycles, defined as packages of carbonates 

typically bounded by erosional surfaces and internally 

displaying lithofacies representing shallower water 

deposition upward. To date, cycles within the YSFI have 

been delineated at three localities: JEN, MPS (Plate 1), and 

SHPS (Plate 2). The number of cycles comprising the YSFI at 

these localities are as follows: five (JEN), six (MPS), and

seven (SHPS). Cycles within the YSFI are dominated by the 

yellow-weathering dolomites, that typically cap the
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relatively thinner limestones.

The interval between the base of the YSFI and the first 

limestone was arbitrarily called "cycle 1" at all sections 

(Plates 1 and 2). This interval is composed solely of 

yellow-weathering dolomite characteristic of the YSFI and is 

bounded by erosional surfaces. Generally cycle 1 is poorly 

exposed, making rubbley slope or saddle. Cycle 1 is 

composed of numerous small cycles approximately 6-inches to 

2-feet thick. Internally the small-scale cycles typically 

display erosive bases, thin-laminations, rip-ups, and 

scattered shell fragments. Other characteristics which may 

be present are: birds eye structures, mud cracks, tepees, 

and vugs of uncertain origin. The vugs are typically lined 

with calcite to dolomite-filled ranging in size from 0.25-

1.5 inches in the maximum dimension and are oval in shape. 

These vugs may represent evaporite replacement. Numerous 

small cycles similarly make up the yellow-weathering 

dolomite lithofacies which cap cycles of this interval.

A typical YSFI cycle is comprised of a basal package of 

limestone lithofacies capped by the yellow-weathering 

dolomites characteristic of the interval. The basal 

limestone lithofacies typically display a sharp erosive 

base, above which both limestone and dolomite rip-ups within 

a mud matrix are exhibited. Above the basal rip-up zone
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limestone lithofacies contacts are gradational and commonly 

display a lithofacies of thinly-laminated to bioturbated 

pellet packstones containing calcispheres and ostracodes as 

the principal fossils. The capping lithofacies of the 

limestone is typically of thinly-laminated stromatolitic 

wackestone. Cycle 6 at MPS (Plate 1) displays a typical 

cycle of the YSFI.

Within the YSFI all cycles (Plates 1 and 2) are capped 

by the yellow-weathering dolomite lithofacies similar to 

that comprising cycle 1 at both MPS and SHPS. The yellow- 

weathering dolomite lithofacies represents approximately 75% 

of the total lithology within the YSFI. The preliminary 

data suggest that the number of cycles and thickness of the 

YSFI increases to the north within the GRP study area. 

Ledge-Forming Interval

The basal contact of the LFI is placed at the top of 

the last occurrence of recessive, argillaceous, yellow- 

weathering dolomite of the YSFI. Regionally the LFI is 

characterized by interbedded limestones and dolomites making 

cycles. Upward within the LFI, the limestones become 

dominant in the cycles, and thicken and become increasingly 

fossiliferous upsection. They are typically gray to dark 

gray, thin-laminated to massive, bioturbated, mudstones to 

packstones. Fauna within the limestones is highly variable.
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containing ostracodes, gastropods, brachiopods, 

stromatolites, stromatoporoids, and stick-like corals. As 

the beds thicken upward stromatoporoids, corals and 

brachiopods become the dominant fauna. Dolomites within the 

ledge-forming interval are less resistant to weathering and 

cap the limestones. Dolomites are commonly light gray to 

brown, medium- to thick-bedded, and thin-laminated 

mudstones. Commonly dolomites contain less than 1% silt

sized quartz fraction, mud cracks and stromatolitic 

horizons.

The upper contact of the LFI varies between localities; 

where the Middle Member is present the contact is placed at 

the sharp erosive base of the Middle Member (Plate 1); where 

the Middle Member is absent the contact is placed at the 

base of the first massive cliff unit above the LFI (Plate

2 ) •

The regional thickness of the LFI is extremely variable 

throughout the GRP study area (Table 2). This is due in 

part to the definition of the upper contact; in one case a 

distinct stratigraphie marker (erosional contact) is used, 

and in the other a change in the weathering-profile is used.

Within the JEN, MPS (Plate 1) and MIS sections (Figure 

1) the LFI ranges from 235, 297.5 to 380 feet in thickness

respectively. In these localities the Middle Member is
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present and the upper contact of the LFI was placed at the 

erosive base of the Middle Member. These thickness 

variations may be due to post-depositional erosion of the 

LFI in response to the deposition of the Middle Member 

(Chapter 7 and Plate 3) and may not reflect original

depositional thickness upon the Guilmette shelf.

At the SHPS (Plate 2) locality the Middle Member is 

absent. Here the thickness of the LFI is controlled by 

weathering profile instead of an exact bed. Therefore, the 

thickness of the LFI would be expected to be variable 

between similar localities (Middle Member absent) and also 

variable from localities in which the Middle Member is 

present. Within the SHPS section (Plate 2) the LFI is 621 

feet thick.

Shallowing-upward carbonate cycles make up the entire 

LFI. To date, cycles that comprise the LFI have been 

delineated at three localities : JEN, MPS (Plate 1) , and SHPS

(Plate 2). Within the JEN, MPS (Plate 1) and SHPS (Plate 2)

sections the number of cycles comprising the LFI are 22, 23, 

and 2 6 respectively. Like the thickness variations within 

this interval, the variation in the number of cycles 

comprising the LFI at a given locality reflects only the 

extent of erosion into the LFI by the Middle Member (where 

present) (Plate 3). Where the Middle Member is absent
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(SHPS, Plate 2), the upper contact of the LFI is weathering 

profile dependent, and the number of cycles comprising the 

interval may vary between localities.

A typical LFI cycle is composed of a basal package of 

limestone lithofacies capped by a relatively thinner package 

of dolomitic and/or dolomite lithofacies. The basal 

lithofacies of the limestone package commonly exhibits a 

sharp erosive basal contact. Internally this lithofacies is 

thinly-laminated to homogeneous (through bioturbation), 

containing rip-up clasts, pellets, and ostracodes and 

brachiopods as the dominant biota.

The contacts between the remaining lithofacies are 

typically gradational. Above the basal lithofacies 

limestones reflect the following lithofacies (in ascending 

order): bulbous stromatoporoid, stick-like coral, and 

gastropod biostromes, Amphipora biostromes, thoroughly 

bioturbated pellet wackestones containing mollusks, 

brachiopods, gastropods, and bryozoans as the dominant 

biota, laminated to bioturbated pellet packstones to 

mudstones containing ostracodes, brachiopods, and 

foraminifera, and thinly-laminated wackestones to mudstones 

containing planar stromatolites. The relative abundance of 

the limestone lithofacies comprising the LFI interval varies 

between the MPS and SHPS localities ; at MPS limestone
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lithofacies comprise 71% of the total interval (Plate 1), 

where as at SHPS only 4 9% of the total interval is composed 

of limestone lithofacies (Plate 2).

The typical cycle reflects capping dolomite lithofacies 

that are dramatically thinner than the capping lithofacies 

of the YSFI. The capping lithofacies of the YSFI comprised 

approximately 77% of the total thickness of the interval 

compared to 29% and 51% within the LFI at MPS and SHPS 

respectively. The capping lithofacies of a typical cycle is 

composed of a thinly-laminated, light gray to light brown 

dolomite. Internally this lithofacies is composed of mud 

cracks, rip-up clasts, and rare tepee structures. The 

dominant biota of this lithofacies are planar stromatolites, 

but typically this lithofacies is does not contain fossils. 

Examples of typical cycles within the LFI are cycles 24 and 

26 of MPS (Plate 1) and SHPS (Plate 2) respectively. The 

preliminary data suggest that limestone lithofacies are more 

prevalent within the LFI then the underlying YSFI. The 

difference in the relative proportions of limestone 

lithofacies between the MPS and SHPS suggests that the 

limestone lithofacies dominate the LFI to the southwest of 

the GRP study area.
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Lower Member at Meeker Peak 

Within the southern Worthington Mountains at the MPS 

locality (Figure 1, Plate 1), the Lower Member of the 

Guilmette Formation is 398 feet thick (Table 2). The Lower 

Member contains 29 shallowing-upward cycles. At this 

locality the Middle Member is present and controls the 

thickness and number of cycles preserved within the LFI 

(Plate 3) .

Yellow Slope-Forming Interval at Meeker Peak

At the MPS in the Worthington Mountains the YSFI is

100.5 feet thick (Table 2) comprised of 6 recognized 

shallowing-upward cycles. The lower contact is sharp and 

erosive, incorporating limestone (Fox Mountain Member of the 

Simonson Dolomite) rip-up clasts into the basal 6 inches of 

the yellow-weathering dolomite of cycle 1 (Plate 1). The 

upper contact is marked by a sharp bedding surface that 

separates a light brown thinly-laminated dolomite at the 

base of the cycle 7 (LFI) from the capping yellow-weathering 

dolomite lithofacies of cycle 6 (Plate 1).

Internally the YSFI consists of the yellow-weathering 

dolomites and gray-weathering limestones. Cycle 1 is 26- 

feet thick, bounded by erosional surfaces, and composed 

exclusively of the yellow-weathering dolomite lithofacies 

(Plate 1). Internally this cycle is composed of numerous
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smaller-scale (6 inches to 1.5 feet) shallowing-upward 

cycles. These small-scale cycles do not reflect changes in 

lithology, but instead reflect changes in energy at the time 

of deposition. This cycle is unique in that no minéralogie 

change is documented at the base of the cycle or within the 

small-scale cycles.

Cycle 6 exemplifies a typical cycle of this interval at 

MPS (Plate 1). This cycle is composed of a thin 4-foot 

thick basal limestone lithofacies capped by 22.5 feet of the 

yellow-weathering dolomite lithofacies characteristic (also 

composed of smaller cycles) of the YSFI. The basal 

limestone is thinly-laminated, thin bedded, and micritic at 

the outcrop scale. Thin-section analysis revealed that this 

limestone is a poorly-washed pelbiosparite, containing 

ostracodes and brachiopod fragments. The capping dolomite 

lithofacies is thinly-laminated and thin bedded. The 

laminations thin upward within the lithofacies and 

internally contain basal rip-up clasts capped by mud.

The limestone lithofacies account for only 

approximately 35% of the thickness of the interval. There 

is no direct evidence (solution breccia, evaporites) of 

evaporite deposition within the interval.
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Idealized Cycle for the Yellow Slope Forming Interval

Within the southern Worthington Mountains six 

shallowing-upward cycles make up the 100.5 foot thick YSFI. 

Cycle thickness varies from 3 (cycle 2) to 3 0 (cycle 6) 

feet, with an average thickness of 17.7 feet (Plate 1). The 

idealized cycle for the YSFI at Meeker Peak (Plate 1) 

incorporates six lithofacies: A through F (Figure 13).

These lithofacies are not those of Wilson (1975), and should 

not be confused with them. An idealized cycle is defined as 

a cycle model that displays the lithofacies and vertical 

successions of lithofacies over a stratigraphie interval in 

which the individual cycles exhibit similar sequences of 

depositional environments.

Lithofacies A is composed of micritic rip-up clasts, 

pellets, ostracodes and calcispheres within a poorly-washed 

micrite (Figure 13). The mud matrix within this lithofacies 

may be dolomitized. Lithofacies A corresponds to standard 

microfacies 2 4 (Plate 19).

The Lithofacies B contains bulbous stromatoporoids (not 

in growth position), gastropods, and brachiopods in a 

micrite matrix. This lithofacies is a wackestone to 

packstone in which lime mud between allochems may either be 

thinly laminated or homogenized through bioturbation (Figure 

13). Within the YSFI this lithofacies is present only
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Figure 12. Legend for Figures 13, 14, 15, 16 and 17;
Idealized cycles for the yellow slope-forming 
and ledge-forming intervals of the Lower Member.
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Figure 13 Idealized cycle for the yellow slope-forming 
interval of the Lower Member at Worthington 
Mountains (Plate 1). See Figure 12 (page 68) 
for explanation.
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within cycle 5 (Plate 1). Lithofacies B corresponds to 

standard microfacies 7(1) (Plate 4).

The lithofacies C is composed of homogeneous to thin- 

laminated lime mud containing pellets, ostracodes, 

calcispheres and foraminifera (Figure 13). Rocks of this 

lithofacies are generally wackestones. Commonly this 

lithofacies is found above lithofacies A within the YSFI. 

Lithofacies C corresponds to standard microfacies 16 or 19 

depending on the amount of micrite preserved (Plates 10 and 

12) .
Lithofacies D represents thinly-laminated micrite 

containing planar and/or domal stromatolites (Figure 13). 

This lithofacies commonly exhibits an alternation of 

limestone and dolomite where limestone corresponds to 

stromatolitic growth and dolomite to intervening mud 

deposition. This lithofacies is present in all cycles of 

the YSFI at this locality. Lithofacies D corresponds to 

standard microfacies 20 (Plate 15) .

Lithofacies E is composed of thin- to thick-laminations 

exhibiting scoured bases and graded sedimentation above 

(Figure 13). Sediment of this lithofacies is composed of 

dolomitized micrite and silt-sized quartz grains. Only a 

sparse fauna is present within the lithofacies, principally 

ostracodes. Lithofacies E corresponds to standard
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microfacies 25 (Plate 20). This lithofacies represents the 

start of deposition of the capping facies.

Lithofacies F represents the dominant sediment type of 

the capping facies and commonly forms greater than 65% of 

the cycle thickness (Figure 13). Like lithofacies E , F is 

dominantly composed of dolomitized micrite and silt-sized 

quartz grains. Sedimentary structures consist of thin even 

laminationsz mud cracks, millimeter-scale tepee structures, 

oval vugs calcite and/or dolomite filled, and bird's-eye 

structures. Planar and domal stromatolites within laminae 

constitute the dominant biota within the lithofacies. 

Lithofacies F corresponds to standard microfacies 20 and 25 

(Plate 15 and 21).

Cycle 5 (107.5-121 feet, Plate 1) is the best

representative of the idealized cycle purposed for the YSFI 

at this locality. The basal 2.5 feet comprises the 

limestone lithofacies of this cycle, composed of a 6-inch 

thinly-laminated mudstone overlain by a 1-foot thick bulbous 

stromatoporoid wackestone lithofacies and capped by a 1-foot 

thick stromatolitic lithofacies (Plate 1). Above the 

limestone a gradational contact separates the stromatolitic 

lithofacies and the yellow-weathering dolomite lithofacies 

constituting the remaining eleven feet of the 13.5 feet 

thick cycle. This cycle is unique in that the
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stromatoporoids are interpreted as representing a relatively 

"deeper" depositional environment than the lithofacies of 

this and other cycles within the YSFI at the MPS locality. 

This interpretation is based on the position of the 

stromatoporoid lithofacies within the cycle (at the base) 

and the relative abundance of the preserved organisms within 

the lithofacies compared to the overlying lithofacies. 

Ledge-Forming Interval at Meeker Peak

The LFI is characterized as a series of interbedded 

light to dark gray limestones and light to dark brown 

dolomites. The basal contact of the LFI is placed at 147.5 

feet above the base of the section (Plate 1). The top of 

cycle 6 (Plate 1) marks the YSFI/LFI contact. The contact 

is conformable between a yellow-weathering dolomite (YSFI) 

and a thinly-laminated light brown dolomite (LFI). The 

upper contact is placed 297.5 feet (Table 2) above the base 

of the LFI at the erosive base of the Middle Member, that 

comprises a massive cliff (Plate 1). The position of this 

contact is within cycle 29 (Plate 1).

Internal sedimentary structures within the limestones 

consist of thin-laminationsf varying degrees of burrowing 

(from slight where laminations are still preserved to 

complete where burrowing has produced homogeneous sediment), 

mud cracks and rip-up clasts. Stromatoporoids, stick-like
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corals, ostracodes, gastropods, brachiopods, pellets, 

mollusks, and stromatolites are the dominant fossils within 

the limestones (Plate 1). Limestone lithofacies dominate 

the individual cycles and make up 7 0% of total thickness of 

the interval. Two intervals of thinly-laminated quartzitic 

limestone were documented at the top of cycles 22 and 25, at 

340 and 377 feet above the base of the section (Plate 1).

Dolomites of the LFI are thin- to massive-bedded and 

cap shallowing-upward cycles of the interval. Internal 

sedimentary structures include thin- to thick-laminations, 

rip-up clasts, mud cracks, and tepee structures. The 

dolomites commonly contain a silt-sized quartz fraction of 

less than 1%. Ostracodes, pellets and stromatolites are the 

dominant fossils exhibited within the dolomites of the LFI 

(Plate 1). No evaporites or replacement features were 

documented within either the dolomite or limestone 

lithofacies of this interval.

Cycle 17 exemplifies a typical cycle within the LFI at 

this locality (Plate 1). The cycle contains three limestone 

beds making up the limestone lithofacies at the base of the 

cycle and capped by one dolomite lithofacies. The total 

cycle is 12.5-feet thick, composed of three limestone beds 

(2-, 5-, and 3-feet thick, in ascending order) and a 2.5-

feet thick dolomite lithofacies caps the cycle. The basal
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seven feet of the cycle contains stromatoporoids, stick- 

corals, and brachiopods, in which the content of the fossils 

decreases upward through the two beds. The lithofacies 

directly above basal limestones is composed of a three-foot, 

thick bedded, light tan, thinly-laminated micritic 

limestone. The capping dolomite lithofacies is 2.5-feet 

thick, composed of thin beds which thicken upward and are 

thinly-laminated internally.

Idealized Cycle for the Ledge-Forming Interval

Within the southern Worthington Mountains twenty-two 

shallowing-upward cycles make up the 297.5 foot thick LFI 

(Plate 1). Cycle thicknesses vary from 2.5 (cycle 15) to 31 

(cycle 18) feet, and average 13 feet (Plate 1). The 

idealized cycle for the LFI at Meeker Peak (Plate 1) has ten 

lithofacies: A-G and I-K (Figure 14). Lithofacies H is not 

present at this locality (see SHPS discussion, below).

These lithofacies labels do not apply to the different set 

of labels given to the YSFI idealized cycle.

Lithofacies A is a wackestone to packstone containing 

micritic rip-up clasts and pellets within a generally 

poorly-washed micrite. Fossils within the lithofacies 

consist of ostracodes, calcispheres and disarticulated 

brachiopods (Figure 14). Lithofacies A corresponds to 

standard microfacies 24 (Plate 19).
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Ledge-Form ing Interval
al M eeker Peak

Idealized Cycle

Figure 14. Idealized cycle for the ledge forming interval 
of the Lower Member at Worthington Mountains 
(Plate 1). See Figure 12 (page 68) for 
explanation.
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Lithofacies B represents biostrome development 

dominantly composed of bulbous stromatoporoids, 

stick-like corals, and gastropods within a mud matrix 

(Figure 14). This packstone lithofacies corresponds to 

standard microfacies 7(1) (Plate 4).

Lithofacies C represents the deposition of the 

biostromal wackestone to packstone dominantly 

composed of the stromatoporoid Amphipora (Figure 14). 

Commonly the Amphipora is totally encased in mud matrix.

The lithofacies is commonly dolomitized throughout the 

Guilmette Formation. The Amphipora biostromal lithofacies 

corresponds to standard microfacies 7(2) (Plate 5).

Lithofacies D is composed of homogeneous lime mud with 

skeletal debris (Figure 14). This lithofacies exhibits a 

mottled appearance, nodular bedding, and preserved burrows. 

Bedding is virtually non-existent within this lithofacies 

due to the homogenization of the mud by burrowing organisms. 

Where bedding planes are present the development of soft, 

firm, or hard-grounds are commonly found. Pellets, 

gastropods, foraminifers, and brachiopods are the dominant 

allochems of this lithofacies. This wackestone lithofacies 

corresponds to standard microfacies 9 (Plate 6).

Lithofacies E is composed of partially preserved 

laminations (Figure 14). Sets of laminations (2 to 5 inches
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in thickness) are composed of a basal zone thinly-laminated 

lime mud and homogenous (through burrowing) lime mud above. 

This lithofacies reflects intermittent bioturbation.

Pellets, gastropods and brachiopods comprise the dominant 

fossil types exhibited within this mudstone to wackestone 

lithofacies. Lithofacies E corresponds with the standard 

microfacies 9 (Plate 6).

Lithofacies F is composed of interbedded horizons of 1) 

diverse faunal fragments, rip-up clasts and pellets within 

spar cement and 2) bioturbated lime muds (Figure 14). 

Brachiopods, mollusks, gastropods, and ostracodes are the 

dominant fossil types within the lithofacies. Lithofacies F 

corresponds to standard microfacies 12 (Plate 9).

Lithofacies G is composed of bulbous stromatoporoids 

(not in growth position), gastropods, and brachiopods 

(Figure 14). This lithofacies is a wackestone to packstone 

in which lime mud between allochems may either be thinly- 

laminated or homogeneous through bioturbation. Lithofacies 

G corresponds to standard microfacies 7(1) (Plate 4).

Lithofacies I is composed of homogeneous to thin- 

laminated lime mud containing pellets (Figure 14). This 

lithofacies commonly contains ostracodes, calcispheres and 

foraminifera. This wackestone to packstone lithofacies 

corresponds to standard microfacies 16 or 19 (Plates 10 and
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12) depending on the amount of micrite present.

Lithofacies J is composed of thinly-laminated lime mud 

(Figure 14). No fossils or burrows are exhibited in this 

lithofacies. Coarse silt-sized quartz grains may occur 

within this otherwise pure micrite lithofacies. Lithofacies 

J corresponds to standard microfacies 23 (Plate 17).

Lithofacies K represents the capping lithofacies within 

the LFI, characterized by thinly-laminated dolomitized muds 

(Figure 14). Fine sand-sized to coarse silt-sized quartz 

grains commonly make up less than 1% of the lithofacies, yet 

in some cycles the quartz content increases upward. Mud 

cracks, stromatolites, and dolomite intraclasts between mud- 

lamination have been documented in this lithofacies. Both 

standard microfacies 24 and 25 are present within

lithofacies K (Plate 19 and 20) .

Lithofacies E and H are the rarest lithofacies within 

the cycles. In addition, lithofacies B and C are rarely 

found juxtaposed in vertical succession.

Cycle 24 (352.5-371.6 feet, Plate 1) is the best

representative of the idealized cycle proposed for the LFI 

at this locality. This cycle is composed of 18.5-feet of

limestone and capped by only eight-inches of dolomite. The

basal 2.5 feet is composed of a massive bedded bulbous 

stromatoporoid limestone corresponding to the idealized
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cycle lithofacies B. The five-foot bed directly above 

corresponds to lithofacies C; a massive bedded limestone 

containing the stromatoporoid Amphipora. The overlying five 

feet corresponds to three descriptive intervals within the 

section and reflect the deposition of bioturbated muds 

typical of lithofacies D. The remaining six-feet of the 

limestone lithofacies reflects the deposition of thin- 

laminated muds typical of lithofacies I. The capping 

lithofacies of this cycle is a eight-inch thinly-laminated 

dolomite and corresponds to lithofacies K of the idealized 

cycle.

Lower Member at Sidehill Pass 

Within the southern Schell Creek Range at the SHPS 

locality (Figure 1, Plate 2), the Lower Member of the 

Guilmette Formation is 621 feet thick (Table 2) . It is 

characterized by the cyclic deposition of interbedded 

limestones and dolomites. Thirty-three shallowing-upward 

cycles comprise the member. Internally, the Lower Member 

was subdivided into the yellow slope-forming interval (YSFI) 

and ledge-forming interval (LFI). At this locality the 

Middle Member is absent.

Yellow Slope-Forming Interval at Sidehill Pass

The basal contact is placed at the base of the first 

occurrence of the yellow-weathering, argillaceous dolomite
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above the Simonson Dolomite. Within the Schell Creek Range 

this contact is erosional upon an originally karsted surface 

of the Simonson Fox Mountain Member. Erosion incorporated 

rip-up clasts into the basal foot of the dolomite (Plate 2). 

The upper contact is placed 129 feet (Table 2) above the 

YSFI base at the top of the last occurrence of recessive 

yellow-weathering dolomite characteristic of this interval 
(Plate 2).

The YSFI consists of the yellow-weathering dolomites 

and gray-weathering limestones containing the sedimentary 

structures and textures described above. As mentioned 

before, cycle 1 (Plate 2) consists totally of the yellow- 

weathering dolomite lithofacies. The cycle is 50-feet thick 

and composed of numerous small-scale cycles with an average 

thickness of 1 to 2 feet.

Cycle 6 exemplifies a typical cycle of this interval at 

SHPS (Plate 2). A basal three-foot limestone and a capping 

ten-foot dolomite comprise the cycle. Internally the basal 

limestone is thinly-laminated, massive bedded, and composed 

dominantly of m u d . The capping dolomite lithofacies is a 

thinly-bedded, thinly-laminated mudstone unit that 

internally displays mud cracks.

The limestone lithofacies account for only 

approximately 37.5% of the total thickness of the interval.
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The remaining 62.5% of the total thickness is comprised of 

the yellow-weathering dolomite lithofacies characteristic of 

the interval. Like the YSFI of the Meeker Peak section 

there exists no direct evidence of evaporite deposition 

within the YSFI at this locality.

Idealized Cycle for the Yellow Slope-Forming Interval

Within the southern Schell Creek Range seven 

shallowing-upward cycles make up the 129 foot thick YSFI. 

Cycle thicknesses vary from 2 (cycle 5) to 60 (cycle 1) 

feet, with an average thickness of 18.5 feet (Plate 2). No 

additional lithofacies were documented at the Sidehill Pass 

locality. Therefore, the proposed idealized cycle for the 

YSFI at the Meeker Peak locality is also proposed for the 

Sidehill Pass locality (Figure 13). Refer to the discussion 

of the YSFI idealized cycle at the Meeker Peak locality for 

cycle lithofacies descriptions (Page 69).

Cycle 4, which comprises 12.5 feet, is the best 

representative of the idealized cycle purposed for the YSFI 

at this locality (Plate 2). The basal 7.5 feet of the cycle 

are composed of limestone, representing the deposition of 

lithofacies A, B, and C of the idealized cycle. The basal 

2.5 feet of the cycle exhibits a thinly-laminated mudstone 

corresponding to lithofacies A. A six-inch wackestone bed 

of tumbled bulbous stromatoporoids corresponding to
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lithofacies B overlies the thinly-laminated mudstone. 

Thinly-laminated micritic limestone reflecting the 

deposition lithofacies C makes up the remaining 4.5 feet of 

the limestone lithofacies of cycle 4. The remaining 3 feet 

of the cycle represent the deposition of lithofacies E and 

is composed of thinly-laminated micritic dolomite 

characteristic of the YSFI. This cycle is similar to cycle 

5 of the MPS section (Plate 1), in that both are the only 

cycles within the YSFI at localities which contain this 

relatively deeper-water lithofacies.

Ledge-Forming Interval at Sidehill Pass

The LFI is characterized as a series of interbedded 

light to dark gray limestones and light to dark brown 

dolomites. The basal contact of the LFI is placed 129 feet 

above the Simonson/Guilmette contact (Plate 2), above the 

last occurrence of the yellow-weathering dolomite of the 

YSFI. The top of cycle 7 (Plate 2) marks the YSFI/LFI 

contact. The contact is conformable between the yellow- 

weathering dolomite (YSFI) and a thinly-laminated, brown to 

gray weathering limestone (LFI). The upper contact is

placed 621 feet (Table 1) above the base of the LFI at the

first massive cliff-forming interval above the LFI 

(Plate 2). The position of this contact is placed within

cycle 3 3 (Plate 2).
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Both the limestone and dolomite lithofacies comprising 

the LFI show similar sedimentary structures and textures as 

previously described within the LFI at the MPS locality.

The major difference between the two localities is the 

proportion of limestone lithofacies making up the interval. 

At this locality limestone constitutes only approximately 

39% of the total thickness of the interval, approximately 

2 5% less than the MPS.

Cycle 26, at 821 feet (Plate 2)z represents a typical 

cycle of the LFI at the Sidehill Pass locality. The basal 

2 6.5 feet of the cycle is composed of thin bedded 

bioturbated micritic limestone. Burrows are preserved 

within this limestone. Directly above the bioturbated 

lithofacies is a 1-foot thick bed of Amphioora. A four-foot 

thick thinly-laminated dolomite overlies the Amphipora bed. 

The remaining 1 foot of the cycle is composed of a 

diagenetically altered dolomite. This dolomite is composed 

of dark gray to black and white bands of dolomite.

Typically the white bands of dolomite is composed of coarser 

crystals of dolomite than the darker bands. The bands 

alternate in color and are typically orientated subparallel 

to bedding. This lithofacies typically occurs within 

mudstones at or near the top of cycles and was termed "zebra 

rock" within Plates 1 and 2 (in pocket).
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Idealized Cycle for the Ledge-Forming Interval

84

Within the southern Schell Creek Range twenty-eight 

sha11owing-upward cycles make up the 621-foot-thick LFI 

(Plate 2). Cycle thicknesses vary from 2 (cycle 22) to 68 

(cycle 18) feet, with an average thickness of 23 feet (Plate

2). The idealized cycle for the LFI at Sidehill Pass (Plate

2) involves eleven lithofacies: A-K (Figure 15).

The idealized cycle for the LFI at Sidehill Pass

contains the addition of one lithofacies, Lithofacies H

(Figure 15), which is not present within the LFI at the 

Meeker Peak locality (Figure 14). This lithofacies contains 

algal-coated grains (oncolites) within a mud matrix. This 

lithofacies also occurs within the LFI in other localities, 

such as the JEN, J E S , and MIS localities (Figure 1).

Lithofacies H is composed of oncolites within a mud 

matrix. This lithofacies commonly contains thin-laminated 

lime mud between oncolites. The oncolites nucleated on 

Amphioora fragments within SHPS and ostracode tests 

throughout the GRP study area. The wackestone to packstone 

lithofacies corresponds to Wilson's (1975) standard 

microfacies 13 (Plate 8). Lithofacies H typically comprises 

less than 2 feet (e.g. 659-660 feet, Plate 2) of the total

cycle thickness. For discussion of the remaining 

lithofacies, refer to the LFI idealized cycle of the
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Ledge-Forming Interval
at Sidehill Pass

Idealized Cycle

s
-S

Litho-
faoes

Figure 15. Idealized cycle for the ledge-forming interval 
of the Lower Member at Schell Creek Range 
(Plate 2). See Figure 12 (page 68) for 
explanation. This figure is not drawn to 
proportional scale, lithofacies K at this 
locality makes up approximately 50% of the total 
cycle thickness. The figure was drawn in this 
manner to best depict the variations within 
the limestone lithofacies.
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MPS locality.

No single cycle displays a majority of the lithofacies 

for the idealized cycle at this locality. The idealized 

cycle for this locality represents lithofacies exhibited 

throughout the LFI. The placement of lithofacies within the 

idealized cycle was constructed based on the position of 

lithofacies within the individual cycles of the interval.

Interpretations of the Lower Member

The analysis of cycles and cycle durations, within both 

the Lower and Upper Member, is preliminary and subject to 

change as in depth studies are conducted.

The Lower Member of the Guilmette Formation reflects 

small-scale (tens of feet) shallowing-upward cyclic 

deposition within an overall large-scale (hundreds of feet) 

relative deepening trend throughout the member (Plates 1 and 

2). Cycles within the Lower Member reflect a depositional 

range of shallow subtidal to supratidal facies tracts 

(Figure 4). Upward, relatively deeper-water limestones 

become the dominant lithofacies comprising small-scale 

cycles. The overall deepening is interpreted to reflect a 

major transgression (the Middle asvmmetrica Zone eustatic 

rise, Johnson and Sandberg, 1989) that progressively

inundated the GRP study area.

The cause of the cyclicity may be due to autocyclic
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processes, regional or local tectonic events, or shifts in 

sedimentation due to Milankovitch climate cycles. The 

strongest evidence against autocyclic processes lies within 

the incomplete cycles and the average duration of the 

cycles. The autocyclic process proposed by Ginsberg (1971) 

relies on a steady and continuous subsiding platform, in 

which carbonate sedimentation outpaces subsidence. In this 

model complete shallowing-upward cycles will develop and 

progradation basinward until the effective area of carbonate 

generation has been reduce to the point were the sediment 

production rate falls behind subsidence and in effect 

ceases. Continued subsidence will result in the drowning of 

the platform and sedimentation will continue only after the 

waters become deep enough (shallow lagoonal/shallow 

subtidal) to allow sedimentation.

The cycles within the Lower Member of the Guilmette 

Formation depict a number of incomplete cycles, for example 

cycles 28 and 25 of MPS and SHPS respectively. These cycles 

exhibit no capping lithofacies, differing with the 

autocyclic model which should exhibit complete cycles 

followed by a lag time during which the platform is flooded.

Though no biostratigraphic age determinations were 

conducted, one can approximate the average duration of 

individual cycles by dividing the regional average duration
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of the Guilmette Formation by the number of cycles exhibited 

at the locality. In this study the Guilmette was measured 

in its entirety at the Sidehill Pass locality where the 

Guilmette is composed of 102 cycles. Dividing 4,500,000 

years (Johnson and Sandberg, 1989), the average duration of 

the Guilmette, by 102 cycles gives an average cycle duration 

of approximately 44,117 years. This number is very close to 

the 41,000 year cycles related to the axial tilt of the 

earth. These data also argue against the autocyclic 

process.

Though the cycles exhibit characteristics associated 

with eustatic variations, local tectonics may have played a 

role in the variations exhibited within and between cycles. 

The Antler Orogeny was developing to the west during the 

deposition of the Guilmette and may have modified or even 

controlled the cyclicity of the deposits.

Interpretation of the Yellow Slope-Forming Interval

The YSFI is interpreted as being deposited within 

lower intertidal to supratidal environments. The small- 

scale cycles are typically composed of greater than 75% of 

cycle zones E and F of a typical cycle, which represents the 

capping lithofacies deposited within the supratidal 

environment. Limestone deposition within the YSFI does not 

occur until 25.5 and 50 feet above the basal contact at MPS
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and SHPS respectively. Below these levels the yellow- 

weathering dolomites are composed of several dozen smaller- 

scale shallowing-upward cycles. Above, the interbedded 

limestones within the YSFI constitute less than 25% of the 

total cycle thickness. The interbedded limestones are 

interpreted to represent no greater than the shallow 

subtidal zone (Figure 11).

The dominance of the capping supratidal lithofacies 

within the YSFI suggests that the sediment rate closely 

approximated relative sea-level rise. When the 

sedimentation rate outpaced subsidence or rise in sea level, 

the capping supratidal lithofacies went to complete exposure 

and sedimentation generally ceased. With continued 

subsidence or sea level rise, the area was flooded and 

typically the intertidal facies tract became established.

The YSFI exhibits similar depositional environments 

throughout the entire GRP study area, suggesting that 

deposition of this interval occurred upon a broad inner 

shelf. The number of cycles comprising the YSFI varies by 

only one between the two localities; six cycles at MPS 

(Plate 1) and seven cycles at SHPS (Plate 2). The 

difference of one cycle may be the result of paleotopography 

or relative seaward position upon the shelf, Sidehill Pass 

probably occupying a relatively higher position or landward
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position upon the shelf versus Meeker Peak.

Interpretation of Yellow Slope-Forming Interval Idealized 

Cycle. The interpretation of the paleoenvironments 

operating during deposition of the idealized cycle consisted 

of assigning each lithofacies a facies tract and standard 

microfacies. From these interpretations a relative sea- 

level curve was constructed (Figure 16, Plates 1 and 2).

Lithofacies A is interpreted to represent the initial 

transgression over the supratidal environment below. This 

lithofacies records the onset of deposition within a small- 

scale shallowing-upward cycle. The deposition of this 

lithofacies is interpreted to have occurred within the 

intertidal facies tract (Figure 16) .

Lithofacies B is interpreted to represent the 

deposition of transported allochems within tidal channels. 

Deposition of this lithofacies is interpreted not to be 

confined to a single facies tract, but rather to a range of 

facies tracts from shallow subtidal to lower intertidal 

(Figure 16). Differentiation between the two depositional 

environments was based on the amount of micrite preserved 

and paleoenvironmental interpretations of bounding 

lithofacies. In general, lithofacies exhibiting higher 

proportions of micrite reflect lower energy depositional 

environments and fall into the shallow subtidal facies
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Yellow Slope-Forming Interval

Idealized Cycle
Relative Sea-level Curve
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Figure 16. Idealized cycle for the YSFI of the Lower
Member. SMF: Standard microfacies. Relative
sea-level curve constructed from lithofacies 
descriptions and facies tract interpretations. 
See Figure 12 (page 68) for explanation.
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tract.

Lithofacies C is interpreted to represent deposition 

within the intertidal facies tract (Figure 16). The amount 

of wave energy subjected to this lithofacies is documented 

by the relative amount of lime mud preserved within the 

lithofacies, therefore, the designation of either 

microfacies 17 or 20. This lithofacies is typically mud- 

rich; corresponding to microfacies 20.

Lithofacies D is interpreted to represent deposition 

within the upper intertidal facies tract. This lithofacies 

marks the transition between the intertidal and supratidal 

facies tracts (Figure 16).

Lithofacies E is interpreted to represent the 

deposition of muds by seasonal high tides and storm-tides. 

This lithofacies is deposited above the normal high-tide 

line within the supratidal facies tract (Figure 16).

Lithofacies F is interpreted to represent supratidal 

deposition, affected by periodic flooding and prolonged 

exposure (Figure 16). The deposition of this lithofacies 

occurred above the effects of both normal and storm tides.

Cycles within the YSFI are dominated by the presence of 

mud- and silt-sized particles within all cycle zones. The 

dominance of mud within the depositional environments is 

interpreted to represent low wave and/or current agitation
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at the time of deposition. Therefore, the cycles of the 

YSFI represent the muddy sequences described by James 

(1984). Classic indicators of evaporite deposition 

(collapse breccias, hopper casts, and evaporites) within the 

YSFI were not seen. Periodic evaporite deposition may have 

resulted in the preservation of bird's eye structures and 

calcite-lined to coarse dolomite-filled nodules, yet these 

features are not widespread throughout the formation. 

Therefore, the deposition of the YSFI is interpreted to have 

occurred within a humid or seasonally humid paleoclimate 

(James, 1984; Hardie, 1986).

Interpretation of the Ledge-Forming Interval

The LFI is interpreted as being deposited within a 

range from shallow subtidal to supratidal paleoenvironments. 

This interval reflects large-scale relative sea level rise 

over the GRP study area upon the Guilmette shelf. Small- 

scale cycles contain lithofacies exhibiting subtidal to 

upper intertidal depositional environments as their dominant 

component. Commonly the cycles do not go to completion 

(e.g. cycles 18 and 21 of SHPS and MPS respectively), 

instead cycles may exhibit only subtidal to intertidal 

lithofacies. Due to the presence of incomplete cycles and 

the dominance of relatively deeper-water lithofacies 

exhibited in the small-scale cycles of the LFI, the rate of
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subsidence and/or eustatic rise is interpreted to have 

outpaced sedimentation. Incomplete cycles are more common 

within the LFI at the Meeker Peak locality than at Sidehill 

Pass. This observation, combined with the increase (by 2 5%) 

in total thickness of dolomite present at SHPS (Plate 2), 

may reflect that the SHPS occupied a relative position 

closer to the strandline than the MPS locality. 

Interpretation of Ledge-Forming Interval Idealized 

Cycle. The interpretation of the paleoenvironments 

operating during deposition of the idealized cycle consisted 

of assigning each lithofacies a facies tract of deposition 

and a standard microfacies. From these interpretations a 

relative sea-level curve was constructed (Figure 17). The 

LFI idealized cycle from the SHPS locality will be used for 

this discussion due to its completeness on a regional basis 

throughout the GRP study area (Figure 17).

The cycle zone A lithofacies is interpreted to 

represent the initial transgression over the supratidal 

deposits below. This lithofacies records the onset of 

deposition. This lithofacies is interpreted as deposition 

within the intertidal facies tract (Figure 17) .

The cycle zone B lithofacies is interpreted as 

a biostromal deposit containing in-place bulbous 

stromatoporoids, stick-like corals and gastropods within a
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Ledge-Forming Interval

Idealized Cycle
Relative Sea-level Curve
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Figure 17 Idealized cycle for the LFI of the Lower Member. 
SMF: Standard microfacies. Relative sea-level 
curve constructed from lithofacies descriptions 
and facies tract interpretations. See Figure 12 
(page 68) for explanation.
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mud matrix. This lithofacies is interpreted as representing 

deposition within the shallow subtidal facies tract (Figure 

17) .

Lithofacies C is interpreted to represent the 

development of Amphipora biostromes within the subtidal 

facies tract (Figure 17). Muds totally encase the 

Amphipora, suggesting that the Amphipora may have acted as a 

baffle, trapping mud-sized particles. This lithofacies 

commonly exhibits dolomitization of the mud-sized particles ; 

moldic porosity or calcite cement comprises the Amphipora 

constituent.

Lithofacies D is interpreted to have been deposited 

within the subtidal facies tract (Figure 17). This 

lithofacies contains lime mud in which bioturbation is 

complete. Horizons within this lithofacies exhibit the 

preservation of soft-, firm-, and hard-grounds. These 

horizons are interpreted to represent periods of little or 

no sedimentation in which some lithification took place 

prior to burrowing (soft and firm-grounds) or boring (hard- 

grounds) .

Lithofacies E is interpreted to represent deposition of 

intermittent bioturbated lime-muds within the subtidal 

facies tract (Figure 17). The intermittent bioturbation 

characteristic of this lithofacies is interpreted to have
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occurred during periods in which the sedimentation rate 

outpaced the rate of bioturbation. An alternative 

interpretation is that this lithofacies was subjected to 

seasonal storm-currents that laminated previously 

bioturbated muds. This process was repeated throughout 

deposition of the lithofacies.

Lithofacies F is interpreted to represent the 

deposition of lime muds within the subtidal facies tract 

within storm wave base (Figure 17). Storm waves affecting 

the floor provided the agitation required to winnow muds and 

preserve bioclastic packstones interbedded with bioturbated 

muds.

Lithofacies G is interpreted to represent the 

deposition of transported allochems within tidal channels. 

Deposition of this lithofacies is interpreted to have 

occurred within the shallow subtidal to lower intertidal 

facies tracts (Figure 17).

Lithofacies H is interpreted to represent lower 

intertidal facies tract deposition (Figure 17). The 

oncolitic wackestones to packstones characteristic of this 

lithofacies are interpreted to reflect restricted shallow 

depressions in which the waters were hypersaline. The 

hypersalinity of the water may have inhibited the 

establishment of herbivores, allowing the algal-coated
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grains to develop.

Lithofacies I is interpreted to represent deposition 

within the intertidal facies tract (Figure 17). Relative 

wave energy is documented by the amount of lime mud 

preserved within the lithofacies, therefore, the designation 

of either microfacies 17 or 20. Dominantly this lithofacies 

is mud-rich, corresponding to microfacies 20.

Lithofacies J is interpreted as the deposition of 

thinly-laminated muds within the upper intertidal facies 

tract (Figure 17).

Lithofacies K is interpreted to represent the 

deposition of muds within the supratidal facies tract 

(Figure 17). This lithofacies is commonly mudstone that is 

interpreted to have been dolomitized penecontemporaneously.

Summary of the Lower Member 

The Lower Member is characterized by shallowing-upward 

carbonate cycles, consisting of basal light to dark gray 

limestones and yellow to dark brown dolomites. Throughout 

the GRP study area the Lower Member varies in thickness from 

750 (SHPS) to 3 36 (JEN) feet. The base of the member is 

placed at the base of the first distinctive yellow- 

weathering dolomite above the Simonson Dolomite. The upper 

contact is placed at the sharp and erosive surface at the 

base of the Middle Member, or at the base of the first
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massive cliff-forming unit above the base of the ledge- 

forming interval, if the Middle Member is absent. The Lower 

Member can readily be subdivided into two intervals 

throughout the GRP study area : yellow slope-forming (YSFI) 

and ledge-forming (LFI).

The YSFI is comprised of shallowing-upward carbonate 

cycles. Within the base of the interval, cycles are 

composed of yellow-weathering supratidal dolomites.

Upsection the base of cycles reflect relatively deeper-water 

deposition by light gray-weathering intertidal limestones. 

These intertidal limestones gradually thicken and become the 

dominant lithofacies upsection as the yellow-weathering 

capping dolomites thin. Six and seven shallowing-upward 

cycles comprise the YSFI at the MPS and SHPS localities, 

respectfully. Cycle thicknesses vary from 2.3 to 60 feet, 

with average thickness of 18 feet.

At both localities the idealized cycle for the YSFI is 

comprised of five lithofacies, exhibiting paleoenvironments 

ranging from shallow subtidal to supratidal. All 

lithofacies within the YSFI exhibit high concentrations of 

mu d , reflecting relatively quite-water conditions at the 

time of deposition. Within some of the capping dolomites of 

the YSFI possible evaporite indicators (bird's eye 

structures and calcite-lined to dolomite-filled nodules)
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were documented. These structures suggest short-lived 

periods of evaporite deposition within an semi-arid 

depositional climate.

The LFI is characterized by the cyclic deposition of 

light to dark gray limestones and light tan to dark brown 

dolomites. The basal contact is placed above the uppermost 

occurrence of yellow-weathering dolomite of the YSFI. The 

Middle Member exhibits an erosive base that erodes into the 

cyclic deposits of the LFI. Therefore, in localities where 

the Middle Member is present the thickness of the LFI is 

dramatically less than in localities where the Middle Member 

is not present. At localities were the Middle Member is 

absent the upper contact is arbitrary. At the MPS locality, 

the Middle Member is present, the LFI is 297.5 feet thick 

and composed of 2 3 shallowing-upward cycles. At the SHPS 

locality, the Middle Member is absent, the LFI is 621 feet 

thick and composed of 26 shallowing-upward cycles. Cycle 

thicknesses vary from 2 to 68 feet, with an average 

thickness of 18 feet.

The idealized cycle for the LFI involves 10 lithofacies 

at MPS and 11 lithofacies at SHPS. The lithofacies exhibit 

paleoenvironments ranging from subtidal to upper intertidal, 

at both localities. All lithofacies within the LFI exhibit 

high concentrations of mud, reflecting relatively quite-
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water conditions at the time of deposition. No evaporites 

or evaporite indicators were observed, suggesting a humid 

depositional climate.

The small-scale shallowing-upward cycles exhibit an 

overall increase in thickness of the subtidal lithofacies up 

section. Thus, the Lower Member represents a single large- 

scale cycle overall deepening of the platform during the 

deposition of the Guilmette Formation possibly in response 

to the major transgression (Middle asvmmetrica Zone, Johnson 

and Sandberg, 1989) that inundated the platform.

The cause of cyclicity upon the platform seems to be 

the result of eustatic fluctuation rather than autocyclic 

processes. Incomplete cycles and cycle duration are the 

primary evidence for the eustatic model. To provide further 

support for this model, regional cycle correlations should 

be conducted.
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Chapter 7: MIDDLE MEMBER, OR ALAMO BRECCIA,
OF THE GUILMETTE FORMATION

As discussed below, the Middle Member is interpreted as 

representing a single depositional event in which a 

sedimentary breccia was deposited upon the Early Frasnian 

shallow-water carbonate platform of southeastern Nevada.

The Middle Member has been identified in the following 

ranges : Delamar, West Pahranagat, Timpahute, Worthington, 

and Grant, with an areal extent of approximately 4000 square 

miles. The distribution of the Middle Member is confined to 

the western third of the GRP study area. Palinspastic 

reconstruction of the area must be done to interpret the 

actual distribution of the Middle Member over the Devonian 

shelf.

The Middle Member varies in thickness throughout the 

GRP study area from approximately 30 to 435 feet (Table 3). 

The Middle Member was informally named the "Alamo Breccia" 

by Warme, et al. (1991) for the town of Alamo, Nevada, where 

the Alamo Breccia was first recognized in nearby outcrops. 

Herein, the Middle Member will be termed the Alamo Breccia 

(AB). Conodont samples taken from bounding beds, within the 

Pahranagat Range (JEN section. Figure 1), indicate that the 

AB is solely within the Palmatolepis punctata zone of 

Ziegler and Sandberg (1990) (C. Sandberg, personal
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communication, via J. Warme, 1991). This zone represents

approximately 500,000 years from roughly 373 to 373.5 Ma, 

during the Early Frasnian (Figure 8).

Regional Description 

This study characterizes the Alamo Breccia as a 

sedimentary breccia deposit containing lithoclasts of 

limestone and dolomite within a finer-grained limestone or 

dolomitized matrix. The AB was previously described within 

Lincoln County (Tschanz and Pampeyan, 1970), the West 

Pahranagat Range (Reso, 19 63), and Timpahute Range at Mount 

Irish (Dunn, 1979). In their Lower Member, Tschanz and 

Pampeyan (197 0, p. 36) mentioned several massive beds of 

sedimentary reef breccias, largely composed of broken 

stromatoporoid heads, widely distributed in the western half 

of Lincoln County. GRP measured sections within western 

Lincoln County suggest that only one massive cliff-forming 

sedimentary breccia is present, that being the AB. Within 

the Pahranagat Range, Reso (1963, p. 909) described a 12 0- 

340-foot-thick massive biostromal cliff containing 

stromatoporoids and other fauna, within the upper portion of 

his Lower Member. Measured sections JEN and JES (Figure 1) 

within the Pahranagat Range showed 175 feet of sedimentary 

breccia (AB) at the stratigraphie horizon described by Reso 

(1963). At Mount Irish, within the Timpahute Range, Dunn



Table 3
Middle Member/AB of the Guilmette Formation

A
Location JES JEN MMS CPS MIS MPS SHPS

Measured
Thickness 175 175 190 435 180 132 0

Measurements in feet

B
Eastern Delamar

Location Grant Range Range

Approximate
Thickness

80 30

Measurements in feet

Table 3A lists thicknesses of the Middle Member (AB) at 
seven locations as measured by the GRP. The average 
thickness of the Middle Member (where present) is 214 feet.

Table 3B lists approximate thicknesses of the Middle 
Member (AB) at three other locations. Location of these 
measured sections are shown in Figure 1.
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(197 9) described 56-164 feet of limestone breccia composed 

of 75% skeletal fragments and 25% subangular to angular 

lithoclasts within a lime-mud matrix, exhibiting a scoured 

basal surface. The GRP section measured at Mount Irish,

MIS, (Figure 1) records 18 0 feet of AB at the same 

stratigraphie position described by Dunn (1979).

Throughout the study area the AB exhibits a lower 

chaotic interval gradational to an upper more organized 

normally graded interval. Typically, the gradational 

transition from chaotic to graded is located between 25-40 

feet below the top of the AB. If the average thickness of 

the AB is 214 feet throughout the GRP study area (Table 3) 

then roughly the upper 15% of the AB exhibits grading, while 

the lower 8 5% is chaotic. There is one exception to this 

generalization at the CPS section within the western 

Timpahute Range (Figure 1). Here the AB exhibits 

organization throughout approximately the upper 70% of the 

deposit.

Basal Contact

Throughout the GRP study area the basal contact is 

sharp and erosive. The contact varies in its stratigraphie 

distance above the Guilmette/Simonson contact throughout the 

study area. The basal contact is located 550, 398 and 336

feet above the Guilmette/Simonson contact at the MIS, MPS
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and JEN localities, respectively. The contact is typically 

a sharp surface approximately following bedding, yet 

laterally it abruptly cuts up or down through tens of feet 

of stratigraphie section within the LFI. To date the 

maximum amount of LFI section removed has not been 

determined. At Mount Irish (MIS, eastern Timpahute Range), 

Dunn (1979, p. 45) described the basal contact as follows :

Scoured surfaces occur at interfaces between
bedded limestone and overlying breccia.

A basal contact feature not described by previous 

workers are beds preserved in the process of being ripped up 

from the underlying strata. These features have been 

discovered in the northern Pahranagat Range and southern 

Worthington Mountains (Figures 18 and 19). They are not 

rip-up clasts by definition, therefore the 

term "peels" is applied herein. Matrix, consisting of 

cobble- to pebble-sized lithoclasts and bulbous 

stromatoporoids within a finer grained groundmass, 

interfingers between strata comprising the peel and the 

underlying strata. This relationship is believed to 

represent the injection of the matrix, via current flow, 

along pre-existing weaknesses. The peels exhibit plastic 

deformation and are recumbently folded with the fold open in 

the apparent flow direction. The peel structures may be 

reflecting the origin of lithoclasts exhibited within the
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deposit. No steep channel margins have been discovered at 

any of the localities.

Matrix

The particles that comprise the matrix in the AB vary 

in size. In general, both the matrix and the lithoclasts of 

this deposit are normally graded and become smaller upward. 

The larger constituents of the "matrix” within the basal 

portion of the deposit are the same size as the "clasts" 

within the upper portion of the deposit. Within the lower 

85% of the deposit the term "matrix" is arbitrarily used for 

constituents of the deposit less than eight inches in the 

maximum exposed dimension (Figure 20). The matrix 

throughout the AB consists of tumbled bulbous

stromatoporoids, and limestone and dolomite fragments of the 

lithologies described below. Up section the matrix 

component continually loses coarse fraction, until the 

matrix is composed of mud-sized particles at the top (Figure 

21) .
Clasts

Lithoclasts within the AB consist of both limestones 

and dolomites; siliciclastic clasts comprise less than 1% of 

the total lithoclasts. The term "clast" is used herein for 

lithoclasts that are larger than the constituents of the 

"matrix" at a particular horizon.
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Figure 20. Photograph of the matrix at the base of the 
Alamo Breccia at the Meeker Peak section.
This photo exhibits a five-inch tabular dolomite 
clast (A) , brachiopod (B) and a tumbled
stromatoporoid head (C) all within a fine
grained matrix. This photograph represents the 
typical matrix component of the deposit within 
the lower chaotic part of the deposit.
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Limestone clasts exhibit diverse lithologies from 

unfossiliferons, thin-laminated, thin-bedded, mudstones to 

fossiliferous, thick-bedded, bioturbated, wackestones to 

packstones. Dolomite clasts also exhibit diverse 

lithologies consisting of the dolomitized limestone types 

mentioned above as well as dolomites containing thin- 

1aminations, stromatolitic development, mud cracks and tepee 

structures. Large stromatoporoids and stromatoporoid 

biostromes commonly occur as clasts. No carbonate clasts 

characteristic of a basinal depositional environment have 

been discovered. No clasts of brecciated material have been 

documented.

Clast sizes range from 80 by 1000 feet to very fine 

sand-sized. Three clast sizes have been delineated for 

descriptive purposes, large (hundreds of feet in the maximum 

exposed dimension), medium (tens of feet to one-foot in the 

maximum exposed dimension) and small (1-foot to very fine- 

sand size in the maximum exposed dimension). Typically the 

large clasts are confined to the lower chaotic interval of 

the deposit. These large clasts are typically tabular, 

exhibiting sharp end-terminations. Large clasts are usually 

resting sub-parallel to parallel with the underlying strata. 

The largest clast documented to date is approximately 8 0 by 

1000 feet. This clast is located within
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the West Pahranagat Range approximately 3 miles north of 

Hancock Summit. With continued work larger clasts may be 

documented. The 80 by 1000 foot clast is apparently encased 

within matrix, resting sub-parallel to bedding. This clast 

may represent a mega-peel structure. The outcrop is 

partially covered by alluvium on the south, therefore the 

exact dimensions and position of the clast relative to the 

basal contact of the AB are not known. The medium clasts 

are found throughout the entire thickness of the deposit. 

Clasts of this size are found from near-vertical (Figure 22) 

to subparallel to the underlying strata. Yet, the medium

sized clasts are dominantly orientated sub-parallel to the 

underlying strata. These clasts typically have sharp end- 

terminations , though moderate rounding has been documented 

(Figure 23).

Small clasts as defined above are confined to the 

graded interval of the AB. Small clasts, by definition, 

constitute the matrix constituent within the lower chaotic 

interval of the AB. Orientations observed on small-sized 

clasts indicate that they have no preferred orientation, but 

no detailed studies were done. Small clasts exhibit shapes 

from tabular to rounded. The composition of these clasts 

are as diverse as the larger clasts previously described. 

Bulbous stromatoporoids are less common, whereas coral
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Figure 22. Photograph of a near-vertical and curved
dolomite clast (A) within the Alamo Breccia at 
Meeker Peak. Distance between arrow tips is 
approximately 3 feet.
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fragments become more common upward. Figure 21 shows 

rounded pebble-sized clasts within a dolomitized mud-matrix, 

at the top of the AB at the Meeker Peak section (Plate 1). 

Upper Contact

The upper contact of the AB is placed at a sharp 

erosive horizon that created a relatively flat surface upon 

which overlying sedimentation resumed (Upper Member). The 

characteristics of this contact vary laterally. The upper 

limits of the AB characteristically consist of cobble to 

fine sand-sized clasts within a mud matrix. These clasts 

commonly exhibit normal grading up to the contact, yet 

larger (tens of feet) clasts have been documented at the 

contact throughout the GRP study area. Therefore, a 

normally graded sequence is not always present immediately 

below the contact.

Internal Sedimentary Structures

The most distinctive feature of the Middle Member is 

the normal grading at the top (Figure 24). Internally, 

clasts apparently rest in all orientations relative to the 

underlying strata, yet the larger ones preferentially lie 

sub-parallel to the underlying strata. No convincing 

imbrication has been documented. Some clasts deformed 

plastically. Typically the dolomite clasts appear to have 

been more ductile than limestones; limestone clasts have
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been observed to intrude into dolomite clasts.

Stromatoporoid heads within the matrix exhibit abrasion and 

fragmentation. No laminations or cross-bedding were 

observed in the matrix.

Description at Meeker Peak 

The AB within the Worthington Mountains exhibits most 

of the previously described regional attributes. The most 

distinctive difference at this locality is the complete 

dolomitization of the matrix (Plate 1). Though the matrix 

of the deposit has been dolomitized the large- and medium

sized clasts have retained their original lithologies. The 

approximate thickness of the basal chaotic and upper graded 

intervals are 100 and 3 2 feet respectively. The position at 

which normal grading becomes evident varies laterally.

Basal Contact

The basal contact is placed 398 feet above the 

Guilmette/Simonson contact (Table 2, Plate 1). The AB is 

132 feet thick at the measured locality (Table 3, Plate 1). 

The thickness of the interval between the base of the 

Guilmette and the base of the AB varies along strike. 

Approximately one mile to the north of traverse 2 (Plate 1), 

the basal contact erodes 30 feet into the underlying strata 

of the LFI. This is the maximum amount of documentable 

erosion at the base of the AB within the Worthington
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Figure 25. Photomosaic of the lower chaotic interval of the 
Alamo Breccia at Meeker Peak. The largest 
clasts within the cliff-face are outlined 
(A ,B ,C ,D , and E ) . Clast A is subparallel to the 
underlying bedding, which is approximately 
horizontal to the base of the photograph.
Clasts B, C , and D are approximately parallel to 
bedding. Clast E exhibits rounding. Clast D is 
approximately 15 feet thick.
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Mountains/Meeker Peak locality. Between traverse 1 and 2 

two "peel" structures (1 and 2) occur at the contact.

Peel structure 1 is located approximately 100 yards to 

the north of traverse 2. This peel structure is composed of 

a single, one foot thick, thinly-laminated dolomite. The 

peel is approximately eight feet in length and exhibits a 

maximum of one foot of displacement above the underlying 

strata (Plate 1). Matrix was injected between the peeled 

strata and the underlying strata and also down into the peel 

from the upper surface (Figure 19). The sloping surface of

the peeled bed has an apparent dip to the south.

Peel structure 2 is located three quarters of a mile to 

the north of traverse 2. This peel structure involves 

approximately 15 feet of strata with a minimum length of 30 

feet. The strata of this structure are composed of

limestones and dolomites characteristic of the LFI. The

ends of the beds have been truncated, presumably by a large 

clast that rests directly above the structure. The strata 

comprising this peel structure are bent into a fold opening 

to the south. The orientation of both peel structures 

within the Worthington Mountains indicate that they were 

created by a southerly flow direction immediately above 

them.
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Matrix

Complete dolomitization of the matrix at this locality 

makes determination of clast and groundmass lithologies 

difficult, even through pétrographie analysis. The matrix 

of the lower chaotic interval consists of diverse 

lithologies including thinly-laminated yellow-weathering 

dolomites, thinly-laminated light to dark gray limestones, 

massive dark gray fossiliferous limestones, massive 

bioturbated dark to light gray limestones, tumbled bulbous 

stromatoporoids, and massive light gray dolomites. The 

matrix throughout the deposit normally grades to the top 

where dolomitized mud-sized particles approximate the upper 

contact.

Clasts

The Worthington Mountains locality exhibits all three 

clast size classifications (large, medium and small), as for 

the regional description. Large- and medium-sized clasts 

composed of limestones and dolomites comprise the lower 

chaotic interval. By definition small-sized clasts are 

regarded as matrix within this interval.

Limestone clasts are light to dark gray, thinly to 

massively bedded mudstones to packstones. Two types of 

mudstones are present: light to dark gray, thinly-laminated 

and dark gray, massively-bedded. The thinly-laminated



T - 4012 122

mudstones contain parts of cycles with bird's eye 

structures, tabular and domal stromatolites, burrows and 

basal scour surfaces. The massive-bedded mudstones are 

commonly completely bioturbated, exhibiting a mottled 

appearance and the preservation of burrows. Wackestone 

lithologies are typically found within the thick to massive 

bedded limestone clasts. The massive bedded wackestones 

contain gastropods, brachiopods, stromatoporoids, corals, 

ostracodes and mollusks as the dominant fossil types. The 

thinly-laminated wackestones contain ostracodes, pellets and 

brachiopods as the dominant fossil types. Packstone clasts 

exhibit the following fossils : bulbous stromatoporoids, 

stick-like corals, Amphipora, brachiopods and gastropods. 

Clasts exhibiting bioherms were not observed at this 

locality.

Dolomite clasts, typically mudstones exhibiting thin- 

1aminations, are abundant. The yellow-weathering, thinly- 

laminated dolomite clasts are the most distinctive. They 

are easily recognized within the outcrop due to their 

yellow-weathering color contrasting with the gray weathering 

matrix and other clasts.

The larger constituents (tens of feet to five feet in 

the maximum exposed dimension) of the medium-sized clasts 

are found within the lower chaotic interval. Smaller
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medium-sized clasts (up to approximately five feet in the 

maximum dimension) were documented throughout the deposit. 

These clasts included: domal stromatoporoid heads as large 

as 1.5 feet in diameter, thin-laminated limestones (5 feet 

in the maximum dimension), and bioturbated limestones (2 

feet in the maximum dimension).

Small-sized clasts are of both limestone and dolomite 

lithologies. Pétrographie analysis and insoluble residues 

indicate that medium- to fine-grained quartz makes up less 

than 1% of the clasts at the upper contact.

Upper Contact

The upper contact is placed at a sharp erosive boundary 

that separates the AB from the overlying thinly-laminated 

dolomites of the Upper Member (Plate 1). Laterally the 

contact is represented by localities in which the upper 

contact exhibits pebble-sized clasts within a sand- and mud

sized matrix. In other localities the contact exhibits fine 

sand-sized clasts within a mud-sized matrix. Laterally 

between such localities there appears to have been 

approximately five feet of post-depositional erosion in 

which the near-perfect grading has been incised. Due to 

this incisement complete grading is not always preserved.
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Correlation to the Sidehill Pass Section 

No significant erosional surfaces were documented at 

any stratigraphie horizon in the SHPS (Plate 2). The 

recognition of a significant erosional surface may have 

implied that entire platform was subjected to the event.

The lack of a significant erosional surface at the SHPS 

locality implies that the event was a relatively localized 

episode. In order to delineate the stratigraphie horizon in 

which the AB should have been located, the following tools 

were used : natural-gamma count logs, and shallowing-upward 

cycles. The natural gamma logs obtained from the outcrop 

are only similar within the YSFI, but outside that interval, 

confidence in the correlations is lost. The correlation of 

shallowing-upward cycles revealed nothing more than an 

approximate level that may reflect the position of the AB.

No significant erosional surface was recognized, but more 

detailed work, including high-resolution biostratigraphy, 

may be of u se.

Interpretation of Alamo Breccia 

The AB as a whole is interpreted as being deposited 

from a debris flow, which was caused by a single 

catastrophic event. Herein the term debrite will be used 

for a debris flow deposit. This terminology is analogous to 

the terms turbidity current and turbidite, turbidite being
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the deposit resulting from a turbidity current. The 

location of the deposit within the middle platform, and 

cycle interpretations, suggest that the paleowater depths 

were relatively shallow. Therefore, the accommodation space 

required for the observed thicknesses of the AB may have 

been produced by pre-depositional erosion at the base of the 

debris flow. Figure 2 6 shows an isopach map of the AB 

within the GRP study area. The isopach map was constructed 

by hand using triangulation of outcrop control points. If 

the thickness of the AB is directly related to the amount of 

basal erosion, then the isopach map also reflects the amount 

of section removed prior to deposition.

The initiation of movement/flow of the Alamo Breccia is 

believed to be the result of a seismic induced tsunami. 

Alternatively, the AB could resulting from a landslide 

within or into the middle shelf. However, previous workers 

have not documented a paleohigh within the area that could 

yield the large volume of sediment required and the 

potential energy needed to initiate movement. What 

processes are capable of initiating movement/f1ow within a 

shallow platform?

An intense local seismic shock may have fractured the 

semi-consolidated carbonates of the platform. Subsequential 

water movement/flow may have been established by: 1)
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Figure 26. Isopach map of the Alamo Breccia/Middle Member
within the Guilmette research program study area. 
Additional of control (through continued work) 
may change the trend. Arrows show the location 
and inferred flow direction from the peel 
structures.
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lignification simultaneous with seismic shock whereafter 

gravitational forces initiated flow, or 2) liquification of 

the fractured platform by the kinetic energy of a resulting 

tsunami, followed by movement/flow under the influence of 

both gravity and surge and/or seiche of the tsunami. Both 

seismic waves (earthquakes) and tsunami-generated surges 

possess enough kinetic energy to trigger debris flows on 

slopes (Hampton, 1972 ; Cook, 1983, respectively) .

There is no hard evidence for either process. 

Circumstantial evidence points to process 2 as being the 

most likely. Large numbers of fossils (mainly 

stromatoporoids) within the matrix of the AB suggest that 

strong currents (possibly tsunami related) scoured the 

platform, concentrating these organisms within the middle 

shelf. Stromatoporoid wackestones to packstones have been 

documented within the Lower Member of the Guilmette (Plates 

1 and 2), but the size of the stromatoporoids is markedly 

different when compared with those within the AB. First, 

the stromatoporoids within the Lower Member are generally 

less than six inches in diameter, whereas those within the 

AB exhibit diameters as large as three feet. Second, the 

stromatoporoids within the AB are in all orientations to the 

underlying strata, and are broken and abraded suggesting 

transportation prior to incorporation into the AB.
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Intuitively, the large basal clasts (80 by 1000 feet, 

in the largest case) would require a large potential energy 

to initiate movement either by gravity or currents. The 

potential energy produced by gravitational forces alone seem 

unlikely to initiate flow of the large clasts within the 

deposit. Instead, the potential energy created by a tsunami 

in the form of currents (surge and seiche) coupled with the 

gravitional force may explain initial movement of the large 

clasts upon the relatively flat platform.

Generalized Description of Debrites 

Debrites are sediment dispersions originating on slopes 

(down to less than 1°) . They are poorly sorted, mud- or 

grain-supported, and occur in both sheet and channel forms 

on land as well as in water (Cook, 1983; Cook and Mullins, 

1983; Mullins, 1983; Stow, 1986).

Basal Contacts

The strata beneath debrites typically exhibit no 

deformation, but they are locally deformed by basal zone 

shear fabrics, drag folds, injection structures, and 

channels (feeder, 1982 ; Enos and Moore, 1983).

Internal Structures

Debrites exhibit poor internal sorting with either 

bimodal or multimodal size distributions. Clasts are 

reported as large as 650 feet in the maximum exposed
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dimension within a matrix of muds and smaller clasts (Enos 

and Moore, 1983). Generally the clasts appear to float

within a mud matrix in apparently random orientations 

(Hampton, 1972; Middleton and Hampton, 1976). Yet within 

the base of debrites, clasts resting parallel to the basal 

contact have been described (Enos and Moore, 1983). The 

clasts may be parallel packed, exhibiting orientations 

parallel to bedding or near-vertical. Imbrication of clasts 

has been reported. Debrites may exhibit either normal or 

reverse grading, though typically they are ungraded (Enos 

and Moore, 1983).

Upper Contacts

The upper contact of a debrite is typically a sharp 

surface, but upper contacts exhibiting relief from clasts 

protruding from the matrix below are common (Enos and Moore, 

1983). Occasionally debrites may be capped by normal graded 

sands and gravels, suggesting that the top of debris flows 

may become turbulent (Mullins, 1983).

The Mechanism of Debris Flow 

Debris flows are highly viscous flows that possess a 

yield strength and display plastic flow behavior internally. 

Shear is distributed throughout the sediment mass and clast 

buoyancy and matrix strength support the flow (Cook and 

Mullins, 1983; Stow, 1986).
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Within debris flows zones of viscous shear and 

nondeformation exist. Where shear stress exceeds the shear 

strength of the debris viscous shear results, but where the 

shear strength of the debris exceeds shear stress the debris 

is rafted as a nondeforming plug (Hampton, 1972). The rigid 

plug (clast(s)) is rafted along the top or under the surface 

(depending on the amount of overburden imposed by the 

overlying water column) of the flow. The flow stops when 

its thickness equals that of the rigid plug (Middleton and 

Hampton, 1976).

During flow the grains/clasts are supported by the 

strength of the fluid which is related to the presence of 

mud. Mud reduces permeability for pore fluids to escape, 

and therefore reduces the settling velocities, thus allowing 

the pore fluid (mud-sized particles and water) to support 

grains and continue movement (Hampton, 1972). Less than 10% 

clay content is required to completely support sand-sized 

material in a debris flow (Hampton, 1972).

Experimental data and theoretical analysis conducted by 

Hampton (1972) suggest that the head or snout of a debris 

flow typically has a blunt, steep-sided profile (Figure 27). 

Erosion takes places at the head in the form of reverse 

shear in response to stresses imposed by the surrounding 

water. The sheared particles and/or clasts subsequently
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Figure 27. Diagrammatic profile of the front of a
subaqueous debris flow. Showing the zone of 
reverse shear and the incorporation of the 
material into the turbulent cloud above.
Notice that the turbulent cloud and debris flow 
are two distinct phases. (Modified from Hampton, 
1972) .
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move toward the body of the flow along the debris-water 

interface and are abruptly thrown into suspension forming a 

turbulent cloud (Hampton, 1972; Middleton and Hampton,

1976). Debris flows halt when either down-slope pull of 

gravity no longer exceeds the shear strength of the debris 

mass or when excess pore pressure is dissipated (Stow,

1986) .

The Alamo Breccia as a Debris Flow 

The physical descriptions of the lower chaotic interval 

of AB reflect the physical descriptions of debris flow 

deposits by other worker outlined above. Typically the 

lower portion of the AB exhibits a chaotic arrangement of 

large- and medium-sized clasts within a matrix composed of 

small-sized clasts and mud-sized particles. The basal 

contact is sharp and erosive. At the basal contact, peel 

structures indicate drag folding, and injection is common 

(Figures 18 and 19). The large-sized clasts at or near the 

base of this interval rest parallel or sub-parallel with the 

underlying strata. Medium-sized clasts exhibit a preferred 

subparallel orientation, yet some dip steeply or are near

vertical (Figure 22). The large- and medium-sized clasts 

exhibiting subparallel to parallel orientations may 

represent the rigid plug which was rafted as the flow 

propagated. The smaller clasts and mud matrix of this
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interval may represent the portion of the debris flow that 

reduced permeability to the escaping pore fluids, thus 

supporting the plug.

Within the upper normally graded interval of the AB 

near-perfect grading of both clasts and matrix is exhibited. 

This may be the result of erosion (due to reverse shear as 

the flow moved through the water medium) at the nose of 

debris flow that was suspended within turbulent currents 

above the body and in the tail, and which settled out during 

or shortly after the flow ceased.

The erosion at the nose of the flow may have removed medium 

sized clasts from the plug and incorporated them into the 

upper limits of the deposit. This process could account for 

these relatively large clasts within the upper part of the 

AB.

Possible Evidence for Cause of Alamo Breccia

Three natural processes generate large seismic waves : 

earthquakes, volcanic explosions, and meteorite impacts.

Each has distinctive and exclusive attributes which could 

lead one to the cause of the AB. All of the above possess 

the potential to produce significant seismic energy capable 

of fracturing the crust and producing tsunamis that could 

effect the middle shelf setting. Yet, the seismic energy 

released from these events will dissipate away from the
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source. Therefore, any of the events must be proximal to 

the deposit to produce a fracture network within the 

platform. Matrix injection has been documented in all of 

the AB locations studied.

The sheer size of the clasts involved within the AB 

suggest extraordinarily strong currents (tsunamis) were in 

force at least at the time of extraction/mobilization. 

Earthquake

An earthquake possesses the potential to produce all of 

the attributes of the AB. Earthquake-generated seismic 

shocks are currently accepted as an important agent for the 

initiation of mass movements (Cook, 1983). If the 

earthquake's epicenter was located within the immediate 

area, filled fissures should be observable at outcrop, but 

no such fissures have been documented.

Volcanic Explosion

A volcanic explosion also possesses the potential to 

produce all of the attributes of the AB. It would also 

produce volcanic fragments, ash and possibly shocked quartz- 

grains (Carter, et ad., 1986). If the explosion occurred

within the immediate area, volcanic fragments should be 

incorporated into the AB. No such clasts have been 

documented. A volcanic explosion would also suspend ash 

into the atmosphere, which would settle over vast areas and
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be documentable at the outcrop. No such ash beds are 

exhibited in or above the AB. Also, Devonian intrusives 

should be present but are not. However, hundreds of 

stressed quartz grains were recovered from insoluble 

residues from the upper six-inches of the AB at the 

Worthington Mountains/Meeker Peak section (Plate 1). There 

exists a considerable ongoing debate as to whether a 

volcanic explosion can produce shocked quartz grains. The 

stressed grain is discussed below with no attempt to relate 

it to either a volcanic or meteorite cause.

Meteorite Impact

A meteorite impact also could produce all of the 

attributes associated with the AB. An impact upon the shelf 

would produce a crater, ejecta, iridium anomalies and 

shocked quartz grains. To date no coeval crater has been 

identified. However, if one manipulates the contours in 

Figure 2 6 there exists the possibility of a radial 

thickening trend in the west-center of the m a p . If further 

data support this trend, the AB could be interpreted to 

represent ejecta (?) and the GRP study area may lie 

immediately to the east of the actual impact site.

Additional circumstantial evidence for an impact is the 

apparent flow directions of the AB as shown within the peel 

structures. Peel structures within the Worthington
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Mountains (Figure 19) exhibit an apparent flow direction to 

the south, whereas the peel structure in the Pahranagat 

Range (Figure 18) exhibits an apparent flow direction to the 

north (Figure 26). If a meteorite impacted the shelf, 

standing water and debris/ejecta would be violently 

displaced away from the impact site. The displaced water 

and debris/ejecta would then almost immediately rush (as 

debris flow) back into the newly created void. This would 

allow for the peel structures to exhibit convergent flow 

directions only if the impact site was approximately between 

the two locations.

Further evaluation of Figure 26 reveals a possible 

radial thickening trend (as discussed above) between the two 

peel structure localities exhibiting convergent flow 

directions (Figure 26). Initial iridium analysis was 

conducted on widely spaced hand samples from the MP S , JEN, 

M P S , MIS, and CPS sections (Figure 2); the results were 

negative. The negative iridium results were not unexpected 

due to wide sampling intervals, and sampling within the 

deposit itself. Continuous sampling should be conducted 

throughout the upper limits of the AB and within the 

directly overlying beds. Hundreds of stressed quartz grain 

were recovered from insoluble residues from the upper six- 

inches of the AB at the Worthington Mountains/Meeker Peak



T - 4012 137

section (Plate 1).

Stressed Quartz Grains

Meteorite impact or volcanic explosion may account for 

the stressed quartz grains at the MPS locality (Figure 1, 

Plate 1) within the upper six-inches of the AB. The 

scanning electron microscope equipped with an energy 

dispersive analyzer was used to identify the grain 

mineralogy of a stressed quartz grain within a thin-section 

from 576.5 feet above the base of the section (Figure 28, 

Plate 1). Energy dispersive data identified silica as the 

major grain component (Figure 29), with iron and pyrite 

replacement (Figure 30 and 31) .

These grains are not shock-metamorphosed quartz grains 

characteristic of the Cretaceous-Tertiary boundary worldwide 

and other known impact sites (Glen Izett, personal 

communication, 1991). The shock-metamorphosed quartz grains

of the known impact sites typically contain three or more 

intersecting lamellae (Alexopoulos, et al., 1988). The 

grains obtained from the AB contain three intersecting 

fractures (Figure 28), but they are irregular and vague, not 

the closely-spaced well-developed lamellae as in true 

shocked quartz. The stressed grains from the AB may 

represent deformation outside the ring of "shock" where the 

classic shock-metamorphosed grains are believed to form
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Figure 29. Graph of Energy Dispersive data obtained from 
the SEM on the stressed grain of Figure 28 at 
point A. The dominant element within the grain 
is silica. The sample was coated with Au, 
showing up in the two minor peaks.
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Figure 30. Graph of Energy Dispersive data obtained from
the SEM on inclusion within the stressed quartz 
grain of figure 28 at point D. The dominant 
element present is iron and sulfur indicating 
pyrite.
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Figure 31. Graph of Energy Dispersive data obtained from
the SEM on inclusion within the stressed quartz 
grain of figure 28 at point E. The dominant 
element is iron indicating hematite.
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(Bohor, B. H ., personal communication, via J . Warme, 1991). 

Further evaluation of the stressed grains must be conducted 

before this deposit can be positively labeled as impact- or 

eruption-induced.

Summary of the Middle Member (AB)

The Alamo Breccia forms the Middle Member of the 

Guilmette Formation. Though it is not present throughout 

the entire GRP study area, it is present in six of seven 

ranges studied to date with an areal extent of approximately 

4000 square miles. The basal contact of the AB is sharp and 

erosive, exhibiting peel and injection structures.

Internally the AB is composed of limestone and dolomite 

clasts, ranging in size up to 80 by 1000 feet within a 

limestone or dolomite matrix. Clasts exhibit depositional 

textures and environments typical of the LFI below. The 

largest clasts (100s of feet in the maximum exposed 

dimension) are typically confined to near the base of the 

deposit and have a preferred resting position subparallel 

with the underlying strata. Both the matrix and clasts are 

normally graded. The larger constituents of the "matrix" 

within the basal portion of the deposit approximate the size 

of "clasts" within the upper portion. The upper contact is 

placed at a sharp relatively flat erosion surface.

Typically, the upper 20 feet of the deposit exhibits well-
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developed normal grading up to the contact.

The deposit is interpreted to be the result of a single 

debris flow upon the platform. This process is interpreted 

to have been induced by a single catastrophic event; seismic 

shock wave and resulting tsunami. The seismic shock wave 

produced a network of fractures upon the carbonate platform. 

Gravitational forces on the platform were probably not great 

enough to initiate flow. The tsunami possessed the energy 

(waves and/or surge) to liquify the bottom sediments, open 

the fracture system and fill them with matrix, and initiate 

flow. The cause of the force/forces which created this 

debrite are still under debate.



T - 4012 144

Chapter 8: UPPER MEMBER OF THE GUILMETTE FORMATION
Regional Description 

The Upper Member was not studied in as much detail as 

the Lower and Middle Members at the MPS and SHPS localities. 

This was due in part to measuring only a partial section 

(the basal 532 feet) at MPS (Plate 1). However, the entire 

Upper Member was measured at SHPS where it is 1681 feet 

thick (Plate 2), though not analyzed in as much detail as 

the Lower Member. The two localities are not obviously 

correlatable through natural gamma logs or cycle analysis.

The basal contact was placed above the Middle Member 

(as discussed in chapter 7) at the MPS section (Plate 1).

At the SHPS section the basal contact was placed at the base 

of the first cliff-forming unit above the LFI (as discussed 

in chapter 6) (Plate 2).

The upper contact of the Upper Member is coincident 

with the Guilmette/West Range formational contact (as 

described in chapter 4) (Plate 2).

Throughout the GRP study area the Upper Member is 

highly variable in terms of the lithofacies associations 

that comprise the member. Three generalized lithofacies 

association types are exhibited within the Upper Member: 

cyclic carbonates, thin-bedded carbonates, and cyclic 

carbonates interbedded with varying amounts of quartzose
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sandstones.

Three complete sections of the Upper Member were 

measured within the GRP (SHPS, CPS, and JEN, Figure 2).

Three partial sections were also measured: MPS, JES and MIS 

(Figure 2). Table 4 shows the thickness of the Upper Member 

at these localities.

No regional correlations are obvious within the Upper 

Member and it has not yet been subdivided in the two areas 

of this report, or in the larger GRP area.

Cyclic Carbonate Associations

The carbonate cycles are each characterized by a 

shallowing-upward series of beds, typically consisting of 

lower light to dark gray limestones, middle light gray 

limestones to dark brown dolomites and upper tan to brown 

dolomites. This lithofacies association is generally 

restricted to the northern region of the GRP study area. 

Within the Seaman (Hurtubise, 1989), Grant (GRP

observations), Egan (Kellogg, 1963) and Schell Creek 

(Kellogg, 1963; Hurtubise, 1989; this report) Ranges, cyclic 

carbonates dominate the Upper Member, with quartzose 

sandstones being very rare or absent. Light to dark gray, 

medium- to massive-bedded, thin-laminated to bioturbated, 

barren to fossiliferous limestones dominate the shallowing- 

upward cycles. The capping dolomites are less resistant to



T - 4012 146

TABLE 4
Upper Member of the Guilmette

SHPS JEN CPS MPS JES MIS

Total
Thick
ness

1681 1738 855 53 2* X 4 2 5*

Measurements are in feet
*=partial section measured above the Middle Member 
X=Upper Member not measured

This table lists the total thickness of the Upper 
Member at the abbreviated locations. The location of the 
sections is shown in Figure 1.
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weathering than the limestone units. Generally, these 

dolomites are tan to brown, thin-laminated to massive- 

bedded .

The major fossils found within the limestones are 

bulbous stromatoporoids, Amphipora. corals, brachiopods, 

mollusks, stromatolites, and ostracodes (Plate 2). 

Stromatoporoid and coral bioherms are apparently rare within 

this member with the exception of the well-documented (Peso, 

19 63 ; Dunn, 1979) 150-foot-thick reef at Mount Irish (MIS,

Figure 2), which lies directly above the Middle Member (AB). 

The term biostrome (James and Macintyre, 1985) best

describes organic accumulations within the Upper Guilmette, 

in that the organic accumulations are typically bedded, and 

exhibit no vertical swelling (mounding). The biostromal 

limestones commonly thicken upsection.

Dolomites typically cap the shallowing-upward cycles 

and are generally thin-laminated, unfossiliferous and 

contain a trace of coarse silt to fine sand-sized quartz 

that is best identified in thin section. Thick intervals of 

dolomite exist within the Upper Member (i.e., from 2135- 

2488, SHPS, Plate 2). These dolomites include horizons with 

subtidal fossils, such as bulbous stromatoporoids,

Amphipora. corals, mollusks, and brachiopods, suggesting 

that the original lithology was limestone. Therefore,
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dolomites exhibiting open marine depositional environments 

are interpreted to have undergone dolomitization after 

deposition.

Thin-bedded Carbonate Associations

The thin-bedded carbonates are characterized by dark 

gray, thin- and nodular-bedded limestones. Strata of this 

type have only been recognized at one locality within the 

GRP study area, that being the CPS section within the 

western Timpahute Range (Figure 2). These strata exhibit no 

recognizable shallowing-upward cycles.

The limestones exhibit thin to platy bedding, intervals 

of abundant pyrite crystal formation upon bedding surfaces, 

and slight bioturbation. The dominant fossils within the 

limestones are brachiopods and echinoderms. Intervals of 

plastically deformed (slumped) limestones are present. The 

limestones are punctuated by intervals of quartzose 

sandstones, exhibiting the internal structures of Bouma 

sequences A - C . These quartzose sandstones have been 

interpreted to represent turbidity current deposits.

Cyclic Carbonates and Interbedded Quartzose 

Sandstone Associations

Interbedded cyclic carbonates and siliciclastics make 

up the third sediment association of the Upper Member within 

the GRP study area. They increase in dominance to the
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south, where within the West Pahranagat Range (JEN and JES 

sections, Figure 1), the Upper Member is chiefly composed of 

shallowing-upward carbonate cycles in which quartzose 

sandstones are the dominant capping lithofacies.

The limestones are light to dark gray and thick- to thin- 

bedded. Internally the limestones are thin-laminated to 

massive-bedded containing bulbous stromatoporoids,

Amphipora. stromatolites, corals, brachiopods, gastropods, 

mollusks and ostracodes as the dominant fossils.

The dolomites are generally thin-laminated, 

unfossiliferous and contain a coarse silt to fine sand-sized 

quartz component best identified in thin sections.

Internally the dolomites may exhibit mud cracks, tepee 

structures and bird's-eye textures. These dolomites may 

occupy two relative positions within shallowing-upward 

cycles : the capping lithofacies, or the intermediate 

lithofacies which is in turn capped by quartzose sandstones.

The siliciclastics composed of well-rounded and well- 

sorted medium to fine grained quartz generally cap 

shallowing-upward carbonate cycles. The quartzose sands 

commonly are cemented with dolomite and generally lack 

fossils. Structures within the sands consist of 

laminations, ripples, cross-bedding, and rare dish 

structures. Though internal structures do exist, the
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majority of the sands appear structureless (Plate 1). This 

may the result from sand deposition within the subtidal 

environment, subsequently homogenized through 

bioturbation. The net thickness of sands within the 

northern GRP study area generally increases to the south, 

with 32 feet at Sidehill Pass (Plate 2), 185.5 feet in the

partial section at Meeker Peak (Plate 1), and 754 feet at 

JEN (Figure 1). Hurtubise (1989, p., 37) documented a

similar trend within the Seaman Range, in which the net 

sandstone thickness increases to the south from 16 to 164 

feet. The Seaman Range lies almost directly between the 

SHPS and MPS sections of this report (Figure 1).

Upper Member at Meeker Peak 

The Upper Member at the Meeker Peak section is of the 

cyclic carbonates and interbedded quartzose sandstones 

lithofacies association. The entire Upper Member of the 

Guilmette Formation was not measured at this locality (Plate 

1) because only the basal 532 feet of the member was 

accessible (Table 3, Plate 1). The basal contact was placed 

at the sharp surface at the top of the Middle Member (AB) 

(Plate 1). The bed directly above the Middle Member is an 

unfossiliferous, thinly-laminated, light tan dolomite. This 

lithofacies varies dramatically from other lithofacies 

directly above the Middle Member (AB) throughout the GRP
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study area. Typically beds directly above the AB are 

yellow-tan to dark grayz burrowed limestones. The 9-foot 

dolomite bed is interpreted to represent an intertidal to 

supratidal depositional environment (Plate 1). This is 

significant in that depositional environments after the AB 

event were similar to those of the LFI below. These 

interpretations support AB deposition within the middle 

shelf and not beyond the platform margin within the basinal 

environment at this locality.

The basal 483 feet of the Upper Member is dolomitized, 

therefore, the details of the original lithofacies of the 

shallowing-upward cycles are difficult to recognize. The 

dolomites are light to dark brown, thin- to massive-bedded, 

mudstones to packstones. Internally, rip-up clasts were 

documented at the base of cycles and laminations were 

documented within the upper extremes of cycles. The 

dolomites at the base of cycles contain bulbous 

stromatoporoids, Amphipora. corals, brachiopods and 

bryozoans as the dominant fossils. Dissolution vugs are 

common within this lithofacies. The dolomites which cap the 

cycles are generally thin laminated, unfossiliferous, and 

light to brown in color.

Quartzose (approximately 40%) dolomites and interbedded 

thinly-laminated to massive dolomites make up a 185.5-foot
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thick interval 82 0 feet above the base of the Guilmette 

(Plate 1). Internally the quartz-grains are suspended 

within a fine-grained dolomite matrix. The quartz-grains 

are well-rounded and well-sorted, exhibiting a size range 

from medium to very fine sand. Except for a six-inch 

horizon of shallow trough cross-beds, sedimentary structures 

within the quartzose dolomites are generally not visible.

The cross-beds of the six-inch quartzose dolomite at 875 

feet (Plate 1) exhibit a paleoflow direction of south- 

southwest. Quartz-bearing dolomite clasts, averaging 

approximately four-inches in diameter, are found within the 

quartzose dolomite interval.

At 48 3 feet above the base of the Upper Member the 

first limestones are preserved (Plate 1). At that horizon 

the Upper Member is characterized by shallowing-upward 

cycles consisting of dark gray limestones and white to brown 

dolomites.

Twenty-seven shallowing-upward cycles were recognized 

as comprising the 53 2 feet measured in the Upper Member 

(Plate 1).

Upper Member at Sidehill Pass

At Sidehill Pass a complete section of the Upper Member 

of the Guilmette was measured (Plate 2). The total 

thickness of the member is 1681 feet (Table 3, Plate 2).
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The Upper Member is characterized by cyclic deposition of 

interbedded limestones and dolomites. A total of 68 

shallowing-upward cycles were identified as comprising the 

Upper Member.

At this locality the Middle Member is absent, therefore the 

basal contact was placed at the base of the first massive 

cliff-forming unit above the base of the LF I . The lower 

contact is located at 1000 feet above the base of the 

section and 750 feet above the base of the Guilmette, 

arbitrarily at the base of the first massive cliff above the 

YSFI\LFI contact (Plate 2). The upper contact was placed at 

2 681 feet above the base of the section at the 

Guilmette/West Range contact, as described in chapter 4.

Limestones of the Upper Member are light to dark gray, 

thin- to massive-bedded mudstones to packstones. The 

limestones are typically more resistant to weathering than 

the dolomites and make up the basal portion of shallowing- 

upward cycles. Internal sedimentary structures consist of 

thin-laminations, varying degrees of bioturbation, mud 

cracks and rip-up clasts. Stromatoporoids, corals, 

brachiopods, mollusks, gastropods, stromatolites and 

ostracodes are the dominant fossils within the limestones 

(Plate 2). Three intervals of quartzose limestone were 

documented at the top of cycles 101 and 103 and at the base
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of cycle 102 (Plate 2). These quartzose limestone intervals 

occur within cycles in the upper 71 feet of the Guilmette 

Formation and are characteristic of the Guilmette/West Range 

contact (Plate 2) throughout the GRP study area.

Dolomites of the Upper Member are light tan to dark 

brown, thin- to massive-bedded and cap shallowing-upward 

cycles. Internal sedimentary structures include thin to 

thick laminations, rip-up clasts and mud cracks.

Pétrographie analysis revealed that these dolomites 

typically contain approximately 1% silt-sized quartz. 

Ostracodes, pellets and stromatolites are the dominant 

fossils within the dolomites.

Interpretation of the Upper Member

The relative sea-level curves for both the Meeker Peak 

(Plate 1) and Sidehill Pass (Plate 2) sections were 

constructed in the same manner as within the Lower Member 

(Chapter 6). Each unit within a shallowing-upward cycle was 

interpreted and assigned a paleowater depth, from which the 

sea-level curve was constructed. Within the Upper Member of 

both Meeker Peak and Sidehill Pass the lithofacies that 

comprise the small-scale (tens of feet in thickness) cycles 

reflect a depositional range of subtidal to upper intertidal 

facies tracts (Figure 4). The cycles rarely reach 

completion in that the capping lithofacies reflects a
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subtidal depositional environment. Large-scale (100s of 

feet in thickness) packages of cycles exhibit a dominance of 

the subtidal facies upsection, indicating an overall 

deepening of the shelf within the study area (i.e., large- 

scale cycle between 1000 and 1290 feet at SHPS, Plate 2).

Cycles within the Upper Member are dominated by the 

presence of mud- and silt-sized particles. The mud within 

the depositional environments is interpreted to represent 

low wave and/or current agitation at the time of deposition. 

The cycles of the Upper Member resemble the muddy sequences 

of James (1984) . The absence of evaporites or their 

diagenetic remnants suggest a humid paleoclimate at the time 

the Upper Member was deposited (James, 1984; Hardie, 1986).

Summary of the Upper Member 

Cycles within the Upper Member of both Meeker Peak 

(Plate 1) and Sidehill Pass (Plate 2) reflect subtidal to 

intertidal depositional environments. Up section the Upper 

Member reflects an overall deepening of the shelf as the 

small-scale cycles become dominated by the subtidal 

lithofacies.

Throughout the GRP study area, depositional 

environments represented in the Upper Member vary 

dramatically between ranges and even between different 

localities within a range. Three generalized lithofacies
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associations were delineated: 1) cyclic carbonates, 2) thin-

bedded carbonates and 3) cyclic carbonates with interbedded 

quartzose sandstones.

The cyclic carbonates represent repeated shallowing- 

upward cyclic deposition of limestones and dolomites. This 

sediment association, without quartzose sandstones 

interbedded, is generally confined to the northern portion 

of the GRP study area. The lithofacies represents 

depositional facies tracts of subtidal to upper intertidal 

zones. The Sidehill Pass section (Plate 2) has been 

interpreted to represent this sediment association.

The thin-bedded carbonate sediment association, 

representing deposition of relatively deeper-water 

limestones, was not present within the study area of this 

report.

The cyclic carbonates with interbedded quartzose 

sandstones are generally confined to the southwestern 

portion of the GRP study area. This sediment association is 

characterized by cycles of basal limestones, intermediate 

dolomites and capping quartzose sandstones. This sediment 

association may reflect depositional environments closer to 

the source of quartz. The Meeker Peak section (Plate 1) 

represents this sediment association.
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Discussion

The wide variety of sediment types exhibited throughout 

the GRP study area may reflect modification of the shelf by 

the deposition of the Middle Member (AB). Detailed 

stratigraphie work, combined with structural reconstruction 

of the area, is needed to accurately assess detailed facies 

distribution upon the shelf.
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Chapter 9: RESERVOIR POTENTIAL AND SOURCE ROCKS
Porosity Types 

Primary porosity is not evident within the Guilmette 

Formation. Secondary porosity, dominantly in the forms of 

fracture and vuggy porosities, is abundant at outcrop scale. 

In general porosity within the Guilmette Formation consists 

of isolated pores (ineffective porosity) and a network of 

abundant fractures (possible effective porosity). In some 

cases the effective porosity is enhanced where isolated 

pores are intersected by fracture systems. Forty-five 

percent of the Guilmette thin sections displayed varying 

amounts of porosity. The average porosity exhibited within 

the thin sections was approximately 1%. Thin sections were 

prepared with blue epoxy to differentiate porous areas and 

pore type. The calculation of porosity percentages was 

approximated visually and is subject to further detailed 

studies. Four porosity types were delineated from 

pétrographie analysis : fracture, vuggy, intercrystalline, 

and moldic (listed in the order of abundance).

Fracture Porosity

Fracture porosity is the dominant porosity type 

exhibited within the Guilmette Formation throughout the GRP 

study area (Plates 21 and 22). A total of 18 of 95 thin 

sections exhibited fracture porosity. A total of 4 3 thin
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sections exhibited porosity, of those thin sections 42% of 

the porosity exhibited was of fracture porosity. In order 

to distinguish between indigenous and induced (from sampling 

and preparation) fractures the following criteria were 

established: if the fracture showed no evidence of lining 

cement the fracture was interpreted to have been induced at 

the time the sample was collected.

Fractures are commonly cemented with late (post-dating 

deposition) dolomite or calcite. The latest stage of 

fracture-filling cement is calcite, being interpreted to 

reflect the present-day vadose condition of the formation: 

calcite dissolution and reprecipitation within fractures. 

Vuggy Porosity

Vuggy porosity represents the second most common 

porosity type exhibited within the Guilmette Formation. A 

total of 4.3 thin sections exhibited porosity, of those thin 

sections 28% of the porosity exhibited was of vuggy 

porosity. representing 28% of the total porosity observed 

in thin section. Vuggy porosity in outcrop is generally 

restricted to the dissolution of fossils, dominantly bulbous 

stromatoporoids and Amohipora within both limestone and 

dolomite lithologies (Plate 26). Vuggy porosity also occurs 

within thin-laminated mudstone of intertidal depositional 

environments (Plates 25).
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Intercrvstalline Porositv

Intercrystalline porosity occurred dominantly within 

sucrosic dolomites (Plates 23 and 24). Intercrystalline 

porosity was also observed within samples in which dolomite 

replaced fine-grained limestones. The highest estimated 

intercrystalline porosity was 5%. This porosity type was 

exhibited only in 11 of the 43 thin sections displaying 

porosity. Of the 43 thin sections exhibiting porosity, 25% 

exhibited intercrystalline pores.

Moldic Porositv

Moldic porosity was exhibited in only 2 of the 43 thin 

sections displaying porosity and constitutes only 5% of the 

total porosity observed. The bulk of relic moldic porosity 

has been occluded with either dolomite or calcite cements. 

The observed moldic porosity was associated with Amohipora 

packstones. The Amohipora had been dissolved and partially 

filled the saddle dolomite. Plate 27 shows reduced moldic 

porosity within an Amohipora wackestone from the Meeker Peak 

section.

Summary of Porositv Types 

The Guilmette Formation consists dominantly of 

secondary porosity in the form of: fracture, vuggy, 

intercrystalline, and moldic porosity. Fractures make up 

the dominant form of effective porosity, while the remaining
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porosity types are generally ineffective. Fractures are the 

dominant porosity type of producing horizons within Nevada 

at Grant Canyon, Bacon Flat, Trap Springs, and Eagle Springs 

fields (Garside, et al. 1988 ; Read and Zogg, 1988 ; Veal, et 

al. 1988). Pétrographie analysis of 95 thin sections 

revealed that 4 5% of the samples revealed some form of 

porosity. The average porosity exhibited within the thin 

sections was approximately 1%.

Fracture porosity was the dominant porosity type, 

constituting 43% of the total observed porosity. Fracture 

porosities are found within the reservoirs of the Grant 

Canyon, Bacon Flat, Trap Springs, and Eagle Springs Fields.

Vuggy porosity constituted 28% of the total porosity 

observed. The vuggy porosity typically was documented 

within Amohipora and bulbous stromatoporoid limestones and 

dolomites.

Intercrystalline porosity made up 25% of the total 

porosity observed. The intercrystalline porosity type was 

dominantly found within sucrosic dolomites.

Moldic porosity was extremely rare constituting only 5% 

of the total porosity observed. Typically, the moldic 

porosity observed had been reduced by saddle dolomite or 

calcite.
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Source Rocks

The only proven Paleozoic source rocks within Nevada 

are the Ordovician Vinini and Mississippian Chainman 

Formations (Meissner, et aT. 1984). The Upper 

Devonian/Lower Mississippian Pilot Shale, though not proven, 

exhibits source rock potential within the study area 

(Meissner, et al. 1984). No Mesozoic source rocks have been 

identified within the area (Tschanz and Pampeyan, 1970).

The Eocene Sheep Pass Formation constitutes the remaining 

potential source rocks within the area (Meissner, et a l . 

1984) .

Ordovician Vinini Formation

The Ordovician Vinini Formation does not crop out 

within the study area and is believed to be confined to the 

west of the Antler thrust area (Figure 8). Though the 

Vinini does not crop out within the area, generated 

hydrocarbons from the Vinini may have migrated into the 

area. The extensional tectonics of the Basin and Range 

Orogeny has probably created migration barriers which 

inhibit further migration. Therefore, if Vinini-generated 

hydrocarbons are present within the study area, they 

probably migrated prior to Basin and Range tectonics. Total 

organic carbon within the Vinini Formation ranges up to 1.2 5 

percent (Meissner, et al. 1984) .
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Devonian/Mississiooian Pilot Shale

The Pilot Shale crops out throughout the entire GRP 

study area. Thicknesses of the Pilot Shale vary through 

Lincoln County from approximately 80 to 460 feet (Tschanz 

and Pampeyan, 1970). Though the Pilot Shale is not a proven

source rock, calcareous shales and mudstones within the 

formation have yielded total organic carbon values ranging 

from 0.5-3.0% (Meissner, et aJL. 1984).

Mississiooian Chainman Shale

The Chainman Shale crops out through the GRP study 

area, exhibiting an average thickness of 1000 feet in 

Lincoln County (Tschanz and Pampeyan, 1970). Black fissile

shale comprises the bulk of the lithofacies within the area 

(Tschanz and Pampeyan, 197 0). Grant Canyon, Bacon Flat, and

Trap Spring fields in Railroad Valley and the Blackburn 

field in Pine Valley produce oils generated from the 

Chainman Shale (Poole and Claypool, 1984). The Grant Canyon 

field lies approximately 4 5 miles to the north of Meeker 

Peak (Plate 1) and approximately the same distance to the 

west of Sidehill Pass (Plate 2). Kerogens of the Chainman 

are dominantly of a mixture of type II and type III 

kerogens, exhibiting total organic carbon weight percent 

values from <1% to 10% (Poole and Claypool, 1984).
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Eocene Sheep Pass Formation

The Eocene Sheep Pass Formation reaches a maximum 

thickness of 1000 feet within northern Lincoln County and 

thins to the south. The formation is composed of diverse 

lacustrine lithologies (Tschanz and Pampeyan, 1970).

Organic material within the Sheep Pass is dominantly 

composed of type I kerogens (Poole and Claypool, 1984). 

Hydrocarbon production from the Eagle Springs and Currant 

fields within Railroad Valley is interpreted to have been 

generated from the Sheep Pass Formation (Poole and Claypool, 

1984) .
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Chapter 10: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
This study focused on the stratigraphy of the Guilmette 

Formation within the southern Worthington Mountains (MPS, 

Plate 1) and the southern Schell Creek Range (SHPS, Plate 

2) . This research was conducted as part of an ongoing 

program (GRP) at the Colorado School of Mines, focusing on 

the Guilmette Formation within southeastern Nevada. Though 

this report details the Guilmette at the above two 

localities, regional observations were made at the other GRP 

localities still under investigation. From the MPS and SHPS 

sections, and regional observations, the following summary 

points are made :

1) A total of 4,205 feet of section was measured and 

described : a partial Guilmette section of 1,063 feet at MPS

(Plate 1) and a full section of Guilmette section of 2,431

feet at SHPS (Plate 2). The remaining 711 feet was

comprised of 47 feet of Simonson Dolomite at MPS and 250

feet of Simonson Dolomite, 219 feet of West Range Limestone, 

185 feet of Pilot Shale, and 10 feet of Joanna Limestone at 

SHPS .

2) The Lower Member of the Guilmette Formation is 

readily subdivided into two intervals : yellow slope-forming 

(YSFI) and ledge-forming (LFI). The YSFI is characterized 

by distinctive yellow-weathering upper intertidal to
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supratidal dolomite and only sparsely interbedded intertidal 

limestones. The dolomites dominate the sha11owing-upward 

cycles. Seven and six cycles make up the YSFI at SHPS and 

MPS localities, respectively. Cycle thicknesses vary from 2 

to 60 feet and average 18 feet. Six lithofacies comprise 

the YSFI idealized cycle at both MPS and SHPS localities.

The YSFI is exhibited throughout the GRP representing a 

broad depositional environment across the Guilmette 

platform.

The LFI is characterized by cyclic subtidal to 

intertidal limestones and intertidal to supratidal 

dolomites. The limestones comprise the base of shallowing- 

upward cycles and become the dominant lithofacies within the 

cycles up section. Twenty-three and twenty-eight cycles 

comprise the LFI at MPS and SHPS localities respectively.

The cycle thicknesses range from 2 to 68 feet and average 18 

feet. Ten (MPS) and eleven (SHPS) lithofacies comprise the 

idealized cycles for the LFI. Large-scale cycles throughout 

the Lower Member reflect a deepening of the Guilmette 

platform. The cyclicity of the small-scale cycles is likely 

the result of eustatic variations, possibly related to 

Milankovitch * s 41,000 year cycles.

3) The Alamo Breccia represents the Middle Member of 

the Guilmette Formation. Though it is not present in every
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range throughout the GRP study area, it is present at 

numerous localities over 4000 square miles of southeastern 

Nevada. Thickness of the Middle Member varies from 3 0 feet 

within the western Delamar Range to 435 feet in the western 

Timpahute Range (Table 2). The basal contact of the Middle 

Member is sharp and erosive, exhibiting peel and injection 

structures. Internally the Middle Member is comprised of 

limestone and dolomite clasts ranging in size from lOO's of 

feet in the maximum dimension to fine sand-sized. Clasts 

exhibit depositional environments typical of the inner-shelf 

setting. The largest clasts are typically confined to the 

base of the deposit and have a preferred resting position 

subparallel to the underlying strata. Both the matrix and 

clasts are normally graded. The upper contact is placed at 

a sharp, relatively flat erosion surface. Typically, within 

the upper 2 0 feet the deposit exhibits near-perfect normal 

grading culminating at the upper contact.

Of several causes considered, the AB is interpreted to

be the result of a debris flow induced by a seismic shock

and resulting tsunami. The seismic shock fractured the

carbonate platform and the resulting tsunami possessed the 

energy to initiate mass flow on the shallow-dipping 

platform. The cause of the force/forces which created this 

debrite are still under debate.
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4) The Upper Member of the Guilmette Formation was not 

studied in as much detail as the Lower and Middle Members. 

The Upper Member reflects a gradual change in depositional 

environments throughout the GRP study area. Unlike the 

Lower Member, where cyclic carbonate deposition is found 

throughout the area, the Upper Member exhibits regions 

siliciclastic and deeper-water sedimentation in some 

localities. Three sediment lithofacies associations were 

delineated on a regional basis: cyclic carbonates, deeper- 

water thin-bedded carbonates, and interbedded cyclic 

carbonates and siliciclastics. The cyclic carbonates 

dominate the northern portion of the GRP study area and the 

Upper Member at SHPS (Plate 2). The deeper-water thin- 

bedded carbonates reflect basinal sedimentation and 

comprise the entire Upper Member at only the CPS locality 

(Figure 1). The cyclic carbonates and interbedded

siliciclastics are confined to the southwest of the GRP 

study area. Shallowing-upward cycles are typically 

comprised of basal limestones and dolomites capped by 

quartzose sandstones to quartzose dolomites. The MPS (Plate 

1) locality is comprised of these sediment types.

5) Four porosity types were delineated from 

pétrographie analysis : fracture, vuggy, intercrystalline, 

and moldic. Porosity within the formation consists of a
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network of effective secondary fractures and isolated 

ineffective secondary pores. The average porosity exhibited 

within the thin sections was approximately 1%. Fracture 

porosity was the dominant porosity type, constituting 43% of 

the total observed porosity. Vuggy porosity constituted 28% 

of the total porosity observed. Intercrystalline porosity 

made up 2 5% of the total porosity observed. Moldic porosity 

was extremely rare constituting only 5% of the total 

porosity observed.

6) Detailed stratigraphie and structural analysis is 

needed to accurately reconstruct the paleogeography of the 

Devonian shelf. This would allow a better understanding of 

the distribution patterns of the Middle Member/A1amo Breccia 

and the juxtaposition of diverse depositional environments 

within the Upper Member. Conodont biostratigraphy needs to 

be conducted to allow correlations between the diverse 

lithologies exhibited within the Upper Member of the GRP 

study area and to biostratigraphically constrain the Middle 

Member/Alamo Breccia.
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APPENDIX A

Standard Microfacies Photomicrographs

Appendix A depicts examples of the standard microfacies 

used to delineate idealized cycles within the Lower Member 

at both the Sidehill Pass (Plate 1) and the Meeker Peak 

(Plate 2) localities. Samples within this appendix were not 

all collected within the Lower Member of the Guilmette 

Formation. They represent the best photomicrographs of 

lithofacies types found within the Lower Member.
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PLATE 4
Sample SH-195: Sidehill Pass, taken at 975 ft.

Photomicrograph of SMF 7(1).
Scale : Bar is equal to 5mm.

The entire slide is comprised of a portion of the 
bulbous stromatoporoid. SMF 7(1) occupies a depositional 
environment within the subtidal facies tract. This 
microfacies represents the deposition of bulbous and tabular 
stromatoporoids within both growth position (biostromes) and 
transported accumulations (sheet or channel deposits).
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PLATE 5
Sample SH-336: Sidehill Pass, taken at 1680 ft.

Photomicrograph of SMF 7(2).
Scale : Bar is equal to 5mm.

The stromatoporoid Amohipora (A) is the only 
distinguishable allochem within the slide. SMF 7(2) 
occupies a depositional environment within the subtidal 
facies tract. The Amphipora is preserved as calcite (red 
color; Alizarin-Red S stain), the remaining constituents 
have been dolomitized. Amphipora has been documented to 
represent a back-reef depositional environment throughout 
the Devonian around the world.
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PLATE 6
Sample SH-2 56 : Sidehill Pass, taken at 1280 ft.

Photomicrograph of SMF 9.
Scale: Bar is equal to 5mm.

This biomicrite contains : large gastropods (A) , 
bryozoans (B), ostracodes and brachiopod spines within the 
lime micrite matrix. SMF 9 occupies a depositional 
environment within the subtidal facies tract.
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PLATE 7
Sample SH-296: Sidehill Pass, taken at 1480 ft.

Photomicrograph of SMF 9(1).
Scale: X 20.

This photomicrograph documents the subdivision within 
the SMF 9, with the addition of detrital quartz. The 
quartz-rich biomicrite contains 10-15% quartz grains (B) 
with an average size of 3 phi. The dominant allochems 
within this sample are : ostracodes (A), brachiopod spines, 
foraminifera (C) and mollusks. This subdivision was added 
to infer a depositional environment relatively close to the 
paleoshoreline (quartz content) within the subtidal facies 
tract.
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PLATE 8
Sample SH-132: Sidehill Pass, taken at 660 ft.

Photomicrograph of SMF 10.
Scale : Bar is equal to 5mm.

Photomicrograph of a dolomitized example of SMF 
10. It is interpreted to represent algal coated Amphipora 
(A) . This microfacies is present only at this interval at 
Sidehill Pass (within the Lower Member) and absent 
throughout the entire measured interval at Meeker Peak. 
Oncolite beds are documented within the Lower Member of 
other localities of the GRP. SMF 10 represents a 
depositional environment within the lower intertidal facies 
tract and may represent periods of hypersalinty.
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PLATE 9
Sample SH-160: Sidehill Pass, taken at 800 ft.

Photomicrograph of SMF 12 (1).
Scale : X 25.

This intrabiosparite was sampled within a massive 
bedded, bioturbated unit containing bulbous stromatoporoids, 
intraclasts (A) and brachiopods (B). The overall interval 
was interpreted as a subtidal depositional environment 
containing thin storm deposits. This sample is from the 
storm deposit and documents winnowing (voids preserved as 
spar) and pelmicrite intraclasts.
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PLATE 10
Sample SH-532: Sidehill Pass, taken at 2 660 ft.

Photomicrograph of SMF 16.
Scale bar equals 5mm.

Photomicrograph of a pelbiosparite. The dominant 
fossils within this sample are ostracodes (A) and 
calcispheres (B). This grainstone is interpreted to have 
been deposited within the intertidal facies tract. Near
vertical open fractures are labelled (C) .
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PLATE 11
Sample SH-508: Sidehill Pass, taken at 2540 ft.

Photomicrograph of SMF 16(1).
Scale bar equals 5mm.

Photomicrograph of a pelbiomicrite containing pellets 
(A), ostracodes (B), calcispheres (C) and foraminifera (D) 
as the dominant allochems. This sample is interpreted to 
have been deposited within the shallow subtidal facies 
tract.
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PLATE 12
Sample WM-98: Meeker Peak, taken at 98 ft.

Photomicrograph of SMF 19.
Scale bar equals 5mm.

Photomicrograph of a poorly-washed intrapelmicrite. 
Fossils within this sample consist of ostracodes and 
foraminiferas, but constitute less than 5% of the total 
allochems. This sample is interpreted to have been 
deposited within intertidal facies tract.
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PLATE 13
Sample SH-124: Sidehill Pass, taken at 620 ft.

Photomicrograph of SMF 19(1).
Scale bar equals 5mm.

Photomicrograph of a thin-laminated pelmicrite, 
containing approximately 1% coarse silt-sized quartz (A). 
Pellets and ostracodes are at the base of laminations with a 
micrite cap. This sample is interpreted to have been 
deposited within the intertidal facies tract. Closed near
horizontal fracture (B). Fracture is cemented with equant 
calcite.
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PLATE 14
Sample SH-68: Sidehill Pass, taken at 340 ft.

Photomicrograph of SMF 19(2).
Scale : X 25.

Photomicrograph of a intrabiopelmicrite. The dominant 
allochems are : intraclasts composed of pelmicrites (A) ,
ostracodes (B), and pellets (C). This sample is interpreted 
to have been deposited within the intertidal facies tract.
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PLATE 15
Sample SH-215 : Sidehill Pass, taken at 107 5 ft.

Photomicrograph of SMF 20.
Scale bar equals 5mm.

Photomicrograph of a biomicrite, composed of thin 
planar stromatolites (A) within a dolomitized micrite. 
sample is interpreted to have been deposited within the 
upper intertidal to supratidal facies tracts.

This
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PLATE 16
Sample SH-360: Sidehill Pass, taken at 1800 ft.

Photomicrograph of SMF 20(1).
Scale bar equals 5mm.

Photomicrograph of a quartz-rich biomicrite. This 
dominant fossil within this sample is planar and domal 
stromatolites (A). The quartz grains range in size from 
coarse silt to fine sand and are well rounded (B). This 
sample is interpreted to have been deposited within the 
upper intertidal to supratidal facies tracts.
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3 %

PLATE 17
Sample WM-178: Sidehill Pass, taken at 178 ft.

Photomicrograph of SMF 23.
Scale : X 3 2.

Photomicrograph of a homogeneous micrite, exhibiting 
stylolites (A). This sample is interpreted to have been 
deposited within the upper intertidal to supratidal facies 
tracts.
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PLATE 18
Sample SH-525: Sidehill Pass, taken at 2625 ft.

Photomicrograph of SMF 23(1).
Scale : X 32.

Photomicrograph of a poorly-washed quartz-rich (5%) 
homogeneous micrite. The quartz grains are coarse silt in 
size and are well rounded and sorted (A). This sample is 
interpreted to have been deposited within the upper 
intertidal facies tract.
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PLATE 19
Sample SH-78.5 : Sidehill Pass, taken at 392.5 ft.

Photomicrograph of SMF 24.
Scale bar equals 5mm.

Photomicrograph of a intrapelbiomicrite. The 
intraclasts (A) are composed of pelmicrites containing 
dominantly ostracodes. Other allochems include pellets, 
pelloids, ostracodes, brachiopods, and gastropods. This 
sample contains > 1% silt-sized quartz grains. The sample 
is interpreted to have been deposited within the intertidal 
facies tract.
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ŒliBili
PLATE 20

Sample WM-235: Meeker Peak, taken at 235 ft.
Photomicrograph of SMF 25.

Scale bar equals 5mm.

This photomicrograph is of a homogeneous finely 
crystalline dolomite. This microfacies was created in 
order to place crystalline dolomites exhibiting no allochems 
or sedimentary structures into a microfacies. No 
depositional facies tract is assigned to this microfacies.
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PLATE 21
Sample SH-460: Sidehill Pass, taken at 2 3 00 ft.

Photomicrograph of SMF 25(1).
Scale bar equals 5mm.

This photomicrograph exhibits coarse silt to fine sand 
sized quartz grains (A) within a crystalline dolomite. One 
allochem is present within the middle of the photo, a 
ostracode (B). This sample possibly exhibits laminations. 
This sample was interpreted to have been deposited within 
the intertidal facies tract.
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APPENDIX B 

Porosity Photomicrographs

Appendix B displays photomicrographs of porosity types 

of the Guilmette Formation, at Sidehill Pass (Plate 1) and 

Meeker Peak (Plate 2). The average porosity (from outcrop 

samples) taken from pétrographie analysis averages 1%. No 

preserved primary porosity was identified. Porosities and 

grain percentages within the samples were quantified through 

visual percentage estimation. Fracture porosity is the 

dominate porosity type exhibited, yet, sample extraction by 

a rock-hammer may have greatly influenced this observation.
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PLATE 22
Sample WM-154: Meeker Peak, taken at 154 ft. 

Photomicrograph of Fracture Porosity 
Scale: Bar is equal to 5mm.

Open vertical fracture within a poorly-washed 
intrabiomicrite (SMF 24). Fracture width is approximately 
1mm. Air bubbles within blue-epoxy (A). Total porosity of
2%.
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PLATE 23
Sample WM-182.5: Meeker Peak, taken at 182.5 ft.

Photomicrograph of Healed Fractures 
Scale : Bar is equal to 5mm.

Multiple healed fractures through a poorly-washed 
intrabiomicrite. Fractures are filled with equant calcite
(A). One open near-horizontal fracture (B) is exhibited 
within this sample. The total porosity of this sample is 
less than 1%. Though the fractures within this sample are 
healed it represents the relative abundance of fractures 
within the formation.
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PLATE 2 4
Sample SH-215.5 : Sidehill Pass, taken at 1077.5 ft.

Photomicrograph of Intercrystalline Porosity 
Scale: Bar is equal to 5mm.

This photomicrograph displays two porosity types: 
fracture (A) and intercrystalline (B). This sample exhibits 
two stages of fracturing : 1) early stage : now healed with
dolomite (C) , 2) late stage : open and follows early stage
fracture trend (A). The later fracture (A) has allowed 
fluids to flow through the sample and cause dissolution of 
the dolomite creating localized intercrystalline porosity, 
followed by the precipitation of calcite (D ) . This sample 
displays approximately 3% secondary porosity.
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PLATE 25
Sample WM-184: Meeker Peak, taken at 942 ft.

Photomicrograph of Vuggy Porosity 
Scale : Bar is equal to 5mm.

This photomicrograph exhibits vuggy (A) porosity within 
quartz-rich dolomite. Quartz grains constitute 30% of 
sample ; the remaining 7 0% is dolomite. The quartz is 
dominantly 0-2 phi in size, well rounded, and moderately 
sorted. Vugs created by the dissolution of dolomite 
constitute approximately 1% porosity.
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PLATE 26
Sample SH-66: Sidehill Pass, taken at 3 3 0 ft.

Photomicrograph of Vuggy Porosity 
Scale : Bar is egual to 5mm.

This sample displays non-fabric selective dissolution 
of lime mud (A) (SMF 19(1)). Total vuggy porosity within 
this sample is estimated to be 2%.
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PLATE 27
Sample WM-128: Meeker Peak, taken at 662 ft.

Photomicrograph of Moldic Porosity 
Scale : Bar is equal to 5mm.

This sample displays reduced moldic porosity (C ) . The 
molds are of stick-like corals (A), identified by hand 
sample, partially filled with coarse zoned rhombic dolomite
(B). Total vuggy porosity within this sample is estimated 
to be 0.5%.
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APPENDIX C
Architecture of plates displaying the measured section data, 

description format, and a list of abbreviations used.

Layout of major sections within Plates 1 and 2:

A= Natural Gamma Log 
B= Lithologie Column
C= Fossil Types and Occurrences Plot
D= Relative Sea-level Curve for Section
E= Cycle Boundaries and Numbers
F= Descriptions
G= Title Block
H= Index and Geologic Map
1= Legend
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Sample description

1806-1820 (14 ft): Ls: packstone; drk gry (w), drk gry (f),
mass. bedded, bioturbated, erosional 
basai contact, Amphipora.

A (B): C: D; E, F, G, HI, H 2 , etc., I.

A: Interval within measured section 
B: Thickness of interval 
C : Lithology
D : Dunham's classification
E : Color of rock upon weathered surface (w)
F : Color of rock upon freshly broken surface (f)
G : Thickness of bedding
H : Internal or bounding sedimentary structures 
I: Fossil content

Lithology

Ls= Limestone 
Dol= Dolomite
Limy dol= Dominantly dolomite with slight limestone content 
Dol ls= Dominantly limestone with slight dolomite content 
Ss= Quartzarenite
Sandy ls= Limestone with quartz content 
Sandy dol= Dolomite with quartz content

Color Abbreviations

Gry= Gray 
Brn= Brown 
Ylw= Yellow 
Wht= White 
Blk= Black 
Lt= Light 
Md= Medium 
Drk= Dark

Bedding Thickness

V. Thn= less than one-inch 
Thn= Thin= one- to six-inches 
Md= Medium= six-inches to one-foot 
Thk= Thick= one-foot to two-feet 
Mass= Massive= Greater than two-feet
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Lamination Thickness

V. thn lamn.= Very thinly laminated= less than 5mm. 
Thn lamn.= Thinly laminated= 5mm to 2cm.
Md lamn.= Medium laminated= 2cm to 4cm.
Thk lamn.= Thickly laminated= greater than 4cm.
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