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ABSTRACT

Examination and sampling of a 500-meter surface section of 
Mississippian Chainman Shale from the Confusion Range 
of western Utah indicate that it possesses clear potential for 
hydrocarbon production. Although good stratigraphic and 
geochemical work has been published, this evaluation of 
the Chainman revealed previously unrecognized reservoir 
potential as an unconventional resource, particularly in the 
lower 300 meters of the formation.  

Whole-rock chemistry and mineralogy of samples from the 
Chainman Shale indicate variations in sea level and proxi-
mal/distal sediment source. Although total organic carbon 
measurements are uniformly modest (1 to 2 weight percent), 
new laboratory analyses reveal adequate mudrock porosity 
(3 to 9% effective) and oil saturation for largely liquid hy-
drocarbon production.  One surface sample surprisingly con-
tained substantial amounts of mobile oil (8%). Of the four 
major unconventional reservoir types recognized (organic 
siltstone, argillaceous mudstone, calcareous mudstone, and 
siliceous mudstone), the siliceous mudstone and organic silt-
stone most likely represent the “sweet spot” lithologies in the 
Chainman of western Utah. If some gross subsurface reser-
voir assumptions are made, including a normally pressured 
well at 1600-meter drilling depth, a 20% water saturation, 
and a 20% recovery factor, estimations of recoverable oil on 
an 80-acre spacing would amount to 270,000 barrels of oil 
and 1.5 billion cubic feet of gas over a 20-year lifespan.  This 
estimate is based on surface mapping and geochemical test-
ing exclusively.

 
INTRODUCTION 

 
Purpose

Because of recent interest in the petroleum potential of nu-
merous mudrock sequences during the last decade or so, par-
ticularly in North America, this study embarked on a prelimi-
nary analysis of the Mississippian Chainman Shale of western 
Utah.  While this organic-rich mud rock formation is known 
to geochemically source mid-Paleozoic, oil-bearing carbon-
ates in nearby Nevada, little effort has been dedicated to the 
Chainman in terms of its own reservoir potential.  This effort 
subsequently focused on outcrops of the Chainman exposed 

in Camp Canyon (also known informally as Skunk Springs 
canyon), central Confusion Range, western Utah (figure 1). 

Previous Work

The Chainman Shale is well known as the source for most 
of the oil produced in Nevada’s Railroad Valley fields (e.g., 
Meissner and others, 1984; Meissner, 1995), and much work 
has been published concerning that specific area. However, 
research is more limited for the Chainman in western Utah 
because good outcrops and well penetrations are very sparse, 
and there is no hydrocarbon production at this time to serve 
as the typical impetus for detailed studies.  

The Chainman Shale was named by Spencer (1917) for out-
crops near the Chainman mine west of Ely in eastern Ne-
vada. The most comprehensive regional stratigraphic study 
of the Chainman was conducted by Sadlick (1965) in which 
five members were named and described in the cental Con-
fusion Range, in acending order: Needle Siltstone, Skunk 
Spring Limestone, and Camp Canyon, Willow Gap, and Jen-
sen Members (figure 2). The stratigraphy of the Chainman 
in the region was further refined and described by Sandberg 
and others (1980), Sandberg and Gutschick (1984), Webster 
and others (1984), Hintze (1986, 1997), and Hintze and Davis 
(2003). Sandberg and others (1980) reduced the Skunk Spring 
Limestone Member in rank to the Skunk Spring Limestone 
Bed (figure 2) and proposed several informal members.  They 
did not recognize the Camp Canyon Member and divided it 
into two informal members: the lower 34 meters of the sec-
tion is referred to as the concretionary shale member (with 
the Skunk Spring Limestone Bed at the base) and the re-
maining 290-meter section above is the middle member (fig-
ure 2).  In addition, Sandberg and others (1980) identified a 
5-meter-thick, phosphate-rich unit at the base of the Chain-
man, which they informally named the phosphatic member 
(figure 2). Sandberg and Gutschick (1984) also recognized 
this phosphatic zone in the Chainman as well as in the basal 
part of other Mississippian formations in northern Utah and 
southeastern Idaho, and therefore formally elevated it to the 
Delle Phosphatic Member. Hintze (1986) and Hintze and Da-
vis (2003) mapped and described all five members as named 
by Sadlick (1965), as well as the Delle Phosphatic Member, in 
Chainman exposures throughout Millard County.  Therefore, 
we use these member names in this report.   
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Figure 1. Location of the Camp Canyon study site and measured section (approximate line of section indicated by the solid red line within 
the circle) for the Mississippian Chainman Shale, central Confusion Range, western Utah.
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Figure 2. Stratigraphic column of the Chainman Shale, Confusion Range, comparing stratigraphic nomenclature of Sadlick (1965), Sandberg 
and others (1980), and Hintze and Davis (2003). This report uses the nomenclature shown on the right-hand column. Note: the higher 
values of organic carbon, from Sandberg and others (1980), are in the lower part of the Chainman (Camp Canyon, Needle Siltstone, Delle 
Phosphatic Members). Modified from Sandberg and others (1980).  
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The paleogeography of the Mississippian rocks in the east-
ern Great Basin has been analyzed and interpreted by Craig 
and Varnes (1979), Skipp (1979), Welsh and Bissell (1979), 
Gutschick and others (1980), Sandberg and others (1982), 
and Blakey and Ranney (2008). Fossils identified within the 
Chainman are included in studies by Sadlick (1965), Karklins 
(1986), and Gordon and Yochelson (1987).  

The surface geology of the central Confusion Range was 
mapped by Hose (1963a, 1963b, 1965a, 1965b), Hose and 
Ziony (1964), Hose and Repenning (1964), and Hintze (1974). 
Our study area is located within the Cowboy Pass SW quad-
rangle mapped by Hose and Repenning (1964).  The geologic 
map of the Tule Valley 30' x 60' quadrangle, which includes 
the Confusion Range, was compiled by Hintze and Davis 
(2002). Most recently, Greene and Herring (2013) and Greene 
(2014) described the structural geology, using a series of bal-
anced cross sections, and petroleum potential of the Confu-
sion Range.  

The source rock potential of the Chainman Shale has been 
the focus of several regional studies covering western Utah 
and eastern Nevada (e.g., Meissner and others, 1984; Poole 
and Claypool, 1984). Sandberg and others (1980) provided 
total organic carbon analysis for samples from the study 
area. The U.S. Geological Survey (Anna and others, 2007) 
assessed the undiscovered oil and gas potential of the eastern 
Great Basin in 2004. Analysis of Paleozoic source rocks, in-
cluding the Chainman, was a major part of this assessment.   

Methods of Study and Scope
 
Trips to the study area in 2011 were designed to acquire a 
lithostratigraphic perspective; the entire formation was mea-
sured by Jacob staff and Brunton compass, and samples were 
collected for a variety of geologic/geochemical analyses.  Ad-
ditionally, the measured section was concurrently gamma-
ray logged by the field team.  

Whereas previous surface stratigraphic, biostratigraphic, 
and geochemical work has been done in the Confusion Range 
and environs, this study pays particular attention to the vari-
ous mudrock facies, to gain a better perspective on these 
mudrock lithotypes. The surface gamma-ray log should pro-
vide an analog to any downhole logs for wells drilled in the 
region, and the engineering/economic calculations derived 
from the geologic and geochemical work allow oil-in-place 
estimates, as well as assessment of additional economic pa-
rameters, that might govern future oil and gas exploration 
efforts in western Utah.  

The following geologic and geochemical tasks were accom-
plished:

• lithostratigraphic compilation of an approximately  
       500-meter measured section—in appendix A,

• surface gamma-ray logging—provided in appendix B,

• surface mudrock samples analyzed for basic pyroli- 
       sis data (table 1),

•      samples collected for thin section analysis (appendix  
 C), scanning electron microscopy (SEM) (appendix  
 D), and X-ray fluorescence (XRF) and X-ray diffrac- 
 tion (XRD) (appendix E), and 

• mudrock samples collected for reservoir quality  
 testing, tight rock analysis (TRA), in laboratory:  
 porosity, permeability, saturations (table 2).

 
 

REGIONAL OVERVIEW

Chainman Shale

The Chainman Shale was deposited over a very long period 
of geologic time during the Mississippian, early Osagean 
to late Chesterian (North American stage names found in 
Davydov and others, 2004) (Hintze and Kowallis, 2009).  The 
thickness of the Chainman in western Utah generally ranges 
from about 300 to 800 meters. This is a relatively thin inter-
val of sedimentary rocks, considering the 30 million years 
for its deposition. It can be accounted for by subsidence ex-
ceeding the rate of sedimentation during middle Osagean and 
Meramecian time, resulting in a starved basin (Gutschick and 
Sandberg, 1983; Sandberg and Gutschick, 1980, 1984; Stokes, 
1986; Cook and Corboy, 2004; Hintze and Kowallis, 2009).  
Beginning in the Late Devonian, north-south-trending high-
lands formed in central Nevada as part of the Antler orogeny.  
East-vergent thrusting created the foredeep or foreland basin 
into which the Chainman, as well as the underlying Early 
Mississippian (late Kinderhookian through early Osagean) 
Joana and overlying Late Mississippian through Middle 
Pennsylvanian (late Chesterian through Desmoinesian) Ely 
Limestones, were deposited (figures 3 and 4). The foredeep 
basin was separated from the shallow-shelf carbonate plat-
form of eastern Utah, Arizona, Wyoming, and Colorado, by 
a foreslope (Gutschick and Sandberg, 1983). By the Late Mis-
sissippian (late Chesterian) the carbonate platform to the east 
was exposed to subaerial erosion; however, the foreland ba-
sin in western Utah and eastern Nevada continued to receive 
sediments from the eroding Antler highlands to the west. 

The Chainman Shale was initially deposited in deep wa-
ter (greater than 300 meters) under dysaerobic conditions 
(Gutschick and Sandberg, 1983), ideal for the preservation 
of organic matter. This environment was conducive to the 
development of organic-rich shale beds and phosphate ac-
cumulations deposited, in part, through oceanic upwelling 
(figure 3). Fine-grained detritus (clastic mud and silts) in this 
basinal facies was derived from the Antler highlands. Thus, 
the Chainman contains less limestone than its stratigraphic 
equivalents on the platform to the east, such as the Deseret, 
Humbug, Great Blue, Redwall, and Leadville Formations 
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 Sample ID
As-Received  
Bulk Density 

(g/cc)

TOC1 
(wt.%)

S12 
(mg/g)

S23 
(mg/g)

S34 
(mg/g)

Tmax5 
(ºC)

HI6 OI7 S1/ 
TOC

PI8 Calc Ro
9 

(%)

Sample 486 2.325 0.70 0.02 0.11 0.46 NA 16 66 3 0.15 NA

Mc-8-51  NA 0.68 0.04 0.07 0.22 NA 10 32 6 0.36 NA

Mc-8-49 2.399 0.61 0.04 0.18 0.15 NA 30 25 7 0.18 NA

Mc-7-42 NA 1.27 0.04 0.28* 0.29 468 22 23 3 0.13 1.26

Mc-7-39 NA 1.57 0.19 1.08 0.28 438 69 18 12 0.15 0.72

Mc-9-86 2.504 1.26 0.08 0.74 0.38 448 59 30 6 0.10 0.90

Mc-6-16b 2.409 1.63 0.04 0.16 0.55 NA 10 34 2 0.20 NA

Mc-6-9  NA 1.17 0.03 0.23 0.35 NA 20 30 3 0.12 NA

Mc-6-6 2.633 1.58 0.32 1.59 0.17 446 101 11 20 0.17 0.87

Mc-6-2 2.593 0.94 0.20 1.02 0.36 445 108 38 21 0.16 0.85

Basal Chainman  NA 3.40 0.04 0.92 0.97 511* 27 29 1 0.04 2.04

1 TOC = total organic carbon (wt.%)
2 S1 = amount of free hydrocarbons in the sample (mg HC/g rock)
3 S2 = amount of hydrocarbons generated by pyrolitic degradation of kerogen (mg HC/g rock)
4 S3 = amount of CO2 (mg CO2/g rock) produced during pyrolysis of kerogen
5 Tmax = temperature (°C) of maximum release of hydrocarbons from cracking of kerogen during pyrolysis
6 HI = hydrogen index
7 OI = oxygen index
8 PI = production index
9 Ro = calculated vitrinite reflectance
NA = not available
* Data questionable due to outcrop sampling conditions

* BV – bulk volume
PV – pore volume

Table 1. Total organic carbon (TOC) and programmed pyrolysis data of Chainman Shale from the Camp Canyon section.  Measured section 
provided in appendix A indicates sample locations (in meters).  

Table 2. Tight rock analysis data of Chainman Shale from the Camp Canyon section.  Measured section provided in appendix A indicates sample locations (in meters).  

Sample ID
As-Received 
Bulk Density 

(g/cc)

As-Received 
Grain Density 

(g/cc)

Effective Dry 
Grain Density 

(g/cc)

Effective 
Porosity  

(% of BV*)

Water  
Saturation  
(% of PV)

Gas  
Saturation 
(% of PV)

Mobile Oil 
Saturation  
(% of PV)

Gas-Filled 
Porosity     

(% of BV)

Bound  
Hydrocarbon  

Saturation        
(% of BV)

Bound 
Clay Water               
(% of BV)

Pressure-
Decay  

Permeability 
(nD)

Sample 486 2.325 2.349 2.542 13.42 91.71 7.72 0.58 1.04 0.08 21.02 177

Mc-8-49 2.399 2.615 2.637 9.48 11.71 87.45 0.84 8.29 0.01 7.90 51

Mc-9-86 2.504 2.604 2.627 5.14 23.59 74.79 1.62 3.84 0.15 4.35 106

Mc-6-16b 2.409 2.558 2.573 6.74 11.90 86.91 1.19 5.85 0.01 9.09 112

Mc-6-6 2.633 2.710 2.716 3.16 2.47 89.81 7.72 2.83 0.10 2.48 173

Mc-6-2 2.593 2.676 2.682 3.46 8.29 90.32 1.38 3.13 0.01 4.02 78
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Figure 3. Schematic west-to-east cross section from eastern Nevada through Utah during Mississippian time displaying the deep starved 
basin (in which the Chainman Shale was deposited), foreslope, and shallow carbonate platform.  Vertical scale is exaggerated.  Modified from 
Gutschick and Sandberg (1983) and Hintze and Kowallis (2009).   

Figure 4. Paleogeography of Utah and eastern Nevada during Mississippian time.  A – A warm shallow sea covered much of Utah during the 
early Meramecian (340 Ma). Western Utah and eastern Nevada was the site of a deep starved basin and organic-rich sediment deposition that 
formed the Chainman Shale. Note the Antler orogenic belt farther to the west. B – During the Late Mississippian (Chesterian) the carbonate 
platform was exposed whereas Chainman deposition continued in the starved basin of western Utah and eastern Nevada. In addition, erosion 
of the Antler highlands provided a significant influx of clastic sediments into the basin. Modified from Blakey and Ranney (2008).

A B
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(Stokes, 1986; Hintze and Kowallis, 2009). However, lime-
stone units are present in the upper Chainman and contain 
crinoids, horn corals, and brachiopods, suggesting an easter-
ly supply of carbonate debris (not present in central Neveda) 
and a change to shallow-shelf deposition in the foreland basin 
rather than the deep, sediment-starved conditions of its early 
history (figure 3).  

The Chainman depositional environments, from oldest to 
youngest, were identified by Sadlick (1965), Sandberg and 
others (1980), and Sandberg and Gutschick (1984) as: (1) 
deep-water, sediment-starved basin (Delle Phosphatic Mem-
ber of Sandberg and Gutschick, 1984), (2) low-energy, neritic 
or sublittoral (Needle Siltstone Member of Sadlick, 1965), (3) 
low-energy, outer-sublittoral, shallow-marine (Skunk Spring 
Limestone Member of Sadlick, 1965), (4) deep-water, sedi-
ment-starved basin at the base to shallow marine at the top 
(Camp Canyon Member of Sadlick, 1965), (5) shallow-ma-
rine, lime-sand bank (Willow Gap Member of Sadlick, 1965), 
and (6) moderate-energy, inner-sublittoral, shallow-marine 
(Jensen Member of Sadlick, 1965).

 
Confusion Range

The Confusion Range is a typical north-south-trending Ba-
sin and Range uplift bounded by Quaternary-covered, large 
normal fault zones (some with over 1000 meters of displace-
ment) adjacent to Tule and Snake Valleys on the east and west 
sides, respectively. Regional extension began in the Miocene 
and continues to the present (Dickinson, 2006; Hintze and 
Kowallis, 2009). As the west-moving North American con-
tinental plate migrated over a deep-seated mantle upwelling, 
the extension broke the weak Phanerozoic rocks into horsts 
and grabens (Wernicke, 1992; Anna and others, 2007). 

The general structure of the Confusion Range is part of a 
130-kilometer-long, 24-kilometer-wide synclinorial feature 
extending through western Millard County (Hintze and Da-
vis, 2003).  However, in the Confusion Range the geology is 
structurally complex (figure 5).  Prior to Basin and Range ex-
tension, the region was one of compression during the Sevier 
orogeny, primarily in Late Cretaceous time as the Farallon 
oceanic plate was subducting along the western edge of the 
North American plate (Armstrong, 1968; Hintze and Kowal-
lis, 2009).  The Confusion Range contains numerous, stacked 
or imbricated, “thin skinned,” east-vergent, thrust faults as 
part of the hinterland of the Cordilleran thrust belt that re-
sulted from the Sevier orogeny (Hintze, 1974; Hose, 1977; 
Hintze and Davis, 2002; Greene and Herring, 2013; Greene, 
2014).  Horizontal shortening from Sevier compression in the 
range is about 10 kilometers (Greene and Herring, 2013).

The central part of the Confusion Range contains several 
thrust faults, some of which have leading edges exposed 
along their eastern boundary (figure 5). Typically thrusts 
cut up section in competent, carbonate-dominated forma-

tions, such as the Ordovician House Limestone and Devo-
nian Guilmette Formation, and sole into shale (for example, 
in the Cambrian Orr Formation or Upper Devonian–Lower 
Mississippian Pilot Shale). Thrust imbricates in the area have 
created generally north-south-trending, short- to long-axis, 
tight, overturned to low-amplitude, fault-propagation/fault-
bend anticlines and associated synclines (e.g., the Conger 
Springs anticline and Conger Mountain syncline, figure 5).  
Local normal faults with small throws, indeterminate ages, 
short horizontal lengths, and various orientations are com-
mon (figure 5).  

Rocks ranging in age from Ordovician (Pogonip Group) to 
Triassic (Thaynes Formation) are exposed in the Confusion 
Range (figure 5). The Chainman Shale is between 490 and 
550 meters thick (Hintze and Davis, 2003), although Hose 
(1977) suggested it is commonly attenuated structurally.  The 
Chainman forms a major strike valley, Camp Canyon (in-
cluding the study section), along the gently west dipping east 
flank of the Conger Mountain syncline (figures 5 and 6).  The 
underlying Joana and overlying Ely Limestones form promi-
nent ridges (figure 6); these formations are 60 to 118 meters 
and 560 to 610 meters thick, respectively, in the Confusion 
Range (Hintze and Davis, 2003).  The contacts with the inter-
vening Chainman are conformable.  

The Chainman Shale generally consists of interbedded shale, 
limestone, mudstone, siltstone, and sandstone with some cal-
carenite and calcisiltite. Organic-rich shale beds are black, 
whereas other lithologies weather light brownish gray, me-
dium to light gray, medium grayish black, and dark, pale 
yellowish or orangish brown. Shale beds may also be silty, 
calcareous, and/or fossiliferous; some basal units contain dis-
tinct limestone concretions. Limestone beds are variable, lo-
cally cross-laminated, fossiliferous, silty, clayey, finely crys-
talline, or contain scattered chert nodules.  They may be thin 
to thick bedded, in places forming prominent resistant ledges 
and cliffs. Sandstone beds are very fine grained, calcareous, 
and thin bedded. Sandstone, siltstone, and clayey to silty lime-
stone beds form low ledges and blocky talus slopes.  Though 
typically covered, the base of the Chainman is marked by a 
phosphatic siltstone to shale bed (the Delle Phosphatic Mem-
ber of Sandberg and Gutschick, 1984). Shale exposures are 
extremely poor, confined to areas of incised gullies and side 
canyons.  Much of the Chainman is covered by unconsolidat-
ed Quaternary colluvium and alluvial fan deposits consisting 
of poorly sorted silt, sand, and pebble/cobble gravels. 

  

GEOLOGIC DISCUSSION

Measured Section

We measured a complete lithostratigraphic section of Chain-
man Shale (appendix A) about 3.4 kilometers south of Skunk 
Spring (section 8, T. 18 S., R. 16 W., Salt Lake Base Line & 
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Figure 5. Geologic map of the central Confusion Range, western Millard County, Utah.  Approximate line of the Chainman Shale measured 
section in the Camp Canyon study area indicated by the solid red line within the circle.  Modified from Hintze and Davis (2002).  
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Figure 5. Legend.  
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gray, calcareous and noncalcareous mudrock (shale) alternat-
ing with resistant “ribs” of mostly micritic (lime mud) organ-
ic limestone that become more bioclastic upsection (Camp 
Canyon Member) (figure 6), (5) very thick and resistant 
shallowing-upward succession of bioclastic limestone beds 
(Willow Gap Member) (figures 6 and 7), (6) phosphatic zone 
of the basal Jensen Member capping perhaps a karstic and 
erosional surface developed on the subjacent limestone beds 
(upper-most Willow Gap Member) (figure 8), and (7) pebble 
conglomerate that progressively leads to an orange-weather-
ing recessive interval composed of silty and sandy limestone, 
calcareous siltstone, and intermittent mudstone beds (Jensen 
Member) (figures 7 and 8). The phosphatic zones are com-
monly present at or near the bases of transgressive systems 
tracks (TSTs), for example, within the Delle Phosphatic and 
above the top of the Willow Gap Members, respectively (ap-
pendix A). The contact with the overlying, mainly Pennsyl-
vanian, Ely Limestone is usually obscured by float and is lo-
cated approximately where the orange-weathering Chainman 
float ends up-section.

As noted on the measured section, samples were collected at 
intervals selected for specific characteristics.  Many samples 
were not analyzed because of limited funding for laboratory 
tests; thus, additional samples are available for future study at 
the Utah Core Research Center at the Utah Geological Survey 
(UGS) in Salt Lake City, Utah. Finally, appendix A describes 

Meridian [SLBL&M]) in the northern Confusion Range in 
what is called Camp Canyon or (informally) Skunk Spring 
canyon (figure 1).  A surface gamma-ray profile (appendices 
A and B) was taken, using a hand-held scintillometer, as a 
supplement to the measured stratigraphic section.  

The best line of section was selected using Google Maps™, 
topographic maps, and an early reconnaissance survey of the 
study area from unimproved dirt roads. Outcrops were fairly 
good as a general east-southeast to west-northwest line of sec-
tion was irregularly pursued, but alluvium obscured portions of 
the section, particularly where recessive shale beds likely exist 
just beneath the alluvium. In many cases, we hand trenched the 
section to reveal bedrock—mostly shale and siltstone.  

Details of the measured section can be found in appendix 
A, but in general the Chainman Shale at this location can 
be subdivided into the following major units from bottom 
to top (figure 2): (1) basal, dark gray phosphatic zone (Delle 
Phosphatic Member) resting on the underlying Mississippian 
Joana Limestone (most phosphate is covered by alluvium), 
(2) orange-brown weathering organic muddy siltstone or silty 
mudstone unit with sporadic bioturbation (Needle Siltstone 
Member) (figure 6), (3) medium gray, thin- to thick-bedded 
limestone that forms a distinct ledge about 6 meters thick 
with the top covered by alluvium (Skunk Spring Limestone), 
(4) interbedded succession of recessive dark gray to brown-

Figure 6. Overview from the Willow Gap Member (mostly bioclastic limestones in foreground) looking northeast towards the lower portion 
of the Camp Canyon area Chainman Shale section. The resistant Joana Limestone can be seen in the middle distance, and the recessive units 
upsection contain the basal phosphorite (Delle Phosphatic Member), the Needle Siltstone Member, and the organic-rich mudrocks of the 
Camp Canyon Member.  Within this deeply eroded interval, one can discern locally resistant ridges and/or beds; these “ribs” belong to the 
deeper water, micritic, organic limestone beds of the Camp Canyon Member.   
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the basic lithologies and comments on depositional environ-
ments. In reality, the work of Sadlick (1965), Sandberg and 
others (1980), and Sandberg and Gutschick (1984) was very 
thorough, and this study makes no attempt to seriously alter 
their previous findings. What we hope to accomplish is a more 
detailed description of the potential unconventional reservoirs.

Microscopic Observations

Most thin section and scanning electron microscopy work 
focuses on the phosphate beds, siltstone beds of the Needles 
Member, and the mudrocks. Individual thin section details 
are  provided on plates in appendix C, and SEM data are in 
appendix D of this report. 

Phosphatic beds are mainly composed of ooids, lumps, and ce-
ments, and pertinent details can be found in plate I (all views) 
and in plate VII (views A and B) of appendix C. Interestingly, 
a single sample from the basal phosphate is also highly organ-
ic (~3.5% total organic carbon [TOC]). The siltstone facies ly-
ing above the basal phosphate comprises various ingredients, 
including dolomite, quartz, some feldspar, organic matter, py-
rite, muscovite, illitic clay, and microfossils. What is interest-
ing and important to this study is the fair amount of organic 
content (~1.0 to 1.5%) combined with some observable, but 
comparatively low, porosity (appendix C, plate II, view D) and 

some stratigraphic thickness.  SEM microscopy also shows 
some void space in the various photomicrographs—especially 
so in SEM plate 6 (appendix D). These observations indicate 
that this dolomitic siltstone facies should be incorporated into 
any potential reservoir assessment using the quantitative data 
available (TOC and TRA assessments, along with a measured 
thickness).  In fact, the siltstone lithofacies is somewhat litho-
logically analogous to certain reservoir portions of the Tri-
assic Montney Formation of western Canada—a known oil 
and gas producer. Quantitative analysis of the basal phosphate 
is also a possibility although the complete thickness is con-
jectural in our study because of cover; however, the reported 
thickness by Sandberg and others (1980) could be used for this 
facies’ reservoir calculation.

Three basic varieties of dark-gray to black mudrocks were 
discovered in the Camp Canyon Member: (1) an argillaceous 
(or clay-rich) mudrock (sample 6-16b), (2) a volumetrically 
dominant calcareous mudstone (samples 7-42 and 8-49), and 
(3) a compositionally curious siliceous-calcareous mudrock 
(sample 9-86) in which the silica content consists of microag-
gregates of quartz. We identified and collected a fourth type 
of mudrock with a limited stratigraphic extent from a deeply 
trenched part of the section at 486 meters. It is a dark gray to 
black, organic claystone that seems to contain a good deal of 
bound water.

Figure 7. View north along the topographically resistant Willow Gap Member, the unit that markedly contrasts with the two recessive 
Chainman units above (left) and stratigraphically below (right). On the right, one can readily see the locally resistant organic limestone 
ridges or “ribs,” characteristic within the mudrock-rich section. The boldly resistant ridge on the right is reflective of the underlying Joana 
Limestone.  The recessive unit to the left is the Jensen Member and to the right is the Camp Canyon Member (Sadlick, 1965).  The Chainman 
Shale is overlain by Ely Limestone (resistant material on left just beneath the skyline).  
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pyrolysis), (3) Tight Rock Analysis (TRA), which is a newly 
designed process for determining porosity, permeability, and 
saturations in mudrocks, and (4) XRF and XRD analysis. 

Total Organic Carbon and Programmed Pyrolysis

The TOC data (table 1) reveal that eight of the eleven samples 
analyzed are within an acceptable range of values for the 
Chainman Shale to be considered a potential source rock in 
this area. Apart from the comparatively high TOC value for 
the dark phosphate sample at the formation base, most values 
fall between 1.0 and 1.5 weight percent (wt.%).  These values 
are not particularly high, mostly due to the abundant min-
erals not successfully dissolved away prior to the measure-
ment (mostly terrigenous clastics and dolomite).  However, in 
spite of deep trenching for fresh samples, these values should 
be considered as minimal because of the unknown severity 
of near-surface weathering. Also, the thickness of a Chain-
man organic-rich interval in the basal phosphate, dolomitic 
siltstone, and mudrock might be as much as 260 meters in 
this location —an adequate thickness to provide a reasonable 
oil-in-place calculation. In fact, the lower limestone ridges 
appear organic rich as well; unfortunately no TOC measure-
ments were run on these dark carbonates.  Finally, analysis of 

All  three major mudrock types possess varying and distinct 
textural characteristics (see plate descriptions, appendix C), 
but all seem modestly organic rich even from thin sections.  
The absolute TOC values (see table 1) are certainly subdued 
due to the presence of insoluble terrigenous materials and do-
lomite. However, the moderately acceptable TOC values can 
be compensated through the total thickness of the mudrock in-
terval in terms of calculating in-place hydrocarbons. All types 
also possess porosity to varying degrees: (1) leaching of fossils 
(Radiolaria) and additional microporosity in the argillaceous 
mudrock, (2) interparticle voids and microporosity in the cal-
careous mudrock facies, and (3) intercrystalline microporosity 
among the authigenic quartz microaggregates in the siliceous-
calcareous mudrock (see SEM images). The exact vertical 
stratigraphic extent of the siliceous-calcareous mudrock facies, 
particularly as detected by SEM imaging, is not known from 
this limited geologic study; perhaps a future downhole logging 
suite and/or a continuous coring program could delineate the 
vertical extent of each major mudrock type.

Laboratory Testing

Laboratory work done for this project included: (1) Total Or-
ganic Carbon (TOC), (2) programmed pyrolysis (RockEval 

Figure 8. Approximate contact in gully separates the resistant Willow Gap limestone beds from the overlying recessive mixed rocks of the 
Jensen Member. The contact appears “slightly” karstic upon the limestone beds, and a distinct phosphate bed directly and disconformably 
overlies the questionable karstic surface. View is to the northeast.  
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the programmed pyrolysis work reveals that most Chaiman 
samples fall in the oil window here, possibly in an oil window 
associated with “wet” gas.  One should keep in mind that any 
nearby hydrothermal activity, common to both Nevada and 
Utah, could alter the Tmax (the temperature [°C] at which 
maximum release of hydrocarbons from cracking of kerogen 
during pyrolysis occurs) appropriately and substantially into 
the gas window.

Tight Rock Analysis

Data from TRA measurments also provide some interesting 
insight into Chainman petroleum potential (table 2). Apart 
from a sample at 486 meters, which was very thin and iso-
lated stratigraphically, the other five samples possess ad-
equate effective porosities (3.16 to 9.48%), with maximum 
porosity found in the siliceous-calcareous mudstone sample 
(Mc 8-49). The relected ultra-violet image of that sample (ap-
pendix C, plate VI, view B), which shows both dissolution 
(leached) pores and micropores, makes it optically clear that 
this lithofacies may be an optimal production sweetspot if 
a substantially thick (at least 3 meters for individual zones, 
15 meters total in the wellbore for an economic well) zone 
could be detected through logging or continuous coring.  All 
measured permeabilities are relatively modest, but based on 
similar TRA measurements performed on thousands of mu-
drock samples elsewhere, these numbers exceed the mini-
mally acceptable 100 nanodarcy (nD) level recognized for 
adequate hydrocarbon production. One should remember that 
any surface weathering can affect the porosity/permeability 
numbers, both positively (dissolution causing elevated void 
space) and negatively (enhanced authigenic clays clogging 
pre-existing pores).  A final interesting observation concerns 
the elevated mobile oil saturation of 7.72% for sample Mc 
6-6 (dolomitic siltstone). This was a surprise because these 
surface samples have inherent surface weathering potential.  
Still, the number of natural seeps in nearby Nevada instructs 
all potential observers that the 7.72% value should not be all 
that astonishing.  This observation is very encouraging to any 
potential Chainman production in Utah. 

X-Ray Fluorescence and X-Ray Diffraction

Sample collection and preparation: Thirty-six samples 
from members of the Chainman Shale were collected from 
the stratigraphic section in Camp Canyon. Samples were col-
lected from the base of the Chainman near the underlying 
Joana Limestone contact through near the contact with the 
overlying Ely Limestone. Several samples were collected 
from slope-forming shale units. The shale samples were very 
fissile and had obvious weathering rinds around individual 
rock pieces. These shale samples were processed by carefully 
selecting rock samples and removing the weathering rind.  

About 40 to 50 grams of rock was used for crushing from each 
individual sample.  Many samples required crushing in me-

chanical jaws to rock pieces of approximately 2 centimeters 
in diameter.  The shale rock pieces were rinsed in a methanol 
solution to help remove any surface weathering minerals. The 
samples were milled between one and three minutes to less 
than 45 microns using a ring and puck machine.  

The samples were statistically split into two analytical and 
two reserve portions. The analytical samples were placed in 
a 105°C oven for eight hours to remove unbound surface wa-
ter. The samples were weighed before and after dehydration 
in the oven. Generally between 2 and 8 wt.% surface water 
was removed from the samples.  The dehydrated sample splits 
were hand milled in a porcelain mortar and pestle to remove 
clumps and to thoroughly mix the powder. One analytical 
split was prepared into a pressed pellet for XRF analysis us-
ing standard pellet preparation techniques. Several samples 
of different rock types (i.e., variable amounts of expected Si 
and Ca content) had a second pressed pellet prepared from the 
powder to provide a preparation-analytical split. The second 
analytical sample was individually prepared in aluminum 
sample holders using standard XRD preparation techniques.

The Chaiman samples were analyzed using a Rigaku ZSX-
mini XRF instrument. Universally known shale, whole-rock, 
and limestone standards were used to determine accuracy.  
The preparation-analytical split pellets, some run in multiple 
machine runs, provided an estimate of the reproducibility 
of the analytical process. The individual- and multiple-run 
samples showed less than 4% variability in the sampling re-
sults.  The oxide wt.% totals from the multiple analytical runs 
were greater than 99% indicating that water was sufficiently 
removed from the samples and that CO2 loss from the carbon-
ates was not a significant factor. Sample duplicates indicate 
that Na variability probably accounts for the low and variable 
oxide wt.% totals. 

The mineralogical samples were analyzed using a Rigaku 
Miniflex II XRD instrument. The Miniflex II is capable of 
analyzing six individual samples in an analytical run. The 
instrument was calibrated for positional accuracy and beam 
alignment using a quartz powder standard. The quartz stan-
dard was processed several times during the analytical runs.  
The mineralogical samples were measured between 3.5 and 
110° 2-theta angles using 0.15° 2-theta steps and a 0.25-sec-
ond sample time. Several samples were selected and analyti-
cal splits were analyzed to determine the reproducibility and 
accuracy of the mineralogical sample preparation. We found 
that both peak 2-theta and peak intensity were nearly identi-
cal between duplicate samples and within analytical sample 
runs, indicating that sample preparation did not introduce er-
rors into the mineralogical analysis. The International Cen-
tre for Diffraction Database (2010) and the Crystallographic 
Open Database (COD) pattern databases were used to iden-
tify minerals in the whole-rock diffraction patterns.  The Ref-
erence-Intensity-Ratio (RIR) method was used to estimate, 
with a 10% error, the relative percentages of minerals in the 
powder samples. 
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Overview: Major minerals and elements identified by whole-
rock XRF and XRD conform fairly well to the lithologic as-
sessments in the megascopic and microscopic analyses. The 
results of the whole-rock and mineralogical data suggest vari-
ations in the sea level and sediment source.  

Elemental XRF concentrations in whole-rock samples indi-
cate depositional environments and sediment source (Sage-
man and Lyons, 2003). Ratios of Si/Al and Al/K and Fe con-
tent indicate types of minerals, their source, and possible con-
ditions at the time of deposition and compaction. Continental 
weathering leaches Na, Mg, Si, and Ca from many minerals 
and matrix, which concentrates Al and Ti in soils and paleo-
sols. K and Fe leaching is more complicated since it depends 
on the oxidation state of Fe and the electrical affinity of K to 
clay minerals at the weathering location (Nesbitt and Young, 
1982; Harnois, 1988). Clay minerals form during weathering 
of igneous and metamorphic minerals during the develop-
ment of soils. One exception is direct precipitation during 
hydrothermal alteration. Natural waters, river sediments, and 
nearly all igneous and metamorphic minerals have higher 
concentrations of Ca and Na compared to Al and K (Taylor 
and McLennan, 1985).  Plagioclase and K-feldspars start at a 
50% ratio of Ca and Na to Al and a 0 to 50% ratio to K.  As 
feldspar minerals weather, Ca, Na, and K are quickly leached 
leaving higher concentrations of Al and some chemically re-
bonded K in clay minerals. As weathering continues, illite and 
montmorillonite are reorganized to kaolinite and smectites 
(McLennan 1993). Two weathering indexes, the Chemical In-
dex of Weathering (CIW; Harnois, 1988) and the Chemical 
Index of Alteration (CIA; Nesbitt and Young, 1982) have been 
devised. These indices have been extensively used on whole-
rock element analysis from sedimentary rocks to determine 
possible sediment sources and the degree of weathering of the 
source sediments (Price and Velbel, 2003).  The CIW (Al2O3/
Al2O3+CaO+Na2O) does not include potassium in the ratio, 
but CIA (Al2O3/Al2O3+CaO+Na2O+K2O) does. Higher ratios 
in both indices indicate more weathered clay minerals in the 
sediments. The type of clay minerals in the sediments indi-
cate the degree of weathering on either continental terrain or 
soils (Price and Velbel, 2003).

Sandberg and Gutschick (1984) suggested that the Delle 
Phosphatic Member was deposited in a deep-water, sediment-
starved basin.  The Camp Canyon Member through the upper 
Jensen Member are thought to represent sediments deposited 
in shallow marine, clastic to lime-sand banks with possible 
subaerial parts. Mississippian carbonate banks formed in 
shallow seas to the east whereas the Antler orogeny and as-
sociated subduction zone were active to the west.  

The Chainman Shale contains clay minerals identified by 
XRF and XRD analyses. Clay minerals like illite and mont-
morillonite are generally considered allogenic minerals that 
form in paleosols where there is dissolution of minerals and 
movement of cations. Allogenic kaolinite and chlorite are 

generally products of weathering and development of soils 
on volcanic rocks. The weathering of feldspars and silicates 
in soils that develop on continental granitic, metamorphic, 
and volcanic terrains is generally believed to be the source of 
most clay minerals in sedimentary rocks. Exceptions to this 
are the development of clay minerals as part of hydrother-
mal alteration or metamorphism; however, no hydrothermal 
alteration was observed in the Chainman in the Camp Can-
yon section. In general, higher concentrations of Al or higher 
aluminum-bearing clay minerals indicate a higher degree of 
weathering (Sageman and Lyons, 2003). The ratios of bulk 
minerals like quartz, feldspars, biotite, and other allogenic 
grains in comparison to the percentage of allogenic clay min-
erals can be used to determine possible sources of sediment 
and estimate the degree of weathering of the sediments.  

Appendix E shows the XRF, whole-rock chemical analyses 
of samples from the various members of the Chainman Shale.  
These data are juxtaposed alongside the column depths such 
that stratigraphic control is maintained. The mineralogical 
analyses from whole-rock, XRD patterns are also presented in 
appendix E, as are sample preparation and analysis techniques. 

Results: The Chainman mineralogy is predominately allo-
genic quartz, with lesser amounts of muscovite and clay min-
erals and authigenic carbonate. Three phosphatic layers were 
identified in the Chainman Shale. The basal Delle Phosphatic 
Member has the highest concentration of phosphate in the form 
of fluorapatite. The second highest phosphate concentration of 
fluorapatite was found at 12 meters in a layer in the lower part 
of the Needle Siltstone Member. A third phosphatic layer was 
identified at the base of the Jensen Member at 458 meters. The 
phosphatic zones at 1 and 12 meters are 75 and 76% fluorapa-
tite respectively, with quartz concentrations of 24 and 25%, 
respectively. The third phosphatic zone at 458 meters has 70% 
fluorapatite, with 15% calcite or limestone, 9% mica, and 6% 
quartz. Micas are not considered to have high Fe concentra-
tions and contribute only a small amount of Fe to the whole-
rock composition at the third phosphatic zone. According to 
Sageman and Lyons (2003), Fe from seawater is concentrated 
as FeO in sediments during organic reduction. The FeO is like-
ly oxidized to Fe2O3 during lithification or during weathering 
by oxygen-bearing meterotic water. High P and Fe concentra-
tions suggest a deep-water with upwelling currents, reduced, 
and organic-rich depositional environment (Sheldon and oth-
ers, 1967; Sageman and Lyons, 2003), which were found in the 
third phosphatic zone. The first and second phosphatic zones 
have low Fe, the cause of which is not understood. It is possible 
that Fe may not have been highly concentrated in the seawater 
when the phosphate and organics of these zones were develop-
ing in the bottom sediments. It is also possible that a leaching 
mechanism has occurred in the lower part of the Chainman 
Shale that has not occurred in the upper part.  Further sampling 
and study of the phosphatic zones in the Chainman would help 
to understand the relationship between high phosphate and 
variable Fe concentration.
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Concentrations of S are not high in any of the samples; the 
highest typically occur at, or above, the phosphatic zones.  
The highest concentration of S occurs at 99 meters, just above 
the top of the concretionary black shale unit in the Camp 
Canyon Member. Concentrations of Mg, Al, K, Ti, and Fe 
are elevated at the same location, due to the clay minerals and 
muscovite. Most elements are depleted above and below the 
99-meter sample, indicating the zone received different sedi-
ments for a brief period of time.   

Sheet silicates, including micas and clay minerals, are found 
in most samples from the Chainman Shale. These silicates 
also contribute K and Al to whole-rock elemental concentra-
tions and may not reflect the actual degree of weathering of 
the sediment source of the Chainman.  

Discussion: A plot of the CIW and the CIA versus thick-
ness through the Chainman Shale shows a large difference in 
the weathering indices or in the K concentration in the sedi-
ments (figure 9). The CIW indicates that most samples from 
the Needle Siltstone and Camp Canyon Members are in the 
montmorillonite to kaolinite weathering range representing 

more mature, weathered sediments from the Antler orogenic 
belt to the west. Less weathered sediments, represented in the 
average shale to illite range of the CIW in the upper parts of 
the Camp Canyon and Jensen sections, reflect erosion of more 
siliceous terrain with less paleosol development.  

Samples from the Chainman generally have very minor 
amounts of K-feldspar and no plagioclase. Three feldspar-
rich samples, at 14 meters in the Needle Siltstone Member, 
175 meters in the Camp Canyon Member, and at 515 meters 
in the Jensen Member, contain 37%, 29%, and 34% feldspar, 
respectively.  These high feldspar concentrations probably re-
flect periodic erosion of continental volcanic rocks or deposi-
tion of aerial volcanic ash associated with the Antler orogeny.

A plot of Si/Al, Ti/Al, K/Fe+Mg, and Ca/Si ratios from the 
Chainman Shale (figure 10) and a plot of percentages of car-
bonate, silicate (quartz and micas), and clay minerals (fig-
ure 11) reflect results comparable to the CIW and CIA plots.  
Only six samples are classified as non-calcareous with less 
than 4% carbonate; these samples are predominately quartz 
with lesser amounts of clay minerals. Their whole-rock com-

Figure 9. Plot of the Chemical Index of Alteration (CIA) and Chemical Index of Weathering (CIW) from samples of the Chainman Shale.  
The indices are calculated from whole-rock oxide concentrations tabulated in appendix E. The indices reflect the degree of weathering by the 
concentration of Al in clay minerals within soil sediments. See text for discussions of the indices and the degree of weathering.  
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position and mineralogy suggest a less weathered sediment 
source. The sediments in these intervals could have been de-
rived from either a western volcaniclastic sediment source 
or a volcanic ash or air fall into the starved basin. During 
late Devonian, sediments derived from the transcontinental 
arch to the east were deposited into a western foreland basin 
east of the island arc and proto-highlands of the approaching 
Antler subduction zone.  As the Antler orogeny developed in 
the west, it exposed basin sediments and possibility provided 
a source of quartz, mica, and clay minerals.  

The Chainman Si/Al and K/Fe+Mg ratios show a nearly ver-
tical trend through the Needle Siltstone Member to the upper 
60 meters of the Camp Canyon Member (figure 10). The ra-
tios then shift to slightly greater Si/Al and Ca/Si whereas K/
Fe decreases, suggesting declining clay and silicate mineral 
influx. Figure 11 shows a similar trend of upward decrease of 
clays and silicates relative to carbonate. These trends suggest 
reduced siliciclastic sediment input, possibly a result of ero-
sional leveling of the western Antler highlands. The elemen-
tal ratios along with the mineralogy suggest that the Needle 
Siltstone and the concretionary black shale facies of the 
Camp Canyon were deposited in a deep-water, low-energy, 
and organic-rich starved basin with siliciclastic input from a 

distal continental source.  The spikes of high-percentage clay 
minerals indicate that increased weathered continental sedi-
ment was sporadically supplied to the basin. This possibly 
reflects changes in the fluvial system periodically dumping 
more sediment into the starved basin.  Since only carbonate 
banks lay to the east during Mississippian time, the source 
of clay minerals, which typically develop as soil horizons, 
is fluvial systems that eroded western continental soils and 
deposited them into the sedimentary basin.  

The K/Fe+Mg ratio spikes at 76 meters, which coincides with 
an increase in the amount of continental-derived silicates 
(figure 10). This likely represents a geologically short change 
or episodic pulse in the type of sediment coming into the ba-
sin at this time. Detrital micas typically derive from intrusive 
and extrusive igneous rocks, but the Chainman micas are 
probably recycled from western eugeosynclinal sediments 
containing detrital micas. Their original source may have 
been erosion of Archean rocks from the eastern continental 
highlands into the early Paleozoic sea, followed by compac-

Figure 10. Plot of whole-rock, weight-percent ratios from members 
of the Chainman Shale. Ratios are calculated from oxide weight 
concentrations in appendix E. Weight percent oxide ratios reflect the 
mineralogy of the samples and suggest possible modes of deposition 
and sources of sediment. High SiO2 / Al2O3 and TiO2 / Al2O3 ratios 
suggest more continental sources of the sediment, K2O/Fe2O3+MgO 
suggest weathered sediments, and CaO/SiO2 indicate the carbonate 
content of the sample.  Figure 11. Vertical thickness plot of the percentages of carbonates, 

non-clay mineral silicates, and clay minerals from samples collected 
in the Chainman Shale. Mineral percentages are shown in appendix 
E. The basal Delle Phosphatic Member is at the bottom of the chart 
and the top shows the contact between the Jensen Member and the 
Ely Limestone.    
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tion and uplift by the Antler orogeny. A similar example oc-
curs in shale of the Uinta Mountain Group, which contains 
detrital mica eroded from Archean rocks and deposited into a 
Neoproterozoic basin (Douglas A. Sprinkel, Utah Geological 
Survey, written communication, 2014).  Since the Chainman 
micas have not weathered to kaolinite or montmorillonite, 
they were likely quickly transported to and deposited in the 
sedimentary basin.  

Decreasing K2O/Fe2O3+MgO coupled with increasing CaO/
SiO2 ratios, starting at approximately 28 meters and continu-
ing through the top of the Camp Canyon section, suggest a 
decrease in the terrigenous sediment supply (figure 10).  The 
mineralogical composition of silicates and carbonate in fig-
ure 11 also show this same trend. Apart from a spike in the 
amount of clay minerals in the sediment in the lower part of 
the Camp Canyon Member, their abundance in the overlying 
samples is very small. The trend indicates a decrease in the 
amount of sediment coming into the basin, either as a result of 
relative sea level rise or a shift of the western sediment source 
towards the north or south along the coastline. Conversely, the 
sediment source may have had less soil and more sedimentary 
or siliceous parent material available for erosion.

The basin during Camp Canyon time was predominately 
the site of carbonate deposition with decreasing amounts of 
quartz and clay minerals towards the top of the Camp Canyon 
Member and up through the lower Willow Gap Member. An 
abrupt increase in the amount of siliciclastic sediment rela-
tive to carbonate is observed starting at the top of the Willow 
Gap and  the basal and middle parts of the Jensen Member.  
This sudden change suggests an increase in the sediment sup-
ply by renewed fluvial transport of sediment into the starved 
basin, possibly reflecting a decrease in sea level. The whole-
rock percentage of carbonate decreases during this interval, 
but the sediments are still calcareous (4 to 15%) to carbonate-
rich (> 15%). The amount of clay minerals was miniscule 
during the Willow Gap and lower Jensen time then started 
increasing towards the top of the Jensen Member. The per-
centage of clay minerals in the Jensen spikes twice, following 
the decreasing silicate and increasing carbonate trend. The 
spikes and trends in the siliciclastic sediments probably in-
dicate a change in supply of sediment as the distance from 
provenance to basin increased and the source terrain became 
more silicic.

Several samples contain significant amounts of dolomite as 
compared to predominately calcite or limestone found in 
most of the samples. Dolomite is easily distinguished from 
calcite in whole-rock XRD patterns so its occurrence is cer-
tain. Dolomite occurs in the members of the Chainman Shale 
near beds with high iron and phosphate content. As mentioned 
earlier, the high concentration of phosphate is likely related 
to high TOC and a reducing alkaline environment, probably 
caused by bacterial reduction (Machel and Mountjoy, 1986). 
Several models of dolomitization require high concentrations 

of organic carbon and a reduced alkaline environment.  How-
ever, two dolomitic samples at 75 and 213 meters in the Camp 
Canyon Member are not associated with higher phosphate. It 
is possible that concealed phosphatic layers associated with 
these samples were not identified or collected in the field. Al-
ternatively, the organic carbon content and alkalinity could 
have been sufficient for dolomitization but not sufficient to 
concentrate phosphate at that interval. The localized occur-
rence of dolomite in the Camp Canyon section suggests that 
dolomitization occurred at or slightly after deposition of pri-
mary limestone. It also suggests that the conditions for do-
lomitization occurred episodically during the deposition of 
siliciclastic sediment into the starved basin. This may again 
reflect changing sea level and distance to the sediment source, 
and a variation in the sediment source material.

Figure 12 is a ternary plot of the average mineralogical group 
compositions of the various members of the Chainman Shale 
and comparison to several productive North American shale 
reservoirs (Horton, 2012). All members of the Chainman, 
except the Willow Gap Member, have higher silicate and 
less carbonate than other shale reservoirs. This suggests the 
Chainman was deposited in a more proximal part of the ba-
sin relative to the sediment source than the other shale plays.  
The overall high clay mineral concentration in the Haynes-
ville, Fayetteville, Bakken, Barnett, and Mancos Shales sug-
gests they had more distal, deep-water depositional environ-
ments that were supplied with deeply weathered sediment. 
The Willow Gap Member has less silicate and higher carbon-
ate mineral percentages suggesting that its source was pre-
dominately from a carbonate bank, likely to the east (figure 
3), with less influence of siliciclastic input from the western 
Antler orogenic belt.  

Interpretation: Changes in relative sea level and sediment 
supply from the western Antler orogeny are reflected in the 
Chainman Shale starting in the deep-water, low-energy sedi-
ments of the earliest Delle Phosphatic Member, and progress-
ing up through the low-energy, siliciclastic, carbonate-rich 
environment of the Needle Siltstone Member, and then to 
the silty to sandy carbonate banks of the upper parts of the 
Camp Canyon and Willow Gap Members. Phosphatic zones 
represent deep water environments with upwelling currents. 
Carbonate debris and sediment, particularly in the Willow 
Gap Member, were likely supplied from an eastern source. 
Finally, the Jensen reflects interaction between an eastern 
distal carbonate bank environment and continued variation 
in sediment supply from the western highlands. Carbonate 
was deposited with various amounts of siliciclastics com-
ing in from sources to the west through most of the depo-
sitional history of the Chainman. The organic-rich bedded 
phosphates along with the variety of marine fossils found in 
the Chainman (Hintze and Davis, 2003) suggest that organic 
carbon sources were plentiful in the seas that deposited the 
Camp Canyon section.
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Figure 12. Ternary plot of average percentages of carbonates, non-clay mineral silicates, and clay minerals from members of the Chainman 
Shale. Mineral percentages are shown in appendix E. Averages from other North American shale plays (from Horton, 2012) have been 
included for comparison. 

RESOURCE EVALUATION

Overview of Exploration Wells Penetrating the 
Chainman Shale, Western Millard County, Utah

Exploratory drilling is extremely sparse in western Utah. 
In the vicinity of the Confusion Range and surrounding ar-
eas (western Millard County and easternmost White Pine 
County, Nevada), only 14 deep wells have been drilled. Early 
exploration wells (1950s) tested surface anticlines identi-
fied by basic geologic mapping. Following the discovery of 
oil and gas in the northern Utah thrust belt during the 1970s 
and 1980s, drilling in the region targeted complex subsurface 
structures identified principally by seismic data. The loca-
tions of the deep wells, along with interpreted formation tops, 
faults, total depths, completion dates, and other information, 
are summarized by Hintze and Davis (2003).

Five wells penetrated the Chainman Shale in the region (fig-
ure 13 and table 3); other deep wells encountered formations 
older than Chainman beneath relatively thin surficial de-
posits. The thickness of the Chainman in these wells varies 
from 570 to 680 meters (Hintze and Davis, 2003). In 1952, 
Standard Oil of California drilled the Desolation Anticline 

well (NE1/4NW1/4 section 8, T. 15 S., R. 17 W., SLBL&M) 
to test a surface structure near the northern end of the Confu-
sion Range approximately 35 kilometers north of the Camp 
Canyon study area; a closer well about 4 kilometers to the 
east of the measured section, the Cities Service Oil Company 
State AB No. 1 (SW1/4NW1/4 section 2, T. 18 S., R. 16 W., 
SLBL&M), spudded in the Devonian section.  The Desolation 
well drilled the Chainman Shale at 826 meters. The entire 
Chainman section was penetrated and four named members, 
described in the Camp Canyon section, were identified based 
on geophysical and well cuttings (in descending order): Jen-
sen Member – 174 meters, Willow Gap Member – 40 meters, 
Camp Canyon Member – 213 meters, and Needle Siltstone 
Member – 143 meters (Hintze and Davis, 2003).

The members of the Chainman Shale are typically difficult to 
identify in many of the other geophysical well logs or drill cut-
tings; faulting further complicates the stratigraphic interpreta-
tions. However, they are important to recognize as some mem-
bers contain significant organic-rich units whereas others could 
serve as potential reservoirs. Thus, regional correlation, thick-
ness, and distribution of the Chainman members are critical 
factors in exploration efforts. Although none of the five wells 
that penetrated the Chainman tested hydrocarbons, the new 
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Figure 13. Location of selected deep exploration wells in and adjacent to Millard County, western Utah. Wells penetrating the Chainman 
Shale are identified with a yellow highlighted triangle; the Camp Canyon measured section (MS) is also shown.  Also shown is the Sevier 
arch, a broad structural culmination formed during the Late Cretaceous Sevier orogeny. Early Ordovician rocks are overlain by Tertiary 
volcanics on the arch in this area; all younger sedimentary rocks are missing. From Hintze and Davis (2003).  

Well Name Operator Section Township Range County State T.D. (m)
Chainman 
Depth (m)

Year 
Drilled

Desolation Anticline Standard Oil of California 8 15S 17W Millard Utah 1890 826 1952

Cedar Pass Pyramid Oil & Gas 17 22S 18W Millard Utah 2289 878 1968

Ensign #1-16 Commodore Resources 16 24S 19W Millard Utah 3730 649 1980

Outlaw #1 Federal Commodore Resources 1 10N 70E White Pine Nevada 3962 741 1982

Mamba Federal 31-32 Equitable Resources Energy 22 16S 19W Millard Utah 992 860? 1996

Table 3. List of wells penetrating Chainman Shale in western Utah-eastern Nevada.  See figure 13 for well locations in relation to the Camp 
Canyon measured section.  
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Hand-Held Gamma Logging

Two sets of data were available for inferring Chaiman oil or 
gas in place: hand-held spectral gamma-ray data (figures 14 
and 15) and the suite of laboratory information on surface 
samples. The surface gamma-ray profile (appendix B) proved 
to be a useful complement to the measured stratigraphic sec-
tion (appendix A), and for the most part, gamma radiation 
responses correspond to overall lithological patterns. In gen-
eral, phosphate beds show high radiation, limestone intervals 
exhibit low responses, and mudrocks can respond variably, 
depending mainly on calcium carbonate content.   

The gamma-ray (GR) curve generated along the measured 
section (figure 15 and appendix B) and the organic geochem-
istry of samples collected from the outcrop allow comparison 
to other Chainman Shale sections in the area. The Outlaw 
Federal No. 1 (NE1/4NE1/4 section 1, T. 10 N., R. 70 E., White 
Pine County, Nevada) located 65 kilometers southwest of the 
Camp Canyon section at the Utah–Nevada border (figure 13), 
has been identified for a type Chainman well. The Outlaw 
Federal No. 1 was drilled in 1982 to a depth of 3962 meters 
(table 3).  A complete, unfaulted section of Chainman is iden-
tified in the well. A good suite of geophysical logs, includ-
ing gamma ray, caliper, interval transit time, sonic porosity, 
spontaneous potential, and deep resistivity (deep laterolog), 
is available. Other wells near the Camp Canyon section have 
penetrated the Chainman, but they have either an incomplete 
suite of geophysical logs or thickened or thinned sections due 
to Sevier thrust faulting (Hintze and Davis, 2003), and thus 
they are less favorable as a type Chainman well.  

Figure 14. Trenching for fresh samples was often necessary in some 
portions of recessive units—Jensen Member in this instance; trenching 
was also essential for accurate surface gamma-ray logging results.  

Figure 15. Spectral gamma ray components and total gamma ray 
(from hand-held scintillometer measurements).  

Petrophysical Techniques

The Outlaw type well GR curve was normalized by identify-
ing high and low GR picks from a GR histogram and scaling 
the curve using the picks and the average GR value. Normal-
ization removes potential of error introduced by downhole 
sensors and plotting equipment. The caliper curve, showing 
borehole diameter, was used to generate a “Badhole” curve 
identifying borehole diameters greater than 38 centimeters.  
Borehole diameter affects geophysical tools, particularly sonic 
tools, which have pads intended to move along the sides of the 
borehole. Large diameter boreholes and high-density drilling 
mud can dampen the GR response. Thus, the normalized GR 
curve was also corrected using borehole diameter. The cali-
brated GR curves from the type well and the Camp Canyon 
section were used to calculate the gamma-ray index and the 
volume of shale (Vsh) as a percentage of the total rock volume. 

The sonic porosity curve was reverse calculated from delta 
transit time (DT) or the compressional wave velocity by solv-
ing the Raymer-Hurt-Gardner (RHG) equation (an empiri-
cal velocity/porosity relationship) for matrix velocity using 
limestone (47.6 µsec/ft) and fresh water (189 µsec/ft) veloci-
ties as a check to the DT curve. The measured DT curve was 
used to calculate a bulk density (RHOB) curve applying the 

resource evaluation provided in this study combined with the 
latest drilling and completion techniques (horizontal drilling 
and state-of-the-art hydraulic fracturing) could lead to renewed 
exploration efforts and potential discoveries in western Utah.
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standard RHOB from DT equation used in synthetic well log 
generation. The relationship works because the velocity of a 
compressional wave propagating through a combined fluid 
and rock matrix is related to the elasticity of the fluid and the 
matrix, or the bulk density.  

The deep resistivity (LLD) curve was determined to not need 
normalization. Most resistivity curves are only normalized if 
there are obvious scale changes or extreme bad-hole conditions.  

The GR curve from the Camp Canyon measured section was 
also normalized since the hand-held outcrop instrument has a 
different cross sectional area compared to downhole well-log-
ging tools. A histogram of the GR curve at Camp Canyon was 
generated for the entire Chainman Shale section. The high 
and low GR picks were selected from the histogram and were 
used to normalize the curve similar to the Outlaw type well 
GR data, essentially stretching the curve between the high and 
low points and enhancing curve changes between rock types. 
The normalized and corrected GR curves from the Outlaw 
type well and the Camp Canyon measured section are refer-
enced as standard GR curves in the following discussions.

Results

The tops of the various members of the Chainman were identi-
fied in the type well. Generally, each member is thicker in the 
Outlaw type well than the Camp Canyon measured section, 
which would be expected since the well is more proximal to 
the sediment source of the subsiding basin. The Chainman GR 
curves for the Outlaw type well and the Camp Canyon section 
are displayed in plate 2 of appendix B. They show comparable 
trends within members and similar areas of high GR shaley or 
phosphatic intervals, along with similar intervals of increasing 
sand or limestone. The good correlation between Outlaw type 
well and Camp Canyon measured section GR curves suggests 
that petrophysical and correlation variables generated using 
the Outlaw type well should have a very good correlation to 
synthetic curves and petrophysical variables at the Camp Can-
yon section. This correlation concept is used to generate syn-
thetic RHOB, density LOGR (RLOGR), and TOC curves for 
the Camp Canyon section. The density LOGR, or RLOGR, 
is a method to estimate TOC or organic matter concentration 
from overlays of DT and RHOB and the log of the deep resis-
tivity (Passey and others, 1990).

Individual GR histograms of the Chainman intervals from the 
Outlaw type well and from the Camp Canyon section show a 
typical bell curve distribution indicating a mixture of various 
lithologies. Bimodal histograms suggest that two rock types 
dominate the stratigraphic section. Each histogram shows 
extremely high GR zones, which correlate to identified and 
suspected phosphatic zones. At least four phosphatic zones 
are identified on the GR curve from the Outlaw type well.  
The GR curve from Camp Canyon has some missing covered 
sections, but the three phosphatic zones identified in the out-

crop correlate with high GR zones. Similarly, high GR log 
intervals are observed within the Chainman on GR logs from 
other wells in the region. Therefore, we anticipate that at least 
four phosphatic zones would be identified on a complete GR 
curve from the Camp Canyon section. The phosphatic zones 
at the Outlaw type well are generally thicker and have higher 
GR signatures than similar sections found to the east in Utah. 

The Vsh curves for the Outlaw type well and the Camp Can-
yon section are presented in track 1 of plate 2, appendix B.  
The Vsh percentage at the Outlaw type well varies from 0% 
in the limestone units to 48% in the phosphatic zones. The 
phosphatic-zone Vsh is high due to the higher GR counts from 
uranium. The highest Vsh is probably in the 35 to 40% range. 
The Vsh at Camp Canyon ranges from 0% in the limestones 
to 27% in the phosphatic zones. Again, the uranium concen-
tration has boosted the Vsh higher in the phosphatic zones. 
The highest Camp Canyon Vsh is probably 18 to 22%. Curves 
from both locations show the same general trends with high-
est shale percentage in the middle section of the Jensen Mem-
ber, high Vsh spikes in the upper portion of Camp Canyon 
Member, and higher average Vsh in the black shale interval 
of the lower Camp Canyon.  

The scintillometer used at Camp Canyon also measured 
thorium, potassium, and uranium radiation, and generated 
a spectral gamma-ray curve (SGR) (figure 15). Only total 
gamma-ray data are available at Outlaw Federal No. 1. The 
SGR data from Camp Canyon suggest that potassium and to 
a lesser degree thorium are the predominant sources of radia-
tion, outside of the phosphatic zones, which have high con-
centrations of uranium. Increased uranium often corresponds 
with high concentrations of organic matter, which is found in 
the shales, siltstones, and silty sandstones in the Chainman 
Shale, but the phosphatic zones probably contain the highest 
organic material and are the best source rock intervals. The 
high uranium concentrations in the phosphatic zones affect 
the GR curve and result in increased GR counts and lower 
bulk density, RLOGR, and TOC. Neither SGR nor TOC val-
ues were available for the Outlaw Federal No.1 well so only 
a general statement about possible TOC concentrations there 
can be made. The actual TOC measurement (sample Basal 
Chainman, table 1) from the Delle Phosphatic Member has 
the highest TOC measured in at the Camp Canyon section, 
but the gamma-ray survey did not include that part of the 
section. The phosphate zones in the Camp Canyon Member 
were not sampled, so it is not possible to state a correlation 
between TOC in the Delle Phosphate Member and the phos-
phatic zones farther up section.  

Camp Canyon Measured Section Petrophysics

The Outlaw type well was used to generate a linear correla-
tion between GR and DT and GR and RHOB curves. The 
correlation between GR and DT generally resulted in a good-
ness-of-fit (R2) between 0.6 and 0.8. A synthetic RHOB curve 
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was calculated for the Outlaw type well using the standard 
DT – RHOB relation equation. The synthetic RHOB curve 
showed problems in the oversized zones and in the high GR 
phosphatic spike areas, as expected. Generally, the synthetic 
RHOB curve reflected the anticipated bulk density of the 
sandstone, limestone, and siltstone known to exist in the 
Chainman Shale. An RLOGR curve was generated from the 
density equation from Passey and others (1990):

               (1)

where: 

  RLOGR = density LogR.

  RESD =  deep resistivity (ohmm).

  RESDBASE = baseline resistivity in (ohmm).

  RHOB =  bulk density (g/cm3).

  RHOBBASE = bulk density baseline (g/cm3).

The deep resistivity baseline (RESDBASE) and RHOB base-
line (RHOBBASE) values were identified from overlaying 
the RHOB and LLD curves and identifying overlapping ar-
eas in non-source shales or siltstones. A baseline value of 90 
ohmm for RESDBASE and 2.4 g/cm3 for RHOBBASE were 
identified between depths 1164 and 1201 meters in the Out-
law type well. The baseline values, along with the LLD and 
synthetic RHOB were used to generate a RLOGR curve for 
the Chainman and are shown in plate 3, appendix B.  

The RLOGR curve is plotted adjacent to the LLD curve, and 
several areas of separation between the two curves suggest 
zones containing organic material. Small separation zones 
are observed in the Jensen and Camp Canyon Members. The 
Willow Gap Member has small zones of separation, but gen-
erally shows very little organic matter. Starting with the black 
shale interval in the lower Camp Canyon Member, separa-
tion begins to increase down to the top of the Skunk Spring 
Limestone Member. However, no separation is observed in 
the Skunk Spring Limestone. Large separation is observed in 
the upper part of the Needle Siltstone Member down to the 
top of the sandier lower part. The separation increases at the 
contact between the Skunk Spring Limestone and the Delle 
Phosphatic Members. The high phosphatic zone in the Delle 
Phosphatic Member shows a cross over and separation sug-
gesting both a source area and high organic matter content. 
It is anticipated that the RLOGR curve for the Camp Canyon 
section, using the correlation between GR and RLOGR from 
the Outlaw type well, will resemble the curve trends seen in 
the Outlaw type well. 

A cross plot between the synthetic RHOB and RLOGR for 
the Outlaw well displays a linear relationship with a cor-
relation coefficient R2 > 0.6. Plate 3, appendix B shows the 
normalized, corrected GR, DT, and LLD curves as well as 
the synthetic RHOB and RLOGR curves for the Outlaw type 

well. The Outlaw well linear equation was used to calculate 
the synthetic RLOGR curve for the Camp Canyon section.  
As discussed previously, 11 samples were collected and ana-
lyzed for TOC and programmed pyrolysis (table 1).  A calcu-
lated vitrinite reflectance (Ro) is available for six of the ten 
samples. The calculation of a TOC curve using the RLOGR 
and level-of-maturity (LOM) data is shown in track 4 of 
plate 2, appendix B. The LOM is unitless and is estimated 
for organic matter (including oil, gas, and coal) from Ro us-
ing charts presented in Hood and others (1975). LOM for the 
TOC analyses with Ro are 9 in the Jensen Member, 10 in the 
Camp Canyon Member, 11 in the Needle Siltstone Member, 
and 12 in the Delle Phosphatic Member. The Willow Gap and 
the Skunk Spring Limestone Members did not have an Ro, so 
they were assigned a value of 10.  The top of the oil window is 
approximately 8.5 and the top of the gas window is 11.5. The 
LOM correlates with other maturity indices, suggesting that 
organic matter in the Chainman Shale is beyond the oil win-
dow, definitely in the gas window, and possibility overma-
ture in the lower part of the unit. The Camp Canyon RLOGR 
curve shows similar trends and spikes as found in the type 
well. However, the Camp Canyon section’s lower synthetic 
baseline values for RHOB and RESD suggest lower TOC 
or organic matter concentrations relative to the Outlaw type 
well. The potential resource of oil and gas from the Chain-
man is discussed in the geochemistry section.

A TOC curve can be generated using the RLOGR and LOM 
variables (Passey and others, 1990). The equation is as follows:

                             (2)

where:

  TOC =       total organic carbon (wt.%).

  RLOGR =  density LogR (unitless).

  LOM =      Level of Maturity (unitless).

The calculated TOC curve and the sample TOC points are 
shown in track 4, plate 2, appendix B. Since the LOM was es-
timated directly from calculated Ro in the geochemical analy-
ses, the RLOGR curve was shifted in the different members 
so that the calculated TOC curve more closely fit the mea-
sured values. The average TOC in the Jensen Member is less 
than 1 wt.%. The Camp Canyon Member is approximately 1.3 
wt.% and the average TOC in the Needle Siltstone Member 
is slightly higher at 1.5 wt.%. The Delle Phosphatic Member 
shows high TOC at 3 wt.%. These number compare favorably 
with the measured TOC values. The TOC curve trend sug-
gests very low organic matter concentration in this part of the 
Chainman Shale. The left shift of the RLOGR curve suggests 
that there is organic matter in the Chainman as discussed in 
the geochemistry section.

The DT was measured and limestone sonic porosity (SPHL) 
calculated for the Chainman Shale at the Outlaw type well.  
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The SPHL at the Outlaw type well will overestimate porosity 
when compared to sandstone porosity. Density porosity can 
underestimate the actual porosity because TOC and water 
have large amounts of hydrogren, which can skew the den-
sity porosity to lower values. DT was recalculated to sonic 
porosity with sandstone units (SPHS) and is presented in 
plate 3, appendix B. Density porosity for sandstone (DPHS) 
was calculated from RHOB for the Camp Canyon section. 
The SPHS and DPHS porosity curve trends from the Out-
law type well and Camp Canyon section correlate well with 
each other and generally have the same sample average and 
spike values. The SPHS porosity in the Jensen Member var-
ies from 0 to 10% with a few spikes over 20%. The DPHS 
at Camp Canyon shows highly variable porosity, generally 
averaging 5%, but ranging between 0 and 30%. The Willow 
Gap Member SPHS averages 10%, but is shifted to 13% when 
calculated in limestone units. Willow Gap DPHS averages 
7% and ranges between 0 and 12%. The Camp Canyon Mem-
ber SPHS is highly variable, particularly in the oversized-
hole intervals where there is possible bad DT curve data due 
to borehole sloughing. The average Camp Canyon SHPS is 
8% and ranges from 0 to 18%. Several shaley and phosphatic 
zones are very tight with porosities <1%. The DPHS at Camp 
Canyon has an average porosity of 10% with similar lower 
porosity zones in shale and phosphatic intervals. The SPHS 
and DPHS for the Skunk Spring Limestone Member are 5% 
and 10%, respectively. The Needle Siltstone and the Delle 
Phosphatic Members have highly variable SPHS and DPHS 
porosities ranging from 0 to 17% and 0 to 5%, respectively. 
Average Chainman porosities are 5% at the Outlaw type well 
and 1% at the Camp Canyon section. 

Geochemistry

Sandberg and others (1980, p. 76) acknowledged reasonable 
organic content in the Chainman Shale as follows: 

Possible petroleum source rocks in the Chainman Shale 
occur mainly in the lower three members (figure 2).  
Twelve samples from these members averaged 1.8% or-
ganic carbon, but all four samples of organic-rich phos-
phatic mudstone exceeded 3.0% organic-carbon. Hydro-
carbon content of three samples (two siltstones and one 
mudstone) ranged from 23 to 907 parts per million (ppm).

Organic-carbon content of the upper three members of 
the Chainman Shale is relatively low in comparison to 
that of the lower three members (figure 2). Twenty-three 
samples from the higher members averaged 0.45% or-
ganic carbon. Only four samples, two of which came 
from the lower part of the middle member, contained 
1.0% or more organic carbon. Several mudstone units in 
the lower, deeper water part of the middle member may 
be marginal petroleum source rocks.  

Our geochemical data (table 1) support the conclusions of 
Sandberg and others (1980).  In addition, the Chainman Shale 

kerogen is predominantly type III (dry gas prone) to slightly 
gas prone as suggested by standard geochemical diagrams 
and plots (figures 16 and 17); however, some oil production 
may be feasible (figures 18 and 19).  

Figure 20 shows the variation in Ro with position in the Camp 
Canyon measured section, and figure 21 shows a similar plot 
for TOC. Notice that in figures 20 and 21 the measured values 
have been fit to the spectral gamma-ray and total gamma-
ray data, using multivariate regression. The quality of these 
analyses is naturally poor due to the limited amount of data 
and interdependence of some of the variables. Nevertheless, 
this provides some quantitative representation of parameters 
that would be useful for estimating hypothetical resources.

There is some evidence of the organic matter being in the oil 
window as well as in the gas window based on Ro. To char-
acterize this, a multivariate regression of vitrinite reflectance 
data was performed and regions with vitrinite reflectance 
greater than 0.6 and 1.1 were identified as lower limits of the 
oil and gas windows, respectively. The multivariate regres-
sion to estimate vitrinite reflectance (dependent variable) was 
based on the only other parameters available—Th, K, U, and 
total gamma-ray values (independent variables in the regres-
sion). The number of laboratory measurements is small and 
some of the independent variables are not exclusively inde-
pendent, but no other options were available. Figure 22 shows 
vitrinite reflectance values over the depth range identified by 
Sandberg and others (1980) as having the best source poten-
tial (Delle Phosphatic Member through the lower section of 
the Camp Canyon Member).  

Porosity

In a fashion similar to the vitrinite reflectance analysis above 
(designating potential oil and gas generating zones), porosity 
from laboratory measurements was regressed using spectral 
gamma-ray data. The same limitations and assumptions ap-
ply. Specifically, multivariate regression was used to estimate 
laboratory porosity values. The porosity measurements are 
shown in table 2 and figure 23.  Figure 23 also shows the pre-
diction of porosity that arose from estimating porosity from 
spectral gamma-ray values.

Resource Calculations

We made certain inferences to estimate the oil and gas in 
place in more moderately deeply buried Chainman Shale in 
western Utah and eastern Nevada. Vitrinite reflectance data 
were only available from programmed pyrolysis that was cor-
related with the hand-held gamma-ray data to indicate of Ro 
with depth.  This was used as the criterion for oil versus gas 
as shown on figure 22. Total organic carbon data from certain 
samples were regressed (multivariate linear regression using 
the measured TOC and spectral gamma-ray data) with the 
original-gas-in-place and original-oil-in-place calculations 
by specifying a lower threshold for commercial production as 
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Figure 16. Van Krevelen diagram showing total organic carbon 
(TOC) measurements from the samples collected from the Confusion 
Range in western Utah (yellow circles) and legacy data from 
Aminoil No. 1-23 Land Co. well, Pine Valley, Nevada (from Poole 
and Claypool, 1984).  

Figure 17. Hydrocarbon generation (S2) versus TOC plot suggests 
that the kerogen is gas to dry-gas prone.    

Figure 18. This plot of hydrogen index (HI) versus Tmax suggests 
the possibility of oil as well as dry gas.  

Figure 19. This plot of the production index (PI) versus Tmax, as in 
figure 18, suggests dry gas, wet gas, and oil are possibilities in the 
Chainman Shale.    
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Figure 20. The total gamma-ray track from hand-held scintillometer 
measurements and the laboratory measured values for vitrinite 
reflectance (calculated from Tmax) are shown. The multivariate 
regressed curve was based on the discrete measurements and the 
spectral gamma-ray data and should be considered as approximate.  

Figure 21. The total gamma-ray track from hand-held scintillometer 
measurements and the laboratory measured values for TOC are 
shown. The multivariate regressed curve was based on the discrete 
measurements and the spectral gamma-ray data and should be 
considered as approximate.  

shown on figure 24.  Potentially productive zones were picked 
on the basis of lithology—concentrated in the lower part of 
the section (figure 22). Porosity was measured on laborato-
ry samples and regressed against the hand-held gamma-ray 
data. This used multivariate linear regression with the hand-
held gamma-ray data (spectral and total) as the independent 
variable.  Porosity is the primary parameter—only compress-
ible storage was considered (figure 23).

The resource calculations incorporated the following condi-
tions and assumptions (also see equations 3 and 4).  

1. Depth was specified as 1524 meters true vertical depth.  
The top of the Skunk Spring Limestone Member of the 
Chainman Shale was set at this depth.

2. Reservoir pressure was assumed to be hydrostatic 
(~10.4 kpa/m [0.45 psi/ft]).

3. Reservoir pressure for oil was assumed to be above the 
bubble point.

4. A temperature gradient was assumed to be 2.5°C/100 m 
(1.38°F/100 ft) (Blackett, 2004).   

5. Oil gravity was assumed to be 32°API. Gas gravity 
was taken as 0.65 and presumed methane only.  

6. Separator pressure was assumed at 1 MPa (145 psi), 
and Standing’s relationship was used to calculate the 
oil formation volume factor (Standing, 1977).  

7. Water saturation was assumed to be 20% on average.  

8. Compressible storage only was assumed. This is con-
servative since some adsorption could be anticipated.  

9. For gas production, methane only was assumed. In 
this reservoir, there is the possibility of some heavier 
components also being present.  

10. The following criteria were required:  

a. TOC must be greater than 0.5% with finite porosity,

b. for oil production the vitrinite reflectance must be 
between 0.6 and 1.1%, and

c. for gas production the vitrinite reflectance must 
be greater than 1.1%.  

11. Initial in-situ volumes were estimated per hectare. 
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Figure 22. An inferred vitrinite curve is shown for the lower 
members of the Chainman Shale (Delle Phosphatic Member through 
the lower section of the Camp Canyon Member). Two maturity 
thresholds are shown as dashed lines—a 0.6% Ro green dashed line 
indicating the oil window and 1.1% Ro blue dashed line demarcating 
a dry gas window.    

Figure 24 shows potentially recoverable cumulative oil and 
gas with depth. This plot presumes a 20% recovery factor 
over a twenty-year well life. This suggested cumulative pro-
duction, on the order of 270,000 barrels of oil (BO) and 1.5 
billion cubic feet of gas (BCFG), might be recovered from a 
vertical, fully penetrating well on an 80-acre spacing. Volu-
metric resource estimates relied strictly on the estimates for 
porosity and whether the sample was in the oil or gas window. 
These relationships were simply based on summation of oil or 
gas stored by compressibility in the effective porosity.

For oil:                                               

                                                                     (3)

For gas: 

                                                                     (4)

where:

OOIP = original oil in place (STm3, STB).

OGIP = original gas in place (sm3, scf).

A = drainage area (acres, hectares, section, …).

ϕ = dimensionless.

Swi = initial water saturation (dimensionless).

Boi = initial oil formation volume factor (ft3/scf,  
               m3/sm3, …).

Bgi = initial gas formation volume factor (bbl/ 
               STB, m3/STm3, …).

ζ = conversion factor for consistent units.  

CONCLUSIONS

• Three organic-rich shale facies measured in the cen-
tral Confusion Range section of the Mississippian 
Chainman Shale exhibit hydrocarbon potential: (1) a 
stratigraphically pervasive calcareous mudrock, (2) a 
siliceous-calcareous facies, and (3) a noncalcareous 
argillaceous facies. These facies are found in the Delle 
Phosphatic, uppermost Needle Siltstone, and lower 
Camp Canyon Members.  

• Nonshale facies that also possess hydrocarbon poten-
tial include a dolomitic siltstone near the base of the 
formation, and the Delle Phosphatic Member (phos-
phorite deposits) that rests directly upon the Joana 
Limestone.  

•  The phosphatic zones are commonly present at or near 
the bases of TSTs. We firmly believe that an erosional 
disconformity exists on top of the Willow Gap Member 
that developed after the succession shallowed upward.  

• The mineralogy and whole-rock chemistry of the 
members of the Chainman Shale show ancient ero-
sional patterns from the Antler orogenic highlands, 
and possibily the volcanic arc systems, by the type and 
amount of siliciclastic and carbonate sediment depos-
ited into the foredeep basin. Three siliciclastic, apatitic 
layers identified in the Chainman at the Camp Canyon 
section indicate repeated deep-water (with upwelling 
currents), organic-rich, reducing environments during 
the early depositional phase from the Delle Phosphatic 
Member through the upper part of the Camp Canyon 
Member and into the lower Jensen Member. The whole-
rock chemistry CIW values from bottom to top of the 
Chainman show select episodic pulses in the sediment 
source from more continential, micaeous sediments to 
more weathered, clay-bearing terrains. Higher CIW 
index values in most samples indicate that soil-bearing 
terrains were eroded and clay minerals (montmorillon-
ite and kaolinite) and silicates were transported to the 
basin. The variable amounts of authigenic carbonate 
and allogenic silicates show variations in the distance 
to the fluvial system providing minerals to the basin. 
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Figure 23. Gas-filled porosity of the Chainman Shale section is shown in the left-hand panel. Inferred porosity over the hypothesized 
hydrocarbon-bearing zones is shown in the right-hand panel. The porosity could be gas- or oil-filled.      

Figure 24.  Possible cumulative volumes (recoverable estimate) of oil 
(blue line) and gas (red line) for a hypothetical Chainman completion.  
Recoverable oil and gas was estimated as 20% of the estimated oil 
and gas in place. The estimates suggests that prospective oil and gas 
production in the Chainman Shale is a possibility. Permeabilities 
are low but economic recovery is feasible if the assumptions made 
are reasonably realistic. The assumptions for these estimates are 
summarized in the text. For purposes of conversion, 1 m3/hectare is 
equal to 15.5 barrels/acre and 100,000 m3/hectare = 8.73 MMscf/acre.  

High-carbonate, low-silicate concentrations indicate 
a sediment source to the east, whereas low-carbonate 
and high-silicate mineral concentrations imply a depo-
sitional source from the Antler highlands.  

• Geochemical work indicates that the Chainman con-
tains acceptable TOC values to be considered a vi-
able hydrocarbon source, but these surface sample 
numbers (~1 to 2 wt.%) are modest. The Tmax values 
fall in the oil window and perhaps in the oil-wet gas 
category. Mobile oil was found in one of the collected 
surface samples.  

• Other TOC contributors may include nonanalyzed 
dark, micritic limestone beds found interbedded with 
the mudrocks in the lower portion (Delle Phosphatic 
Member through the lower section of the Camp Can-
yon Member) of the central Confusion Range Chain-
man Shale section (see figures 2, 6, and 7).   

• Mudrock porosities are acceptable for hydrocarbon 
production potential as compared to other shale gas 
or shale oil reservoirs. The siliceous-calcareous facies 
showed ~9.5% effective porosity, although all perme-
ability measurements (TRA) scarcely attain 100 nD, 
an empirically pre-determined value perhaps mini-
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mally essential for economic recoveries. Again, sur-
face weathering effects may also have occurred here.  

• The surface gamma-ray log generated for this study 
might prove an invaluable analog for any well logs 
penetrating the Chainman Shale in this vicinity. The 
Outlaw Federal No. 1 well in White Pine County, Ne-
vada, was selected as a type well for the Chainman. 
The GR, DT, and SPHI curves were used to generate 
the DLOGR, RLOGR, and TOC curves for the type 
well. Similar trends between high and low GR zones 
were correlated between the Camp Canyon section and 
the Outlaw type well. The correlations between geo-
physical curves at the Outlaw type well were used to 
generate synthetic RHOB, RLOGR, and TOC curves 
for the Camp Canyon section. The RLOGR curves 
from the Outlaw type well and the Camp Canyon sec-
tion have areas of separation starting in the middle to 
lower part of the Camp Canyon Member down through 
the lower Needle Siltstone Member. The Delle Phos-
phatic Member has concentrations of organic matter 
but the curves are skewed due to high concentrations 
of uranium in the phosphate. The TOC curves gener-
ated from the RLOGR curves show an average con-
centration of approximately 1 to 1.5% TOC. High TOC 
areas of approximately 3% are found in the Delle Phos-
phatic Member and small zones in the Needle Siltstone 
and the Camp Canyon Members. SPHS and DPHS 
sandstone porosities range from 0 to 30% and average 
between 5 and 10% through the Chainman.  

• Hypothetical oil-in-place measurements and estimated 
hydrocarbon recoveries are also encouraging. Recov-
erable hydrocarbons on 80-acre spacing is estimated at 
270,000 BO and 1.5 BCFG per well.  

No wells currently produce from the Chainman Shale in Utah 
or Nevada.  However, in 2007, Plains Exploration & Production 
Company drilled the Pluto No. 27-1 well (SW1/4NE1/4SE1/4 
section 27, T. 18 N., R. 61 E., White Pine County, Nevada) 
about 23 kilometers west of Ely, and encountered a signifi-
cant gas show (377,000 ppm of methane) in a 20-meter-thick 
sandstone in the upper Chaiman along the steeply dipping 
east flank of a large anticline (Davis and Namson, 2014). Oil 
staining and yellow-gold fluorescence were also observed in 
the cuttings. Although the Pluto well was non-commercial, it 
demonstrated that hydrocarbons are present in the Chainman 
of the eastern Basin and Range Province and adds support for 
the untested potential determined from our study.
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Section: Chainman Shale, Camp Canyon

Location: Confusion Range, Utah Interval Thickness: 254-0 meters Interval Thickness: 508-254 meters

Section: Chainman Shale, Camp Canyon

Location: Confusion Range, Utah

Mc 9-86

Camp
Canyon
Member

Delle Phosphatic
Member

?

Basal Chainman

Interval 1

The very dark gray to dark green-gray phosphatic 
beds occur in the form of dominant lumps, ooids, 
and cement(?), admixed with lesser amounts of 
silt- and sand-sized terrigenous clastics and rare 
fossils (conodonts, arenaceous forams). Some of 
the greenish samples may have been partly 
glauconitic; such glauconite-phosphate 
assemblages commonly occur at the bases of 
transgressive systems tracts (e.g., basal Delle 
Phosphatic Member of the Chainman Shale 
overlying the Joana Limestone).

Interval 2

An orange-brown weathering, recessive siltstone 
overlies phosphatic interval 1. The fresh siltstone 
is dark gray due to modest amounts of organic 
content (see 0.94% TOC measurement for Mc 
6-2). The poorly sorted, coarse silt/very fine 
grained sand is mainly composed of quartz and 
feldspar mixed with some mud (clay) and 
appreciable diagenetic dolomite, organics, pyrite, 
common muscovite, rare glauconite, some 
bioturbation, and arenaceous forams.

Interval 3

The shales of interval 3) are dark gray to dark 
brown-gray on fresh surfaces, but weather to a 
pale orange-gray in many instances. Most 
mudrocks are calcareous to some degree 
although some are noncalcareous and clay-rich. 
Organic content is variable, but TOC should be 
regarded as minimum values because of potential 
loss during surface or near-surface weathering. 
Other shale ingredients (besides calcite and clay) 
include terrigenous silt, some dolomite, and 
omnipresent pyrite. Fossils are variable and 
include sponge spicules, forams, nautiloids, 
goniatites, inarticulate brachiopods, plant material, 
and numerous trace fossils (some locally 
abundant and intricate).

The limestone units often occur as isolated 
interbeds, but can form very resistant ridges when 
appreciably thick; three such substantial ridges 
are in the lower Camp Canyon Member. Many 
limestones appear very dark (organic), and 
apparently formed in quiet-water offshore settings. 
Other limestones (sometimes containing distinct 
nodules) in the 130–140 m interval are diversely 
bioclastic and probably resulted from downslope 
movement and accumulation. Common 
megafossils in the bioclastic limestones include 
pelmatozoans, brachiopods, cephalopods, and 
bryozoans. Some of these reworked carbonates 
exhibit ripples, cross-bedding, common rip-ups, 
mud flasers, and distinct flute and/or groove casts. 
Apart from the limestone ridges, most of this lower 
portion of the Chainman is clearly recessive, with 
many alluvial-covered sections where recognition 
of lithology was dubious. Trenching in these 
covered areas helped to expose additional facies 
examples and enabled accurate designation of 
lithotypes—mainly for recessive shales.

Interval 5

Above the limestones and intervening phosphate, 
the orange-brown weathered exposures mainly 
represent a series of mixed rocks in which 
terrigenous clastics and carbonate material were 
subjected to gentle current activity. Current 
ripples, cross-lamination, and wavy lamination are 
common, as are bioturbation and numerous 
megafossils, including bryozoans, pelmatozoans, 
brachiopods, and (more rare) trilobites and 
echinoderms. These shallow-marine deposits may 
reflect tidal-flat settings with periodic exposure 
accounting for the comparatively high iron content 
(now “limonitic”).

Because much of this section is covered by talus, 
trenching was common in order to sample the 
outcrop. In only one instance was an organic 
mudstone encountered (sample no. 486 m). Other 
mudrock occurrences are certainly possible, but 
none were directly encountered. The top of the 
formation (contact with the light gray Ely 
Limestone) was delineated when the 
orange-brown float of the uppermost Chainman 
Shale was no longer encountered upsection.

Interval 4

The lower portion of interval 4 (255–352 m) is 
largely micritic mudstones and wackestones, 
commonly  wavy bedded and intimately 
associated with dark gray shale 
partings/interbeds, bioturbation, and additional thin 
interbeds of lighter-hued claystone. Above 352 m, 
light brown-gray bioclastic limestones appear 
(largely packstones and grainstones), likely 
reflecting shallowing conditions. Many 
sedimentary structures include trough and 
low-angle planar cross-bedding, localized grading, 
and rip-ups. 

Fining upward trends (363–368 meters) occur 
within stratigraphically restricted packages. The 
bioclastic limestones can be very coarse grained, 
and more shallow-water faunal elements include 
omnipresent pelmatozoans, thick-shelled 
productid and spiriferid brachiopods (some in 
clearly a transported position; e.g., convex-upward
disarticulated shells at 375.5 m), solitary and 
compound rugose corals, bryozoans, and 
instances of vertical trace fossils akin to Skolithus 
(at 396 m). Scattered goniatites and nautiloids 
may indicate open-ocean conditions, and oncoids 
(at 378 m) perhaps reflect the shallow subtidal 
conditions that may be a most fitting depositional 
setting for the overall bioclastic assemblage.

Overall, interval 4 may represent a 
shallowing-upward succession during which 
localized basin filling occurred. Based on 
stratigraphic evidence, these materials were likely 
transported from east to west. The uppermost 
limestones around 457 m appear affected by 
localized karsting, epitomized by an irregular and 
likely erosional upper contact, some terra rosa 
hues associated with irregular fracture swarms, 
and an uppermost limestone conglomerate 
reflecting reworking of immediately subjacent 
limestones beds. This limestone conglomerate 
(when found along depositional strike) is very thin 
and stratigraphically separate from the overlying 
conglomerates shown immediately above in the 
orange-brown weathering interval 5.

Separating intervals 4 and 5 is a phosphate similar 
to that recognized at the base of the Chainman 
(interval 1). This phosphate may rest on a subtle 
and somewhat debatable karstified limestone, 
where a reddening of the limestone and 
accompanying red-stained veins may point to 
some dissolution in a near-subaerial setting. The 
phosphate itself represents the base of another 
transgressive systems tract and again contains 
lumps, ooids, and cement in association with 
calcitic fossil fragments, calcite cement, and some 
obvious mesopores. As the phosphate disappears 
upward, a light to medium gray, thin limestone 
conglomerate prevails, representing erosion and 
redeposition of offshore marine carbonates as well 
as reworking of ramose bryozoans. Above that 
bed, the uppermost orange-brown mixed rocks 
(interval 5) become more evident, along with 
covered slopes of probable green-hued claystone 
and some dark gray organic mud (sample no. 
486).

Most strata in this outcrop section belong to five distinguishable lithostratigraphic intervals:

1) The lowest interval resting on the Joana Limestone is a dark gray layered phosphate (Delle Phosphatic Member); however, much of 
this material is not exposed.

2) A dark gray, poorly sorted, muddy siltstone forms the lower part of the Needle Siltstone Member.
3) Interbedded dark gray to black, organic, calcareous to noncalcareous mudstone and fine-grained, muddy, organic limestones make up 

most of the section to the upper Camp Canyon Member. The mudstone comprises most of the potential “shale” pay. The limestones 
likely reflect offshore marine, both quiet-water and current-swept environments.

4) Very thick and resistant, light brown-gray to medium dark gray, muddy to distinctly bioclastic limestones represent the upper Camp 
Canyon and Willow Gap Members. Capping this interval is layered phosphate at 458–459 m.

5) Recessive beds of orange-brown weathered silty/sandy limestones, calcareous sandstones/siltstones, and minor amounts of 
recognizable shales or claystones constitute the Jensen Member.
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Plate I Descriptions 
 

A. Confusion Range: Sample--Basal Beds (Delle Phosphatic Member). Base of formation is 
represented by a dense phosphate accumulation common to lower portions of a transgressive systems 
tract.  Phosphate is in the form of lumps, ooids, and cements--all admixed with a small percentage of 
terrigenous clastics (white grains).  Very dark material is likely a combination of organic material 
and replacive pyrite.  Plane polarized light (40x) 
 

B. Confusion Range: Sample--Basal Beds (Delle Phosphatic Member). Under cross polarization, the 
phosphatic material is predictably isotropic (black); a rare conodont is seen at the center along with 
scattered detrital silt (white).  The magenta epoxy running subparallel to bedding filled in induced 
fractures--cracks related to outcrop-related desiccation and/or to stress release.  Crossed-nicols (40x) 
 

C. Confusion Range: Sample--Basal Beds (Delle Phosphatic Member). Detailed view of phosphatic 
cement (lighter brown hues) material in layered phosphate.  The white material extending from upper 
left to lower right is diagenetic silica further cementing the rock.  Most of the siliceous mixture is 
composed of silt and rounded siltstone grains, but some larger grains are detrital quartz (B-4).  Plane 
polarized light (100x) 
 

D. Confusion Range: Sample--Basal Beds (Delle Phosphatic Member). Cross polarized view reveals 
the isotropic outlines of the phosphatic material as well as siliceous material in the form of dispersed 
silt (small white dots), irregularly shaped quartz sand (with overgrowth), and arcuate quartz-lining 
cement (seen best at C-3 to D-4).  Crossed-nicols (100x) 
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Plate II Descriptions 
 
A. Confusion Range: Sample--Mc 6-2 (Needle Siltstone Member). Although the lower portion of the 

formation is severely obscured by alluvium, a somewhat continuous dolomitic siltstone overlies the 
phosphatic materials.  The quartz, feldspar, and muscovite materials are only moderately sorted in 
this view, and the bronze dolomite and illitic clay incorporate organic material and/or pyrite of some 
significant percentage--causing a decided darkish gray hue on a fresh surface.  The irregular 
distribution of coarser clastics as seen in the upper right corner may be related to bioturbation.  
Clearer examples of trace fossil activity are seen best in weathered orange-gray field exposures.  
Plane polarized light (40x) 
 

B. Confusion Range: Sample--Mc 6-2. (Needle Siltstone Member). Same view as view A under 
cross-polarized light shows mixed birefringence of quartz, feldspar in white to gray shades, and of 
dolomite and illite in typical bronze.  The dark grays are reflective of pyrite and organics.  In terms 
of recognizable biotics, arenaceous forams are the most common fossil type, seen in a later 
photomicrograph (plate III, view A).  Crossed-nicols (40x) 
 

C. Confusion Range: Sample--Mc 6-2 (Needle Siltstone Member). High magnification view of the 
dolomitic siltstone demonstrates the poor sorting of the white terrigenous material as well as its 
pronounced angularity.  Most of the brownish material is authigenic dolomite.  The black material is 
reflective of pyrite/organics, and the magenta hues indicate the presence of some porosity 
(approximating 3%).  Plane polarized light (100x) 
 

D. Confusion Range: Sample--Mc 6-2 (Needle Siltstone Member). Reflected light example of the 
previous view demonstrates opacity of grains in the green to black hues, mineral fluorescence from 
dolomite appears yellow, and void space is qualitatively revealed in subtle shades of orange.  
Reflected ultra-violet light with blue-violet filter (100x) 
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Plate III Descriptions 
 

A. Confusion Range: Sample--Mc 6-2 (Needle Siltstone Member). One additional view of this 
sample indicates the presence of compacted arenaceous or agglutinated Foraminifera, relatively 
common to this siltstone facies.  Also quite striking in this example is the amount of dark material, 
much of which is organic carbon.  Total organic carbon values in this interval range from 0.94 to 
1.58 wt.%, and this somewhat porous siltstone facies should be considered part of the potential 
Chainman pay in any engineering or geochemical calculation.  Plane polarized light (100x) 
 

B. Confusion Range: Sample--Mc 6-6 (Needle Siltstone Member). This sample from the dolomitic 
siltstone interval occurs 10 meters above the previous example, and contains many of the same 
constituents and textural characteristics.  In this view, very fine grained sand is more common as are 
numerous elongate muscovite flakes seen best along columns B and D, row 7.  Dark organic hues 
continue to prevail, and subtle shades of the magenta epoxy (pores) can also be discerned.  Very 
importantly, this particular sample contains a substantial percentage of mobile oil (7.72%), a high 
value especially derived from a surface sample.  Plane polarized light (100x) 
 

C. Confusion Range: Sample--Mc 6-9 (Needle Siltstone Member). Approximately 15 meters above 
sample Mc 6-6, this sample shows two crushed and compacted arenaceous forams.  Although this 
silty interval is not really a mudrock, such clastically diluted muds(?) may be important from a 
potential hydrocarbon perspective because of the facies appreciable thickness (see appendix A, 
measured section, part 1).  Plane polarized light (100x) 
 

D. Confusion Range: Sample--Mc 6-9 (Needle Siltstone Member). Cross-polarized view of the view 
C accentuates the linear quartz birefringence particularly along column D, the bronze birefringence 
of the associated dolomite, and finally, the very small, highly birefringent muscovite flake at C-5.  
Crossed-nicols (100x) 
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Plate IV Descriptions 
 
A. Confusion Range: Sample--Mc 6-9 (Needle Siltstone Member). Very high magnification of the 

dolomitic siltstone dramatically reveals the poor sorting, variable rounding, small amounts of pore 
space (magenta), and significant amounts of dark or dirty pyrite and organics.  The green grain is 
glauconite, and its occurrence along with presence of arenaceous forams likely indicates deposition 
in a marine setting.  Specifically, the textural details may point to a variable sedimentary source area 
shedding continuous clastic debris into an offshore basin--perhaps related to erosion of the Antler 
highlands located farther to the west and/or perhaps to the north.  Plane polarized light (200x) 
 

B. Confusion Range: Sample--Mc 6-16b (Camp Canyon Member). This sample is representative of 
a very thick (40 meters), dark gray, noncalcareous mudrock, rich in clay and modestly silty (see 
appendix A, measured section, part 1).  White grains in this view represent the fairly common 
presence of arenaceous forams.  Organic content is also significant, at least 1.63%, and the porosity 
is comparatively high for siltstones, due perhaps to the presence of leached fossils and to the 
probable weathered state of the sample.  Plane polarized light (40x) 
 

C. Confusion Range: Sample--Mc 6-16b (Camp Canyon Member). Porosity-only image of the 
previous image indicates two void types in this noncalcareous mudrock.  The yellow color is 
indicative of leached microfossils (see subsequent image and additional example of plate V, view A), 
and the orange hues represent smaller and tighter micropores from the dominant clay matrix.  Green, 
again, is opaque material.  Reflected ultra-violet light with blue-violet filter (40x) 
 

D. Confusion Range: Sample--Mc 6-16b (Camp Canyon Member). A leached radiolarian (circular magenta 
feature) is recognized at C-4 as well as another possible example at B-5, 6.  Dark material of pyrite and 
organics is also readily recognizable.  The white grains are mainly dispersed silt in addition to the elongate 
and compacted arenaceous foram at C, D-5.  Plane polarized light (100x) 
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Plate V Descriptions 
 
A. Confusion Range: Sample--Mc 6-16b (Camp Canyon Member). Reflected light view of the 

noncalcareous mudstone facies demonstrates in detail the leached grains (yellow) and the bedding-parallel 
streaks or microporosity (orange).  The dark green to black shades, are opaque to near-opaque (nonporous) 
materials.  Admittedly, one cannot be sure that all such revealed void space will be present in unweathered 
samples from the deep subsurface.  Reflected ultra-violet light with blue-violet filter (100x) 
 

B. Confusion Range: Sample--Mc 7-42 (Camp Canyon Member). A decidedly calcareous mudrock 
sequence occurs higher in the section, particularly above the top of a conspicuous limestone at 169 meters, 
and intimately associated with limestone interbeds thereafter.  The red hues represent stained calcite, mostly 
as cement matrix, and in some cases, as fossil remains.  Most fossils occur as fragments: ostracods, 
brachiopods, and some of unidentifiable origin.  Other biotics that are more unaffected by breakage are 
numerous sponge spicules (E-4) and the omnipresent arenaceous forams (B-7).  Other constituents in this 
thick facies include dispersed silt, pyrite, clay, and some organics perhaps belonging to the carbonaceous 
category.  In some cases, the fabric appears somewhat disrupted, likely resulting from mostly horizontal 
trace fossil activity.  Plane polarized light (40x) 
 

C. Confusion Range: Sample--Mc 7-42 (Camp Canyon Member). Epifluorescent view of view B reveals 
variably dense "clouds" of microporosity—some areas apparently tighter than adjacent regions.  Some 
microporous regions are more isolated than others (see right hand and bottom margins).  In spite of any 
quantitatively measured pore space, one might suspect that the permeabilities might be very low in terms of 
comparative mudrock standards.  Reflected ultra-violet light with blue-violet filter (40x) 
 

D. Confusion Range: Sample--Mc 7-42 (Camp Canyon Member). An unstained view taken with cross-
polarized light indicates the presence of horizontal trace fossil activity.  The resulting birefringence streaks 
occur because of preferential quartz accumulation (D-5) augmented by organic matter concentration.  
Dispersed quartz and feldspar silt is also readily apparent here.  The unit, however, is mostly calcareous.  
Crossed-nicols (40x) 
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Plate VI Descriptions 
 
A. Confusion Range: Sample--Mc 8-49 (Camp Canyon Member). Apart from some intervening limestones, 

this calcareous mudstone sample lies approximately 40 meters above the previous sample.  Yet, the basic 
lithology is very similar in terms of a somewhat disrupted (bioturbated) fabric, and calcareous grains and 
cement associated with dispersed silt and illitic mud.  Again, the reddish stain allows identification of the 
calcitic component, and siliceous sponge spicules are clearly recognized at E-2.  Some pyrite and organic 
matter (dark grains) are also discernible.  The fossil fragments are more diverse in this sample: biota now 
include additional examples of echinoids, endothyroid forams, pelmatozoans, and spherical bodies that 
likely represent radiolarians in various states of diagenetic alteration (quartzose, calcitic, dolomitic).  Plane 
polarized light (40x) 
 

B. Confusion Range: Sample--Mc 8-49 (Camp Canyon Member). The reflected light view of view A 
reveals two classes of pore types: (1) the yellow areas are regions commonly leached to varying degrees, 
and (2) the orange shades are regions of microporosity.  Upon close inspection, a gradation exists between 
the leached and microporous regions, recognizable by the transitions in color in some cases.  Porosity is 
high (11.71%); some pores may be vadose weathering effects.  In any case, the connectivity of the pores is 
poor as indicated by the 50 nD measured permeability.  Reflected ultra-violet light with blue-violet filter 
(40x) 
 

C. Confusion Range: Sample--Mc 8-49 (Camp Canyon Member). Higher magnification of previous sample 
reveals admixture of calcareous material, detrital silt, illitic clay, pyrite, and organic material.  In some 
samples, the organic material appears as carbonaceous flakes as seen especially along row 2.  The Chainman 
Shale likely contains a mixture of oil-prone (algal) and gas-prone (woody or carbonaceous) kerogens.  In 
Nevada, the Chainman does contain local accumulations of coal flora—ferns, horsetails, and club mosses.  
Plane polarized light (100x) 
 

D. Confusion Range: Sample--Mc 9-86 (Camp Canyon Member). This specimen represents a "grab" 
sample taken at approximately 185 meters from the base of the formation.  This calcareous mudstone is 
consistent with other examples of the sandy limestone facies.  In spite of the abundance of silica and other 
insoluble framework grains, a TOC of 1.26% was obtained here.  The Tmax clearly indicates a source bed 
in the oil-generating window.  Most TOC numbers are quite modest in this surface study, but given the 
thickness of this shale section in western Utah, these modest TOC values are quite important.  Plane 
polarized light (40x) 
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Plate VII Descriptions 
 
A. Confusion Range: Sample--458-459 m (Jensen Member). Sitting directly on top of the thick 

limestone (topographically resistant) at 458 meters, this layered phosphate marks the base of another 
transgressive systems tract, which may rest on a modestly karstic surface.  In addition to the 
phosphatic lumps and large clasts, ooids, and cement, dispersed silt/sand is plentiful as well as 
clearly eroded very fine grained sandstone clasts (A-7, 8).  Calcareous material abounds in the form 
of brachiopod fragments (large elongate grain along column B), calcite cement, and calcite-filled 
fractures (near base of photomicrograph).  Most of the dark material is pyritic although a small 
amount of organic material additionally occurs.  Plane polarized light (20x) 
 

B. Confusion Range: Sample--458-459 m (Jensen Member). Close up of the phosphatic unit reveals 
not only the presence of dispersed silt, clay, organic matter, and pyrite in the matrix entombing the 
phosphate itself, but also the presence of some secondary intergranular pores (magenta).  Whether 
these pores are present at depth is pure conjecture at this time.  Plane polarized light (100x) 
 

C. Confusion Range: Sample--459-460 m (Jensen Member). The underlying layered phosphate 
passes upsection into a pebble conglomerate of a limestone composition.  Rounded micritic 
limestone clasts and reworked bryozoans largely comprise make up this conglomeratic grainstone 
seen under very low magnification.  Clearly, some erosive event was present at this moment of 
Chainman time—perhaps the erosion and reworking of the underlying, thick carbonate sequence 
undoubtedly found in the stratigraphic "neighborhood." Plane polarized light (20x) 
 

D. Confusion Range: Sample--459-460 m (Jensen Member). This stained version of the pebble 
conglomerate confirms the overwhelming calcite content (red) along with the basic allochemical 
ingredients.  As is common with most Chainman rocks, dispersed silt is recognized as the white 
(unstained) material.  Above this depth (460 meters), the Chainman does take on a silty/sandy 
composition in many of the orange-brown weathering strata occurring upwards to the base of the Ely 
Limestone.  Plane polarized light (20x) 
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Textural overview of dolomitic siltstone showing the homogeneous character of 
the mudstone.  (Scale bar = 500 microns) 

 

 

 

Silt-sized ‘grains’ are almost entirely composed of dolomite.  (Scale bar = 200 
microns) 

SEM PLATE 1 
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Although there is some matrix material, the mudstone is dominated by sugary 
microcrystalline dolomite.  A few detrital mica plates (arrows) are present in the 
mudstone.  (Scale bar = 50 microns)  

 

 

 

The dolomite is composed of equant dolomite crystals (d), about 20 microns in 
size.  Here, the crystals occur in an interlocking mosaic without much 
intercrystalline material and very limited porosity. Mica plates (m) are the only 
detrital material in this view. (Scale bar = 40 microns) 

SEM PLATE 2 
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Rare detrital feldspar grains are composed of potassium feldspar (K-spar, upper 
spectra), and more calcic feldspar, possibly with some iron (Ca-spar, lower 
spectra). Note authigenic rhombohedral crystal (dol) in upper left. The gold peak 
represents the conductive coating applied to the sample.  (Scale bar = 50 microns)   

 

 

 

 

SEM PLATE 3 
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Although most of the dolomite occurs in authigenic rhombohedral crystals (dol, 
upper left), more irregularly shaped particles (lower right) may represent replaced 
calcic fossil fragments.  (Scale bar = 50 microns) 

 

 

 

Elemental analysis of the dolomite crystals consistently indicates a pure calcium-
magnesium composition, without any iron.   

SEM PLATE 4 
Mc-6-6 
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Here, there is dense cement (x) between the dolomite crystals.  The 
intercrystalline material is composed of chert that further cements the dolomite, 
occluding pores.  (Scale bar = 50 microns) 

 

 

 

Spot elemental analysis (x) of the intercrystalline cement indicates a pure 
siliceous composition for the chert. 

     

SEM PLATE 5 
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The crystalline dolomite is mostly densely interlocking, but a minor amount of 
intercrystalline microporosity is found in some areas (arrows).  These pores are 
likely poorly connected, and overall permeability in the mudstone is also likely to 
be very limited.  (Scale bar = 30 microns) 

 

 

 

These dolomite crystals appear slightly corroded, and have associated dissolution 
micropores (arrows).  In these outcrop samples, the dissolution may be related to 
surficial weathering of the sample.    (Scale bar = 20 microns) 

SEM PLATE 6 
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Argillaceous mudstone with vague laminations and subparallel thin veins.  (Scale 
bar = 500 microns) 

 

 

 

Closer view of one of the high-angle veins (outlined) that cuts across the 
lamination.  (Scale bar = 300 microns) 

SEM PLATE 7 
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Clay-rich mudstone with very few detrital silt or fossil grains.  The mudstone 
appears tightly compacted with minimal porosity. (Scale bar = 200 microns) 

 

 

 

Closer view of gooey-looking clay in the matrix.  Individual crystallites cannot be 
recognized and there is no visible intercrystalline microporosity. (Scale bar = 50 
microns)   

SEM PLATE 8 
Mc-6-16b 
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The only obvious porosity in the tight matrix consists of ovoid vuggy pores (arrow), 
where entire particles have been dissolved or removed.  The original particles may 
have been organic macerals where the original organic material has been 
converted to oil and gas.   (Scale bar = 100 microns) 

 

 

 

Rare silt-sized detrital grains consist of subrounded calcic fossil fragments (cal) 
and a few quartz-rich or silicified grains (qtz).  Vuggy pores are partially filled with 
fine iron oxides (arrow). (Scale bar = 50 microns) 

SEM PLATE 9 
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High magnification view of vuggy pore in previous image.  Star-shaped crystal 
aggregates lining the pore are composed of iron oxide, and may represent 
oxidized pyrite in the outcrop sample.  The pyrite would have replaced original 
organic material in the organic particles/macerals. (Scale bar = 10 microns) 

 

 

 

Spot elemental analysis (x) of the fine star-shaped aggregates indicates the 
presence of illite clay (Si, O, Al, and K), and iron oxide (Fe, O).  Based on the 
radiating crystal morphologies, the iron oxide is probably hematite or goethite.     

 

SEM PLATE 10 
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A variety of particles in this view include a long clast replaced by silica and 
framboidal pyrite (py), an organic maceral aligned with the bedding (org), a bent 
mica flake (mi, upper elemental spectra), and a fossil grain infilled with authigenic 
albite (arrow, lower spectra).    (Scale bar = 50 microns) 

 

 

 

 

SEM PLATE 11 
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Closer view of partially silica-replaced organic maceral along the bedding plane.    
(Scale bar = 20 microns) 

 

 

 

Elemental analysis of the organic particle indicates dominant silicon (replacing 
the organic material in the particle and from surrounding illite), and minor carbon 
from remaining organic material in the maceral, and possibly from nearby calcite.    

 

 

 

SEM PLATE 12 
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Two more particles that are infilled with authigenic albite crystals (arrows, see 
composition in next plate).  These may have been hollow fossil or organic particles 
that have been removed by diagenesis and/or converted/infilled with the 
authigenic feldspar.  (Scale bar = 40 microns) 

 

 

 

The wallrock of a rectangular grain mold is composed of mixed-layer illite-
smectite (I/S).  Elemental analysis of the matrix clay indicates silicon, aluminum, 
oxygen, and potassium from the illite portion of the mixed-layer clay, and trace 
amounts of magnesium from the small amount of smectite in the I/S structure.     

SEM PLATE 13 
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High magnification view of authigenic feldspar crystals in the middle of a 
dissolved-out particle.  (Scale bar = 10 microns) 

 

 

 

 

Spot elemental analysis (x) of the authigenic feldspar indicates a pure sodic 
composition, identifying albite.  The sodic composition suggests the presence of 
saline formation or other fluids in the mudstone.   

SEM PLATE 14 
Mc-6-16b 
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Textural overview of faintly laminated calcareous/argillaceous mudstone.  (Scale 
bar = 200 microns).   

 

 

 

 

Closer view shows abundant calcic fossil fragments and a microporous matrix.  
(Scale bar = 40 microns) 

 

SEM PLATE 15 
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Some laminations within the mudstone are more argillaceous and have foliated 
flaky illitic clays along the bedding planes.     (Scale bar = 40 microns) 

 

 

 

 

The wavy to flaky morphologies indicate the presence of abundant mixed-layer 
illite-smectite within the matrix.  Although the clays appear to host abundant 
intercrystalline matrix micropores, depending upon how much interlayered 
smectite is present, the clays could be susceptible to expansion.  (Scale bar = 40 
microns)  

SEM PLATE 16 
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Closer view of delicate webby illite-smectite clay (I/S).  (Scale bar = 20 microns) 

 

 

 

 

Elemental analysis of the clay (x) indicates more calcium, magnesium, and iron 
than potassium, suggesting a high proportion of potentially expandable smectite 
in the mixed-layer clay. 

SEM PLATE 17 
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Another area with flaky, wavy clays.  (Scale bar = 10 microns) 

 

 

 

 

Spot elemental analysis (x) again reveals significant amounts of calcium from the 
smectite portion of the clay.   

SEM PLATE 18 
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Organic material in the mudstone consists of discrete particles (org), and no 
disseminated kerogen appears to be present within the argillaceous matrix.     
(Scale bar = 40 microns) 

 

 

 

Spot elemental analysis (x) on the organic maceral indicates overall low counts 
and major peaks only for carbon (C) in the particle and the gold (Au) used to coat 
the samples.  Other elements suggest the presence of nearby illite (Si, Al, K), and 
calcite or dolomite (Ca, Mg).   

SEM PLATE 19 
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Back into an area with more calcareous fossil debris.  Some fossils are replaced 
or infilled with authigenic albite (alb).  Pyrite framboids are also fairly common (py) 
within the matrix.  (Scale bar = 20 microns) 

 

 

 

Calcite (c) occurs as fossil hash and as microcrystalline cement in the matrix, 
occluding matrix micropores.  Webby smectite-rich clays coat the fossil grains and 
occur in intergranular areas (arrows).    (Scale bar = 20 microns) 

SEM PLATE 20 
Mc-7-42 
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Close up of an authigenic albite crystal (alb) that replaces or infills a fossil 
fragment.  Surrounding calcite grains (c) may represent ground-up or 
recrystallized fossil material that essentially forms a cement within the mudstone.  
(Scale bar = 10 microns) 

 

 

 

 

Elemental analysis on the authigenic feldspar (x) indicates a mixed sodium-
calcium composition.   

    

SEM PLATE 21 
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Mixed siliceous-calcareous mudstone that appears to host abundant matrix 
micropores.   (Scale bar = 100 microns) 

 

 

 

 

The granular microtexture is characteristic of a siliceous matrix.  (Scale bar = 50 
microns) 

SEM PLATE 22 
Mc-9-86 
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Another characteristic of a siliceous matrix is the microtopography; silica-
cemented areas stand out in relief.   (Scale bar = 50 microns) 

 

 

 

 

Detail of adjacent image showing the calcareous fossil fragments (c) in the 
siliceous matrix. The silica-cemented matrix supports the mudstone against 
compaction, preserving matrix microporosity.  (Scale bar = 20 microns) 

SEM PLATE 23 
Mc-9-86 
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Another view of silt-sized calcic fossil fragments (c) and the porous siliceous 
matrix (sil).  The largest pores are 5-10 microns across (arrows), and appear to be 
well-connected in a permeable network of matrix micropores.  (Scale bar = 30 
microns) 

 

 

 

Although there are some flaky clays in the matrix (arrows), the dominant matrix 
constituent is microcrystalline quartz.  Some pyrite framboids (py) are also 
present.  (Scale bar = 20 microns) 

SEM PLATE 24 
Mc-9-86 
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High magnification of an area of the microcrystalline matrix.  Area x (upper 
spectra) is composed of both quartz and calcite cements, and area y (lower 
spectra) is composed only of quartz.  (Scale bar = 10 microns) 

 

Recst 

 

 

SEM PLATE 25 
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Rectangular crystals in the matrix are composed of authigenic Ca-Na feldspars (x, 
upper spectra).  Well-cemented areas of the matrix are composed of 
microcrystalline calcite (y, lower spectra). (Scale bar = 10 microns) 

 

 

 

 

SEM PLATE 26 
Mc-9-86 



X‐Ray Fluorescence Major Elements Total
Sample ID Meters1 SiO2 Al2O3 CaO MgO Na2O K2O Fe2O3 MnO TiO2 P2O5 SO3 CL Sample Wt%2

cc‐mc‐535m 535 1.97 0.44 95.60 0.87 0.17 0.45 0.27 0.02 0.01 99.98
cc‐mc‐9‐515m 515 3.22 0.31 93.80 0.93 0.13 0.05 0.79 0.31 0.08 0.01 99.98
cc‐mc‐8‐494m 494 5.45 0.60 84.10 1.09 0.08 7.66 0.19 0.33 0.12 0.00 99.97
cc‐mc‐7‐486m 486 50.60 19.90 12.30 1.05 0.10 1.95 11.40 0.05 1.93 0.25 0.08 0.01 99.99
cc_mc_5_485M 485 3.38 0.88 89.20 1.44 0.12 2.51 0.77 1.15 0.20 0.01 99.76
cc‐mc‐4‐484 484 69.50 16.70 3.88 1.00 0.07 2.54 4.12 1.79 0.11 0.03 0.03 99.99
cc‐mc‐3‐483 483 52.30 15.00 20.60 1.16 2.61 5.37 2.39 0.18 0.06 0.01 100.05
cc‐mc‐6‐479 479 81.90 3.18 7.72 0.51 0.21 5.36 0.05 0.57 0.12 0.02 0.01 99.96
cc‐mc‐458‐459 458 13.70 1.94 54.30 0.99 0.12 13.40 0.27 14.10 0.15 0.00 100.03
cc‐mc‐1‐431 431 4.80 0.16 92.40 1.10 0.06 0.75 0.26 0.04 0.01 99.98
cc‐mc‐8‐51‐281‐5 282 54.40 11.90 20.80 1.29 0.21 1.99 7.49 1.38 0.14 0.07 0.01 100.04
cc‐mc‐8‐51‐281 281 31.00 3.05 58.10 0.82 0.15 0.41 4.67 0.33 0.29 0.14 0.01 99.91
cc‐mc‐8‐49‐273m 273 32.90 6.51 52.60 0.86 0.06 1.06 4.31 0.82 0.20 0.05 0.00 99.99
cc‐mc‐271 271 37.60 7.10 45.80 1.20 0.21 1.10 5.30 0.91 0.17 0.06 0.01 100.02
cc‐mc‐7‐42‐233m 223 27.90 6.16 57.80 1.00 0.10 0.92 4.38 0.63 0.25 0.07 0.01 100.03
cc‐mc‐213 213 32.70 3.72 55.10 1.54 0.11 0.62 4.35 0.55 0.35 0.12 0.01 100.01
cc‐mc‐193m 193 51.30 12.20 23.60 1.08 0.11 1.70 7.98 1.43 0.12 0.07 0.01 99.96
cc‐mc‐192m 192 33.30 3.56 55.30 0.72 0.24 0.48 4.94 0.30 0.30 0.11 0.00 99.97
cc‐mc‐175 175 43.30 8.61 38.20 0.96 0.08 1.07 5.84 0.95 0.22 0.07 0.00 99.94
cc‐mc‐7‐35‐173m 173 60.10 12.50 15.90 0.96 0.11 1.58 6.79 1.37 0.18 0.07 99.94
cc‐mc‐171 171 60.20 12.40 15.70 0.95 0.14 1.55 7.17 1.32 0.17 0.06 0.00 100.08
cc_mc_146 146 47.90 12.00 28.40 0.81 0.07 1.42 7.31 1.18 0.27 0.09 0.00 100.02
cc_mc_131 131 61.00 21.70 1.46 1.10 0.17 2.10 9.93 1.96 0.07 0.10 0.01 100.01
cc‐mc‐123 123 34.90 8.37 46.30 0.95 0.06 1.37 6.22 0.99 0.23 0.12 0.00 100.06
cc_mc_99 99 64.00 19.80 0.54 1.53 0.66 3.00 7.06 2.06 0.11 0.68 0.17 100.02
cc_mc_75m 76 75.80 9.56 0.98 1.11 0.09 4.58 6.01 1.14 0.07 0.18 0.00 99.99
cc_mc_75m_616 75 42.40 5.29 33.70 10.00 0.27 2.33 4.10 0.09 0.98 0.18 0.31 0.02 99.94
cc_mc_41‐5 42 63.40 9.35 10.20 4.42 0.50 4.39 5.95 1.27 0.11 0.09 0.01 100.07
cc‐mc‐41 41 64.50 13.20 3.43 2.22 0.26 6.60 7.03 1.62 0.44 0.13 0.01 99.96
cc_mc_2_14m 14 54.40 7.77 20.00 7.01 0.40 3.44 5.22 0.05 1.08 0.12 0.36 0.02 100.00
d‐ph‐ch 12 22.60 2.41 47.60 0.50 1.12 3.08 0.34 21.00 0.27 0.01 99.95
cc_mc_9 9 2.98 0.26 94.00 1.03 0.11 0.07 0.82 0.28 0.08 0.01 100.00
cc‐mc‐7‐5 7 74.70 9.92 1.10 1.18 0.05 4.87 6.26 1.01 0.09 0.33 0.01 99.97
cc_mc_1_basal_wp 1 18.80 1.34 52.50 0.22 0.53 1.43 23.60 0.34 0.01 100.27
0‐30‐ch 0 51.40 7.14 22.90 7.85 0.46 3.24 4.90 0.09 1.04 0.16 0.40 0.06 100.02

Note
1 Meters are the sampling location in the Camp Canyon stratigraphic sequence from the Joanna Limestone at the base, through the members 
of the Chainman Shale, to the Ely Limestone at the top of the section.
2Samples powdered and analyzed using qualitative X‐ray fluorescense analysis.  Duplicate samples were prepared and analyzed Page 1 of 2
to determine the reproducability and precision.

Appendix E

Chainman Shale Stratigraphic Section Mineral and Elemental Concentrations

Mineral Identification of Samples Collected from the Camp Canyon Stratigraphic Section
Whole‐Rock X‐Ray Fluorescense Oxide Weight Percent and X‐Ray Diffraction 



X‐Ray Fluorescence Trace Elements X‐Ray Diffraction Phase Analysis
Sample ID Meters1 V205 Cr2O3 NiO ZnO As2O3 Rb2O SrO Y2O3

3Approximate Sample %
cc‐mc‐535m 535 0.09 Calcite 93%, Quartz 7%
cc‐mc‐9‐515m 515 0.25 Calcite 59%, Feldspar 34%, Quartz 7%
cc‐mc‐8‐494m 494 0.24 Calcite 76%, Quartz 24%
cc‐mc‐7‐486m 486 0.12 0.05 0.11 Chlorite 43%, Quartz 37%, Calcite 17%, clay 3%
cc_mc_5_485M 485 Calcite 89%, Muscovite 4%, Dolomite 3%, Clay Minerals 3%, Apatite 1%
cc‐mc‐4‐484 484 0.09 0.05 Quartz 66%, Chlorite 16%, Muscovite 15%, Clay Minerals 3%
cc‐mc‐3‐483 483 0.12 0.04 0.10 Quartz 49%, Chlorite 29%, Calcite 14%, Clay Minerals 8%
cc‐mc‐6‐479 479 0.08 0.13 0.03 Quartz 89 %, Mica 6%, Calcite 5% 
cc‐mc‐458‐459 458 0.12 0.07 0.30 0.39 0.08 Fluorapatite 70%, Calcite 15%, Mica 9%, Quartz 6%
cc‐mc‐1‐431 431 0.29 Calcite 66%, Dolomite 17%, Quartz 12%, Apatite 5%
cc‐mc‐8‐51‐281‐5 282 0.07 0.21 Calcite 64%, Quartz 28%, Clay Minerals 8%
cc‐mc‐8‐51‐281 281 0.08 0.14 0.64 Calcite 64%, Quartz 28%, Clay Minerals 8%
cc‐mc‐8‐49‐273m 273 0.08 0.44 Calcite 66%, Quartz 25%, Gypsum 8%, Clay Minerals 1%
cc‐mc‐271 271 0.47 Calcite 56%, Quartz 32%, Vermiculite 10%, Biotite 2%
cc‐mc‐7‐42‐233m 223 0.72 Calcite 52%, Quartz 43%, Clay Minerals 5%
cc‐mc‐213 213 0.09 0.06 0.05 0.54 Calcite 44%, Quartz 31%, Dolomite 20%, Clay Minerals 5%
cc‐mc‐193m 193 0.07 0.04 0.03 0.12 N/A
cc‐mc‐192m 192 0.09 0.56 Quartz 59%, Calcite 37%, Clay Minerals 4%
cc‐mc‐175 175 0.10 0.05 0.03 0.38 Quartz 39%, Calcite 30%, Feldspar 29%, Clay Minerals 2%
cc‐mc‐7‐35‐173m 173 0.11 0.04 0.16 Quartz 53%, Chlorite 42%, Calcite 5%
cc‐mc‐171 171 0.08 0.04 0.04 0.16 Quartz 61%, Calcite 23%, Biotite 9%, Clay Minerals 7%
cc_mc_146 146 0.10 0.07 0.29 Quartz 32%, Calcite 28%, Clay Minerals 29%, Mica 11%
cc_mc_131 131 0.11 0.04 0.04 0.03 0.11 Clay Minerals 57%, Quartz 25%, Biotite 18%
cc‐mc‐123 123 0.11 0.34 Quartz 50%, Calcite 33%, Biotite 10%, Clay Minerals 7%
cc_mc_99 99 0.19 0.04 0.09 Quartz 60%, Muscovite 21%, Clay Minerals 19%
cc_mc_75m 76 0.14 0.06 0.05 0.03 0.09 Quartz 72%, Other Micas 18%, Muscovite 10%
cc_mc_75m_616 75 0.10 0.05 Quartz 43%, Dolomite 43%, Muscovite 8%, Biotite 6%
cc_mc_41‐5 42 0.10 0.05 0.08 0.04 Quartz 82%, Biotite 15%, Clay Minerals 3%
cc‐mc‐41 41 0.19 0.06 0.10 0.04 0.06 Muscovite 35%, Quartz 34%, Clay Minerals 31%
cc_mc_2_14m 14 0.05 Feldspar 37%, Dolomite 36%, Quartz 22%, Biotite 6%
d‐ph‐ch 12 0.13 0.08 0.05 0.54 0.15 Fluorapatite 76%, Quartz 24%
cc_mc_9 9 0.25 Calcite 96%, Quartz 4%
cc‐mc‐7‐5 7 0.11 0.05 0.06 0.03 0.03 0.08 Quartz 64%, Illite 28%, Clay Minerals 8%
cc_mc_1_basal_wp 1 0.15 0.06 0.26 0.64 0.29 Fluorapatite 75%, Quartz 25%
0‐30‐ch 0 0.13 0.04 0.03 0.06 Quartz 40%, Dolomite 33%, Feldspar 18%, Biotite 9%

Note
1 Meters are the sampling location in the Camp Canyon stratigraphic sequence from the  Joanna Limestone at the base, through
 the members of the Chainman Shale, to the Ely Limestone at the top of the section.
3 Mineralogical assembledge identified from powdered samples.  Phases identified from using PDXL software and the ICDD and COD pattern   Page 2 of 2
 databases.  Percentage of phase identified is qualitative and indicates the relative precentages of phases in the whole‐rock sample.

Appendix E

Chainman Shale Stratigraphic Section Mineral and Elemental Concentrations

Mineral Identification of Samples Collected from the Camp Canyon Stratigraphic Section
Whole‐Rock X‐Ray Fluorescense Oxide Weight Percent and X‐Ray Diffraction 




