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Abstract 

 

The Eocene-Oligocene Elko Formation of northeastern Nevada was deposited in a structural and sedimentary basin containing a 
fresh to moderately saline lake (or a series of lakes) following a long period of fluvial deposition. The Elko Formation includes 
thick intervals of petroliferous mudrocks, some of which contain sufficient organic matter to have been mined as an oil shale 
resource in the early twentieth century. The organic-rich intervals are also presumed to be the source for oil deposits in 
northeastern Nevada.  
 
Lithology, mineralogy and organic geochemistry of the Elko Formation were studied in outcrop and core samples. The core and 
outcrop samples are all thermally immature and, with the exception of a few very organic-rich intervals in two cores, show 
moderate to good source rock potential. Generally, these outcrop and core samples have limited value as an oil shale resource in 
comparison to the lacustrine basins of the nearby and similarly aged Eocene Green River Formation. The majority of samples 
(62%) had total organic carbon contents between 1 and 5 weight % and most (78%) had hydrogen index (HI) values of 500 mg/g 
or higher. Oil yields determined by Fischer assay were generally between 1 and 4 weight % (3 to 11 gallons per ton), but the 
yields from many samples were less than 1 weight % (about 3 GPT). The organic matter in the Elko cores consists of varying 
mixtures of Type I and Type III kerogen.  
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Results from X-ray diffraction indicate the Elko Formation contains abundant quartz and feldspar, alternating dolomite-rich and 
calcite-rich intervals, along with some intervals rich in opal-CT and clay minerals. The Elko Formation paleolake may have 
become hydrologically closed leading to increased salinity as widespread lacustrine conditions developed. This is indicated by 
the disappearance of freshwater mollusks just above the base of the lacustrine interval. Organic-rich laminated carbonates were 
deposited in offshore areas of the lake, contemporaneous with pebbly sandstones and mudstones in marginal areas. Scattered air-
fall tuffs indicate volcanism in northeastern Nevada during deposition of the lower part of the organic-rich interval. Greater 
volcanism, indicated by thick, reworked tuffaceous intervals interspersed with organic-rich mudrocks, appears to have occurred 
just prior to deposition of the richest oil shale in the Elko Formation. Large volumes of volcanic material are found in the 
remaining Elko lacustrine beds due to a period of prolonged volcanism in northeastern Nevada during this time. 
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Map showing present-day extent 

of lower Tertiary lacustrine 

deposits in northeast Nevada. 

Blue is extent of Eocene Elko 

Formation. Green is extent of 

lacustrine rocks that may be 

equivalent to the Elko Formation. 

 
The Elko Formation was mined 

and retorted as an oil shale 

resource in the 1920s. Recently, 

oil has been discovered in the 

Elko Formation. 

 

 



History of Elko Oil Shale 

Development 

 “In 1924 five-thousand gallons of lubricating oil were 
shipped to New York. Five tunnels, 600 feet down 
stretched four miles. Unfortunately, while there was 
talk of oil, the primary product was paraffin. Oil was 
secondary because of its high cost of refining. Labeled 
‘Hi-Power Catlin Oil,’ it sold for $5 a gallon. The 
lubricant, because of its high paraffin base, worked 
well in the summer but in winter it congealed and 
gummed up engines. Durant Motor Company tested 
the oil in the 1924 Indianapolis 500. E.E. ‘Monte’ 
Mouton used the lubricant on his Elko to Reno air mail 
route and claimed his engine ran more than fifty 
revolutions per minute faster compared to standard 
oil.” (Howard Hickson, Great Basin College, written 
commun., 2003). 



Photo of Catlin Oil Shale Plant ,1923. (Northeastern Nevada Museum, 

http://www.gbcnv.edu/howh/CatlinShale.htm) 



Index map showing area in northeast 

Nevada where the Eocene rocks 

including the Elko Formation crop out 

(beige). Location shown on previous 

Nevada index map.  

Approximate original extent of Elko 

lacustrine basin shown in blue. 

The Ruby Mountains, a metamorphic 

core complex (dark red), were 

present during deposition of the Elko 

Formation.  

The other ranges (salmon) rose 

during basin and range faulting that 

postdated deposition of the Elko 

Formation. 

Lacustrine rocks also are present 

northeast of the Elko lake (green). It 

is not known if this lake is the same 

age as the Elko lake.  

Pink dots indicate recent oil and gas 

tests targeting the Elko Formation. 

BO: barrels of oil 

Modified from Stewart and 

others (1977), Coats (1987) 



Detailed studies of the Elko 

Formation were conducted 

where it crops out in the 

northern Adobe Range, Elko 

Hills, and Pinon Range. 

 

In addition, cores of the Elko 

Formation (EOS-1, EOS-6, 

and EOS-3/3A), which are 

stored at the Nevada Bureau 

of Mines core facility, were 

described and extensively 

sampled for programmed 

pyrolysis (Rock-Eval), X-ray, 

and thin-section analysis. All 

of the cores are from the 

immediate Elko area, where 

oil shale was mined in the 

past. 



Plate 1 of Johnson and Birdwell (2016) showing detailed 

descriptions of core holes EOS-1, EOS-2, EOS-4, and EOS-6. 

Oil-yield histograms are from Moore and others (1983). 
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Plate 2 of Johnson and Birdwell (2016) showing detailed measured 

sections of the lower Tertiary section in the Northern Adobe Range, in 

the Elko Hills, and in the Pinon Range.  
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Plate 3 of Johnson and Birdwell (2016) showing detailed measured 

sections of the lower Tertiary rocks west of Twin Bridges about 15 miles 

south of Elko (blue), in the Elko Hills just east of Elko (pink), and near the 

Bullion Road about 6 miles south of Elko (green). 
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Example of x-ray diffraction data included in Johnson and Birdwell (2016). 

Numbers are peak heights normalized to the highest peak. Green denotes rocks 

from the early nonvolcanic period and pink denotes the later volcanic period in 

the Elko Basin. These two periods will be discussed in detail later. Note that 

clinoptilolite and opal-CT are confined to the volcanic-rich interval. 



The Laramide orogeny in the Rocky Mountain region (Upper Cretaceous 

through Eocene) was a period of basement-involved thrusting that affected a 

large area east of the Sevier orogenic belt (light pink) creating a number of 

basins and uplifts. Modified from King (1969).  

100 MILES 



Lakes formed in many Laramide basins including Lake Uinta in the Uinta and 

Piceance Basins, Lake Gosiute in the Greater Green River Basin, Lake Waltman 

in the Wind River Basin, and Lake Tatman in the Bighorn Basin. Age of these 

lakes is shown in red. Modified from King (1969).  

100 MILES 



The Elko Basin began to form about 42 millions of years ago (Ma) during the 

initial stages of basin and range extension. Basin subsidence ended about 

39 Ma. The lake that occupied the Elko Basin does not appear to overlap in 

time with lakes in Laramide basins to the east. Modified from King (1969).  

100 MILES 



The early stages of regional extension created metamorphic 

core complexes in which lower crustal rocks were brought to the 

surface. Sedimentary basins, such as the Elko Basin, formed on 

the flanks of these complexes. From DeGrey and Link (2017).   



West-east cross section of the Huntington Valley, where the Elko Formation 

was deposited, the Ruby Mountain metamorphic complex, and the Ruby 

Valley to the east. Note the mylonitic shear zone. (Modified from a seismic 

line by Satarugsa and Johnson, 2000). Location shown on slide 7.  



Block diagram of basin and range faulting Lacustrine rocks of the Elko Formation were 

brought to the surface during a later stage of 

extension that began about 17 Ma producing the 

half graben “basin and range” topography that 

characterizes the province today. 



South to north cross section of lower Tertiary rocks in the Elko area subdivided into: (1) an early fluvial 

and alluvial period (orange), (2) a largely nonvolcanic paludal and lacustrine period (green and brown), 

and (3) a volcanic lacustrine period (pink). It is assumed that the onset of widespread volcanism 

represents a time line.  
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A variety of radiometric dating techniques give varying results for lower Tertiary strata in the 

Elko area. A relatively thin interval of alluvium may have begun to accumulate locally in the 

Elko area as early as 46 Ma with widespread lacustrine conditions developing by about 42 Ma. 

Volcanism in the area began about 40 Ma. 
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U.S. Department of the Interior 

U.S. Geological Survey 

Fluvial and Alluvial Period 



Measured thicknesses of fluvial and alluvial rocks beneath the lacustrine interval varies from about 

284 ft to more than 845 ft and consists largely of variegated maroon and gray mudstone and 

conglomeratic channel sandstones with clasts from nearby uplands. Mass-movement deposits, with 

clasts to small boulder-sized fragments were also observed. Collapsed karsts developed locally on 

the underlying Paleozoic limestones. A cherty limestone is the oldest lacustrine unit in most areas. 



U.S. Department of the Interior 

U.S. Geological Survey 

Nonvolcanic Paludal and 

Lacustrine Period  



The overlying nonvolcanic lacustrine interval consists of dolomitic low-grade oil shale in 

offshore areas. It can be conglomeratic in marginal lacustrine areas and appears to 

grade into a paludal interval with coal beds up to 6-ft thick in the northern Adobe Range. 
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In the limited outcrop and trench exposures available, the basal 

contact of the lacustrine interval is everywhere sharp with no 

evidence of intertonguing.  
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The Elko Basin Lake at this time appears to have been moderately saline and alkaline, 

producing laminated dolomitic and calcareous sediments with some analcime, a 

common mineral found in saline-alkaline lake deposits including the Green River 

Formation (Sheppard and Gude, 1973). 
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If you want to work on the Elko Formation bring a 

shovel. Outcrops are typically poor. 
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In the northern Adobe Range, paludal rocks 

(orange interval), with coal beds to 6 ft thick 

in their upper parts, occur between the 

alluvial and overlying volcanic-rich 

lacustrine rocks. Thickness of the paludal 

interval (brown) is about 210 ft.  

 

The paludal interval overlies a 300-ft thick 

conglomeratic fluvial interval. 



In the measured section near the city of Elko, 

the prevolcanic lacustrine interval is marginal 

lacustrine with chert pebble conglomerates. 

One rhyolite pebble was found.  

 

This conglomeratic marginal lacustrine 

interval grades into mostly well-laminated, 

low-grade dolomitic oil shale in the EOS-3 

corehole 3 miles to the southeast. Note the 

basal lacustrine cherty limestone unit (blue). 



The nonvolcanic lacustrine interval in the 

EOS-3 core (between white arrows) 

consists of dolomitic and calcareous 

mudstone and low-grade oil shale. Oil 

shale is typically well laminated. X-ray 

analysis indicates that both lithologies 

consist of varying amounts of quartz, 

calcite, dolomite, and smectite..  



U.S. Department of the Interior 

U.S. Geological Survey 

Volcanic Lacustrine Period 



The onset of volcanism in the Pinon Range and northern Adobe Range is 

marked by airfall tuffs to 2.5 ft thick. In the Elko area, the onset is marked by a 

46.3 ft sandstone consisting of reworked volcanic material.  

 

Pinon Range 

,co 

° - Thic,kne~s 
in feet 

Datum (pink dashed line) is onset ofvokanism 

area 
Stralig.:ap:lk \~ lil~ fiQU 

Sol'Mr."" a~d \i')()fC {19f2a}, 

M:><>reet al( 19lU:, ,-------l-~fli<;]'ii"'iiill;:;;;m;;;q 
x x 

.~ 
1i x x 

§ 
~ § x X 

E 
§ 
~ x ~ x 

~ 

~ 
2.500 x 

x 
x 

" ~ , 
" :c -;:; 

~ 
.;; 
~ 

x 

~ j 
c ~ 

2,000 x 

, " , V'S,a 
:..:l 9-" 

g 
1 .~ ~ , , 

~ ~ ~l ~ 0 

~ 8 '5 ~ 

§ § , 
0 

" .~ ~ 
u 8 

o C C " 0 

j li >. 

~ § 
u 
, 

o <> 0 0 0 

'2 
~ § 

~~ 
<.>'S 
~ -, 
~ 
, '00 

" § 

£. 0 

" ~ -j 
.~ , 

'" ~ 5 ~-------~ O- TI1ic.kness 
~Assumcs tlut [hy()daci~c flows in feet 
III [!ko area correlate WIW these 
1 

Sll~tjgraphic m ill 
rmmM()(Ircctal (19IB) 

D 
D 
D • D 
D 

Coa.l Mine Canyon area, 
northern Adol1e Range 

x 

EXPLA\l ATION 

Lacustrme wl1h abundant 
VOlc~ULc debris 

LXLlSlrine ..... it h moderale l)' 
abund.1nt volcanic deb ris 

" 1,000 

0, 
----Thickness 

in feet 

g Coolb~ds 

~ Kerogen-rich imcrYlli 

LXLlSlrine lhat largely lacks ...l- Calcar:-ous 
Dolomitic 

COligIOII I<: r~lk 

S~nd~tone 

Carbonaceous 

TuITac ;;u u ~ 

volc:lll1c dehrl~ 

P~lll(hi 

Fluvia l and all '.l'lial 

VelY rich oi15h~le 

...... 

x 
Corehole Dr mea,l red 
sect i(1n in terl~l 



Tuffs in the Adobe Range section are 

marked by pink arrows. The lowest 

tuff is 1.5 inches thick and is in the 

uppermost coal bed. 

 

The onset of volcanism appears to 

correspond to the expansion of the 

Elko Basin Lake into this area. 

 



   Very rich, non-dolomitic oil shale 

46.3-feet thick white, highly altered  

rhyolitic Ss 

Sandstone, white, highly altered,  

rhyolitic?  

A shift from low-grade dolomitic 

oil shale to very rich clayey oil 

shale occurred after deposition 

of reworked volcanic sandstone. 

 

Programmed pyrolysis (Rock-

Eval) and Fischer assay data 

indicate that the kerogen is 

thermally immature in all 

coreholes and at all surface 

localities. 



The rich oil shale and tuffaceous 

sandstone interval is highly 

variable over relatively short 

distances. These two coreholes 

are about 3 miles apart. 

 

Tuffaceous sandstones consist 

mainly of plagioclase, 

orthoclase, clinoptilolite, opal-

CT, and biotite.  



The rich oil shale was exposed near the two previous coreholes and 

described in detail. The rich oil shale beds are fairly well-laminated and 

contain abundant plant debris and some clam shells. Tuffaceous beds 

contain large oil shale and siltstone ripups. 

Sample numocr§: 

R.:d. X-my nnnlY31s 
Bl<l\:k. ut ilt'l :;arnpb 
collected 

IA 

r:;;;~~~,JJJI ~lodium~ 
0 ... £l.Y 
Ill",\: 

""", 
M_ 

Resistance to 
weathering 

00 

00 
\ 

ThicknC5~ 

in fecI 

LITHOLOGY INfERNAL CHARACfERJSTICS 

SmdSlOIlC G CI:crt nodules = lioriltJlllall;lIuin:l 

Sillstoll( I;:.;J Calcareous mudstone 

Claystone, clay shale 1"..:: .... 1 Dolomitic mudstone 
or nl\ld; Ion e 

9 Ostracodes 

<iI Plall t n::1I~ iIlS 

Limestone 

Detailed section of rich oil-shale 
intelval south of Elko 

Sec. 26, T. 34 N. R. 55 E. 

--f\-. -"-- Sex. biotite 

unft m Plainly III 
oil.dWe beds, 4" thick, 
smtCtlric rufh! top of 
iuterval 

fY ~ Fair lamina 

Noobmioated, ruifaceous. filkd with 
~ amber coloud poWblr plaDt m 

oil shale IDd sihstODt ' to 1.-:.:4' 



Conclusions on Geology of Elko Formation 

 The Elko Formation is entirely younger than the 
Green River Formation. 

 The Elko oil-shale basin formed during a period of 
regional extension (basin and range faulting), 
whereas the Green River oil-shale basins formed 
during an earlier period of regional compression 
(Laramide orogeny).  

 The rich oil-shale interval in the Elko was deposited 
immediately after the onset of volcanism in the area, 
suggesting that the input of volcanic material to the 
lake may have initiated a period of high organic 
productivity. 



U.S. Department of the Interior 

U.S. Geological Survey 

Geochemistry of Elko Oil 

Shale 



Palmer (1984) performed a study of 

the hydrocarbon potential and 

thermal maturity of Elko Formation 

oil shales outcropping in the Adobe 

Range. Two organic-rich facies, 

immature oil shale and siltstones, 

were identified. 

 

Analyses included XRD, organic 

petrography, kerogen isolation and 

elemental analysis, programmed 

pyrolysis (Rock-Eval), TOC, and 

biomarker analysis of extractable 

organic matter. 

 

Hydrous pyrolysis experiments 

were also conducted to assess 

potential crude oil quality in the 

Elko. 



Products collected 
Condensed oil 

Condensed water 

Spent rock 

Reported values 
Oil percentage by weight (wt%) 

Water wt%  

Loss (gases) wt%  

Oil density 

Coking tendency 

The Fischer assay method does not distinguish between 

oil that is present in the sample and oil that is generated 

by kerogen during the retort process and does not 

analyze the composition of the uncondensed gas. 

100 g -8 mesh (<2.36 mm) rock 

is heated from 25 to 500 C in 

40 minutes and held at 500 C 

for an additional 40 minutes. 

Retort 

Condenser 

Vent to 

hood/scrubber 

Cooling 

bath 

Oven or 

heating 

mantle 

Cooling 

water     

inlet Oil and vapor 

Collected oil 

Collected 

water 

Condensed 

oil 

Cooling 

water 

outlet 

Fischer assay 
ASTM method D3904-90 

(American Society for Testing                        

and Materials, 1980) 



Summary of Fischer assay raw data 

The Fischer assay results show that most of the EOS-core samples yielded 

less than 10 wt% oil (~27 gallons per ton) and ~2 wt% gas. EOS-6 had a 

few oil shales with high yields (10–20 wt%) at depths of 120-180 ft.   
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Elko oil shale Fischer assay 

product distribution (GOR) 

compared to average values for 

Green River Mahogany zone oil 

shale (Piceance Basin). 

 

Range of Elko GOR values 

exceed those of all non-

nahcolitic oil shale from 

Piceance Basin, not just 

Mahogany zone. 
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TOC-normalized Fischer assay oil yield 

Elko oil shale oil-generating 

potential (normalized to TOC) 

compared to average values 

for Green River Mahogany 

zone oil shale (Piceance 

Basin). 

 

Although both are Eocene 

lacustrine oil shales with 

(mostly) hydrogen-rich 

kerogen, Elko oil shales 

generate significantly more 

gas and less oil than those 

from the Green River 

Formation.  
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Rock-Eval and TOC results 

The organic matter in the Elko samples range in composition with what appears to be varying Type I and 

Type III kerogen content, primarily Type I. Samples with type III kerogen or type I–III mixtures were also 

common, consistent with Palmer (1984) geochemical and petrographic results.  

Plots based on method described in Langford and Blanc-Valleron (1990).  



Rock-Eval and TOC results 

The U.S. Geological Survey 

examined a set of Elko samples (58) 

from four cores by programmed 

pyrolysis (Rock-Eval)/total organic 

carbon (TOC) as part of an 

examination of the Elko oil-shale 

resource to supplement the larger 

Fischer assay dataset (640) 

generated by the U.S. DOE. 

 

The Rock-Eval and TOC results 

showed a wide range of organic 

carbon and hydrogen contents, 

similar to what Palmer (1984) noted 

for samples from the Adobe Range. 
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Elko oil shale Fischer assay 

oil yield compared to 

programmed pyrolysis (Rock-

Eval) S1+S2 values show 

much more scatter than is 

usually observed in these 

kinds of correlations.  

The correlations shown are 

mostly for oil shales with very 

hydrogen-rich, oil-prone 

kerogen. The Green River oil 

shales show a strong 

correlation between these 

parameters. This further 

illustrates the differences in 

these lacustrine rocks. 



The upper section, where the richest oil shale is found (depth 

approximately 100 feet), is bracketed by rocks high in K-spar, clay, and 

opal-CT. 

Relative-abundance mineralogy data in the EOS-3 (below) show the Elko Formation 

contains carbonate (calcite and dolomite) and quartz-rich intervals. The EOS-4 core 

is similar but contains more dolomite, and EOS-1 is richer in quartz and clays. 
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Recently, Noble Energy drilled test wells in 

the Elko Formation to assess its potential 

as a tight-oil play. The oils being produced 

resemble the hydrous pyrolysis oils 

generated by Palmer (1984). 

Pristane/phytane (Pr/Ph) ratios are 

generally consistent with mildly reducing 

and dysoxic conditions. The low Pr/nC-17 

and Ph/nC-18 ratio values and carbon 

preference indices (CPI) near 1 indicate 

that the oils are thermally mature. 

Beta carotane was present but not 

abundant and could indicate that Lake Elko 

was a brackish to saline lake. 

Toano Draw 15-19 well 

SPLC 3-13 well 

GC-FID chromatograms for saturate 

fraction of Elko crude oils 

Pr/Ph = 1.43 

Pr/C17 = 0.33 

Ph/C18 = 0.24 

CPI = 0.96 

Pr/Ph = 0.83 

Pr/C17 = 0.21 

Ph/C18 = 0.25 

CPI = 0.97 

C12 

C12 

C18 

C18 

See Peters and others (2005) for details on CPI, Pr, and Ph 

parameters. Oil samples provided by Jerry Hansen, Great Basins 

Exploration.  
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HP, Elko oil shale 
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Conclusions on Geochemistry of Elko 

Formation 

 The Elko Formation, with its variable hydrogen content, 

high oxygen content, and high gas-generating potential 

appears to be a mixture of lacustrine-algal and 

terrestrially derived organic matter.  

 The organic matter in the Elko Formation is distinctive 

from that of the Green River oil shale in that it is less 

dominated by Type I kerogen in much of the oil shale and 

therefore, it produces more gas and less oil per unit of 

organic carbon. 

 To date, substantial gas resources have not been found. 




