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INTRODUCTION

U.S. Geological Survey oil-shale core CR-2 was drilled in the northern
part of the Piceance Creek Basin, in the southeast corner of T. 1 N., R. 97
W., Rio Blanco County, Colorado (fig. 1). The cored interval contains the
Parachute Creek Member and underlying Garden Gulch Member of the Green River
Formation (Eocene). The Parachute Creek Member is well known for its thick,
rich oil-shale sequences and beds rich in the saline minerals nahcolite and
dawsonite. The Parachute Creek Member forms the main body of the Green River
Formation and has been subdivided into rich and lean oil-yield zones (Donnell
and Blair, 1970; Cashion and Donnell, 1972) as shown in figure 2.

The Garden Gulch Member contains more clay, less carbonate minerals, and

generally has lower oil yields than the overlying Parachute Creek Member.

X~-RAY DIFFRACTION MINERALOGY
About 1500 samples were collected at (.3-meter intervals throughout the
CR-2 core; they were crushed, homogenized, and used to determine oil yield by
Fischer Assay (Donnell and Pitman, 1976). Splits from the oil-yield samples
were used to determine whole-rock mineralogy by X-ray diffraction. Mineral

determinations were made with a Picker X-ray diffractometer using Ni-filtered,



CuK radiation. For the minerals identified, relative peak-height intensities
were measured above background. The following minerals were detected in

greater than trace amounts and were identified by known peak position.

Mineral Formula Peak position (degrees 20)
Analcime NaAlSi,03.Hp0 26.0
Aragonite CaCo, 26.2
Calcite CaCo04 29.4
Dawsonite NaAl(CO3) (OH), 15.9
Dolomite (Mg,Ca)(CO3), 30.9
Illite (OH,K, (S1gAl,) (Mg.Fe) g0 8.9
K-feldspar KA1Si30g 27.5
Nahcolite NaHCO4 30.4
Na-feldspar NaAl18i40g 28.0
Pyrite FeS, 33.0
Quartz §i0, 26.6
Siderite FeCO4 32.0




Profiles of the relative concentrations of these minerals throughout the
core are shown in figure 3. Only a qualitative comparison can be made between
the mineral curves because interferences between principal peak positions of
more than one mineral make accurate identification difficult. This was
particularly true when mineral abundance was relatively low. Accurate peak
locations may also be difficult to determine because minerals such as calcite
and dolomite commonly vary in composition and their corresponding peaks shift
within a certain range.

CHEMICAL ANALYSES

Chemical analyses were determined for selected samples from the Garden
Gulch and Parachute Creek Member of the Green River Formation. Concentrations
of aluminum, iron, magnesium, calcium, potassium, titanium, boron, chromium,
copper, gallium, manganese, molybdenum, nickel, lead, scandium, strontium,
vanadium, ytterbium, and zirconium were measured by semiquantitative optical
emission spectroscopy in 264 0O.3-meter-interval composite samples from the
Garden Gulch Member (tables 1 and 2; figure 4). More complete, quantitative
analyses were also obtained for silicon, aluminum, iron, magnesium, calcium,
sodium, potassium titanium, sulfur, lithium, rubidium, mercury, uranium, and
thorium in 32 samples, representing about every tenth O0.3-meter-interval
sample from the Garden Gulch Member (table 2 and 3; fig. 4). The Mahogany
zone, which is the richest oil-shale unit (fig. 2) is between about 229 and
320 meters in the CR-2 core. A total of 74 samples were collected within this
90-meter section on the basis of a nested analysis-of-variance sampling design
in which geochemical variability was examined at 30-meter, 3-meter, and 0.3-
meter levels (tables 4, 5, and 6; figs. 5 and 6). The 90-meters of core
containing the Mahogany zone was subdivided into three 30-meter intervals;

each 30-meter interval was subdivided into ten 3-meter intervals; each 30-




meter interval was subdivided into ten O.3-meter intervals (composited
individual samples; fig. 5). From each 30-meter interval, two O0.3-meter
samples (the first and sixth) were collected from each of the ten 3-meter
intervals. Each of the samples was crushed and homogenized for analysis.
Duplicate analyses were obtained for every fifth sample in order to determine
the analytical variance (fig. 5).

The 300-meter interval between the bottom of the Mahogany zone (320
meters) and the top of the Garden Gulch Member (620 meters) contains most of
the Parachute Creek Member (fig. 2). This interval also contains the saline
facies of the Parachute Creek Member as indicated by the presence of the
evaporite minerals nahcolite and dawsonite. The middle 300 meters was also
sampled according to a nested analysis-of-variance design in order to examine
geochemical variability at the 30-, 3-, and 0.3-meter levels (tables 7, 8, and
9; figs. 7 and 8). The same basic design used for the Mahogany zone was used
for the middle 300 meters except that two O.3-meter samples were collected
from only two (the first and sixth) of the ten 3-meter intervals (figure 6).
This design resulted in the collection of 53 samples for elemental analysis
(including 11 analytical duplicates).

Profiles of element concentration in the entire CR-2 core are shown in
figure 9. Observed ranges of major element concentrations in samples from the
entire CR-2 core, and geometric means for each element in each of the three
study zones are plotted in figure 10. Observed ranges of trace and minor
elements in samples from the CR-2 core, and geometric means for each element

in each of the three study zones are plotted in figure 1l1.
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showing the

location of USGS corehole CR-2. The blocks labeled C-a and C-b are

the two Colorado prototype oil shale development lease tracts.

Hachured line encloses the Piceance Creek Basin.




Figure 2.--Percent oil by Fischer Assay in USGS corehole CR-2, Piceance Creek
Basin, Colorado. Heavy line through original data represents a 31-
point weighted moving average of the original data. The oil-yield
rich (R) and lean (L) zones of Cashion and Donnell (1972) and the
three geochemical study zones discussed in this report are

indicated to the right of the plot.
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Figure 3.--Profiles of relative concentrations of quartz, dolomite, calcite,
potassium feldspar, albite, 1llite, analcime, nahcolite, and
dawsonite determined by X-ray diffraction in o0il shale from the
Green River Formation, USGS corehole CR-2 Piceance Creek Basin,
Colorado. Values are in relative X-ray diffraction intensities.
Profiles indicated by "-of" are computed on an organic-free
basis. Heavy smoothed curve  drawn through most plots was computed

using a weighted moving average.
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Figure 4.--Profiles of concentrations of Al, Fe, Mg, Ca, K, Ti, B, Ba, Cr, Cu,
Ga, Mn, Mo, Ni, Pb, S¢, Sr, V, Yb, and Zr determined by semi-
quantitative optical emission spectroscopy, and As, Hg, Li, Rb, Sb,
Sn, Zn, Th, and U determined by X-ray fluorescence (XRF), atomic
absorption spectrophotometry (aa), and neutron activation analysis
(naa) in oil shale from the Garden Gulch Member of the Green River
Formation (625 to 730 meters) in the USGS corehole CR-2, Piceance
Creek Basin, Colorado. Original data points are connected with a
dashed line. Solid line through original data represents a Sfpoint
weighted moving average of the original data for X-ray
fluorescence, atomic absorption, and neutron activation analysis
data, and a 31-point weighted moving average for semiquantitative

spectrographic data.
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Level 1 = 30 m

(Divide core from
229 to 320 m into
3, 30-m intervals)

DEPTH
(metersf“' * = interval within level
selected for sampling
229 Level 2 = 3 m
(Divide each 30-m
interval into 10,
1 |# 3-m intervals)
259 _U/259 ’ﬂ *
..T » )
s Level 3 = 0.3 m
2% B1* (Sample 2, 0.3-m intervals
T » from each 3-m interval;
T~ choose 0.3-m interval no.
290 1— 15 * 1 and 6)
T\ v
3% T7 1+ “27 274.3
B » 2746
L L—— 9| *
320 ? 275.8
10 *
290w~ 276 276.1
o

27

Level 4 = analytical

(duplicate 5 samples in each
30m interval; i.e. one sample
every other 3-m interval)

<«Level 1 (30-m)

ﬁfﬁﬁﬁﬁ‘fﬁﬁhﬁﬁﬁhﬁﬁ AR S 62

Level L (analytlcal duplicates)

Figure 5.--Analysis of variance sampling design for the section 229 - 320

meters including the Mahogany zone,

Piceance Creek Basin, Colorado.

10

in the USGS corehole CR-2,




Figure 6.—--Profiles of concentrations of Si, Al, Fe, Mg, Ca, Na, K, Ti, F, S,
organic-C, carbonate-C, As, B, Ba, Co, Cr, Cu, Ga, Hg, La, Li, Mn,
Mo, Nb, Ni, Pb, Rb, Sb, Se¢, Sn, Sr, V, Y, Yb, Zn, Sr, Th, and U
determined by X-ray fluorescence (xrf), semiquantitative optical
emission specteoscopy (s), atomic absorption spectrophotometry
(aa), specific ion electrode (elec), and neutron activation
analysis (naa) in oil shale from the Mahogany zone (229 to 320
meters) in the USGS corehole CR-2, Piceance Creek Basin,
Colorado. Original data points-are connected with a dashed line.
Duplicate analyses are indicated by two points connected by a
horizontal bar at the same depth. Solid line through original data

represents a 5-point weighted moving average of the original data.

11




7% Al—xrf % Fe—xrf % Mg—aa % Ca—xrf % Na-—-aa

7% Si—xrf

20 30
Aiddpsaaadaaatadeiaticadangtiieg .

10

80

4 8

2

2 3 4 50
Adaalessaltasaataganlingl

1

0

10 20 30 400 2

0

F~~

»
<al

N

/“:’/’i;/

autsaad il eesad s aiatagzin

\.
(:L_.
Ay
&
R
S
N
7
\W
)
/
/-
-
N
N
(4
PR
7
"
\\
>
\
-,
i nmanamy T pnmmmnme

S 7

Ty T T Y

TTTry Ty Trey

LALSRSLIR A0 L SISt S B2 B0 20 B 00 SIS I 2 NI A 0 B NE RN M L S 2R BUU (BN BN N N AR O I AN 20 I 8 O

)
-

-

i
bl
&
\4«
N
AY
]
i
3
\.\’
2
>
)
i
1233323322 2530200200000000041)

TITTTer T

TTTrTrr Ty

TTrTTY

Ty T T T T T T Py T T v P [ P T T T T T I P A VT v vyt yrrrrreye

-

L
F==0

- 4 \

s 2 V

- NJLoN ]

I , \ "y}_—-\\fz A
‘m [} w/ 22N \, L

22 0 20 20 20 B o N I

LB NLA NS

AR R AR N AR R AR SRR N RIS TTrrerT

,
R);
(
>
~~

4
~
i
J

N~
.
f”
b
X\
A
.
/
)
-
”
7/
<
.
s
.
,
d
gn o~
37
IS S S AAREE AR SRR AR ER RS

LASEEARENEEE]

IERRREES REAN]

LRSS ARA NN R RN N A A S AR S e A RN N R AR N R RN NN AR SRR E RN

-

el
1
PRy | A

= ™

z\r— \ 5
i ! aiad 4 9
" N ' L
18 A N p

- PAY [
\ [ ST g gU 7 7
N v M N DN o - MJ Vo o
- £y W (PN (] v’ ~_l \.f v .
[

. Y Dy ol L
- . " e
R L
b .

L

SARBALEAR] LR REEEEES LB R REREE IR MEARESEE] ’ll'IVll'lV"T'r,l' LR AR RERE] LR A E] IR RIEEE B LR RRRERE]
3 -
= 3
E 4
3 3
3 E
3 - E
3 / E
3 . 2 & ) 3
3 \ : -
E ‘;"w - g 7 D E
3 v s 7 - ~ P, . E
E . - w;\"“\_ I e - 1’7 =
E L] 4 g SN v =
3 r N7 =
3 : ¢ 4
LERERAAEREI] 1 LR ' LR AL LR RS RINKEARI LR LI LI I B TITTyrYarrrrrereryyy 1 \BARBARES R | EE SRR REAENESS

[ €3 - 2 [T} o~ -] (=]} (=] -t o
o N o N o 3] o a2 ] o o

srajowr ur yidap

11a

30

10 20
% Ca—xrf

6 80

4

1

% Na-aa

2

1 2 3 4 50
% Fe—xrf

0

4

2
% Al—xrf

10 20 30 400

% Si—xrf

0

7% Mg-aa

Figure 6




(r3uod) 9 *ITJ

j—91euoqied ¥ )—-IoIuedIo % JIX — § ¥ 03[9 - J % X - 1], ¥% JIX-Y ¥%
of ¢ o0 S O 6 0SFT I S0 0 ¥ TO 00 %0 €0 20 1000 9 ¥ 2

(=)

dodd Sl ed i L L - A A L L LA.d ) TSRS NN P NN T RANASNETNA NN Al Ald bl A L LAl Al Al SAAAAAIAR LA aa e tanannaanstiadasndnt e ol bl A mmn
2 - - | 1 -
o L L - [
L b - - - b
L - L W - -
[ C C o -
C - - b L o r
- - L - C \ -
\\\ L . IIIII L Sea rll L \ o
ot =2 - - 1> - - - . L L - mﬁn
e - - v a . L 3 C -
ez ,.Ill r m L Y F o - f . -
IVA - o ~ F o L z -
AS - - s 1 - S - £ o
\J - - - o - o ] - o
L s s £ o o . C
s - = - = 7 - “. - n
. B\
- - |- v - - lr - mo
7 - o ’ 4 - = \
- o o < m N L2 . F -
L2~ - - 2> F o F R 3 -
- C C 3 o -1~ C S o L
<l L - ~ [ Pl W SRURENE, 3 v C r/IN -
S A 3 s i 3 = 5 M 3 E ooz
- T F \h\ 5 - I [
- o Z L o 1 -
™ o o . - e A= - F ' o
> - n \ [ =xI770 - - \
o= [ L o ~N. . C :
== : g : ; : e : y :
N - o 4 o L o \ o
» S C - - 3 » E |, L -
> - - s e = - =4 - ~ - mam
qlll.TT - o "y s 7. - . - R
A F s : -, f L N
\ - |- o - L + L - F
L% - F ( s - - C , [
-p - - - - ) - Ao =»a o 3 . -
-~ L - o N = - - - -
L - A= - o -—~ \ P -
I\.I\I.l. _ - - -~ - - " mbN
| A -7~ S - " [ ARG - ] - , -
T O - s - a s { F
o - o o L o »
™ - - \ [ - - L L .n.\ [
- o ’ o B -7 o - ~ -
- o o fi ﬁ A A o 1 o o
; - o Lo .22 s g F p s
1 o o ame==2 o ~ v s o ’ WQN
[~ [ - <Y C Pt - [N 3 « -
.ﬂ\r\'mr.... L - ll. o l/ E > : » -
TT=- C - C ) o -~ C . o \ C
= - s - o » b b
==FN [ o C ) S o C
A b - -, o - - b ’ o
’ o L « C «Z L ] o H L
L. *
137 - F 7 F M/». : n F 2 GG2
-ﬁllﬁ C - - o A ] o , o
> o C < C < « s o
-~ ~
- [ - - 4\ - 3 - . L
’ L. - R S ——— o | - L -
r L - [ S -—— - ~ - A A o
- - - " I 'lﬂll' - o v -
. o [ - , F Ao m—— - M.a L 4 - mﬁm
N~ ~ - L =~ L .- L lnHlIlII = - .
Y= o R o L) o Se——— - o /) o
- o - o o -, - 0 L [
T Lo [ _ = o o P3 - - 1% "
VW : - : < F A 3 > : o~ F
L =N _ - L. - - - s - - -
A " s~. F X F > C < o I -
- o > F o I “ o E3 ceZ
-
- | 1 - s - \ - l/ L
pad L R b~ L. - s 3 -
9= L - [ - ] o \ -
=~ " (S " o )% C - o
1) L L o 'F ! o - - <7 -
- - 4 F «F Fy - - 3 e E
- C S -
o - o g < o

T™rr T T ™ TT TrrTrTTTrrrirrr Yy LAAARZAASRARAARRRRS RERRRRRAR) TTITTTIr T T[Ty rrrrerY giﬂ::. TTTTTTITY Ty 7T LI T 7 mNN
or Y 0o ST ol ¢ 0S7T I <0 0 20 170 00 ¥0 €0 20 1000 9 14 c

J—9jeuoqaes ¥ J-oluedao ¥ JIX — § % Q9@ — J ¥ JIX - 1] % JIX-Y %

(=]

si9jowx utl yjydep
11b




(*3w00) 9

ost

ny wdd
00T 09

0

ra i

1) wdd
00T 06 09 OV 02 O GI

oy wdd"

01 c

eg wdd
0SS 0SE

g vxdd

Jax—sy uwdd

0ST GO¥ 00€ 00z COT .0 0E 02

01

0

414

coe

g63

gLe

g9¢

T

4144

gte

1144

00T  0S
ny wdd

00T 08 09 OV 02 O Gf
1) wdd

ot
o) wdd

S

0SS 0SE
eg wdd

0ST 00% 00E 002 00T 00 02
Jax-sy wdd

g wdd

01

i1 PO I IR a1 Laafaaa toa gty pdoaarsaa st Y eestaess J_.L 1l PO N T auennedoessaseelatasgonsaasasnsny asexgsnalenasagnasiansanagty
- - - n » C
o = " - o L
= - - . - o
- L - 9 » <
m - [ - o o
\ o o -- o PE S [
h - \ - [ \\ll\\ - Y o = |
N a Y - o “{¢ o e e 072 o N o
[ Y L [ L - - L
N_ T \\ : : s : L- : -
-~ L L SRy » b~ L s
= C [ - - o - [ ] -
[ =~ C [ " <7 4 - o, - L o
<7 [ P - - hERNIA, s . - £ 9
L. - - . - L N L L
e —w [ _ L o -l . o o o
- s 5/ [ o Y L - o A [
il [ L L ’ - N, o n -
Y L - - ’ L at - A "
[ F — - [ — - — - 2
- - - ~ - “x~~.r ~ o 4 o
C L .. o -
<. L - ﬁ - e L 2 -1 ! " ’ -
<~ -~ o Lo 3 [ ’ -
N C AN . - r !
o mxw L - L - o ) o
-n/ o \1 o f ’ - Z= |- AN [ K L
[ 3 L , L - L Ay - -
- \] - e -
> o ’ r o P
C L P C o
P L s 2 o <l - ' g - (4 -
b o o | 209 o ] L ol o NS - -
3 - ’ - < b - o N - - -
z - ’ o e C - [ . ’ -
- - - - s . . - - - U4 [
d_--7 ey s i < 1 - 3
=} =3—_9 .
-~ | . o h ~~d4_ L - - = Lo~ - P N g -
I~ = ~J - N - ~f -~ - -
-5 o - » N C ~, o -E » [
” s ly b | - ! g L 27F -
’, L /1 » > - -l = ’ o - m
. [ \ - - | it o < call 7
L 2 L 5 -~ s b o o o
4 o K - <L L =~ 3 L P P s
\\v - -4 " > " -z L > F oo -
‘ L L [ - o [ L
- < o - ’ o = 4 -
e o C -1 - A F p [ 7 s
el L ~ o <7 o ~Ja f]. o 2 o H o
~a - N - - - _I-F - [} - al, W § -
. o P o I o - [ : o == o
ot o P rorm.= o == 74 "l
o i - P [ N - <7 [ ’ -
2 i ’ - L 1iz=~ F + s o~ u . :
Ar o - T U C ~ - - » _ -
- L m == vand - e - i — " P o
>~ i . F = ~z22}C E ~ g
N o - o - o AL TS o ~N
V' . - < - 7 S D PR iyttt b - h -
~ - [ lk! o =<3 C lﬂ“l'l'l“[ C N [
— E - —ya - I e - TS o A C
> = [ <, o ~ o | o 2 N
- o ] ~~L -
> o - L o ~ > o b~ F " L
- o -4 - L g o - o . [
- o 3 L < o . C s
- b I = o o - o - o
o é = - - - - \ - ’ o
=~ » S o N - " > [ P 5
- L I N - 1 - - L L ~o o
- - Gl
-l L . = - L. Ps s <~ - L
- - - b - = -~
A 3 e E : ~4 F - 1= 3
-t L L4 - L - ~ - - \\; - Tll 5
227K 3 T | F I e E ol 2 3 4- - - E
D b o -zl rP - il\ll . _4- L :\\ -
- 128 [ VS " L AT 5. - ~ C
C [ 2 o \ ||||| > [ . - N C -
“ —* L s L C ~ C . o
AT S W o < o % » - F Q L
’ - . S, L <~ 3~ o ~ [
ot-a F .AHI - —,— o - Ve E Y Ldal m . 4
L L L
9 o
3 s 3 F E 3
Ty Tror TirILor LIRIRL] Ty LR BRI LR LR 4 L] LR E SRR EEREARERERARES I T L L BN ANRLE LA R LA RRRRRRRAARORARARERD LAARAEDER) ARAABARAANLAARARI2ASARARARANAS mNN

0

git.

sIajowr ur yjdap

11c




R

L

] ‘ g
] A i 4 -
] " 1 X 'I" s
] L L “ Ay o 2 A AR N\ C

ppm Mo

i

- 4 -~ r
-

l\.)--! -

k.

‘l\ X 7 r""l\"l'{‘/")\ "I-.'j“;\‘\

LA A R S A S NS AN AR AN N S AN S AR RS AR R RS

RN NS

Trrryrrrr

TTrrrreery

ppm Mn

. 3
4 b
.+ -4 .
\
+ -
b ’ vﬁ‘ N
[} N ~n '
b N w L iy ’ d
\ [} S i 7 N ? o
VoA & ? \ o LAV Y L\
N L "\ X J Ve -
-t ’ > \ N s
W \ et Xy o S B A4 1] N ¢ "\' i
4 . \ ™ E e B | “oF 3
-t 134 3

LA/ 000 0 0 B A0 B0 O LS N A8 G 8 A (LA AN B A NI N R U 2N G N N N G A AN S N SN 2N A BN O 28 O B A BN AN N N U A N L O O BN O O N M O g

Trrrrrrey

TTTIIToY?

TITVToTTY

150 150 350 550 750 O 20 40 60 80

10 30 50 70 90 O

a 27 : 3
o] 3 !' E
3 [ -
< 3 n 3
U= " i 3
3 ‘ X AN "\ A 3
~ed E Aol \ /! VAR I A [} E
,: 3 sy ! hY ) [ )
(= A 2t ’r\ ')':"\x a2 A ."\ I’M‘ hy l.-—-"\’n L E
f ’ v N
10 3 R A N 2NV L 1A vooNg 3
. 3 ‘l TN " ' ". v ~Y v A\ Ry " [ / -
3 4 . (B4 Yy |“ e J "l \J 3
Q‘ - '.\,J;: ‘I by E
Qc TirTrTy LB RS RBERRI TIrTrrirey LAREBEERE] TTTITroevy TV arTerprrTrrTeTer rTrrsrryrsperrreey LA R REARE]
a
4 A -
] L
sol /.
3 o~ ] Y . L
[ a s
b y \ n 4 ;’l S I -
Q 2 I 3 ’ .\
E 0 TR s - ',\‘ '(E.‘ ,'“ T S0 -
a, - 1N =] 41 e A ' oY J,' /, N
0.8 R ey 13 . RS =3 "
“ — N oy . “ — — -
e ; . ! I YR 2k ! -
- \1' ' b
s LA A RRELRE] LAEREABARA] 1B RARRARE] TVraviTeey TevoedaeTTe Thate T 17 [N ENENRRRERERINREENN] LR RER [AEARREAR]
S oy ; y
(=] A
I b : ,l [ 'A -
T \ A h |
14 -, [ 1
& ] 1 2N " l R ] P\ L 2 ) [
' . \ - A L
m g § B} R .o AN '{T\ 1 23 & 1 "I)A A -
r " ’(r i ! “ l A ' ‘I\g‘//' u-:‘ \‘\,I’ i
E - - l'l Lo !" S
] \ [
8! [
Qc LA RBARN] LS BARARAR B LR EENARAAREAAN ARBBABERALAEBEERERARARE] IR EARSSRAERARELRERE] LA RERARRREI IARBAARARI]
Q
A C
© 9 :
(] " -
] o
4 L
(=B L
E a7 - .
3 H Hp < C
gc s [A) v [V Vs .\lJ o
- ,-. "~ 1 j ! N o
3 - S g% N -
j (' b v - 7% it I —"1*:&";”44{*‘\-\——1' ~ q' AR :
-
[~ ) S 70 50 0 S G S B 20 S B S S A0 2 2 2 S (0 20 20 S e 2 4 00 20 20 10 A B O B CENIS B B B0 S0 B AT G0 B0 S8 RN 00 O SN0 RO BN S5 N 0 0 A O AR G 2 S B BN A S S0 20 B0 B an g 0 0 I R an
9 8 2 8 8% £ § 8 2.5 8§
o o o (3% a1 o o o (<] ) [ ¢

s1oqjour ur yirdsp

114

150150 350 550 750 0 20 40 60 80

100

50

0.2

0.1

ppm Hg - aa

10 20 30 40 0.0
ppm Ga

0

ppm Mo

ppm Mn

ppm Li — aa

ppm La

Fig. 6 (cont.)



LAl
Ty

15 20
15 20

s

i
4

10

ppm Sc

144

)
)
1

ppm Sc
10
A

T A
. ~ 4 8
. ’, I'..\ ‘ - l"l I M ! "
- \‘I ' /) I~ ’ 1 “ A ’ "I L.

™ ’ /
- / w—-‘-’ > by 1 o
Ye) 'I‘ a A A PN e 14 Nyl L) e ot O
r

- / ¢ x l \I’ N hl Al N7

/ \ t |
. Y '
- -
- -

T T Ty T T T T T T T T T T T T T T T T T T T T T T T T T T T Y T Y Y Y Y

4 0

4 0
ppm Sb—xrf

y__ _.‘1 e
3

3

2

-

1
1

[}
.
[ T
7N Y
\ \
[}

~
o
IR A N i
’ oy 1 AN 1
. , t [ » [
n , 1/ AN TR
k) & / 1 \
]
'
.

7
L

4 N A

|
|

ppm Sb—xrf
2
A\

vt - g
!\ e VS
) N l.l

LA A R AR R R R R R R N AR R R RS R R SRR R AR RN Q

L)
1

? ‘I
\

150 0
150

p -
L ] A [
m (] “ . PO () - Q
Q 71 7 A (=]
= P SN [ \ 4 \ v - -
1 A} . [ AN . 28U
- R -\ N . f Vi L
| ) ’
7 !‘I/ \’I N i 2 I~ Loy v N N o 9
4 d \ I Y 1 X g, L
=) [ 3 o ¥ DCI d )
o T +
[To NN N v SN h el
(o8 4 ‘r 1
" [ "
E v ' R
- 4 S
c LIS A S LA (L A R B A A S TrTrTTTaT LARRARREES L2 40 B B HOR B0 0 § LR D L I A AR 2 A S DR LA AR I I I ) TP oerTTy LLREERELEAR] LA RBARREERE o
- ] -
. ] s
[=] M (=
0 el Ty n A0
-y N i
o [ -
Q-l 9 H 'y -
S X [ ©
i 'y . S
b , 'y N
B ' /'l/\ 5
o ] . A (i )
¥ L
Q.‘lﬂ E '\ \ PN /I : . 2
n N '~ ’ N N N o T Y, R\ ’ L
4 - -y — "aﬁ-l-&\—‘——L—r“"{-s_ o 7 N i H b ~,7 [
. ~= L Rt \ <./ < * L

0
0

AR AR N R R N S e A N R N A N NSRS R R R RSN

7
70

50

ppm Ni

ppm Ni

] =
i

A H v b

E ]_,‘ \ . (7 A L
Q s n N Ao . LAY A Q
n -4 l \* A 7| — = = -l ot \' "lw\‘\ j ’ l\\\,\ n

) =1 \ < - 7 ilov . L

4 ", \’ N, v W \N ] Py SO 5

. Y L
g LR ARSI 20 20 B I 4 LR B REEREREE] ATrTTrrrTy TrrrvrYsTT LS LIRSt I S A B 0 B B AU LA B 0 b 4 TTrerTrrrTT TerryorerT TTeryorTryy Trerryrry 9
(=] [=]
< 3 E o

3 } 3
el 0 .. E S
z @ 3 ' S :I‘ E @

3 e (N[ 1 E

3 r " 1 }l !y 9
(=3 " a1 '“I 'H.?\a Nl

3 [N 33NN AR Y 3
RERR aul Y iy E

E ’A . E

3 [] ” - y \ DN\ 1 ’ g [AVEY 1 f , -
Q“Q= W N « A W ! I KN ~A AN .o

= - - g v r 3
Q= 3 7 }l v rﬁ‘" ) m—r"\: Wi E

a M 1 - v l\~ L/ v E

0
0

IR AN L S RN A AR R AR N S RN S S RN A R S A SRR RN R

295
305
315
325

\2 \0 o] Yol
a2 el < 3 © ™~ 4]

o [3M] o Y]
sI9j}awr ur 11dap

1le

ppm Rb

ppm Pb

ppm Nb

Fig. 6 (cont,)




ppm Zr
0 50 100 150 260 0

ppm Th-naa ppm U-naa

0

20 30

10

g -
p =
J -
X

4 FR L
] \ ™~ M L
. [y I . Lot

" - [ Y \ A K
-1 ' 1 s . -

= Y YL S — P ) \ Y ot 4 N oaiselis
Wacs Tt N =
. -4ﬁ' M Y \; v ‘V’ \'”‘7" -~ vy N |
] " Ay Y v H L
. I
o L
LEAAARERAREEREEEERAEE BARRARREAI LU 2R LU B B A 0 B 2 B B L MR I A B A R B B A O § AR RARNASRAREEREREE) LB ARAREN] TTrTTrTTy

L)

2\
NS
[} \

v -

FYSRORUSUNSRRUCTNINI SRS ARSRRLITTINN

. ‘\T,i“'-\?-—&( ‘:F-\s_?.‘a—..___..r_‘%__ P “\‘\'\6

AR R R AR AR AR RS RANRARARARSRERANRAL)

IR ANCGERERRENEEBAEREEEERRNRARERARE R IR AR EEERREAREREERES LR AR RELERS LEREAREBAAN LR R
3 & [
- [y u
. [ [
- 1 -
- ] [} -
v [
3 1\ AR :
b ' A " ' \ -
7 A AN\ . I g N
. [} Prume ’ \ 1~ I8y ) ™ R -
3 |z‘&_‘%4 D AR 2 TEA / [} 1 N
- v e Ol "o N ™ L "’1 ‘ -
3 . [ f v 2 -2e \ v .w-l_f -
") " %
s \ g ' -
3 v N
TIrrTTrTyT THV I irrey Trrrrrrrryrreeverey LR R NEIEE] LEE RS EE BN SR 0N R LU BN LA BN BN A I TTrTTTrrTy rorTrTT TrrTygrirrr
8 8 9% 8 8 £ B8 &% 8 8 §
]
N o o [3M N [{M a [3M ) « ]

s1ajowx ur yjzdep

11f

15

0 10
ppm Th-naa ppm U-naa

.10 20 30

0 50 100 150 200 0O

ppm Zr

Fig., 6 (cont,)




Level 1 = 30.5 m

(Divide core from
320 to 625 m into
3, 30.5-m intervals)

Lev = 0,
DEPTH Y Level 3 = .3 m
(meters) (Sample 2, 0.3-m intervals

r=- from each of two 3-m intervals;
3204+ choose the first and sixth 0.3-m
and 3-m intervals)

1 |* -
4 Lo2.4
472
2 |* 2/ * 4727
= - :3:

31* m Lhou,o
- ) I
; 7
8]

L2
et *
I/ N
L2 4 "“’—\\\~47135 Level 4 = analytical

6|* 1— (duplicate one sample in
each 30,5-m interval)

o | * 488 -
4 . 488. 487.7
gl | - L .E?hf”"’“_—iﬁg 188.0
1 1 12,
3
ol * 1 T 489.2
+— 503J- 18 TE] 489.5
10| * 9,'2*
625d;:j A ]
Level 2 = &
(Divide each 491 g * = interval within
30.5-m interval level selected
into 20, 3-m for sampling.

intervals)

| — <Level 1 (30.5-m)

4-ievei 2 (é-m)
“~Level 3 (0.3-m)

A
Level 4
(analytical duplicates) i he
Figure 7.--Analysis-of-variance sampling design for 320 to 625 meters in

USGS corehole Cr-2, Piceance Creek Basin, Colorado.

12




Figure 8.--Profiles of concentrations of Si, Al, Fe, Mg, Ca, Na, K, Ti, F, S,
organic-C, carbonate-~C, As, B, Ba, Co, Cr, Cu, Hg, La, Li, Mn, Mo,
Nb, Ni, Pb, Rb, Sb, S¢, Sn, Sr, V, Y, Yb, Zn, Zr, Th, and U
determined by X-ray fluorescence (xrf), semiquantitative optical
emission spectroscopy (s), atomic absorption spectrophotometry
(aa), specific ion electrode (elec), and neutron activation
analysis (naa) in oil shale from the central 300 meters (320 to 625
meters) in the USGS corehole Cr-2, Piceance Creek Basin,
Colorado. Original data points are connected with a dashed line.
Duplicate analyses are indicated by two points connected with a
horizontal bar at the same depth. Solid line represents a 5-point

weighted moving average of the original data.
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Figure 9.--Profiles of concentrations of Si, Al, Fe, Mg, Ca, Na, K, Ti, F, S,
carbonate-C, organic-C, As, B, Ba, Co, Cr, Cu, Hg, La, Li, Mo, Mn,
Nb, Ni, Pb, Rb, Sb, Se¢, Sn, Sr, V, Y, Yb, Zn, Zr, Th, and U
determined by X-ray fluorescence (xrf), semiquantitative optical
emission spectroscopy, atomic absorption spectrophotometry (aa),
and neutron activation analysis (naa) in o0il shale from the Green
River Formation in the USGS corehole CR-2, Piceance Creek Basin,
Colorado. The profiles are 15-point weighted moving averages of

original data.
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Figure 1l.--Observed ranges of trace and minor elements in samples of the

Green River Formation, USGS corehole CR-2, Piceance Creek Basin,
Colorado. Geometric means are indicated for 229 to 320 meters
(including the Mahogany 2zone; circle), 320 to 625 meters
(triangles), and 625 to 730 meters (squares). Query at lower end
of concentration range indicates that lowest concentrations for

that element are below the detection limit.
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Figure 11
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Table 1.-—Chemical analyses by semi-quantitative optical emission spectroscopy

of 264 samples from the Garden Gulch Member of the Green River Formation, in
USGS corehole CR-2, Piceance Creek Basin, Colorado

[Values are in percent (%) or parts per million (ppm) dry weight of sample.]
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Table 2.--Summary of composition of the Garden Gulch Member of the Green River
Formation, USGS corehole CR-2, Piceance Creek Basin, Colorado

(Data expressed in parts per million except where noted as percent (%);
Ratio, number of samples in which the element was found in measurable
concentrations to number of samples analyzed; leaders (--) indicate no
data available]

Element |Method| Ratio | OPServed | Geometric| Geometric

Range Mean Deviation
Si, %--- 1 32:32 - 2.0-35 22 1.59
A, %--- 1 32:32 1.7-7.7 5.5 1.41
Fe, %--- 1 32:32 .03-4.6 3.1 2.41
Mg, %--- 3 32:32 45-7.2 2.2 1.77
-Ca, %--—- 1 32:32 1.4-15 5.6 1.73
Na, %--- 3 32:32 .45-175 .82 1.28
K, %---—- 1 32:32 .70-2.8 1.9 1.33
Ti, %-—- 1 32:32 .12-.36 .27 1.28
F, %---- 4 . 32:32 .,028-.17 10 1.50
S, %—--- 1 32:32  .13-1.3 .53 1.68
Org-C, % 5 -- -_— -
Carb-C % 5 - —_— -
As-——mmm 1 16:16 4, 5-40 12 1.78
Bommmmmm 2 262:264  <70-300 150 . 1.23
Ba--—-—- 2 263:263  200-1500 400 1.49
CO—mmm—m = 2 1174264  <10-20 9.0 1.36
Cr-m——m- 2 264 1264 15-100 L9 1.50
Cu-m—mm-m 2 264 : 264 20-150 58 1.56
Ga-m=—m- 2 26L4:264 . 10-70 22 1.34
Ge=mmmm—- 1 -= -= -
‘Hg-——mm- 3 32:32 .040-.21 .088 1.43
La-m—m—- 2 : - - --
Li=cemmm 3 32:32 30-90 63 1.29
Mn--——-—- 2 26L4:264  100-700 280 1.31
Mo-m=m-m 2 24335260 <7-70 19 1.97
Nb-—==—- 2 - - --
| RT— 2 26l 1264 15-70 29 1.33
) P 2 261:264  <20-150 b1 1.52
Rb-——==- 3 32:32 60-140 - 98 1.27
3] T—— 1 16:16 .60-2.8 1.2 1.49
SCmmmm—m 2 199:264 <10-20 11 1.37
5} s T—— 1 16:16 .50-4.8 1.4 1.78
Sr--——-—- 2 264:264  100-700 290 1.42
| S p— 2 264 : 264 50-300 130 1.37
Yoo 2 -- - --
Ybememme 2 178 : 264 <2-5 1.9 1.31
VA s T 3 32:32 . 68-160 120 1.25
S S —— 2 264:264  30-300 96 1.39
 § PR 6 32:32 2.0-15 5.9 1.68
The-——- 6 32:32  4.0-37 9.0 1.64

Analvtical Methods:

1
2
;
5
6

- X-ray fluorescence

Semiquantitative optical emission spectroscopy
Atomic absorption spectrophotometry

Specific ion electrode

Gasometmric

Neu tron activation analysis

'8 | ahle 2




Table 3.--Chemical analyses of 32 samples from the Garden Gulch Member of the
Green River Formation, USGS corehole CR-2, Piceance Creek Basin, Colorado

[Analyses were by X-ray fluorescence (-x), atomic absorption spectrophotometry
(-a), specific ion electrode (-elec), semi-quantitative optical emission
spectroscopy (-s), or neutron activation analysis (-n). Values are in percent
(%) or parts per million (ppm) dry weight of sample. Leaders (--) indicate no
data available.]
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Table 4.--Summary of composition of the interval 229-320 m ( Mahogany Zone )
of the Parachute Creek Member of the Green River Formation, USGS corehole CR-
2, Piceance Creek Basin, Colorado

" [Data expressed in parts per million except where noted as
percent (%); Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed]

Observed Geometric| Geometric

Element [Method | Ratio Range Mean Deviation
Si, %---~ 1 74274 6.7-24 15 1.2
Al Beeee 1 i 1.6-6.6 3.6 1.3
Fe, %---- 1 77k 1.1-3.9 2.2 1.29
Mg, %---- 3 7474 .32-5.4 2.9 1.45
Ca, %H--—- 1 7% 274 6.3-32 11 1.36
Na, %---- 3 747k .10-3.7 1.4 1.68
K, %-———- 1 7474 .25-5.1 1.7 1.67
P, B 1 7474 - ,063-,2 .17 1.31
F, %-—--- L 60:74 <.04-.23 .076 1.78
S, %-——-—- 1 71:74 <,03-.88 .23 2.22
Org-C, %- 5 71:74 <.,02-16 L.8 2.42
Catb-C, % 5 1:74 <1.9-14 L.7 1.65
AS——————- 1 2142 4.3-29 13 . 1.60
Bemmmmmmm 2 71:74 <13-400 99. 1.92
Ba--=-——- 2 74:74 -150-690 390 S 1,34
COmmmmmmm 2 74:74%  6.3-15 10 1.24
Cr-—--——- 2 74274 16-72 L 1.42
CUmmmm——— 2 74274 15-120 5 1.58
Ga--—---—- 2 74274 3.2-17 5.1 1.54
e —— 1 38:42  <.15-1.9 Al 1.92
Hg----=-- 3 24:74 - .030-.23 .11 1.36
La------- 2 74274 13-85 - 35 1.48
Lim————- 3 71:74  <L4.8-140 . 35 2.24
Y 2 74:74  190-780 310 1.35
Mo——mmmm e 2 hi7h 3.5-44 14 1.68
Nb--—=--- 2 64:74  <bb,0-39 11 1.87
Ni-—mmmm-m 2 747k 14-47 26 1.26
Pb-m—mm—- 2 7474 3.5-170 21 1.71
Rb-—————- 3 73:74  <8.,0-120 68 1.49
Sh-—mmmmm 1 37:42 <,16-3.9 .97 2.34
o] J— 2 74274 2.8-15 6.3 1.47
Sn--————- 1 39:42 <.15-16 1.7 2.74
S 2 72:74  <200-990 540 1.38
Voo 2 el 3.7-150 74 1.1
) 2 7427k 7.5-40 14 1.42
Yb-mmmm—- 2 74274 .86-3.5 1.4 1.37
ZN-—=——-—= 3 7474 L7-140 79 1.23
T m e 2 21 7k 29-210 75 1.44
Ummmmmm e 6  7h:7h 2.7-11 L.9 1.35
The——-m—- 6 60:60 4,9-20 8.3 1.33

Analytical Methods:

X-ray fluorescence

Semiquantitative optical emission spectroscopy

Atomic absorption spectrophotometry

Specific ion electrode

Gasometric ) )

Neutron activation analysis '7’:$'€-ﬂ
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Table 5.--Analysis of logarithmic variance of elemental composition of 74
samples of o0il shale from the interval 229-320 m ( Mahogany Zone ) in the USGS
corehole CR-2, Piceance Creek Basin, Colorado

[See figure 5 for analysis-of-variance sampling design.]

[*, component of variance tested to be significantly different from
zeroat the 0.05 probability level; values in percent of total
logarithmic variance]

Element ‘Total Between Between Between Between
logarithmic | 30-meter |3-meter |O.3-meter|analyses
variance intervals|intervals|{intervals

Siecemme=- 0.01 06 27 % 23+ Lo 1.5
J'} T . 0167 12 23 58+ 7.5
Fewmeeun . 0125 8 PI 63+* b, 4
Mg-————- . 0268 0 b 93 # 2.5
Ca~=wmmm 0187 7 0 90* 2.2
Na==m=== . 0540 0 35% 63 % 2.3
K-=emeum . 0569 37 33* 29* 0.6
Piemme—- . 0147 22% 28+ Ly » 9.0
Semmmm—= .1348 31 35% 22% 12
Org-C--- .1503 0 0 82 # 18
Carb-C-- . 0502 0 0 by 56
B-eeme—- .0818 5 19 13 63
Ba====== . 0166 0 16 39 45
Commmm=mm . 0096 0 0 L9 51
Cr------ . 0242 8 43# 3 * 18
Cll ------ L] 0397 0 19 0 81
R . 0633 1 2 87 * 10
Hgm=mmm- . 0179 3 1 75% 20
la-====- . 0299 6 8 21 65
Li-===w- 1252 b 33 61 * 2.0
. . 0182 13+ 26 * 26 35
Mo==mmm-m . 0534 16+ 6 50% 28
Nbmwemem 1163 0 33% 0 67
Ni--eoee . 0105 0 11 52% 37
Pbemmeee . 0546 0 9 52#% ko
Rbemeuene . 0304 6 10 79 % 5.0
Seem=mmm . 0292 5 21 0 74
Sr--=--- . 0192 1 12 5 82
Vemmoo e . 0232 0 8 A 61
) . . 0252 18* 0 60+* 22
Ybemmm e . 0197 15% 15 53* 17
In------ . 0085 0 32% 56+* 12
Zr-m———- . 0265 13* 2 62+ 24
Uemmmmm 0175 12% 7 79 % 2




Table 6.--Chemical analyses of 74 samples from the interval 229-320 m
( Mahogany Zone ), in USGS corehole CR-2, Rio Blanco County, Colorado

[Analyses were by X-ray fluorescence (-x), atomic absorption spectrophotometry
(-a), specific ion electrode (-elec), semi-quantitative optical emission
spectroscopy (-s), or neutron activation analysis (-n). Values are in percent
(%) or parts per million (ppm) dry weight of sample. Leaders (--) indicate no

data available.]
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Table 7.--Summary of composition of the interval 320-625 m of the Parachute
Creek Member of the Green River Formation in USGS corehole CR-2, Piceance
Creek Basin, Colorado

[Data expressed in parts per million except where noted as percent (%);
Ratio, number of samples in which the element was found in measurable
concentrations to number of samples analyzed; leaders (--) indicate no
data available]

Element [Method| Ratio | OPServed | Geometric| Geometric

Range Mean Deviation

si, %--- 1 51:51 h,9-22 14 1.30
Al, %--- 1 51:51 .74-6.8 3.8 1.39
Fe, %--- 1 51:51 L 5h-2.4 1.5 1.34
Mg, %--- 3 53:53 1.1-7.8 4.2 1.44
Ca, %--- 1 51:51 0.8-7.5 L1 1.55
Na, %--- 3 53:53 .69-25 3.3 1.64
K, %—--- 1 51:51 .27-3.0 1.2 1.52
Ti, %--- 1 51:51 . .049-.45 14 1.39
F, %--— L4 53:53  ,020-1.1 o074 2,49
S, #---—- 1 51:51  ,049-.71 21 1.75
Org-C, % 5 51:51 3. 0—23 8.5 1.61
Carb-C % 5 51:51 .78-7.9 3.5 1.57
As———-—- 1 48:48 1.7-29 11 1.87
Bo e 2 32:53 <10-230 24 " 3.2k
Ba-———-- 2 53:53 36-810 280 1.63
Commmmmm 2 53:53  1.1-41 9.4 1.76
Cre——m——- 2 53:53 7.0-410 38 2.26
Cu=mmm=-m 2 53:53 1.5-520 40 2.85
Ga—m—mm—-m 2 10:53 <4-53, - -

Gemmmmmm 1 9:53 <.9-2.8 - --

Hg-——-——-- 3 51:51 . 05-.21 .10 1.34
La-==m—m 2 53:53 15-66 32 1.540
Li--—mm- 3 53:53 13-190 65 1.75
Mn------ 2 53:53 64-420 220 1.44
Mo~————~ 2 52:53 <2-27 8.7 1.79
Nb-m=mmmm 2 48:53 <4-30 10 1.54
Ni-m——m—— 2 53:53 1.5-190 25 2,42
Pb-mmm—m- 2 52:53 <4-53 14 1.91
Rb————m- 3 53:53 40-170 100 1.30
Sbemmmmm 1 47:48 <.2-2.9 96 1.65
Sc-=—mmm- 2 53:53 2.0-11 6.3 1.37
Sn-————— 1 48 :148 .ho-21 1.6 2.19
Sr—————- 2 53:53 170-790 340 1.37
Vommmmmm 2 53:53 15-180 91 1.50
Yoo 2 52:53 <2-29 13 1.61
Yb—mm 2 52:53 <.9-2.3 1.3 1.32
In—--——- 3 53:53 30-200 91 1.37
Zr—————- 2 3:53 9.8-210 88 1,67
Umm e 6 7:53  <1.6-12 4.3 1.48
The——~—- 6 43:53 <4.4-23 8.7 1.35

Analytical Methods:

1 - X-ray fluoresence

Semiquantitative optical emission spectroscopy
Atomic absorption spectrophotometry

Specific ion electrode

Gasometric

Neutron activation analysis
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Table 8.--Analysis of logarithmic variance of elemental composition of 53

samples of oil shale from the interval 320 to 625 meters in the USGS corehole

[See figure 7 for analysis-of-variance sampling design.]

L*, component of variance tested to be significantly different from

CR-2, Piceance Creek Basin, Colorado

zero at the 0.05 probability level; values in percent of total
logarithmic variance]

Flement Total Between Between Between Between
logarithmic| 30-meter |3-meter 0. 3-meter|analyses
variance intervals|intervals|intervals

Si-=wwe- 0.0149 0 14 8l » 2.0
AMNeweeea . 0206 1 25 71 % 2.4
Fee=w==- .0170 29 32% 36* 2,2
Mg . 0259 0 2.6 96 * 1.7
Cam—==-= . 0374 0 61 * 37 % 2.7
Na=wwwe- . 0473 13 21 65% 0.73
K ------ . 03’4‘2 20 29 51 * 0. 23
Ti-==—=- .0219 0 3 67* 1.7
Sewcen=-= . 0603 17 36% - 12 35
Org‘c-"" . 0473 0 25 70* 5- 2
Carb-C-- 0471 0 Sl = 32% 14
AS-cecua- . 0752 1.3 35 Lg= 19
Bemmmm—- 2719 30 Ly 18+ 5.2
Ba~~we=- . 0470 Lo 8 24 28
Co--=--= . 0618 19 38* 35% 7.2
Cre====- 1318 57* 26* 13% 3.7
- L .2139 25 Ll = 25 5.5
R 1798 13 0 85* 2.3
Hg=—==== . 0165 3 1.9 66* 28
Ige=e=-- .0219 17 7.7 9.5 66

Ili ------ ] 0789 80‘7 0 . 91 * . 55
Meecwe- . 0297 0 0 L7 53

MO- = —mm .0813 0 55% 30* 14

[ [——— .1089 8.7 0 v 59% 32
Ni=<---- 1551 b Lo= 16% 3.5
Pheeeee- . 0860 0 56 % 10 34

1 P— . 0197 0 b 55% 3.0
Sbem—mm= . 0543 0 6.8 75% 18
SCmmm - .0215 0 36 39* 25
S~ ———— .1576 26 % 8.1 0 66
Sre=eee- . 0207 57 % 0 29 13
Vomeom e . 0347 0 o= 32 26

) ZS—— . 0505 0 30 48* 22

(- .0152 0 26 4o* 25
New——e- 0212 0 67 * 31 * 2.4
VA S . 0551 0 37 36 28
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Table 9.--Chemical analyses of 53 samples of o0il shale from the interval 320
to 625 meters of the Parachute Creek Member of the Green River Formation in
USGS corehole CR-2, Piceance Creek Basin, Colorado

[Analyses are by X-ray fluorescence (-x), atomic absorption spectrophotometry
(-a), specific ion electrode (-elec), semi-quantitative optical emission
spectroscopy (-s), or neutron activation analysis (-n). Values are in percent
(%), or parts per million (ppm) dry weight of sample. Leaders (--) indicate
no data available. < = concentration less than the value indicated. > =
concentration greater than the value indicated.]
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