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Abstract

The Green River Formation of the Uinta Basin is an Eocene lacustrine system comprised of carbonates, siliciclastics, and rich oil shales. Log
evaluation is difficult, due to the formation's complex mineralogy and thin interbedded nature of diverse rock types. Historically, log
correlations have used a zoned model, which excludes detail and suggests continuity that is misleading on a bed-by-bed basis. Methods to
determine lithology at a finer scale by using advanced logging tools and stochastic models require specialized software, expert users, and can
be cost prohibitive. However, a simple, deterministic model can be applied which utilizes widely available logging measurements: gamma ray,
density, neutron porosity, and photoelectric effect. This four mineral solution gives an output of volume percent of quartz, calcite, dolomite,
and mixed clay. To obtain these volume percentages, log-based calculations yield an apparent matrix density (RHOmaa) and an apparent
photoelectric cross section (Umaa). These values are plotted on one of two mineral identification triangle plots: 1) quartz-calcite-dolomite; or
2) quartz-calcite-clay. The triangle utilized is determined by the gamma ray value, with low gamma ray values (“cleaner” or less clay) using the
first triangle and high gamma ray values (“shaley” or more clay) using the second. The quartz and clay triangle end points are considered
“floating” and are adjusted using elemental analysis on the formation. These volume percentages are normalized to sum 1, and have been
filtered for adverse logging conditions. The final result is similar to elemental analysis logging tools and is obtained at a lower cost utilizing
commonly available software suites. The volume percentages allow for more detailed correlations that better convey this complex lithologic
system and clearly show vertical variability and stratigraphic changes from littoral to profundal lake environments. Lithofacies clearly
identified by the resulting volume percentages include clean carbonate beds and oil shales. High-feldspathic content rocks generally require a
more mobile quartz end point, but result in the identification of thin siliciclastic beds. Calibration of lithology is accomplished by using gamma
ray and XRF data derived from nearby analogous carbonate and siliciclastic outcrops, and wireline log suites tied to core.
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ABSTRACT

The Green River Formation of the Uinta basin is an Eocene lacustrine system comprised of carbonates, siliciclastics, and rich
oil shales. Log evaluation is difficult, due to the formation’s complex mineralogy and thin interbedded nature of diverse rock
types. Historically, log correlations have used a zoned model, which excludes detail and suggests continuity that is
misleading on a bed-by-bed basis. Methods to determine lithology at a finer scale by using advanced logging tools and
stochastic models require specialized software, expert users, and can be cost prohibitive. However, a simple, deterministic
model can be applied which utilizes widely available logging measurements: gamma ray, density, neutron porosity, and
photoelectric effect. This four mineral solution gives an output of volume percent of quartz, calcite, dolomite, and mixed
clay. To obtain these volume percentages, log-based calculations yield an apparent matrix density (RHOmaa) and an
apparent photoelectric cross section (Umaa). These values are plotted on one of two mineral identification triangle plots:

1) quartz-calcite-dolomite; or 2) quartz-calcite-clay. The triangle utilized is determined by the gamma ray value, with low
gamma ray values (“cleaner” or less clay) using the first triangle and high gamma ray values (“shaley” or more clay) using the
second. The quartz and clay triangle end points are considered “floating” and are adjusted using elemental analysis on the
formation. These volume percentages are normalized to sum 1, and have been filtered for adverse logging conditions.

The final result is similar to elemental analysis logging tools and is obtained at a lower cost utilizing commonly available
software suites. The volume percentages allow for more detailed correlations that better convey this complex lithologic
system and clearly show vertical variability and stratigraphic changes from littoral to profundal lake environments.
Lithofacies clearly identified by the resulting volume percentages include clean carbonate beds and oil shales.
High-feldspathic content rocks generally require a more mobile quartz end point, but result in the identification of thin
siliciclastic beds. Calibration of lithology is accomplished by using gamma ray and XRF data derived from nearby analogous
carbonate and siliciclastic outcrops, and wireline log suites tied to core.
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FACIES ASSOCIATIONS

Facies Association

UINTA BASIN DEPOSITIONAL MODEL

Description

Facies

(modified from Tanavsuu-Milkeviciene et al., 2012)

EOD

Laterally extensive , sharp-based beds of carbonate wackestones
to grainstones and coquina beds. Vertically associated with
microbial carbonates (FA3).

Bioclast dominated limestone, nonskeletal limestone

Littoral to sublittoral

Microbial Carbonates

Thinly laminated or massive limestones occurring due to microbial
growth. Laterally extensive beds or discontinuous columns. In
association with carbonate shoals (FA1) and can overlay delta
(FA2) deposits.

Microbial carbonates, nonskeletal limestone

Littoral to sublittoral

130

w

120

Calcareous mudstone

Thinly laminated or massive lime mudstones occur as laterally
extensive beds or discontinuous columns. Associated with
carbonate shoals (FA1) and microbial carbonates (FA3). Encased
by laminated mudstones and siltstones (FA7) or oil shales (FAS,
FA9, FA10).

Nonskeletal limestone

Littoral to sublittoral

4.1

R5

L4

R4

L3

110

Delta, mouth bar

Gradationally based (wave-dominated) or sharp based (fluvial-
dominated), laterally continuous sandstone bodies. Vertically
associated with turbidite (FA11) deposits. Encased by littoral to
sublittoral siliciclastics (FA6) or laminated mudstones and
siltstones (FA7).

Wave-ripple cross-laminated, climbing ripple cross-
laminated, current-ripple cross-laminated, cross-stratified,
plane-parallel, laminated, structureless

Littoral to sublittoral

100 2 ' ; 4.2

Delta, channel

Laterally discontinuous sandstones or heterolithic successions of
interbedded mudstones and sandstones. Encased laterally by
littoral and sublittoral siliciclastics (FA6) or laminated mudstones
and siltstones (FA7).

Cross-stratified, plane-parallel, laminated

Littoral to sublittoral

4.

w

Delta, Turbidites

Sharp based, fining upward units. Associated with other delta
deposits (FA2).

Cross-stratified, current-ripple cross-laminated, climbing
ripple cross-laminated, laminated, structureless

Littoral to sublittoral

w1

Littoral to sublittoral
siliciclastics

Very-fine sand-rich deposits from the proximal portion of areas
with higher input. Vertically associated with delta (FA2) deposits .

Climbing ripple cross-laminated, current-ripple cross-
laminated, wave-ripple cross-laminated, laminated,
homogeneous

Littoral to sublittoral

(=]

Laminated mudstones
and siltstones

Mud and silt-rich deposits from the distal portion of areas with
higher input. Vertically associated with delta (FA2) and littoral to
sublittoral sandstones (FA6).

Laminated, plane parallel, homogeneous

Littoral to sublittoral

~

Sandy oil shales

Laminated silt-rich, kerogen-rich oil shale. Laterally and vertically
associated with carbonate shoals (FA1) and microbial carbonates
(FA3). Occur basinward from littoral to sublittoral siliciclastics
(FA6) and pass laterally into laminated oil shales (FA9).

Laminated silt-rich oil shale, lllitic oil shale

Littoral to sublittoral

00

Laminated oil shale

Laterally extensive units of rhythmically laminated oil shale
deposits formed basinward from littoral to sublittoral facies
associations (FAL to FA8).

Finely laminated oil shale, Illitic oil shale, Wavy laminated oil
shale

Profundal

9.
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Gravitational oil shale:
soft sediment deformed
oil shale

Laterally discontinuous deposits containing soft sediment folds
and overturned strata. Generally associated with oil shale breccias
(FA10.2).

Soft sediment disturbed oil shale, Wavy laminated oil shale

Profundal

Laterally discontinuous deposits of matrix supported breccia.
Encased laterally and vertically by laminated oil shales (FA9) and
soft sediment deformed oil shale deposits (FA10.1).

Oil shale breccia

Profundal

Siliciclastic turbidites

Normally graded or ungraded sandstone to siltstone units.
Occurring basinward from delta (FA2) deposits. Vertically
associated with laminated oil shales (FA9). Locally, vertically
linked to soft-sediment-deformed (FA10.1) oil shale deposits.

Plane-parallel, laminated, structureless

Profundal

11

Tuff

Structureless deposits of lithified volcanic ash. Encased by
laminated oil shales (FA9) and locally overlain by gravitational oil
shales. Generally found in upper Green River Formation.

Tuff

Other

Gamma (CPM)

(Facies modified and adapted from Tanavsuu-Milkeviciene et al., 2012 & 2017)




Integrating a Deterministic Lithology Model for Subsurface Correlation, Eocene Green River Formation, Uinta Basin, Utah

®
COLORADO SCHOOL OF

NES

Julia Peacock , J. Frederick Sarg
Colorado School of Mines, Department of Geology and Geological Engineering

PHOTOELECTRIC FACTOR CURVE

CORE AND OUTCROP CROSS-SECTION

Skyline 16 Core

A - NNW

NEUTRON DENSITY CROSS PLOT

crogetns Bl e o E— __ ¥ 2 The photoelectric index (PE) is a continuous measurement taken along
ithologic Units = ot £ Cm 1 1000 6 8 ake level ,é, rganlc i SE & . . . K
! e | Low |5 |remese Climate %;f Type 8 with the density log. The values recorded are direct reflections of the =
%, 2[ & | Wt T rock’s aggregate atomic number, measured in barns per electron. 2 EQUIVALENT CALCULATIONS
Q = igh runo . . .. . . . .
N 71 % [ increasea [N This atomic number is indicative of the mineralogy. PE is less pore-volume 2 . .
4 ] . . -
N E| S| runof N effected than the density or neutron tool, and also has a finer vertical °§°m ¢ . PhiN + PhiD
g | Dv resolution than density or neutron tools. This is of interest when it is used s 4 PthDXP lot = 2
L 2 - . . . . . . @
2 =5 S sporadic | 136 = @ o0 ©°0] with the neutron and density logs to calculate porosity and quantitatively %“ 2
LL = _ . . ] £
' sgl - — o (0 oo resolve complex lithology of thin beds. )
— \ : . 3 B
(Tanavsuu-Milkeviciene et al. 2017) ified From | T~ | 109 108 ) a [
T ke o | Ee ke . . 5 3 RHOmatrix — RHOB
I8 " - quartz  dolomite calcite . i & .
HES 4 R -8 \ 30% porosity &a7 Pth =
C v ' NB o . .
wov |5 % remeovs \ o RHOmatrix — RHOfluid
A }Sggzjalt?oiocrfeek‘r\l‘onh ‘/ 10% barns/electron 2
EVaCuat'on Creek Park Mounatin *“ F;;/:[cku’;tiir;tcar“ieksl?uth \\,,\\’\ 0‘ coal T T T “ T T T Pe T 1‘0 29
H . *V\/’hite"FaceBuﬂ'e \ kaolini illi hlori i iburton .
North SeCtl,on §§On A ," /. © Isnrlrtmzctite e anhydritec orte (modified from Kanas Geological Survey) 305 (: - 5 v 6 2 2 (jol[ ” tzs Char:oB OOk)/.s 3
- =iy EEENE ” ,,' s, Neutron Limestone Porosity (%)
= Hig= 010 ook APPARENT MATRIX DENSITY CROSS PLOT
i -g e P e RHOmaa-Umaa CROSS PLOT e g 5
: - < e Curly Tuff (Datum) EZ 5 7 T A T
. g T = SB13 \ EQUIVALENT CALCULATIONS
[] * = 25 L 25 21
H—1 z 255 255 - -
=. - 51 u RHOB — (PhiNDxplot * RHOfluid)
s . = K =
T . Rhomaa -
E g . g 1 — PhiNDxplot
gL ] SB11 ’ g2
E* =3 28 S h a Iey Eato 28 £
H = g 25
% = 2.85 2.85 o
T : R ; SB10 29 " mm.a\;\ 28 g 26 RHOmaa = V%quartzRHOquartz + V%calciteRHOcalcite+V%dolomiteRH0dolomite + V%clayRHOClay
M jf %;) A’ -SSE s s s < o7 RHOmMaarciean” = V0% quartzRHOquartz + V%caiciteRHOcaicite+V Yaotomite RHOdotomite
- E T White Face
(Ta.navsuu>M”kev“ic i 5 Butte SeCtiOn 3 4 5 8 7 8 9 10 11 012 13 14 (Slun;‘ﬁberge'lihan B?:)k) 18 * RHOmaa"Shaley" = V%quaTtZRHOquartZ + V%CalCLtERHocalCLte + V%ClayRHOClay
1] — _\\\\ e - << 29
;ii M1 = """"~""~"""="""" SBg 9 (Halliburton Chart Book)
,,,,, s = s RHOmaa Umaa 803 0 5 w0 B 30 3 40 45
wg";:g;;:’g:;,?g;:;g:, - q\i} wls = SBS Quartz 2.65 4.8 @y, Neutron Limestone Porosity (%)
(Vanden Berg & Birgenheer, 2017) " ; o % Calc'te. 271 1381 *mixed clay point determined APPARENT MATR'X PHOTOELECTRIC CROSS PLOT
i = - < Dolomite 2.87 20l using X-ray Diffraction clay s0
i { Mixed Clay 3.00 11.0]  analysis of formation
Well name: Skyline 16 : e , . SR7
Operator: UGS/U. of Utah/Sage Geotech L =
Location: T11S, R25E, Sec. 10, N EQU IVALENT CALCU LATIONS
UTM E 661445, UTM N 4415109 (NADS83) = - SB6

Ground elevation: 6014 ft (Tanavsuu-Milkeviciene et al. 2017)

(Pe * RHOB) — (PhiNDxplot = Ufliud)
1 — PhiNDxplot

@
S

Umaa =

n
a

n
S

o B0 @\

Ooids

FA11: Siliciclastic turbidite

(Modified and Adapted from Téanavsuu-Milkeviciene et al. 2012)

Ostracode
Botfly larvae (Lithophypoderma sp.

NI PIRIN AT RSP AR

~

& Black shale interval

Pieces of organic material, coal
Sharp boundary

«%% Gradational boundary
Sequence boundary

)

(GR from Hogan,2015) el
(Section from Tanavsuu-Milkeviciene et al. 2017)  |£|°

Gamma (CPM)

SB1

6800

Trap Results to
Oto1l,
renormalize

Compute
variable grain
density and
density porosity

Trap Results to
Oto1l,
renormalize

(Adapted from Cluff et al. 2015)

g, Apparent Total Porosity (%)
3 G

o

)

) g B = f 20 45
| ‘ PETROPHYSICAL WORKFLOW w
I é 35
Year drilled: 2010 <l _ é SB5 Compute
Cored interval: 4 inch diameter . . - Vshale, PhiT, &
Core housed at the Utah Core Research Center OUtCI‘OP EXP|alnatI0n CL_Jrrel_'lt rip_ple <z s 22 SB4 h ¢ !
Core Log Explanation Shoreline Facies ggﬁ%ia?eélﬁiﬂsle o R ey, Umaa
8 EXp ) I Paleosols Wave ripple Lo
Calcareous mudstone Nahcolite (NaHCO,) nodule ; ) ppie . = &
- - slightly dolomitic/clay-rich Fluvial deposits Wavemodified ripple N—— i
IS0, <k S0, 104 MEO <= Small shortite/nahcolite crystals . . . - i =
) o : m’f‘ shortite/ahoolite erystals Littoral to Sublittoral Facies Associations g:‘r;"lf’e? Igz?ilr?ate " - é
Siltstone / sandstone Pyrite / Marcasite I FA1: Carbonate shoal Cross.stratifiod = -
B o e s FA2: Microbalcarbonate Susley cross beddng = '
<25% Ca), ~40% 510, <10% MzO . FAS3: Calcareous mudstone, microbialites Slide, slump deposit 2 = SB3
Dolomitic mudstone Plant material i Soft-sediment deformation o &
-slightly clay-rich FA4: Delta Load structures -
2259 CH, <49 501> Mg Lskopiypoderna sp. FAG: Littoral to sublittoral sandstones Stromatolite G - “Clean” “Shaley”
Probable ash / tuff : i iali i
- FA7: Sandstones and siltstones = Microbialites (not defined) -
‘ ‘ Fish remains FAS: Sandy ol shales Thrombolite NN . Compute Vqtz, Compute Vqtz, %
Voleaniclastic debris flow Microbialites : s Microbialite with lumpy structure 5 8 - Vcal, Vdolo Vcal Vc|ay
C] . . . ;. . . . k3 ’ 7
TWHIAIN. Abundant fractures filled Profundal Facies Associations gonscebm limestone, ooids, pisoids — s SB2
¥ W& Q{ 1 with shortite [Na;Cay(CO,)s] Inseet fossils FA9: Laminated oil shale F.e\;‘vatenng SttrUCtLIJre \ :
I remnant, - °
I FA10: Gravitational oil shale Sn remnant, scale &) - -5 ‘ NANRR IR Y JIN
4 5 6 8 9

(Vanden Berg, & Birgenheier, 2017)

\ T
\ 7 10
U, Volumetric Modified Photoslectric Factor

30

[ T T T e
2 \ 3 4 5 6 7 8 91
Pem, Modified Photoelectric Factor

N

Py, Buk (Log) Density (g/cc or 1000 kg/n?)
29 28 27 26 25 24\ 23 22 21 20

— /0 0 0 0
Umaa =V /Oquartz Uquartz +V /Ocalcite Ucalcite+V /Odolomite Udolomite +V /Oclay Uclay

Umaa"clean"

— (o) 0, 0,
=V /Oquartz Uquartz +V /Ocalcite Ucalcite+V /Odolomite Udolomite

— 0, 0 0
Umaa"shaley" =V /Oquartz Uquartz +V A)calcite Ucalcite +V A)clay Uclay

UNITY CALCULATION

Unity 1 = V%quartz + V%ecaicite + V%clay




RHOmaanorm

RHOmaa

RHOmaanorm

RHOmaa

COLORADO ¢

MINES

Integrating a Deterministic Lithology Model for Subsurface Correlation, Eocene Green River Formation, Uinta Basin, Utah

CORRELATION WITH CORE DATA

Cross-plot: FD STATE 10-36D-6-19.FD State 10-36D-6-19_MAIN

2.45 \ 2.65
25 25
Gas diection
2.55 2.55
26 26
2.65 2.65
27 27
2.75 275
Baite
28 — 28
2.85 285
28 Heawy mlneva\s\ 25
2.95 2,95
Anhydite G
El E]
Ozl
3.05 e 3.05
o
s 5 7 s s 10 11 12 3 14 15 15 17 18
Umaanorm ()
C— T —
Cross-plot: FD STATE 10-36D-6-19.FD State 10-36D-6-19_MAIN 0o 0 o
o
0| .ss8 o
888
s 5 7 s 0 10 1 12 13 14 15 16 17 0, o
2.45 2.45
25 25
Gas diection
2.55 255
26 26
2.65 2.65
2.7 27
275 275
Baie
28 SRl 28
2.85 2.85
28 Heawy mlneva\S\ 28
2.85 285
Anhydite0
3 E]
OKaolnte
3.08 s .05
o
3 s 3 7 s 5 10 11 12 e 12 s 15 17 18
Umaa
C— e —
Cross-plot: FD STATE 10-36D-6-19.FD State 10-36D-6-19_MAIN a2 o
058180
ss11
E] s 5 7 s s 10 1 12 13 14 is 16 17 0, o
2.45 \ 2.45
25 25
Gas diection
2.55 255
26 26
2.65 2.65
27 = 27
275 275
Baite
2.8 — 28
2.85 2.85
23 Heawy mineva\s\ 23
2.95 Ao 295
s
¥ Anhydite©
3 v & 3
OKaointe
3.05 I s.05
o
3 5 6 7 8 5 10 11 12 13 14 15 16 17 18
Umaanorm ()
C—— TR -
Cross-plot: FD STATE 10-36D-6-19.FD State 10-36D-6-19_MAIN 0 15 o
058810
ss11
3 5 5 7 s s 10 1 12 13 14 is 16 17 oL o
2.45 \ 2.45
25 25
Gas diection
2.55 255
26 26
2.65 2.65
27 27
2.75 275
Baie
2.8 e, 28
2.85 2.85
23 ° Heavy minerals 23
: T
2.05 295
- or o
s el = Anhydite i
OkKaointe o s
3.05 ;s 3.05
®.
3 5 3 7 B B 10 11 12 3 14 15 16 17 18
umaa
0 Unknown (GRGE) N -0

Charts:

Schlumberger; LITH-6, Uma vs Rhoma

Schlumberger, LITH-6, Uma vs Rhoma

Cross-plot: AURORA STATE 3-32D-7-20.BILL BARRETT_AURORA 3-32D-7-20_MAIN 0 2 o
Reference (f1): [0 - 7545] oSl
1549
3 4 s 5 7 s s 10 1 12 13 14 15 16 17 I arad)
2.05 \ 2.45
25 25
Gias diection
255 2.55
26 25
2.65 2.65
27 27
2.75 2.75
28 28
285 2.85
25 25
285 2.95
Brbyedite O
E] E]
OKaalite
3.05 Jlte 3.05
)
3 + s 5 7 s B 10 11 1z 13 14 15 16 17 15
Umaa
C— e ——
Cross-plot: AURORA STATE 3-32D-7-20.BILL BARRETT_AURORA 3-32D-7-20_MAIN 810 o
o
ofadsalo
1535
3 4 s s 7 s s 10 1 12 13 14 15 16 17 oF o o
2.45 2.45
25 25
Gas diectin
255 2.55
26 26
265 2.65
27 27
275 & 2.75
Barte
28 R | 28
285 2.85
28 Heaw mmeva\S\. 28
295 2.85
Anhyditec
E] E]
Okeointe
3.05 Jlte .05
o
s s s s 7 s B 10 11 12 3 1a 15 15 17 15
Umaanorm
— e —
Cross-plot: AURORA STATE 3-32D-7-20.BILL BARRETT_AURORA 3-32D-7-20_MAIN 0 0 o
0| 543 (6
1543
3 + 5 5 7 s 5 10 1 12 13 14 15 16 17 et
2.45 \ 2.45
25 25
Gos disction
255 2.55
26 2.6
265 2.65
27 27
275 2.75
28 2.8
2.85 & 2|2es
25 23
2.05 295
3 3
OKaolrite
3.05 Ilte 3.05
)
3 n 5 5 7 s 9 10 11 12 13 14 15 16 17 18
Umaa
No— T —
Cross-plot: AURDRA STATE 3-32D-7-20.BILL BARRETT_AURORA 3-32D-7-20_MAIN 720 o
o|s807 o
5565
s 5 7 5 s 10 1 12 13 14 15 15 17 [ arad
\ 2.5
25
Gas diection
2.55
% Cakie 2.6
Quartz 0 K Feldsp:
20 265
] .-
100
Ok =
o
1 s 2.75
e Baie
Ead ol Ny o 28
- S o #
7 o st o
Rt i e TR, ; 2.85
o Ly :E:f}. e e
LA 4‘"..‘ T StPishe Heavy minerals. 2.9
gtk oY AR T,
> ¢
. 2.95
Arhydite O
3
OKsolrite
lite 3.05
o
B 3 7 s o 10 11 12 13 14 15 16 7 18
Umaanorm
Unknawn (GRGC) — N -
Charts:

MAHOGANY

Julia Peacock , J. Frederick Sarg

Park Mounatin
Section

A’ -

MARKER

Y2 NIVSWAY

R

A /
et ANtV VM

A

BV S Y =

o

WA MU A M W L AT

DOUGLAS CREEK

e A A

oA

BLACK SHALE

CASTLE PEAK—

core continues

VA ]

I

e B eV La Ve ey St S, eyl

)|

|

AAT AN

e,

ll core continues

Bptte Section

SE

MAHOGANY
MARKER
(Datum)

TGR3 (SB10)

I Cored Interval

BLACK SHALE

Gamma (CPM)

(GR from Hogan,2015)
(WFB Section from Tanavsuu-Milkeviciene et al. 2017)

Perforated Interval

'AURORA STATE 3,36D-7-20

6 MILES
—

" FDSTATE 10-3Em\

EVACUATION CREEK
- - -~ MEASURED SECTIONS

UTAH
0avy010d

PRELIMINARY CONCLUSIONS

Green River Foramtion contains fine interbeds of diverse lithologies
RHOmaa-Umaa matrix identification plots yeild a finer scale lithology model at a
lower cost than advanced modeling methods

Umaa values are highly sensitive to borehole conditions and washed out zones
must be eliminated

It is necessary to “normalize” the data to some extent, so that calculations do not
yield negative mineral volumes (using Doveton, 1994)

Not all wells are the same and endpoints are not definite- X-ray Diffraction (XRD)
clay analysis is necessary to set the mixed clay point and XRD bulk analysis or core
is necessary to check the model’s accuracy

Clay mineralogies change through the system, it is necessary to change the clay
point as the proportions of clays change

Abundant pyrite can skew end-points- pyrites high density and high photoelectric
factor values cause scatter outside of the defined triangle

Dolomite is present throughout the section, so when shaley intervals are
calculated the shale values will appear higher (as only three end-points can be
calculated for at one time)
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FURTHER WORK

« Perform XRD clay analysis to identify the clays in the Park Mountain Section

Performance In nanospace

+ Further SEM work to examine mineralogy with the EDS and automated
mineralogy on thin sections to examine distribution of fine-grained lithologies

 Examine collected X-ray Florescence data to identify elemental trends, and use
XRD and automated mineralogy to estimate minerals from elemental data

+ Incorporate and correlate more wells, especially more basin-center wells
« High-grade tops to create a denser network of correlations

+ Determine clay changes through the formation and create matrices to fit these
changes
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Integrating a Deterministic Lithology Model for Subsurface Correlation,
Eocene Green River Formation, Uinta Basin, Utah

Julia Peacock, J. Frederick Sarg
Colorado School of Mines, Department of Geology and Geological Engineering

POSTER SUMMARY

The Green River Formation of the Uinta basin is an Eocene lacustrine system comprised of carbonates, siliciclastics, and rich oil
shales. Log evaluation is difficult, due to the formation’s complex mineralogy and thin interbedded nature of diverse rock types.
Historically, log correlations have used a zoned model, which excludes detail and suggests continuity that is misleading on a bed-by-
bed basis. Methods to determine lithology at a finer scale by using advanced logging tools and stochastic models require specialized
software, expert users, and can be cost prohibitive. However, a simple, deterministic model can be applied which utilizes widely
available logging measurements: gamma ray, density, neutron porosity, and photoelectric effect. This four-mineral solution gives an
output of volume percent of quartz, calcite, dolomite, and mixed clay. To obtain these volume percentages, log-based calculations
yield an apparent matrix density (RHOmaa) and an apparent photoelectric cross section (Umaa).
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These values are plotted on one of two mineral identification triangle plots: 1) quartz-calcite-dolomite; or 2) quartz-calcite-clay. The
triangle utilized is determined by the gamma ray value, with low gamma ray values (“cleaner” or less clay) using the first triangle and
high gamma ray values (“shaley” or more clay) using the second. The quartz and clay triangle end points are considered “floating”
and are adjusted using elemental analysis on the formation. These volume percentages are normalized to sum 1, and have been
filtered for adverse logging conditions. The result is similar to elemental analysis logging tools and is obtained at a lower cost utilizing
commonly available software suites.
Bill Barrett Corp.

FD State 10-36D-6-19
Fort Duchesne Field, Uinta County, UT

Cumulated variables
0.00

P p————
©

cLoc poPE eemme
R.f?rsneo o "~ 16 | O B/E 10 . - = C 1 =
fr GRGC DEN NPRL R R R e P E R LRI Sy s
1:250 = arL o0 1 195 —osca >as | oas Vi ey e
~ 8000 -] > 7
== -
Tboxed coreTjnterval ogFight TS =
L ) —= == Nt =
- B /"’, VVVVVVV
Lcastle peak] _Lr | [essweasas

’
/
/

\
ol

The volume percentages allow for more detailed correlations that better convey this complex lithologic system and clearly show
vertical variability and stratigraphic changes from littoral to profundal lake environments. Lithofacies clearly identified by the
resulting volume percentages include clean calcite beds and sandstones. However, from outcrop and core analysis, there is often
dolomite present in the presence of clays, but with the three-point system high clay rocks exclude dolomite. This problem causes
clay volumes to appear higher when dolomite is excluded. High-feldspathic content rocks generally require a more mobile quartz
end point, especially when pyrite or organic matter is present. Calibration of mineralogy end points is accomplished by using gamma
ray and XRD data derived from wireline log suites tied to core as well as nearby outcrops. Further work to be completed includes
XRD clay analysis on the Park Mountain Section, SEM and automated mineralogy to examine fine-grained lithologies, interpret
collected XRF data to estimate minerals from elemental data, calculate and incorporate more well data, and high grade tops to
create a denser network of correlations.
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