COLORADO

MINES
MUDTOC

Carolina Mayorga G, PhD, Spring, 2022

RESERVOIR QUALITY AND WELL PERFORMANCE ANALYSIS IN THE MIDDLE MEMBER OF THE
LEWIS SHALE, GREATER GREEN RIVER BASIN, WYOMING



Objectives

* Develop a high-resolution reservoir

characterization:

— ldentify the best intervals for
development.

— Determine possible challenges and risks
related to mineralogy, diagenetic
processes.

— Compare the most common completion
techniques.

e To add information on the Great Divide
Basin where there is scarce well control.
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Location of study area and methods

~ 1800 wells correlated in the basin.
* Isopach maps
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Location of

~ 1800 wells correlated in the basin.
* Isopach maps
3 cores on the Great Divide Basin.
e Well 1: 457 ft
*  Well 2: 92 ft
e Well3:177 ft
1 core on Wamsutter Arch.
*  Well 4:90 ft
Total= 816 ft of core.
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Location of study area and methods

~ 1800 wells correlated in the basin.
* Isopach maps
3 cores on the Great Divide Basin.
e Well 1: 457 ft
*  Well 2: 92 ft
e Well3:177 ft

1 core on Wamsutter Arch.
e Well 4:90ft

Total= 816 ft of core.

XRF measurements every 0.5 ft in each core
(1632 in total).

57 XRD analyses in total.
42 thin sections in total.
176 RCA in total.

Production data for 33 horizontal wells in
the area near the cored wells.
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Geological setting

Paleomap from Colorado Plateau Geosystems
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Blakey, 2004
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Geological setting
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Petrographic and mineralogical analyses wines

MUDTOC

Well 2 Well 3 Well 4

XRD XRF Model B Mocet
0 % 100 [0 % 100

Cumulated variables
0 % 100

Quartz Normalized (%)

Quartz Normalized (%)

H . Reference 9 : Well 4 XRD analyses
Reference | 0 € v £ F \g_ @ B e 1i240 c 0 0% 208 A0% 60% 80% 100
(ft) GR S228<2E 8§ Refefl;ence
1:200 [p gap 0|0 G0 =24 Falis V] 15230 I -
— Average 7.7% Chlorite | E
. 0
— Average 2.74% K-spar e I Im
11575
-11450 7606.3
Average 11.8% Plag - o N .
Dolomite Average: 2.53% Average 1.33% Pyrite [ -
5 5 0, Averags 17 | Vit 7622.3 - _
Calcite Average: 2.49% e
I | Quartz Average:56.1% & 1 &S  |(mw) | 1 || s | 1
116001 % : 1 I
Plagioclase Average: 18.54Y

Illite/Mica Average: 5.54% 11500
Illite/S Average: 5.11%
Chlorite Average: 7.05%  £,,5551

Chlorite  mKaolinite m lllite/Mica mMx I/5*

11625 Feldspar Average: 2.05%

i
Average 3.2% Chlorite
Average 3.58 % K-spar
-11550
Average 12.28% Plag
Average 0.8% Pyrite

Levvvvinnnnensp oo oo e b gy
#
\-______/\

11650

£ 11575

15



Reference
e

1:430

-11700-|

-11800-

Wel

1 Chemostratigrap

Detrital proxies

1y

Carbonate and. redox proxies

COLORADO

MINES
MUDTOC

-11900

-12000

-12100

Drganic Richness
El XRD model
c § Facies a
< W ) Al? «Si02-|- J-TiO2:| K2 i i iTi e ofd . . s Ni . -|*Parms i
T RO R s e i MG R Ol R o - Coce KL SkRea Roriin
= 5 g E e T
T o & ol B
E=s : Y  as = = —
ly laminated silty ne } L3 Homgf0E 3 uE "EER} 1t & | = i L 3
= 2 Pl ) b I e
o % [
5 3 i e ¥ . i [isT
= | e | W m =
T Finely laminated sity £ §zRNEEC 1RE: <ERE Tl | ETTII60 | [ NETHRET iaai
.Ef iy laminated silty T PN 2 =l
= Z o B3
o E e
-7 e =
4 i e
a =3 T H—
E2 53 iy Gilaﬁgnité bed
= ol = i By
{ k4 s '%
laminated silty 3 sl =

16




Well 1 Chemostratigra

Detrital proxies

ohy

Carbonate and. redox proxies

XRD model '
% a0

3-Si02-1- 7r -1-Ti02-1 K20 ,,SiA1l\2

40 % 60 | 100 ppm 400 | 0 % 0.7

rganic Richness -

et ¢ ||

= ‘r'ﬁ -

Sl

il '
N I

T

-12000 &

MW

nely laminated silty sandstone

-12100

1

I
Tfied

i

itatl
(4

TR

'.'. t -,I,_.rl..___ By

# .‘J;"IJ:I.-I,

XL
A

i

-
g

4

1

]

W«w L
lﬁ ﬁ; il f’u

O Excess Silica ) Increase in anoxic environments

a1

COLORADO

MINES
MUDTOC

17



Well 2 Chemostratigraphy MINES
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Well 2 Chemostratigraphy MINES
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Well 3 Chemostratigraphy MINES
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Well 4 Chemostratigraphy
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Well 4 Chemostratigraphy MINES
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Excess silica
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Reservoir quality MINES
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Reservoir Quality MINES
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Correlation Well 1 core area
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Well 1 cored interval isopach
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Correlation Well 2 area
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Well 2 interval isopach
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Correlation Well 3 core area
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Correlation Well 4 core area MINES

MUDTOC
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Well 4 interval isopach
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Architectural elements and depositional _.
environment

COLORADO

MINES
MUDTOC
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e C 7504e]
— Slope |
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Pyles and Slatt, 2007
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Petrophysical model MINES

MUDTOC

Temperature | Rw from Surface Water Resistivity
Pl (e W el S Rw x (Ts + 6.77)
(ohm-m) —
Well1 0.0111 0.168 73.6 0.062 T T 6 77
Well2 0.0087 0.168 68.0 0.071 ( f m T O. )
Well4 0.0100 0.168 68.0 0.087

omatrix — dbulk a * Rw

d ity = —
fd deﬁilo 3, omatrix — 0f luid = Sw ( )
Bulk Dens=RHOB

Den matrix=2.68 or 2.71

40



Well 1

RHOB by COLORADO “+ 000 OF
i [T orosity moae MINES
Core porosity
02 ohmm 2000] 0.3 ft3/ft3 0 WeII 4 MUDTOC
GR R60T DPHI271 We | I 2
Core 02 ohmm 2000| 03 ft3/M3 © Core
R40T DPHI271F08 POROSITY - 2
a _"’ ] L 8 . Core porosity |
Reference | 0 CZ:P?R150 0z :3-?:. 2000 03 DP:?L?:?FOB 0 Core GR T ._1“:".9. =
ft GGRM R20T DPHI268 PHIZTIES
1:600 [0 gAPI 15002 ohmm 2000 0. Rt (DEEp 0.3 - 0 ﬂf‘ . :
$= ey ‘ 3
-11700- resistivity) Fis
i i RT DPHI268F08 5‘_
1 2 ohmir 2000 | 6.3 0 ’ .
L 1 = ):: b m ) DPHI268 gore R Rt.(n-e‘ep, SRR
! g 0.2 ohm.m 2000 | 03 ft3/f3 0| |Reference|® ™ 150| resistivity)| 03 0
L . TBIT30 TNPH (ft) GRAX RT DPHI266F08
L 4 ohm.m 2000 | 0.3 ft3/ft3 -0.1 1:200 chmm 00| 03 0
I 1 TBIT60 DPHI_SAN
F 9 Reference core GR ohm.m 2000 | 0.3 ft3/f3 0 __ 7600 ]
F11800- (ft) & GR TBIT90 ]
F 1 1:200 - 0 gAPI 150 ohm.m 2000 "
I ] 11575 - 7625 C
11900 i ] ] 1 Porosity
L - L i 4 :
- ; i ] ]
i 1 11600 - 7650
L] : ; :
12000 i ] i Fits
I ] E 1 r 1 th
| 1 F11625- .
- ] i ] - 7675 - da
] - 1 ] be
I ] i i 1
12100 C ]
- 1 11650




Well 1 satura

tion models

RHOB
Rtl(l.‘{e'ep 295 g/em3 195 4 5 s
resistivity) iR w o e
Core porosity ' | § matrix= & Sw Sw & matrix: | & matrix:
ohmm 2000 0.3 ft3/ft3 0 271 matrix= | § matrix: | & matrix: 2.68 2.68
RE0T DPHI271 & fluid= 7 27 271 § fluid 5 fluid:
Core GR & fluid= 0 N
02 ohmm 2000| 03 f3/ft3 0 0.8 & fluid:1 | & fluid: 1 0.8 0.8
R4OT m=1.8 08 m=2 m=1.8 m=2 m=1.8
0 (G 02 ohmm 2000 [ =t
Core GR R30T ¢ WATER ¢ | WATER | WATER WATER | WATER WATER
Reference |0 GAPI 150 |02 ohmm 2000 00 % 0[100% 0[100% 0[100% 0[100% 0[100% 0
ft GGRM R20T DPHI268  fswan a7 e ros| sw.an 2 1wascs |sw_ana71 mart|sw anar wn s 61| sw AR 26 osae s anass wn eson 1
1:600 0 gAPI_ 150 |02 ohmm 2000 0. 1 fit3/ft3 0 |1 f3/M3 0|1 A¥/M3 01 fi3M3 01 w3M3 01 f3M3 0 *
(11700 £

El

Col

bl
Al

Grain density equal to
2.71 g/cc, fluid density of
0.8, and m=1.8.

Grain density equal to
2.71 g/cc, fluid density of
0.8, and m=2.

Grain density 2.71 g/cc,
and fluid density of 1 g/cc,
and m=2

Grain density, 2.71 g/cc,
and fluid density of 1 g/cc,
and m=1.8

Grain density, 2.68 g/cc,
fluid density of 0.8, and
m=2

Grain density, 2.68 g/cc,
fluid density of 0.8, and
m=2.
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Well 1 saturation models MINES

Rt (Deep 295 ::235 195 * ! MUDTOC
e Core porosity ' | ﬁmsa‘:rix: s Sw Sw Snf:rix; Ar:av:rix:
02 ohmm 2000( 03 ft3/ft3 O 271 matrix= | §matrix: | & matrix: 2.68 2.68
Core GR R60T DPHI271 & fluid= s 271 27 & fluid: | 6 fluid:
02 ohmm 2000 03 fI3/3 0 0.8 Sfluid= | §fujd:1 | & fluid: 1 0.8 0.8
RAOT DPHI271F08 m=1.8 0.8 m=2 m=1.8 m=2 m=1.8
0 (GG 02 ohmm 2000 o
Core GR R30T * WATER ¢ WATER WATER WATER WATER WATER
Reference |0  gAPI 150 (02 ohmm 2000 10 % o0fw00% ofwo% ofwo% o0f100% 0[100% O
S0l [ Bl Bl e ¥ | vemwaln ma] 1 o u [ gha 10 Rl 1. Grain density equal to
i ol 4 . 0
E1- 1700 E £ o 2.71 g/cc, fluid density of
L B 0.8, and m=1.8.
2. Grain density equal to
cofe : 2.71 g/cc, fluid density of
L d Porjosity >
11800 0.8, and m=2.
3. Grain density 2.71 g/cc,
o and fluid density of 1 g/cc,
better and m:2
i ] 4. Grain density, 2.71 g/cc,
-11900- . .
i 1 and fluid density of 1 g/cc,
[ and m=1.8
[ I 5. Grain density, 2.68 g/cc,
EZE 4 fluid density of 0.8, and
12000 m=2
H 1 = o .

i 6. Grain density, 2.68 g/cc,
fluid density of 0.8, and
m=2.

;12100;
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Well 1 B

Buckles Plot - Linear Well 1

—BVW =0.05

—BVW =0.07

BVW =01

BYW=0.15

—BVWirr =0.018

© Bioturbated Silty Sandstone

@ Finely laminated bioturbated

Siltstone

@ Finely laminated sandy siltstone

O Finely laminated silty sandstone

© Massive sandstone

uckles and Pickett plots

COLORADO

MINES
MUDTOC

© porosity

-
L

Pickett Plot with BVW Well 1

—sw=1
-Sw =08
Sw=06
Sw=04
Sw=02
—BVW =0.05
—BVW =007
BVW =0.1
BVW=0.15
—BVWirr = 0.018
© Bioturbated Silty Sandstone
@ Finely laminated bioturbated
Siltstone
® Finely laminated sandy siltstone:
© Finely laminated silty sandstone.

© Massive sandsione

0.1 1

Resistivity

1000
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Wel

2 petrophysical mode

POROSITY *
. Core porosity «
03 ft3/ft3 0 1 2 3 4 5 6
DPHILIMFO8
Rt (DEEP 0.3 0
. - - Sw
resistivity) || mavie
: 2.71 Sw
AT : DPHI268F08 & fluid= i " i - .
hm.m 2000 | 0.3 0 0.8 2.71 & matrix: & matrix: § matrix: & matrix:
DPHI268 m=1.3 8 fluid= 271 271 .68 2.68
03 ft3/ft3 0 0.8 & fluid: 1 &fluid: 1 6 fluid: 0.8 & fluid: 0.8
TBIT30 TNPH WATER m=2 m=2 L m=1.8
0.2 ohm.m 2000 | 0.3 ft3/ft3 0.1 [1w00% o
C GR ; TBIT60 PHI_SA WATER WATER WATER | ® WATER ® | ® WATER @ | @ WATER
Reference ore 0 (C chm.m 000 100% 0[100% o0[100% 0[100 % 0[100 % O0[100% O
(ft) & GR GR CAL TBITO0 SW_AR LIMFOBM18 | SW_AR LIMFoaM2 | SW_AR_LIMM2|SW_AR_LIMM18[SW_ARF08268_M2| SW_ARf08268_18
1:200 b gAPI 150 | 0 ohm.m 2000 | 2.95 1 ft3/f3 01 f3/ft3 0|1 A3/M3 0] 1 fi3/ft3 0|1 fi3/ft3 O 1 f3/ft3 0
] 2 B
: 1 Core , Cor
’ 5 .
~11575] Poros = —~ B
i ] ot . I .
- 3 = ?-
: - 2 =2 . z
I ] < > }
-~11600- > * :
b A < >
- RL P
>11625ﬁ F'ts * 2
I 1 the & -
] B> .
1 data : .
i A . .
1 bette : - :
L d o =
i. - . .
11650+ N

COLORADO

MINES
MUDTOC

Grain density equal to
2.71 g/cc, fluid density of
0.8, and m=1.8.

Grain density equal to
2.71 g/cc, fluid density of
0.8, and m=2.

Grain density 2.71 g/cc,
and fluid density of 1 g/cc,
and m=2

Grain density, 2.71 g/cc,
and fluid density of 1 g/cc,
and m=1.8

Grain density, 2.68 g/cc,
fluid density of 0.8, and
m=2

Grain density, 2.68 g/cc,
fluid density of 0.8, and
m=2.
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Well 2 Buckles and Pickett plots

0.8 -

o

» Porosity o

o

0.2

Buckles Plot - Linear Well 2

—BVW=0.05
- BVW = 0.07
BVW=0.1
BVW=0.15
— BVWirr =0.018
O Massive sandstone
O Finely laminated silty

sandstone

@ Finely laminated sandy
siltstone

@ contorted beds

Pickett Plot with BVW Well 2

3

COLORADO

MINES
MUDTOC

—

porosity ©

0.01
0.01

0.1

1 10 100
Resistivity

Sw=04

Sw=02

—BVW=0.05

——BVW=0.07

BVW=0.1

BVW=0.15

——BVWiT = 0.025

© Massive sandstone

© Finely laminated sandy siltstone

© Finely laminated silty sandstone

© contorted beds

1000
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Well 4 saturation models MINES

MUDTOC
[ Core * ’
porosity 1 3 4 5 6
RHOBCALC Sw gw Sw - - S
iCore GR s QKTB 255 & matrix= & matrix= 8 matrix: & matrix: & matrix: & matrix:
DPHI271F08 2.71 2.71 271 271 Sen 268
& 0| 6fluid=08 | &fluid=0.8 | 5fluid: 1 Sfluid:1 | sfiuid:0.8 | 6fluid: 0.8 . .
4;{’ m=1.8 m=2 m=2 ot i m-1s 1. Grain density equal to
o (@l . .
Core GR Rt (Deep DPHI268 ® WATER ® |® WATER ®|® WATER ® |® WATER @ |® WATER ®|@® WATER @ 2'71 g/cc’ ﬂuld denSIty Of
Reference |0 9API 150 | resistivity)| 03 ofw00 % of1w0 % 0|10 % 0|10 % 0|10 % 0|10 % O 0.8. and m=1.8.
(ft) GRAX RT DPHI268F08 SW_AR271_M18F08 | SW_AR271_M2F08 | SW_AR271_M2F1 | SW_AR271_M18F1 | SW_AR268 M2F08 |SW_AR268 M18F08 > . .
1:200 | 03 0|1 s o|1 e 0|1 e o]t e o|1 fm o|1 mms o] 2. (Qrain density equal to
- 7600 - 2.71 g/cc, fluid density of
I ] 0.8, and m=2.
— 3. Grain density 2.71 g/cc,
i ] and fluid density of 1 g/cc,
A ] 4. Grain density, 2.71 g/cc,
and fluid density of 1 g/cc,
and m=1.8
I —— ] e, 5. Grain density, 2.68 g/cc,
i 1 < fluid density of 0.8, and
} = > m=2
= > ? 6. Grain density, 2.68 g/cc,
i ] = > fluid density of 0.8, and
- 7675 7 m=2.
L i > b
47




Well 4 saturation models MINES

MUDTOC
| Core * ‘
porosity 1 3 4 £ 6
RHOBCALC i gw S - - o
iCore GR o s S8 Gt & matrix= & matrix: & matrix: & matrix: & matrix:
DPHI271F08 2.71 2.71 2.71 271 268 : 2.68
o 0| 8fluid=0.8 | &fluid=0.8 | Sfluid:1l  squg.1 | shug08 | 6fluid: 0.8
=1.8 =2 =2 = i & . .
I . N " Lo m=2 m=18 1. Grain density equal to
Core GR Rt (Deep DPHI268 | ® WATER ®|® WATER @ |® WATER ®|® WATER ®|® WATER ®[® WATER e 2.71 g/cc, fluid density of
0 gAPl 150 | resistivity)| 03 of10 % 0|10 % 0[100 % 0[100 % 0|10 % 0]|100 % 0 _
Ref((e;ﬁnce GRAX RT DPHI268F08 | SW_AR271_M18F08 | SW_AR271_M2FO8 | SW_AR271_M2F1 | SW_AR271_M18F1 | SW_AR268_M2F08 | SW_AR268_M18F08 089 and m_18
1:200 |0 gAPI 250 |02 ohmm 200003 0[1 f3ft3 0f1 f/M3 0|1 f38 0|1 f33 0|1 f3M3 ol1 3 0| 2 Grain density equal to
- 7600 - . .
I ] 2.71 g/cc, fluid density of
i 0.8, and m=2.
] = 3. Grain density 2.71 g/cc,
i ] S and fluid density of 1 g/cc,
- 7625 - =
[ ] Core and‘m 2 .
] Parosity 4. Grain dgns1ty, .2.71 g/cc,
] = and fluid density of 1 g/cc,
I ] Rits th and m=1.8
L 2650 - data = } 5. Grain density, 2.68 g/cc,
i ] bette > fluid density of 0.8, and
5 >
; B TS B
] - i g 6. Grain density, 2.68 g/cc,
i ] = i fluid density of 0.8, and
- 7675 —
; 1 g S m=2.
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Well 4 Buckles and Pickett plots MINES

MUDTOC

Buckles Plot - Linear Well 4 Pickett Plot with BVW Well 4 —
1 Y ‘
1 —Sw=038
—Sw=08
—BVW =0.05 Sw=04
sw=02
——BYW=0.07 "
_é’ —BVW=005
~-BVW=0.1 w
e —BVW=0.07
- o
BVW=0.15 o A0
= BVWirr =0.018 0.1 BVW=0.15
O Massive sandstone ==Ey= 08
© Massive sandstone
@ Finely laminated sandy
siltstone @ Finely laminated sandy
siltstone
© Finely laminated silty )
© Finely laminated silty
sandstone sandstone
@ Bioturbated Silty @ Bioturbated Silty
sandstone sandstone
@ Sichbuled Siicsous ¢k ad Shceos
judsione

(t".ALOO‘., -
QG200 gt o

0.000 0.200 0.400 0.600 0.800 1.000
Sw

0.01

0.01 0.1 1 10 100 1000
Resistivity
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Well 1 and 2 Flow Units MINES

Qi (]
0

Well 1 = Well 2 )
107

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 00 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 00
115 115

110 110
105

100 100

@O NN DO W W
Sl owowmow

]
S e

Cumulative porosity

Cumulative porosity

w
=

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110

Cumulative permeability Cumulative permeability
[ Massive sandstone 3 Finely laminated silty sandstone [ Massive sandstone = Finely laminated silty sandstone
I Contorted Beds M Finely Laminated sandy siltstone B Contorted Beds M Finely Laminated sandy siltstone
M Bioturbated Siliceous Mudstone [ Bioturbated Silty Sandstone I Bioturbated Siliceous Mudstone M Bioturbated Silty Sandstone
[ Bioturbated Sandy Siltsone [ Finely Laminated bioturbated Siltstone [ Bioturbated Sandy Siltsone B Finely Laminated bioturbated Siltstone
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Well 4 Flow units

=)

Well 4 0
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I Contorted Beds

M Bioturbated Siliceous Mudstone
[ Bioturbated Sandy Siltsone

40
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Cumulative permeability
(I Finely laminated silty sandstone
M Finely Laminated sandy siltstone
B Bioturbated Silty Sandstone
B Finely Laminated bioturbated Siltstone
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Production on the Greater Green River Basin#

MINES
MU

ORADO

DTOC

20,000

0il (Thousand barrels, Mbbis)
g
2 ]

E

Greater Green River Basin Oil and Gas Production

—0il
—(5as

2,000,000

= 1,500,000

1,000,000

= S00, 00

FEPPIFILFIILESTESSSTESS

Production Year

o

Gas [Million cubic feet, MMcf)

Lewis Shale production

10716

Sa

10

https://www.wsgs.wyo.gov/energy/oil-gas-basins.aspx

‘74 7ﬁ 78 80 82 84 86 8
Qil Production

8 90 92 94 96 98 0. 2 4
Gas Production

M- 10107

10°10°

8 10 12 14 16 18 20 22

Water Production

1010

Data provided by Enverus.

* Itis mainly gas producer with some potential for liquid hydrocarbons.
* Between 600 and 675 BCFG with some minor amounts of oil have been produced since 1974.
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Production analysis interval F

MINES

Proppant per Fracture stimulation stage

Total injected per fracture stage
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Wildlife in Wyoming

» 87 species of mammals
* 297 species of birds

* 63 species of fish, reptiles and
amphibians

1) avoid the impact 2) minimize the
impact through appropriate planning
and management actions; 3) mitigate
the impact by providing replacement or
substitute resources; and 4) provide
financial compensation only when no
reasonable alternative is available to
avoid, minimize or mitigate the impact.

Black-footed Ferret

ferrets-in-wyoming/

Sage Grouse
=

https://wgf wyo.gov/ Habit:

ﬂl‘— Il.-? i

at/Sage-Grouse-Management

Prairie Falcon

Ute Ladies Tresses

]

O

COLORADO ¢

MINES
MUDTOC

https://www.fws.gov/mountain-
prairie/es/whiteTailedPrairieDog.php

M https://wgfd.wyo.gov/WGFD/media/content/PDF/

Habitat/SWAP/Birds/Peregrine-Falcon.pdf
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Environmental stipulations
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Conclusions MINES
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* Petrophysical models calibrated with core data proved crucial
to having an accurate model.

* Some of the risks are associated with lateral pinch-outs,
buffers, and baffles.

* Important to keep in mind environmental restrictions and
communicate with BLM and government entities.
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Future work MINES

MUDTOC

Further investigate the effects of chlorite on porosity and
permeability on the sandstones and at which percentage it
enhances or decreases reservoir quality.

|dentify chert provenance.

Extrapolate de petrophysical models to wells around the cored
area when more data becomes available.

Obtain more production data and perform rate transient
analysis and decline curve analyses.
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Well 1

Gravity sediment flows MINES
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Massive mud

Suspension fall out

Parallel cross lamination from a low-
density turbulent cloud. Silt/sand and
mud.

Trailing low-density turbulent
flow.

Argillaceous and commonly mud clast-
'bearing sandstones (linked debrite).

Banded sandstones

Massive sandstones with dewatering
features and dish structures

injected sandstones.

‘High-densit’v turbidity currents

Cohesive debris flow with

Transitional flow deposits

Well 2 | A

S5cm "“ﬁ"‘ thick

Massive mud
Parallel cross lamination from a low-

£ 2 wa L density turbulent cloud. Silt/sand and flow.

mud.

bArgiIlaceous and commonly mud clast-
bearing sandstones (linked debrite).
, Banded sandstones

Massive sandstones with dewatering
.4| features and dish structures

‘Suspension fall out
Trailing low-density turbulent

| Cohesive debris flow with
injected sandstones,

Transitional flow deposits

High-density turbidity currents
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Well 3
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Gravity sediment flows

Wassive mud Suspension fall out

} dens 1y turbuleat cloud. Silt/sandand ~ flow:
mJce.

Parallel cross laminaticn fam 2 law- Trailing low-density turbulent

bearing sancstenes [linkzd decrite). injected sandstones.

Wassive sandstanas with dewstering Figh-density turbid
feawres ard dis

sgliaceous and comronly mud clast-  Cohesive cebris flow with

3anded sandstenes Transitiona flows deposits

v currents

Well 4

Scm -:-lolm thick

Massive mud

Parallel cross lamination from a low-
density turbulent cloud. Silt/sand and
mud.

Argillaceous and commonly mud clast-
bearing sandstones (linked debrite).

_Suspension fall out

Trailing low-density turbulent
flow.

Cohesive debris flow with
injected sandstones.

Banded sandstones

Transitional flow deposits

Massive sandstones with dewatering
features and dish structures

High-density turbidity currents
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Excess Silica MINES
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Zr (ppm)
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Si02 (%)

[ Massive sandstone 3 Finely laminated silty sandstone

B Contorted Beds M Finely Laminated sandy siltstone

I Bioturbated Siliceous Mudstone [ Bioturbated Silty Sandstone

[ Bioturbated Sandy Siltsone M Finely Laminated bioturbated Siltstone
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B Finely Laminated sandy siltstone

B Bioturbated Silty Sandstone
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