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RESERVOIR QUALITY OF 84 TERTIARY SANDSTONES
FROM THREE EXPLORATORY WELLS, BRISTOL BAY BASIN,
ALASKA PENINSULA

by
Kenneth P. Helmold', Donald W. Brizzolara!, and Rocky R. Reifenstuhl?

INTRODUCTION

The State of Alaska began holding areawide oil and  Basins #1, on the Alaska Peninsula (fig. 1). The wells
gas lease sales for the Alaska Peninsula on October 26, were chosen for study because conventional cores or
2005 (fig. 1). The Department of Natural Resources conventional core chips were readily accessible. Wells
(DNR) has instituted several studies aimed at providing ~ with only cuttings were excluded from study but may be
data necessary for the resource evaluation. This report — examined in future efforts. The North Aleutian COST #1
documents one of these studies undertaken by DOG to ~ well was sampled at the ConocoPhillips Bayview core
determine the quality of potential Tertiary sandstone facility in Anchorage, Alaska, by Division of Geological
IeServoirs. & Geophysical Surveys (DGGS) personnel. The Becha-

Eighty-four thin sections of siltstone and sandstone  rof State #1 and Great Basins #1 wells were sampled at
were examined from three exploratory wells: Arco the Alaska Geologic Materials Center (GMC) in Eagle
North Aleutian COST #1 (30 km [18.6 mi] offshore), River, Alaska. Where possible (Becharof State #1 and
Amoco Becharof State #1, and General Petroleum Great  North Aleutian COST #1), 2.5-cm- (1-inch-) diameter
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Figure 1. Shaded relief map of the Alaska Peninsula showing the lease sale area and location of oil and gas wells.

!Alaska Division of Oil & Gas, 550 W. 7th Ave., Suite 800, Anchorage, Alaska 99501
2Alaska Division of Geological & Geophysical Surveys, 3354 College Rd., Fairbanks, Alaska 99709-3707
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plugs were drilled from the conventional cores to obtain
thin sections and porosity—permeability (¢-k) measure-
ments from the same sample. Only small core chips
were available for the Great Basins #1 well, so no ¢-k
measurements could be obtained. Routine ¢-k data for
exploratory wells on the Alaska Peninsula were compiled
from the State of Alaska Division of Oil & Gas’s (DOG)
well files to augment data collected during this study.
Additional previously-reported porosity and permeabil-
ity data from Tertiary and Mesozoic outcrop samples
(Reifenstuhl and others, 2005; Strauch and others, 2006)
are included for comparison (table 4).

Bristol Bay—Alaska Peninsula region, overview of 2004—2007 geologic research

types. All thin sections were stained for K-feldspar with
potassium cobaltinitrate (Laniz and others, 1964) and
for carbonates with a combination of alizarin red S and
potassium ferricyanide (Dickson, 1965, 1966; Lindholm
and Finkelman, 1972). Thin sections were prepared by
Mark Mercer (Petrographic Services, Montrose, Colo-
rado). Point-count analyses consisting of 300 points per
sample for composition and 200 detrital grains for size
were conducted by Michael D. Wilson (Wilson & As-
sociates, Lakewood, Colorado). Petrographic results are
provided in tables 1 and 2.

The samples are primarily from the upper | Ma PERIOD AGE EPOCH FORMATION  |POTENTIAL
Paleogene and Neogene portion of the strati- e iy T
graphic section. They encompass the Oligocene 104 el R
Stepovak, Miocene Bear Lake (including the Miocene R
Unga Member), and Pliocene Milky River For- 20 Unga Cgl. S
mations (fig. 2). These units were purposefully a0 E.' on
chosen for initial investigation because of their 3 igocene Stepovak g
high likelihood for containing reservoirs of 40 1 E
good to excellent quality due to their relatively 50 Eacene
young age.
Detailed modal (point-count) analyses were 60 Paloocene
performed on 47 samples to obtain quantitative -
. . . . . . 70 4 Maastrichtian
estimates of detrital and authigenic mineralogies. et | I
X-ray diffraction (XRD) and scanning electron 80 Campanian £
microscope (SEM) analyses were conducted ) i
vy an , 90 { ——
on 19 samples to identify and quantify the clay = peo——
mineralogy of the sandstones. The SEM micro- | 10 1 8
graphs are also useful for estimating the type and Q Alblan
distribution of porosity and cements. This report | 1197 E
is primarily intended to release these data ina | 45 | dl_.'l E"‘p":': -
timely manner for use in the evaluation of the &) H:"":M:n Herendeen (R)
basin’s petroleum potential with the hope they | 1301
might encourage future exploration. As such, ralanginian Staniukovich (R)
. . R . 140 1 Berriasian
detailed interpretation of the data and evaluation R
. . . . Tithonlan
of regional trends of reservoir quality are lim- 150 4 S
ited. Recent work by DGGS documents various el E:::m:" R
aspects of the structural geology, sedimentology, 92 pvT—— Shelikorf
stratigraphy, and petroleum geology of Bristol | 170 g Bathonian
Bay and the Alaska Peninsula (Reifenstuhl and © s
others, 2005; Finzel and others, 2005; Decker | 1891 E ERES
and others, 2005; Strauch and others, 2006; 1904 ™ Toarcian
Loveland and others, 2007). Pliensbachian
200 1 Sinemurian Talkeet
Hettangi a na
METHODS 2075 =
THIN SECTIONS ol B Noran s
All sampIe.s were impregnated with blue- g FePp—
dyed epoxy in a vacuum for 30 minutes | 2301 = Ladinian 5 (Green) = il-prone source
followed by the application of high pressure - Anisian § (Red) = Gas-prone source
=1L 777 R (Blue) = Potential reservoir

(1,500-2,000 pounds per square inch or psi) for
at least 8 hours. This procedure ensures complete
impregnation of even the most impermeable
samples and facilitates the recognition of pore

Figure 2. Composite stratigraphic column of Bristol Bay and the Alaska
Peninsula (modified from Burk, 1965, and Detterman and others,
1996).



37

Reservoir quality of 84 Tertiary sandstones from exploratory wells, Bristol Bay basin, Alaska Peninsula

00 00 00 00 00 00 00 €8¢ 00 0¢ €1 €ee 00 €ty 1'8¢C L'6€ I4-moling/aeulwe
L'/ 0'6¢ €'6¢ €lc €6¢ €T 0¢ct 00 08T L've €8T 0¢ L'€C 09 L6 09 Ausoiod
00 00 00 €0 00 00 00 €0 00 00 €0 00 0¢ L0 L0 €0 juswag Jayio
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 JUswiay Ajeuy
L0 €0 €0 00 00 €0 L0 0¢ 0’8 LC €0 L0 00 00 00 00 wswa) Ae|o
o€ LT 0¢ 00 €0 00 14 00 00 00 00 00 €8 00 00 00 juswia) areuoqred
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 swa) Jedspjad
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 juswald eal|IS
0T 0T €0 0T 00 €0T L0 06 €0 0T L9 €/l 00 06 L'TT 0's XUTe [eyad
00 00 00 L0 €0 00 00 o€ 00 00 0T LS LT 0T 0T €0 feuiseqenu| Jayio
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 areydsoyd
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 SjuooNe|9
00 €0 00 00 00 €0 LC 0T 00 LC 0¢ €0 00 00 L0 €0 [enarew d1uebio
LT L¢C o€ 0¢ €€ €€ €1 LT L0 0T L8 LT L€ €¢ Lc 0¢ urelb payenuasagipun
€0 L0 €S 20T o€ €1 L0 00 00 00 L0 0T €¢ €1 LT €1 [esaulN AneaH
L0 €1 LT €0 L0 00 00 L0 00 €1 0¢ L0 00 0T 0T 00 BN
L'S 14 o€ €9 €11 L9 €1 L€ L8 €S L9 €9 01T L'y L) 0's Hayd
14 €¢ € 0¢ 0¢ LT 0€ €0 L€ 0T L¢C LT €V 0T 0¢ €€ 4y Arejuswipas
0Tt €9 0’8 L€ LS €c 0¢ 00 LC 0T 0¢ 0T €9 14 L'y L'E 44 d1ydiowels |y
L'ST 0'S¢e €T €97 L'ST €8¢ 129 0'Se €vE €0¢ €6 0€T LS €€ 09 L9 4y JIUBd|0A
(4 LC LC €€ €¢ LT L0 0T 0¢ o€ L0 €€ €¢ L0 LT 0¢ 4y duoinid
€€ 0T o€ o€ ov L 0T 0T L¢ LC o€ 0¢ 09 0¢ L€ L¢C Jedspjad-)
€11 €6 L6 €1T L0T 01T oy €01 0’8 01T 0ct €/l 08 0's €s €s asejoolbe|d
€¢ o€ €€ €¢ 09 LY L0 0T €€ 0's L€ €S 14 Ly L€ LY zuenQ auljfeish1dhjod
€9 0’6 L9 €6 €9 08 €¢ LT L9 eVT L'8T €L €017 L6 €9 L0T zrenQ) auljje}sA1oo0uo

‘S3OVINIDH3d HOO0YH I TOHM
S'¢ 6€ vy 8¢ L'y 9v 91T €€ 60 7T 6'TT 6¢C 9'S L'S 'S Ty urelf payenuaiayipun
00 00 00 60 S0 00 00 09 00 00 Vi 00T S¢ v'e 0¢ L0 feuiseqenu| Jayio
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 areydsoyd
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 SjuoINe|n
00 S0 00 00 00 S0 4 0¢ 00 8¢ LT 90 00 00 ) L0 [enarew od1uebio
S0 0T 8L 0'sT € 6T 80 00 00 00 60 8T S€ €€ V'S LC [esauly AneaH
0T 0¢ S'¢ S0 60 00 00 €1 00 6T LC 1T 00 e 0¢ 00 BIIN
V'8 ¥'9 vy 68 79T €6 91 €L 81T L', 16 ¢Tt 29T Jan §'sT ¢ 0T Hayd
7’9 7'e 7’9 8¢ 8¢ €¢ 9'¢ L0 0's 7T L€ 6¢C 99 v'e Ty 8’9 44 Argjuswipas
€97 €6 81T Ts 78 (A v'e 00 9€ 71 L¢C 8T 96 90T S'6 S, 4y oydiowelsy
[4%4 8'9¢ §'S¢e 6'¢C 544 7'6€ T9L L6 9'9¥% 2'6¢ 8¢t 6'¢C 9'8 T8 x4 9'€T 4 JlUed|oA
6'S 6€ 6°€ LYy €€ €7¢ 80 0¢ Ty €y 60 6'S S€ 91 Ve 19 4y doinid
6% ST vy 44 LS L€ 1 0¢ 9'¢ 8¢ Ty g€ T6 6% V'L 'S Jedspjad-)
29T L'ET 4% 6'ST 21 €§T 6V §'0¢ 60T 8'ST V9T 6°¢T x4% (x4 8'0T 6°0T asejoolbe|d
v'e a4 61 €€ S8 S'9 80 0¢ Sy [ 0's 7’6 9’9 V1T V'L S'6 zpenQ auljfeisk1djod
v'6 CET 8'6 TET 9L 1T 8¢ €€ 06 9'0¢ 9's¢ 6¢T LGT 9'€C 8¢t 8'1¢ zenQ auljie)sA1oouo

‘SIOVINIDHId XHOMINVHS
9T ST VT €1 ¢l T 0T 6 8 L 9 S 14 € 4 T d39ANN 1O1d
El<lo)e] Ello)e] Elslole] Elslo)e] Elslo)e] Elslee] Elslo)e] Elslo)e] Elclee] Elslole] Elslo)e] Ello)e] Elslole] El<lo)e] Ello)e] Elslele] 3AdAL I1dNVS
e’ jeag EEUC] >v=__>_ 19AIY >v____>_ 1BAIY \nx___\,_ 1OAIY \Av____\/_ 19AIY >v____>_ 1Ny \Ax___\,_ v_m>On_wuw v_m>OQwum xm>OQWuw v_m>0n_mzw v_m>OQwuw ebun a)eT leag a)eT leag e’ jeag I_I_ZD
pu o pu U pu o U o o ‘pu pu o o U pu pu HLd3d 907
¥'8L9€ |L'vvlc |S'Tvlc |9'8€l¢ |SVE€LC |L'6¢/¢ |S9¢/C |S°/S66 |0°'GE98 |0°/808 |0'€908 |0'€E66S  |0'VECS |0'861F  |0°L6IY  |0°'S6TV H1d3d 3400
T1S Joreyoag| T1S joreyoag| 1S joseyoed| T1S Joreyoad| T1S joreyoad| T1S joreyoed| T1S joreyoed| T uennaly ‘N| T uennaly ‘N| T uemnaly ‘N| Tuennaly ‘N| T uennaly ‘N| T uepnely ‘N| T uemnaly ‘N| Tuennaly 'N| T uennaly ‘N RREIY

‘sojduvs a2ovfansqns Avg [03s1ig Jo sasdpup drydp.iSoljad fo Livwwng | 2]qo]




Bristol Bay—Alaska Peninsula region, overview of 2004—2007 geologic research

RI'2008-1C

38

L'GE LS 0TI LT €9¢ oee 0'€s 0'Te L6 €¢ €T 00 00 00 lli4-moiing/aeuiwe
L'TT €VT 09T €8T €17 L'S 0¢ L0T €0 00 00 €ce €8¢ 0'6¢ Ausolod
L0 00 00 00 00 €0 00 L0 00 00 €0 00 00 00 juswal Byio
00 00 00 00 00 00 00 00 00 00 00 00 00 00 Juswiay andeuy
€0 €0 L0 00 00 00 00 L0 €€ 84 o€ €0 0T €0 wawa) Ae|p
L0 L0 L0 00 00 00 00 00 L€ 0¢ LC 06 oy LC juswiad 8reuoqsed
00 00 00 00 00 00 00 00 00 00 00 00 00 00 WawaQ Jedspja4
00 00 00 00 00 00 00 00 00 00 L0 00 00 00 Juswiad eljiIs
00T L8 €L 0¢ €9 L8 €€ 00T ov 0/ oy €¢ L0 €0 XUjeiN [exnada
00 LT L0 00 00 00 00 0T 00 LT 00 00 00 00 [euiseqelu| J3y1o
00 00 00 00 00 00 00 00 00 00 00 00 00 00 areydsoyd
00 00 00 00 00 00 00 00 00 00 00 00 00 00 |juoodne|o
L0 L0 L0 L0 0T €0 00 0T L0 LC 0¢ 00 00 00 [euarew djuebio
€€ LT LT LC o€ LC LT €1 0's €9 oy L'y €T LT urelb payepualayipun
LT L0 €T 0L 0¢ LT 0¢ LT €0 00 00 0T €¢ €T [esauIn AneaH
L0 €0 €0 €0 L0 €0 L0 00 €T L'/ L0 €T 00 €0 BIIN
0's L'/ L1T €/ N4 L2 LT L€ 08T 06 €01 09 €L €9 Hayo
L0 L'ET €9 0¢ €0 €T L0 LC o4 o€ €0 LS oy o4 4y Arejuswipas
€¢ L'S 09 L'S LT 0¢ L0 0T €ctT €LT 06T L9 00T €01 44 aiydiowrelay
0’6 L'E€T 0’8 €0¢ LvT 0'ST 09T o've o€ 09 L€ €€l €91 €91 4y JluedjoA
o€ ov 09 L€ o€ 09 0¢ o€ 00 0¢ €1 o€ 0'S L'y 44 duomn|d
00 €€ L0 €¢ 0¢ L 0T €T €0 00 €0 €T €c LT Jedspjad-y
€s 00T L'L LvT 0, €6 0, ,L'8 00 LT €0 €EeT €9 €01 ase|oibeld
€c 0T €v €y 0¢ LC LT €T €81 L'TT L'lc LC o€ LC zpenQ auljeisAioAlod
0L €9 €8 0L €V L'S L'S €9 €ST €ST €8T L9 €L 0L zpenQ aul|[eIsAI00uoN

:S39V.INIDHId ¥OO0H I TOHM
18 Ve 9¢ Ve S'9 TS v €¢ €9 S, Sy T, 0¢ S¢ urel pajenualayipun
00 Ve 0T 00 00 00 00 8T 00 0¢ 00 00 00 00 [euiseqenu| Jay10
00 00 00 00 00 00 00 00 00 00 00 00 00 00 areydsoyd
00 00 00 00 00 00 00 00 00 00 00 00 00 00 |juodne|o
91 60 0T 60 x4 90 00 8T 80 [ €¢ 00 00 00 [euarew djuebio
Ty 60 T¢C 06 €V 4 6V 6¢ 0 00 00 ST S'€ 0¢ [esauIn AneaH
97T S0 S0 0 V1 90 91 00 LT T6 80 0¢ 00 S0 BN
¢ctl 60T 78T v'6 v'6 TS v 7’9 8'¢c 20T L1T T6 T1T v'6 Hayo
97T 7’61 8'6 9¢ L0 ¢ 91T L'y S'S 9t 0 98 79 7’9 4y Areyuswipas
LS T8 €6 €/ 9€ 8t 91T 8T 96T 9'0¢ 9'T¢ ToT ¢St €4aT 44 aiydiourelay
0'ce 7'6T | &4% 19¢ 6'1€ 1'8¢ €6 Tcy 8¢ 1. (44 20¢ L've Tve 4y JluedjoA
€L LS €6 L'y S'9 STT 6V €S 00 Ve ST Sy 9/ 69 44 duoinid
00 Ly 0T o€ €V TS S¢ €¢ 0 00 0 0¢ S'€ S¢ Jedspjad-y
0'€T (44" 6'TT 88T 41 8.1 ¢LT 41 00 0¢c 0 ¢0c 96 o1 ase|oibe|d
L'S VT L9 9'S o4 TS Ty €¢ 2'ee 8'€T v'ie oy SV 6'€ zpend auljfeishiofjod
T/1 06 0'€T 06 v'6 8'0T 6°€T TTT 6t 28T 8'0¢ ToT TTT €01 zyend auljfeisAioouop

‘SAOVINIOHId XHOMINVHS
[43 0€ 6¢ yx4 9 14 ve €¢ [44 Tc (4 6T 8T LT 439NN LO1d
jojo)e) 200 200 200 200 200 200 200 Ello)e) Ello)e) Ello)e) 3422 Ello)e) 3422 AdAL ITdAVS
ayeT] Jeag e Jeag 2)eT Jeag 19Ny \Av____\/_ PEVN] >v___§ PEVN] >v::2 PEVN] >v=__2 19AIY >v=__2 xﬁ)OQwuw v_.m>OQmuw v_.m>0n_wuw a)eT Jeag e Jeag e Jeag n_v_ZD
pu pu pu Py Py Py Py Py Py Py Py Py Py ‘pu H1d3d 901
0'668¢€ 0'€68€  |0'068€ OvTI8T |0'¢9E€T |0'09€T |0'9SET  |OPSET  |8'TE€6L |0'ST6L |OV06L |[P'¥V69€ |E'T69E  |9'889€ H1d3d 34020
[T suisegd jeal9 [T suised Jeal9 (T suiseq jealo T suisegd Jeal9 (T suiseq Jeal9|T suised Jeal9 (T suiseq Jeal9|(T suiseg jeal9| T 1S joreydag| T 1S joreydag| T 1S joreydag| T 1S joreydagd| T 1S joreydag| T 1S joreydsg l_l_m>>

‘panunuod—sajduns aonfinsqns Avg joisiig fo sasAipup drydp.adonad Jo Lipunung | 2]qu]




39

Reservoir quality of 84 Tertiary sandstones from exploratory wells, Bristol Bay basin, Alaska Peninsula

€v 00 00 00 €S oy L0 €0 L'y 0¢c 06 '8¢ 00 06 0'/¢ llI4-moling/aeuiureT
00 00 00 00 €¢ LS €6 €6 ov €41 0L 00 €€l L6 L'ET Aysolod
00 €¢ 00 €0 00 €0 00 00 €0 00 €0 00 00 00 €0 Juswa) JBLYlIO
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 Juswia) aloeuy
€017 0'€e L'€C L'0¢ L'8 L9 L€ 0¢ L'T L'T 0T 0T L'T L0 L0 wewa Ae|o
€1 €9 08 €8 00 00 €0 L0 €0 00 L0 €8 09 0T x4 Juswia) areuoqred
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 wawa) Jedspja4
€0 00 00 00 €0 €0 00 00 €0 00 €0 00 00 00 00 juswia) oIS
0'S ov €V L9 €0T L'S L6 L'0T L'L 09 0ct €9 €41 €917 €€ XUreN rexad
00 00 00 00 00 00 L0 L0 00 €0 00 00 €0 00 €0 feuiseqequ] Jsyio
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ajeydsoyd
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 Sjuodne|9
00 00 00 00 €0 €0 0¢ €T €0 o€ L'T 0T L0 ov L0 [erarew ouelio
0T 0L €S LS €0 0¢ L'y L'y 09 L€ 0¢ LT L€ 0's €0 uresb parenuaiayipun
00 L0 00 €0 00 00 0T L0 L0 00 00 00 00 L0 LT [esauiy AneaH
L0 L0 00 €0 L0 0T €S 08 L'y LT 0T 0T €¢ o€ 0T BN
L'G¢ 1'8¢ 0've €ve €0 L0 00T L0T L'L €8T L'TT L'L €11 €6 09 Hayd
ov €€ L'y 0¢ 00 00 €V oy L'y €€ o€ o€ o€ €0 L'y 44 Arejuswipss
LC ov o€ €S L0 0T L'y €€ LS L'y 09 L'y L8 0¢ L€ -4y olydiowelsy
0've L'ET €61 €1¢ L'E €€ (k4 €T ov €8 L'0T €6 L'8 1504 0’0t 4 JIUBJ|OA
€7¢ €¢ o€ 0¢c 44 €€ec €1 €0 0T LT L'y o€ €¢ 00 oy 4y dluainid
0T 0T L'T €0 0¢ ov L€ €c ov 154 09 L'S L'S L'S €1 Jedspja4-)
L'y €0 L0 €0 o've 0's¢ 0L L9 L9 L'y L'y L oy LS €6 aseoibeld
0T 0T L0 €0 L'0T L' 09 L€ 0L 0'S €9 €¢ €¢ €9 €€ zpen auljfeisAiohjod
€1 LT 0T €1 0L 0’8 L'€C €6¢ '8¢ 09T o€t L'ET L6 0.1 09 zpend auljfeisAioouop

:S39VINIOH3Id ¥O0d ITOHM
€1 60T €8 6'8 S0 9¢ 79 T9 V'L 67 6'¢ 0¢ 8'S 6L 90 urelb parenualayipun
00 00 00 00 00 00 60 60 00 7’0 00 00 S0 00 90 [euiseqeau] Jaylio
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 areydsoyd
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 5]
00 00 00 00 S0 7’0 9¢ LT 7’0 ov v'e 81 0T €9 €1 Jeuorew oluehiQ
00 0T 00 S0 00 00 €T 60 80 00 00 00 00 TT € [esauiy AneaH
80 0T 00 S0 60 €1 0L 70T 8'S [44 VT 81 L€ L'y 6T BIIN
9'¢ce vy S'LE 0'8€ S0 60 TET 6'€T S'6 v've 29T 8¢l 8.1 LVT STT Hayd
T8 Z2'S €L T¢ 00 00 L'S Z2'S 8'S 'y 1504 'S L'y S0 68 44 Areluswipss
Ve 29 L'y €8 60 €T 79 €y 0L 29 9'8 '8 9'€T A 0L -4y olydiowelsy
(434 2'1e 2'0g €ee 0's €V 9¢ LT 61 T1T €97 89T 9'€T 8'9 T6T 4 JIUed|OA
o€ 9€ L'y TE 9'0€ [0 LT 7’0 T x4 L9 'S L€ 00 9L 4y dluainid
€1 9T 9¢ S0 L'C 2'S 8v 0€ 61 8'G 9'8 20t 6'8 6'8 S'¢ Jedspja4-)
6'S S0 0T S0 6¢E € 4 L8 28 29 L9 8V €9 68 8.1 asepoibe|d
€1 9T 0T S0 9Vl 6'6 6L 8V 9'8 L9 L'/ v 'S 0ot 7’9 zen aul|eishiohjod
LT 9¢ 91 T¢ 9'6 €01 0'Te 18¢ ¥'SE €1¢ L'8T 9'v¢ 41 8'9¢ ST zpenQ) auljeisAioouop

‘SA9VINIOHId HHOMINVYHS
Ly £l4 14 |44 194 [44 144 oy 6€ 8¢ LE 9€ Ge e €€ d39ANNN 1LO1d
2002 200 jo}e)e)] jo}e)) 200 jo}e)] 2002 2020 jo}e)e] jo}e)) 200 jo}e)e] j0}e)) 200 jo}e)e] 3IdAL I1dINVS
Menodals Menodelrs Nenodars Meaodels oMe Jeag |exeTleag (oyeJeag |eMelJleag (oMelleag |eyeTleag |eyeJeag |evelleag |oMelleag |oyeTleag |oye7Jesg 1INN
pu ou pu pu Pu pu pu U pu pu U pu ou U pu HLd3d 901
0¢/90T |0'¢8S0T |O'T8SOT |0'08SOT |0'S¢86 |0'€C86  |0'9€C¢8 |0°/¢¢8 |0'9T¢8  |0'0609 |0'€809 00809 [0V9vS |0'Sv6¥  |0'C06€E HL1d3d 3402
[T suiseg 1ea19 T suiseg 1eaio [T suiseq 1ealo|[ suiseg 1eal9|[T suiseg 1eaI9 [T suised jeaio [T suiseq 1eal9 [T suiseg Jeal9|T suiseg 1eaio [T suiseq jealo [T suiseq 1eal9|T suiseg 1ealo [T suised 1eaio [T suiseq Jealo|[ suiseq 1eald RREINN

‘panunuod—sajduns aonfinsqns Avg joisiig fo sasAipup drydpv.a3onad Jo Lipunung | 2]qu]




Bristol Bay—Alaska Peninsula region, overview of 2004—2007 geologic research

40 RI2008-1C

aouepunge urelb a|onp Jo ayewnsa [eladi| 810N = ZIN/Zd/zy
aouepunae urelf aji1onp Jo arewnNsa dANRAISSUOD 10 = TIN/TA/TH

XUYeW / sureio

1oNq / surelo pibred = N/a/d

XUIeA / JuswaD / Ausoiod = N/O/d
XU / JUBWaD / Surels) ylomaweld = N/D/H

TIvelISL 2/8T/18 T/12/8L 1/6/68 0/21/88 €T/9/18 TIET/L8 6%/CT/6E |0/¥T/98 ¥/TT/S8 TT/9T/EL  |EV/ZTISY |0/02/08 8G/0T/EE  |9V/ET/TY  |6V/TT/OF ¢IN/ed/ecd
TiveISL 2/81/18 T/12/8L 1/6/68 0/21/88 €T/9/T8 T/IETIL8 6¥/CT/6€ |0/7T/98 ¥/TT/S8 TT/9T/EL |EV/ZTISY |0/02/08 8S/0T/EE  |9V/ET/TY  |6V/TT/OV TN/TA/TH
2/TE/89 c/te/LL 1/82/eL CIET/98 0/9T/¥8 T/LILL T/ET/98 9S/VTITE  |T/9T/V8 S/IVT/18 V¥T/02/99 |L¥/vT/6E |0/L2/EL 29/0T/LC  |ESIVIIEE  |VSICTIVE N/ard
€/TT/98 €/9/T6 T/LIZ6 €/T/S6 0/1/66 LE/T/29 ¥/82/89 S6/S/0 T/0€/89 0T/6/18 0€/2/89 ¥6/2/S 0/0€/0L 68/T/0T 08/T/6T 88/1/¢T WN/O/d
T/SIv6 T/E/96 0/€/96 T/0/86 0/0/00T €T/0/.8 T/9/v6 L¥/2/0S 0/0T/06 vIvIZ6 0T/T/68 TV/T/8S 0/vT/98 9S/TIvv SP/T/SS 81/0/2S W/O/d
SE/TSIVT  |6T/vLI8 12/8S/ST  |9T/2L/eT  |#2/99/0T  |1/L8/9 £/68/8 0/S8/ST 117816 ¥/18/ST CT/SS/EE  |S/09/SE SE/TE/EE  |Sv/VEITC  |EE/Cv/9C  |92/LvI8T W/A/-s1
0€/ev/LZ |LT/S9/8T |v2/€S/ce  |E€T/9S/TE  |9T/SY/6E  |9/CLiee €//8/0T 0/9L/v2 §/0L/S2 €/19/0€ 8/6€/2S ¥/9%/0S 22/02/6S  |0€/EC/Ly  |T2/LZ/2S |6TIVEILY W/A7/+ST
12/8v/SC  |ST/L9/LT |€2/LS/TC  |TT/19/8C |ST/8V/LE |9/€ELITC €/88/0T 0/9L/ve SITLIve €/0L/.2 8/Tv/TS €/2S/SY 0c/9¢/vS  |6¢/Lclvy  |0cC/cEl8y  |9T/EV/OY wr/r/+s
9T/¥SI0E  |S/8VILY 9T/0S/¥E |ET/8Y/6E |0C/ES/LZ  |ZT/TS/LE  |VT/SS/CE  |8I6LIET ST/9v/8€  |OT/6E/TS  |6/9€/SS CTivvlvy  |SZ/EE/Cy  |CTIOE/8S  |PC/SE/TY  |vT/62/LS NIEIITe)
VT/LvIOv  |\VI2vIvS ET/EVIVY  |CTIVVISY  |ST/Tv/vy  |OT/2v/8Y  |ET/OS/BE  |LIVLI6T €T/6€/18V  |8/2E/09 8/2€/09 6/€€/8S 12/82/TS  |6/€2/L9 6T/82/€S |TT/€Z/99 Mid/O
TT/8€/1S  |V/SEIT9 CT/BE/TS  |6/SE/9S TT/62/T9 |8/EE/6S TT/EV/9Y  |9/8S/9€ 6/.2/79 1/82/99 2112199 1/92/19 ST/0Z/S9  |8/6T/EL v1/02/L9 |6/6T/CL Mid/+O
89/€C/0T |0L/9T/PT |0L/6T/OT |99/TC/ET |0L/22/8 89/0¢/2T |T6/9/€ €L/ECIE 9./5T/6 65/02/TC  |8v/€2/6C |OL/LT/IET |T9/22/LT |LS/8T/SC  |L9/6T/VT |09/LT/EC ¥1/4/wd
€9/22/ST  |99/9T/8T |S9/6T/ST  |€9/T¢/LT |T9/22/LT |29/02/8T |06/9/% TL/E2IS CL/ST/¥T  |0S/0Z/0E |Zv/€C/SE  |09/LT/EC  |vS/Celve |SvI8T/LE |6S/6T/CC |0S/LT/EE /410
§s/gz/ee  |6S/9T/SC  |T9/6T/0C  |€S/T2/9C  |vvice/ve  |2S/02/82  |88/9/S ¥9/€C/ET  |09/ST/9C  |EV/OC/LE |CEIET/SY  |8Y/LTISE |9€/CC/Ty  |EE/BTI6Y |ZvI6T/6E  |OV/LTIEY -1/41+0
‘SHILINVEHVd AHVYNIIL
8€0 850 Tv'0 8€'0 8€'0 190 980 ¢L’0 990 650 SE0 6€°0 LT°0 6T°0 [44) 820 /A
1.0 060 9.0 6.0 €L0 080 08’0 160 S.°0 080 080 6.0 LS50 1.0 650 290 d/id
4 T4} €€0 0co €50 LE0 [440) 8€0 €E0 S¢'0 910 ro 0€0 €E0 SE0 0€0 0/dd
LE0 120 €20 SE0 0S'0 €0 T€0 850 97’0 120 €20 €e0 €v'0 Gco (40 Gco +0/0
Sco 6T°0 (444 110 ¢l’o 6T°0 €10 190 ¥T°0 ST'0 120 SS°0 0co 290 650 090 (z1a)  z xepul Aumong
4 8T°0 [44) 01’0 1o 100 €T°0 20 ¥T°0 1o 8T'0 120 0co [44) 44 [44) (2190) z xapu| ures a|ANQ
90°0 800 200 €10 000 690 900 080 €00 .20 0 8.0 000 980 6.0 18°0 (t1a) T xepul Aupong
900 800 200 €T°0 000 690 900 080 €00 .20 o 8.0 000 980 6.0 180 (T19Q) T Xapul UreIo 3RANQ
ce0 €20 820 ¥T'0 9T'0 €20 ¥T'0 690 9T'0 6T°0 €0 190 120 €L0 190 990 (1a) xapu| A
1€0 120 820 €T°0 9T'0 600 ¥T°0 €0 910 ST'0 €20 9¢'0 .20 120 0€'0 .20 (19Q) xapuj ure1s aANg
‘pu ‘pu pPu ‘pu pu pPuU ‘Pu Pu ‘pu ‘pPu Pu ‘pPu ‘pu pu ‘pu pPu SSaupunoy ureio
em ‘pow 1om ‘powt ‘pow ‘pow TE ‘pow lem ‘pow TEIA ‘powt B ‘pow B ‘pow Bunios syjo4
TEVO €150 Svv’0 /TS0 6750 2850 2970 6¥S°0 8.¥°0 950 re0 1790 L0¥'0 6090 2870 0TS0 (1yd) Buios maweld ‘sealy
qw 1 N} w w qw w au nw n} A nuw n} qw w au SSe|D 3ZIS YUuomiusp\
.20 29T'0 5020 .20 6520 0920 6520 1920 20¥'0 LEC0 TTT0 9.€0 1€20 1,20 G620 €820 (ww) 8215 urel9 mawel] ‘seay
llom ‘powl [lam ‘pow ‘pow Jood ‘A |'pow j00d ‘A [llom 1ood Jood Jood ‘A [|lam Jood ‘A [100d A [100d ‘A Bunios syjjo4
CEV0 TS0 9vv'0 6TS0 0SS0 69¢'¢ 7SS0 8¢Ee 6,70 000'T SS9'T GGS'E 80¥'0 SLTE Lvy'E 655 (iyd) Bupiog painsesy
qw 1 ni qw qu i qw So nw n} A SO ni SO SO So SSe|D 3ZIS YLOMIUBS\
.20 29T°0 S0C'0 .20 6520 29T°0 S50 ¥€0'0 20v°0 1220 980°0 ¥50°0 €20 2€00 6€0°0 G€0'0 (ww) 3215 ureln painseay
[IBM ‘pow IELY ‘powr ‘pow ‘pow [I°em ‘pow [IsMm ‘pow IELLAY ‘powr IELY ‘pow [IELY ‘pow mc_tow S04
TEV'0 €150 Svv'0 /TS0 6750 2890 29%'0 61750 8.¥°0 950 Tve0 1190 L0¥'0 6090 2870 TS0 (1yd) Bunios [ensip
u i) N} u w w uw w nuw N} A nuw N} u uw w SSe[D 3ZIS YUOMIUS
.20 29T'0 S02°0 .20 6520 920 6520 1920 20¥'0 LECO TTT°0 9/€0 T€C0 T1.2°0 S62°0 €820 (ww) 8zIS ureso [ensipn
00°'0SST |00'¢SOT |00'960T |00'6¢TC |00°0L¥E |00'6T8 00'0¥0C¢ |1/80 860 00'85€¢  |00°0CS 00'TT 00°£09T |00'8T 009 00'TT (pw) Ayjiqeawad painseaiy
0ve €8¢ T9¢€ €6 6'9€ 9veE ey A} Sct 6'¢E 8'ce €9¢ %3 L'€E 9'sE v'ov (%) Ausolod painseapy
€1e 0'Te L'1€ L'/ L'62 L'LT 0.7 €¢ 0'9¢ €lc 06T L2 0've L9 €017 €9 (% ‘ADI) BWN|OA JejnuelBbiaiu)
‘SY3LINVYHVYd O190710d.13d
9T ST T €T 1) T 0T 6 8 A 9 S 14 € Z T 439NN 1O071d
Elslole] El=lo)e) Elsloe] Elslo)e] El=lo)e) Elslole] 3400 3400 Elslo)e] Elslo)e) Elslole] Elslo)e) Elalo)e) Elslo)e] Elslo)e) Elsloe] 3dAL F1dAVS
e ieag [N YN 1A AN [1aAIY N 1A AN [19Ard AN [18Ad AN [ eaodars eaodels Serodels senodals Seaodels ebun oMe]ieag (ayeTleag |aye]ueag 1INN
‘pu pu Py ‘pu pu Py ‘pu pu ‘pu ‘pu pu ‘pu pu Py ‘pu pu H1d3d 901
7'8.9€ L'vvle S'Tv.C 9'8€.¢ S'vELC L'6¢le §'9¢/¢ G'/S66 0'5€98 0'/808 0'€908 0'€66S 0'vees 0'86TY 0,61V 0'S6TY H1d3d 3402
T1S Jofeyoag| T1S JoIeydag| T 1S Joieyoad| T1S Joreyoad| T 1S Joreydag| T1S Joreyodg| T1S Joieyoag| T uennaly ‘N| Tuennajy 'N| T uennsly ‘N| Tuemnaly ‘N| Tuennaly 'N| T uemnsly 'N| Tuemnaly 'N| T uennsly N| Tuemna)y N T13M

‘sajdws aovfansqns Avg j03s14g Jo suonisoduiod Livu.4a) puv siajou.and d1ydv.i3oag “7 2]qu]




41

aouepunge urelb a|11oNp Jo drewnss [e1aql IO0N = ZIN/2d/zd
aouepunge urelb a|11oNP JO SIRWIISS SAINRAIBSUOD 31O = TIN/TA/TH
XUIB / SUreIS) 9|nong / surel pibiy = /ard

Xurepy / uaway / Aisoiod = W/O/d

XUTR / JUBWSD / Sulels sjomaweld = N/O/4

Reservoir quality of 84 Tertiary sandstones from exploratory wells, Bristol Bay basin, Alaska Peninsula
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Bristol Bay—Alaska Peninsula region, overview of 2004—2007 geologic research
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X-RAY DIFFRACTION (XRD)

Samples submitted for whole rock and clay mineral
XRD analyses were cleaned of obvious contaminants
and disaggregated in a mortar and pestle. A split of each
sample was transferred to deionized water and pulver-
ized using a McCrone micronizing mill. The resultant
powder was dried, disaggregated, and pressure-packed
into an aluminum sample holder to produce random
whole-rock mounts. A separate split of each sample was
dispersed in a dilute sodium phosphate solution using
a sonic probe. The suspensions were centrifugally size
fractionated to isolate clay-size (<4 micron equivalent
spherical diameter) materials for a separate clay mount.
A <4 micron cutoff was employed to include all authi-
genic clays, some of which, particularly kaolinite, are
coarser than 2 microns. The suspensions were vacuum-
deposited on nylon membrane filters to produce oriented
clay mineral aggregates. Membrane mounts were at-
tached to glass slides and exposed to ethylene glycol
vapor for a minimum of 24 hours.

X-ray diffraction analyses of the samples were per-
formed using a Rigaku automated powder diffractometer
equipped with a copper X-ray source (40kV, 35mA) and
a scintillation X-ray detector. The whole rock samples
were analyzed over an angular range of 2 to 65° 20 at a
scan rate of one degree per minute. The glycol-solvated
oriented clay mounts were analyzed over an angular
range of 2 to 50° 20 at a rate of 1.5° per minute.

Semiquantitative determinations of whole-rock
mineral amounts were obtained utilizing integrated peak
areas (derived from peak-decomposition/profile-fitting
methods) and empirical reference intensity ratio (RIR)
factors determined specifically for the diffractometer
used in data collection. The total phyllosilicate (clay
and mica) abundance of the samples was determined
on the whole-rock XRD patterns using combined {001}
and {hkl} clay mineral reflections and suitable empiri-
cal RIR factors.

X-ray diffraction (XRD) patterns from glycol-
solvated clay-fraction samples were analyzed using
techniques similar to those described above. The rela-
tive amounts of phyllosilicate minerals were determined
from the patterns using profile-fitted integrated peak
intensities and combined empirical and calculated RIR
factors. Determinations of mixed-layer clay ordering and
expandability were made by comparing experimental
diffraction data from the glycol-solvated clay aggregates
with simulated one-dimensional diffraction profiles
generated using the program NEWMOD written by R.C.
Reynolds (Moore and Reynolds, 1989). Sample prepa-
ration, analyses and interpretations were performed by
James B. Talbot (K/T GeoServices, Inc., Argyle, Texas;
see www.kigeo.com for details of analytical procedure).
X-ray diffraction results are provided in table 3.

SCANNING ELECTRON
MICROSCOPY (SEM)

A split of sandstones that were X-rayed were also
examined with an ISI DS-130 scanning electron micro-
scope (SEM) to aid in the identification of authigenic
components, particularly clay minerals, and to better
visualize pore geometries (figs. 13—16). Standardless
energy dispersive analyses of X-rays (EDX) were per-
formed on several grains and pore-filling cements to
confirm initial identifications based on crystal morphol-
ogy. The analyses were conducted using a Kevex Delta 5
system attached to the SEM. This work was performed
at the Advanced Instrumentation Laboratory, University
of Alaska Fairbanks.

RESULTS

INTERPRETATION OF TERNARY
DIAGRAMS

The composition of the sandstones determined
via point-count analyses (tables 1 and 2) are summa-
rized on a suite of ternary diagrams (fig. 3). The QFL
(Quartz—Feldspar—Lithic) diagram (fig. 3A) is used to
illustrate the composition of the major detrital com-
ponents. In this diagram monocrystalline quartz (Qm)
and polycrystalline quartz (Qp) are apportioned to the
Q-pole to highlight chemical and mechanical stability.
All feldspars (potassium—feldspar and plagioclase) are
apportioned to the F-pole, with the remaining lithic
components (including chert) plotted at the L-pole. Chert
is included with the lithics to emphasize its sedimentary
origin. In a break from tradition (Dickinson, 1970; Dick-
inson and Suczek, 1979), intrabasinal components (that
is, glauconite, phosphate, and pellets) are included with
the lithics due to their potential for compaction, which
negatively affects reservoir quality. In this diagram,
the closer a sandstone plots towards the Q-pole, the
greater its mineralogical maturity. The QmPK diagram
(fig. 3B) is intended to show the composition of the
monocrystalline components (quartz and feldspar) of the
rocks, therefore all lithic fragments (including Qp) are
excluded from the diagram. As in the QFL diagram, the
closer a sandstone plots towards the Q-pole, the greater
its mineralogical maturity.

The LsLvLm diagram (fig. 3C) shows the composi-
tion of the aphanitic polycrystalline (lithic) components
of the rock. Sedimentary rock fragments (SRF) includ-
ing chert are included at the Ls-pole. Volcanic rock
fragments (VRF) are apportioned to the Lv-pole, while
metamorphic rock fragments (MRF) are included at
the Lm-pole. Phaneritic plutonic rock fragments (for
example, granite and diorite) are excluded from this
diagram. The PCM diagram (fig. 3D) portrays the
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Figure 3. Ternary diagrams showing composition of Bristol Bay sandstones. A. QFL (Quartz—Feldspar—Lithics) diagram
showing composition of detrital grains comprising the rock framework. All the sandstones are enriched in lithic grains. B.
OmPK (Monocrystalline Quartz—Plagioclase—K-Feldspar) diagram showing monocrystalline composition of Bristol Bay
sandstones. The sandstones are enriched in quartz and plagioclase with relatively less K-Feldspar. C. Ls+LvLm (Sedimen-
tary Lithics+Chert—Volcanic Lithics—Metamorphic Lithics) diagram showing lithic composition of Bristol Bay sandstones.
Milky River sandstones are typically enriched in volcanic lithics. D. PCM (Porosity—Cement—Matrix) diagram showing
composition of the intergranular components of the sandstones. Detrital matrix is present in some of the sandstones and is
a primary factor controlling permeability in those rocks. Tables 1 and 2 list all data included in these diagrams.
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composition of the intergranular components (that is,
porosity, cements, and matrix) of the rock. The higher
the ratio of porosity to cement plus matrix, the better the
reservoir quality of the rock.

TERTIARY SANDSTONES

The Tertiary sandstones vary in grain size from
lower very fine grained (fL, 70 um) to upper coarse-
grained (cU, 920 pum) (table 2). The framework grains
are moderately to very well sorted (0.33—0.99 standard
deviation in phi units of just the framework grains; Mea-
sured Framework Sorting in table 2) but the presence of
detrital matrix results in some rocks having very poor
overall sorting (>2.0 standard deviation in phi units of
entire rock, framework grains + matrix; Measured Sort-
ing in table 2). In general, the finer-grained sandstones
tend to be better sorted (fig. 4). The sandstones are
highly lithic with an average framework composition
of Q,F L, (fig. 3A). Monocrystalline quartz (Qm,
15 percent) is more common than polycrystalline (Qp,
7 percent) varieties. Feldspar is common with plagio-
clase (12 percent) dominant over K-feldspar (4 percent).
The average lithic composition of the sandstones is
Ls, Lv,,Lm  with grains consisting of felsic and mafic
volcanic fragments, chert, phyllite, schist, quartzite, fel-
sic plutonic fragments, mudstone, and siltstone (table 1).
The Milky River samples are more volcanogenic than
the other Tertiary sandstones with an average composi-
tion of Ls, Lv, Lm . Micas average 2 percent of the
framework fraction and consist of chlorite, muscovite,

and biotite. Amphibole, pyroxene, epidote, and garnet
are the most common heavy minerals and are indicative
of an immature, labile suite.

Detrital matrix varies in abundance, comprising
from 0 to 16 percent of the sandstones (table 1). It is
particularly common in many of the Bear Lake samples
(fig. 3D). The matrix consists predominantly of clay min-
erals with lesser amounts of detrital silt. Clay laminae are
common in many of the samples, particularly the Milky
River and Bear Lake sandstones (table 1). Together,
detrital matrix and clay laminae account for more than
40 percent of the bulk volume of several sandstones.
X-ray diffraction analyses suggest these clays largely
consist of illite and mixed-layer illite/smectite (table 3).
The mixed-layer clay consists dominantly of smectite
with only 10 percent illite layers. Because these clays
are highly smectitic, the matrix could exhibit significant
swelling if exposed to fresh water.

The majority of the sandstones generally lack signifi-
cant cement (table 1; figs. 7—12). Quartz cement occurs in
minor amounts in a few samples, due in part to the lack of
nucleation sties and relatively low abundance of detrital
quartz. The extensive matrix in some of the samples
also retards cementation by inhibiting nucleation of
overgrowths. Carbonate cement, particularly siderite and
calcite, occur in variable amounts (up to 10.5 percent
of bulk rock) in a few samples but generally has little
effect on reservoir quality in the majority of samples.
Authigenic, pore-filling kaolinite (fig. 15) occurs in
several samples and is probably related to feldspar altera-
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Figure 4. Grain size-sorting scatter plot of Bristol Bay sandstones by formation. Data are

for grains greater than 30 um in diameter and therefore exclude clay and very fine to
medium silt. In general, the finer-grained rocks tend to be better sorted (note grain size
is shown in phi units). Pearson correlation coefficient is -0.77.
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tion. In a few sandstones where it comprises more than
10 percent of the rocks, kaolinite significantly degrades
reservoir quality. Representative photomicrographs are
presented in figures 7—12.

RESERVOIR QUALITY

Reservoir quality of the Tertiary sandstones varies
from excellent (¢ > 30 percent, k > 100 md) to poor
(¢ < 10 percent, k < 1 md). In order to illustrate the
regional porosity—permeability trend, data for Tertiary
and Mesozoic sandstones were plotted together (fig. 5).
Most of the high-quality sandstones are Tertiary sub-
surface samples; the majority of low-quality rocks are
from Mesozoic outcrops. Using an economic cutoff of
10 percent porosity and 1 md permeability (suitable for
liquid hydrocarbons), the majority of samples could
be effective hydrocarbon reservoirs. Using lower ¢-k
cutoffs (7 percent porosity and 0.1 md permeability),
a significant number of additional samples could be
effective gas reservoirs.

Bristol Bay—Alaska Peninsula region, overview of 2004—2007 geologic research

There is a fairly systematic relationship between res-
ervoir quality (porosity—permeability) and depth (fig. 6).
Porosities in excess of 20 percent and permeabilities
higher than 10 md are present at depths approaching
10,000 feet. It should be noted that much of the data are
from the North Aleutian COST #1 well that was drilled
offshore in a deep portion of the basin. It is unclear if
similar trends exist for the shallower, onshore portion
of the basin. Additional data are needed before regional
porosity-depth and permeability-depth trends can be
established with certainty.

CONCLUSION

Based on detailed point-count analyses, conventional
core analyses, and SEM examination of samples from
three exploratory wells, sandstones with favorable reser-
voir properties are present in the Milky River, Bear Lake,
and Stepovak Formations and may yield economically
viable petroleum reservoirs. Sandstones in older, more
deeply buried strata are likely to be of lower reservoir
quality.
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Figure 5. Porosity—permeability scatter plot of Bristol Bay sandstones by formation. Using a cutoff of 10 percent porosity and
1 md permeability, a large proportion of the samples have good to excellent reservoir quality. Most of the high-quality
rocks are Tertiary subsurface samples while the majority of low-quality rocks are from Mesozoic outcrops. Table 4 lists

all data included in this plot.



Reservoir quality of 84 Tertiary sandstones from exploratory wells, Bristol Bay basin, Alaska Peninsula 49

A o B o

2000 2000
4000 20009 ® o
6000 6000
& 8000 gooo0 ® oy
=
2
& 10000 10000
12000 12000
14000 |- ‘ 14000
16000 N 16000
18000
18000 ' 0.01 0.4 1 10 100 1000 10000

0 5 0 15 20 25 30 35 40 45

Porosity (%) Permeability (md)

B Milky River @ Bear Lake  Unga @ Stepovak Tolstoi M wilky River @ BearLake & Unga @ Stepovak Tolstol

Figure 6. Reservoir quality—depth scatter plots of Bristol Bay sandstones by formation. A. Porosity—depth trend. B. Perme-
ability—depth trend. Table 4 lists data included in this plot.

Figure 7. Photomicrograph of Milky River sandstone showing  Figure 8. Photomicrograph of Milky River sandstone showing

well-developed intergranular porosity (P). Framework substantial mesoporosity in vesicular pumice fragments
grains include quartz (Q), K-feldspar (K), and volcanic (Pu). Becharof State #1, 2,726.5°, ¢ = 43.2 percent, k =
rock fragments (VRF). Becharof State #1, 2,734.5°, ¢ = 2,040 md. Sample contains much pumice.

36.9 percent, k = 3,470 md.
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Figure 9. Photomicrograph of Bear Lake sandstone showing
detrital clay matrix (M) partially occluding intergranular
pores. Framework grains include quartz (Q), K-feldspar
(K), and volcanic rock fragments (VRF). North Aleutian
COST #1, 4,197.0°, ¢ = 35.6 percent, k = 16 md. Low
permeability is the result of extensive clay matrix.

Figure 10. Photomicrograph of Bear Lake sandstone showing

clay matrix (M) sporadically filling intergranular pores
(P). Framework grains include K-feldspar (K) and biotite
(Bi). North Aleutian COST#1, 2,734.5°, ¢ = 33.7 percent,
k = 18 md. Low permeability is the result of extensive
clay matrix.

Figure 11. Photomicrograph of Stepovak sandstone showing
well-developed intergranular porosity (P). Framework
grains include quartz (Q), K-feldspar (K), and plutonic
rock fragments (PRF). North Aleutian COST #1, 8,087.0°,
@ = 32.9 percent, k = 2,358 md.

Figure 12. Photomicrograph of Stepovak sandstone showing
both point and long contacts between grains. Intergranu-
lar porosity (P) is common. Framework grains include
volcanic (VRF) and plutonic (PRF) rock fragments.
North Aleutian COST #1, 8,635.0°, ¢ = 31.4 percent,
k=709 md.
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Figure 13. SEM photomicrograph of sandstone from the Milky River Formation, Amoco Becharof State #1, 2,735.5". A. General
view showing angular nature of detrital grains and abundant intergranular porosity (P). B. Enlarged view of outlined area
showing authigenic clay, probably mixed-layer chlorite—smectite (C/S), coating detrital grain.
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Figure 14. SEM photomicrograph of sandstone from the Bear Lake Formation, Amoco Becharof State #1, 3,678.4". A. General
view showing abundant intergranular pores connected by open pore throats (P). B. Enlarged view of outlined area showing
authigenic clay, probably mixed-layer chlorite—smectite (C/S), coating detrital grain and lining intergranular pore.
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Figure 15. SEM photomicrograph of sandstone from the Unga Formation, ARCO North Aleutian COST #1, 5,234.0°. A. General
view showing abundant intergranular porosity (P) and detrital grains coated with kaolinite. B. Enlarged view of outlined
area showing authigenic kaolinite (Ka) filling intergranular pore. Microporosity is common between clay platelets.

55 RGN e PO & .- 4
Figure 16. SEM photomicrograph of sandstone from the Stepovak Formation, ARCO North Aleutian COST #1, 8,087.0". A.

General view showing angular nature of detrital grains. Bright patches are small areas of authigenic clay (C) coating grains.
B. Enlarged view of outlined area showing fibrous authigenic clay, probably illite (1), lining small intergranular pore.
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Bristol Bay—Alaska Peninsula region, overview of 2004—2007 geologic research
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Bristol Bay—Alaska Peninsula region, overview of 2004—2007 geologic research
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Reservoir quality of 84 Tertiary sandstones from exploratory wells, Bristol Bay basin, Alaska Peninsula

PANULIUOI—SIUOISPUDS ADG (011G 10 DIDP UOPANIDS pup A1jigautiad ‘Aj1s040d “t 2]g1]



orduwres doxonQ = [N O 9109 [[EMIPIS UOISSNIINJ = DM Sd 109 [BUONIUIAUOD) = D)) :9dAT,
SIoM AnsSnpul uo paseq sa[y dAIYoIe uonelodio)) dAneN Aeg [0)SLIg WO} SUONEOO[ pue ejep = ,doionQ Aeq [oisug
*(LO0T) SI9YI0 pue Pue[oA0T pue (GOOT) SIOYI0 pue [Ynisuejioy woij ejep doromnQ

Bristol Bay—Alaska Peninsula region, overview of 2004—2007 geologic research
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Reservoir quality of 84 Tertiary sandstones from exploratory wells, Bristol Bay basin, Alaska Peninsula
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Bristol Bay—Alaska Peninsula region, overview of 2004—2007 geologic research
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Reservoir quality of 84 Tertiary sandstones from exploratory wells, Bristol Bay basin, Alaska Peninsula
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Bristol Bay—Alaska Peninsula region, overview of 2004—2007 geologic research
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