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Introductory Comments:

This material was presented! at a Depantment of Natural Resources
Techniical Review: Meeting held iniAnchorage an Marchi 267, 2008.
Tihrs public gathering was aimed at creating a venue to fermalize the
raplidl communication data and results firem ongoeimg werk by the
Division oif Geological' & Geophysical Surveys (DGGS) andl Divisien: of
Qil & Gas (DOG). Additienally, thisimeeting seught te stimulaie
discussion on the petroleum geology: of nerthern Alaska.

Tihe fellowing presentation was created and delivered by Marwan; \Wartes
(DGGS). The versien included here s only slightly moedified from the
original; 1n the absence of a speaker, some slides have been
annotatgd 10 Improve improve clanty and any animatieons have been
removed.

Forr more infermation, please contact:

Marwan Wartes (DGGS) Paul Decker (DOG)
E-mail: marwan.wartes@alaska.gov E-mail: paul.decker@alaska.gov

Phone: (907) 451-5056 Phone: (907) 269-8791




Timing of Key Events

‘  150°
Exploration Wells
: , i . oy : e NPRA 2000-2002
Known QOil - } » Other
) Accumulations ; o e _

in Brookian
Turbidites

Veltwater
- (1)

-

Well Penetrations |
of Torok Formation

o Partial
@ Complete

I O Torok Core




Tlmlng of Key Events

 150°
Exploratlon Wells
| * NPRA 2000-2002
Known Qil
O Accumulations

in Brookian
Turbidites

A a’d/z‘/'ona/ Sz‘rucz‘ur/'ng /'n FTB: 45-40 Ma

3

Superposn‘/on of Younger Fold-Thrust Belt: 65-60 Ma

B Of -

i

Well Penetrations |
: of Torol P e e =D e

o P: Generation of L/qum’ Hydrocarbons 1 00-85 Ma

@ Compilete
M Taral Cara




2007 Program Eocus

e Proximal Foreland Basin
) e N ...
T

vy



2007 Program Eocus

SOUTHERN (Proximal Foreland Basin)

Reconstruction of the Lower Cretaceous Depositional System,
Southern Colville Basin

m  Structural Evolution of the Brooks Range Foothil/s—Constraining
Burial History and Timing in the Foothills Province

GENERAL

m Controls on Brookian Sandstone Reservoir Quality
m  Source Rock Quality and Hydrocarbon Occurrence

m  Geologic Mapping



Stratigraphy.
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Mull et al., 2003




Okpikruak Fermation (Berriasian-Valanginian)

Earliest record of Brookian earogenesis

Prebable upward transitien into Eoertress: Mountain Eormation

Loecally everlies Kingak Shalein Section Creek area

Identified several new coguinoeid limestone localities; (key marker bed)




Fortress Mountain time

Endicott Mts.

allochthon
\/ Shal e

North Slope autochthon

South
DeLong Mts.

allochthons Shimp

Extensional mélange

Coherent turbidites Debris flow mélange

Endicott Mts.

allochthon \_

North Slope autochthon
Courtesy or W. Wallace



Phosphatic-Manganiferous
Shale (informall unit)

«  Enigmatic early Broekian
mudstene :

u Probable record of change in
asin polarity (sediment dispersal
_direction)

. Correlative to Beaufortian Pebhble
Shale unit (Barremian-Aptian(?)):

Copplestone Creek



Cobblestone Ss
(Barremian(?) — Aptian(?))

Basal Fortress Mountain

Amalgamated sediment gravity.
filows

Unigue petrology.

Probable correlative with “ Kfmwv”
unit

GCopplestone Crek
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Nanushuk River Kimv: unit (Tiglukpuk Creek)




Eortress Mtn. Formation (Barremian(?)- eanly Albian)

Facies Analysis
Depositional Viodel
Resenvolr Quality

S a7 orreeruaes ' Total Quartzose

gy Components

= Ruspled Rug

4 Siksikpuk River

o Hoary Marsot Mountain

o Castle Mountain _

= Fortress Mountain CI=Craton Interior

o Kfa¥ o TC=Transitional Continental

Recqacje”o}:;
Brogesic
9051¢

-
> Fu
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Dissected Arc

-]
Transitional
Arc
Undissected Arc

(After Dickinson et al (1983)

Feldspathic Lithic
Components Components

Delta Slope

Prodelta

Wartes, 2008



Nanushuk Formation (middle Albian — Cenemanian)
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Ny e ‘ Report of Investigations 2008-XX
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SEDIMENTOLOGY, STACKING PATTERNS, AND
DEPOSITIONAL SYSTEMS IN THE MIDDLE ALBIAN-
CENOMANIAN NANUSHUK FORMATION IN OUTCROP,
CENTRAL NORTH SLOPE, ALASKA

Multi=year Stuayz:
a Sedimentelogy
Eacies analysis

STATE OF ALASKA
DEPARTMENT OF NATURAL RESOURCES

|
= Blostratigiapiy,
|
|

lchinoelegy
Seguence stratigraphy: LePain et al., in press
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PRELIMINARY INTERPRETIVE REPORT 2008-1

PRELIMINARY RESULTS OF RECENT GEOLOGIC FIELD INVESTIGATIONS
IN THE BROOKS RANGE FOOTHILLS AND NORTH SLOPE, ALASKA

by
Marwan A. Wartes and Paul Decker, editors
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A Overview: of recent geologic fieldl investigations, North Slope and Broeks
Range Eeothills, Alaska

Measuredisection and' facies analysis off the lower: Cretaceous Fortress
Mountain Eermation, Atigun Syncline, nerthern Alaska

Evaluation: of stratigraphic continuity: between the' Eertress Mountain and
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Geochemistry of the Aupuk gas seep aleng| the Colville River—Evidence
fior a thernmogenic origin
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Wartes — Atigun syncline
Facies analysis of Fortress Mountain Fm.




EFortress Mtn Fermation — Atigun Syncline
Aptian(?)-Albian preximall topset facies (fan delta front)
Basinward dipping feresets
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Wartes — Castle Mtn. and Gunsight Mtn.
Provenance of Fortress Mountain and Nanushuk Fms.




Relationship between
the Fortress Mtn. and
Nanushuk Formations
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LePain et al. — Colville River
Nanushuk Fm. sedimentology and stratigraphy




Colville River, near confluence with Awuna River
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Eastern Horseshoe Bend

Shoreface/delta front

Correlation Into
subsurface. . .

Commaon Gyrochorte

——T=><1X

Abundant Gyrochorte
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Shelf - below fairweather
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Ball and pillow

i~ -+ «— Transgressive surface
of erosion

Coastal plain - bayfill

Coastal plain - bayfill
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Eastern Horseshoe Bend

Shoreface/delta front

Correlation Into
subsurface. . .

] Common Gyrecharte

~—3 Abundant Gyrochorte

=~ Gyrochorte

Shelf - below fairweather
wavebase

South North | West
Tuktu west and east horseshoe sections Knifeblade Anticline Knifeblade 2, 2A
Escarpment dprojecian) :
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LePain et al., 2008
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Decker and Wartes — Colville River
Aupuk gas seep in Nanushuk Fm.
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Aupuk Gas Seep -- Colville River

Composition:
» 86.98% Methane
* 1.20% Carbon dioxide
* 11.77% Nitrogen
* 0.05% Oxygen

Thermogenic gas,
condensate- or oil-
associated origin

Probable generation at oil
window maturity c

Carbon and Deuterium
methane isotopes:

oD 013C
-195 -39.3

613C Methane (per mil)

&n
S

-300

-70

&
S

A
o

-
-

-30

-20

oD Methane (per mil)

-250 -200 -150 -100

Bacterial
Gas

Oil-associated

Gas
Aupuk
Gas Seep

Plot format after Schoell, 1983
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(Mull'er al.,, 2005)
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Courtesy of P. Delaney

2,053,606

Eastern Brooks Range Foothills
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Detailed Geologic Mapping (1:63,3601Scale)
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Siksikpuk River Geologic Map: (Peapples et al, 2007)

SLASEA NI OF GECOIE AL FVELILENAT FTEHETIVE BERCAT 1011

GEOLOGIC MAP OF THE SIKSIKPUK RIVER AREA, CHANDLER LAKE QUADRANGLE, ALASKA
by

PR, Peapples!, WA Walksee!, Moo Wartes', R.E. Swemson', €.G. Mall 1, A, Dumouln’, E-E. Hares!, ES, Fluzel!, B.R. Reitenstubl, and AM Loveland!




Studies by the LS, Geological Survey in Alaska, 2006

U.5. Geological Survey Professional Paper 1733-0

Sedimentology and Sequence Stratigraphy of the Lower
Cretaceous Fortress Mountain and Torok Formations
Exposed Along the Siksikpuk River, North-Central Alaska

By David W. Houseknecht, Christopher J. Schenk, and Marwan A. Wartes'

Abstract

(fig. 2) 1s well known from numerous studies that have docu-
me stratal geometries and depositional facies in oulcrops
and the sub e (Mol 1983, 1985; Huffman, 1985;

An exposure of the Lower () Fortress M
and Torok Formations along the Siksikpuk River in north-cen-
tral Alaska provides a rare opporiunity to observe the
eraphic contact belwe ‘ il 1
sequence stratigraphy of the
Mum‘l!uin Formation @ the base

|1Lnn
lving

sion of ma ¥ cics Lll:fkli-llt.ll in Ihc.

upper part of the trnsgne

the section includes marine-slope ¢
its of the Torok F

‘u_d HllJpL-LlldllllL]
asa

Houseknecht and Schenk, 2001}, In contrast, the pre-Albian
part of the Brook less well known
bec hose & are o rally deformed and dis-
sected by erosion in the Brooks Range foothills and because
few subsurface datasets include infor non these rocks.

The Fortress Moun Formation .md related pans of
the Torok Formation (st

ian? age) are the fog
vanced knowledge of

regional stratigraphy of these rocks (for example, Hume
Fox, 1976; Crowder, 1987, 1989; Molenaar and others, 1988;
Wartes and Carroll, 2002), interpretations of the sedimentol-
ogy of the Fortress Mountam Formation imclude wide-ranging

woms of depositional envi andd o bl

s el
eration of the balance betw
and sediment flux inferred from the seque
analysis suggesis both tectonics and custasy may have
influenced deposition of the lowstand-systems and

sir ic relations between the Fortress Moumtain For-
mantion {mosily sandstone and conglomerate) and the Torok
Formation (mostly mudstone) remain poorly undersiood,
An outcrop of the upper part of the Fortress Mountain
IuruL Formation .|Inm. IIII.

sive-systems tracts, In contrast, the high I-systems iract

been primarily influenced by progradation of a
regional sediment-dispersal system and by subsidence induced
by sediment loading.

Introduction

The Brookian tectonostratigraphic sequence of nontherm
Adaska (fig. 1} includes Cretaceous and ‘Tertiary strata that
reflect the evolution of the Colville foreland basin (Lerand,
1973; Hubbard and others, 1987; Bird and Molenaar, 1992),
The Albian through Miocene part of the Brookian sequence

'Alaska Division of Geological and Geophysical Surveys,
Manuseript approved for publication, Oaober 4, 2007,

tms of this Lh:lplcrdn_ i describe and interpret the succe
of facies exposed there, o interpret the sequence-stratl

framework of those facies, and (o infer the -m.ml't.nn.» of
these i ions 1o the I pal pliy of the

Colville foreland basin,

Geologic Setting

The study area (fig, 11 is in the southern foothills of the
Brooks Rang ) ¢ er Cretaceous foreland-
basin deposits deformed by northward-vergent thrust faulis
andd folds (Moore and others, 1994). A chronostratigraphic
column of the Fortress Mountain and Torok Formations in
the context of the Brookian sequence is shown in figure 2,
The rocks exposed along the Siksikpuk River provide

Studies by the LS, Geological Survey in Alaska, 2006
U.5. Geological Survey Professional Paper 1739-B

Lithofacies, Age, and Sequence Stratigraphy of the
Carboniferous Lisburne Group in the Skimo Creek Area,

Central Brooks Range

By Julie A. Dumoulin, Michael T. Whalen, and Anita G. Harris

Abstract

'I'le, L ihblllTIi. Gmup a !nztinly {‘.ubtmilunm mrbw.nc

imo Creek arca,

central Brooks Ra s, age, conodont
biofacies, depos s, and sequence st g
phy and provide new tLIIﬂ on |ts h)n.lumu‘tnm source rmL <|ml
reservoir potential,

We have s luu]n.d the I L\'hunn_ Ciroup in l\m thrust shy
of the Endicott Moun lochthon, herein called the S
and Tiglukpuk thrust shee
section, which is >0 m thic

grainstone. Some parts of the section are partially 10 com-

pletely dolomitized and (or) repl

30-m-thick zone of black, organic-rich shal

and phosphorite is exposed 170 m below the op of the Lis-

bumne. The uppermost 40 m of sectio s distinctive and

miade up of dark shale, lime mudstone, spiculite, and glauco-
erainstone. The northem, Tiglukpuk Creek section, which
nilar to the Skimo Creek section but only =760 m thick,

includes more packstone and grainstone and less organic-

rich shale. Analyses of conodonts and forminifers indicate

clasts ty) of more restricted, shallow-water enviromments

that were likely transporied seaward by storms and currents.,

Radiolarians are abundant in the shale and phosphorite unit at

Skimo C fLLk and also occur in equivalent strata at Jll!lukfh.lk
aid elevated total ¢

mudstone at the wop of the
stmilarly sediment starved
lack comparable evidence for high nut
levels during deposition.

Vertical shifis in rock types and faunas delineate

5 es and si bable third-order

sequences in the study ar d
recognized in the 1
system tracts in the

P environment but
id low oxygen

inner and more
somewhat shallower setting:

Creek section, Tl differences reflect the more

position and, thu 1sed accommodition spa

Skimo Creck s n relative to the Tiglukpuk Creek section

that both sections range in age from lae Early Mississipy
(Osagean) through Early Pennsylvanian (carly Morrowan) and
document a hi.11ux' :Jl’ al ]m&l 15 m.y. at the contact between
the | < Formation, No evi-
dence of

ine crosional surface,

Y s imply that the Lisburme Group
in the study area was deposited mainly in midramp to outer-
ramp seitings. Deepest water strata are mud rich and formed
below storm or fair-weather wave base on the outer ramp (o
outer midramp; shallowest Bwcies are storm, sand-wave, and
shoal deposis of the mner radramp 1o mner rmp. A rela-
tively diverse, open-marine fauna occurs throughout much
of the Lisbume in the study arca, but some beds also contain

during L
Organic-rich calcareous shale in the shale and phos-
phorite unit has a cumulative thickness of at least 15 m
a lateral extent of =50 k i i
hydrocarbon source rock in the Lisburme Group at Skimo
s of the Lisbume in
tized crineidal grainstone that contains
ercrystalling, moldic, and vagey porosity and locally abun-
dant dead oil, Maximum por s of =10 percent occur in
intervals that are 1 1o 2 m thick, of uncertain lateral extent, and
best developed near the tops of sequences L through 4. Color-
alteration indices of conodonts from both the Skimo Creek and
Tiglukpuk Creek sections chiefly range from 1.5 to 2, indicat-
hermal maturities within the oil window,
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