
SEISMIC SUBSEQUENCES IN THE FOOTHILLS FOLD BELT, NPRA, ALASKA 

H.B. Morrow 
Chevron U.S.A. Inc., Western Region 

Box 5042 
San Ramon, CA 94583-0942 

415-842-0302 

EXPANDED ABSTRACT 

The National Petroleum Reserve in Alaska (NPRA) has 
figured prominently in North Slope petroleum exploration 
since its establishment in 1923 (Gryc, 1985). This paper 
focuses on the southerly portion of the reserve, 
approximately between lati tudes 69° to 70°N., known as the 
Foothills Fold Belt. The Belt is typified by large, well 
developed concentric folds involving Cretaceous rocks and 
extending up to several townships. Some folds are 40 miles 
(64 km) long and 10 miles (16 km) wide and have the potential 
to contain significant hydrocarbon reserves. 

The most widespread units containing potential 
reservoir rocks are the Torok Formation and the Nanushuk 
Group. The Torok Formation of Aptian-Albian age is 
comprised mostly of pro-deltaic shales and siltstones with 
thin sands interbedded locally. These marine, generally f ine-
grained clastics grade upward into and interfinger with the 
generally coarser marginal marine to fluvial clastics of the 
Nanushuk Group. Although the overall succession is 
regressive, the transition from the upper part of the Torok to 
the lower par t of the Nanushuk can be quite complex 
involving many local cycles of transgression. The Torok may 
grade upward into intervals with be t te r quality and more 
numerous sands thought to be deposited as near shore bars or 
strand-line bodies. Alternatively, the transition may be 
represented by poorer quality, "dirty" units with l i t t le 
reservoir potential grading upward directly into fluvial and 
lacustrine sediments. The important question about the 
transition then becomes, "How can be t te r reservoir potential 
be predicted?" 

The U.S. Geological Survey embarked in 1981 on a 
major reprocessing project involving modern, multifold 
seismic data displayed in a horizontally compressed format . 
This database was utilized to address the question from a 
seismic strat igraphic standpoint. The Torok interval is 
usually character ized by well defined sigmoid or complex 
sigmoid oblique clinoforms and contrasts markedly with the 
parallel or sub-parallel ref lect ions of the overlying Nanushuk 
(Molenaar, 1981). The key to addressing the question of 
reservoir potential is to closely examine the seismic 
charac ter a t the top of the clinoform sequence. The 
clinoforms merge with the overlying sequence in two ways. 
They extend updip, over a "shelf edge" in a roughly parallel 
manner and continue laterally into the parallel reflections of 
the topset beds. Alternatively, they terminate abruptly updip 
in a zone of convergence, truncation, or top lap. Where the 
clinoforms terminate abruptly, they are unconformably 
overlain by the parallel ref lect ions. These two character 
styles are fully gradational between one another, but it is 
nevertheless possible to map subdivisions of the clinoform 
sequence based on the character style of the transition 
interval. I r e f e r to these subdivisions informally as 
"subsequences". 

A basic assumption of the seismic stratigraphic method 
is tha t physical processes of deposition are ref lected in 
seismic character . The sigmoid clinoforms merging in a 
parallel manner from a prodelta slope up dip, continuously 
over a shelf edge and into topset beds is suggestive of 
uniform deposition under stable conditions. Truncated or 
abruptly convergent clinoforms suggest active erosion, 
sediment pass through, and reworking of shelf sediments. The 
l a t t e r ref lect ion character will be produced under higher 
energy depositional conditions, where winnowing and 
reworking can serve to improve reservoir quality. Defining 
the subsequences as portions of the sequence exhibiting 
truncation, convergence, and top lap associates them with 
higher energy deposition and, therefore , be t te r reservoir 
potential . They are usually separated by portions of the 
sequence which lack truncation and top lap and which underly 
units having poorer reservoir potential . The subsequences 
within the Torok represent large deltaic lobes or coalescing 
lobes. The trends of these lobes indicate general shoreline 
progradation from southwest to northeast in the southernmost 
par t of the study area swinging around to nearly due east in 
the easterly part of the study area. Area-wide, the 
subsequences represent fairways of reservoir potential and by 
conventional interpretation methods can be correlated with 
outcrops and wells. Ten wells pene t ra te the Nanushuk-Torok 
transition in the study area . Wells corresponding with 
subsequences exhibited shows varying from f r e e oil to organic 
staining on cuttings. Wells not corresponding with 
subsequences had no shows in the transition interval. In the 
southernmost par t of the area, Nanushuk outcrops correlated 
with subsequences contained sands with typical porosities of 
15 to 18 percent and permeabilities up to 80 to 200 
millidarcies. 

Subdividing the Torok clinoform sequence is a useful 
approach which may enable the explorationist to define new 
prospects based on strat igraphic traps. Structural traps could 
be evaluated and ranked based on reservoir potential, thus 
reducing one element of exploration risk. 
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ORDERS AND INSTRUCnONS. 

[Sl'~cinl 0,,1 .... No. 102.] 

,VAl: J)E1>AR'UtENT, OFl"ICE OF TIlE CmEl' SIGNAL OFFICE", 

lV aslliJl!ltoll, 1). 0., JtlllC 24, 1881, 
[E"t1'00t.] 

" " • " " • 
IV. B~' direction of the SccretarJ of War, the foHowing-nll.med officers, civilians, amI cnlisted 

men nrc assigned to duty us the eXlleditionar~- forec to Poil.t Barrow, Alaska Territory, yiz: First 
Lieut. P. Henry Ray, Eighth Infantry, Acting Signal Officer; Acting Assistant Surgeon, George 
Scott Old mixon, U. S. Army,; Sergi. James Cassidy, Signal C0111S, U. S. Army, observer; Sergt. 
John Murdoch, Signal Corps, -U. S. Army (A. lIf., Har\'l1l'll), liaturalist au(l observcr; Sergt. 
Middleton Smitll, Signal Corps, U. S. Army, naturalist and observer; Capt. E; P. Herendeen, 
interpreter, sto1'ekeeper, &c,; Mr. A. C. Dark, nstronomer and mngnetic obser'l"er (Coast Sur­
yey); one cnrpenter; one cook; one laborer. 

Y. First Lieut. P. n. lIny, Eighth 11IfflDh'~', Acting Signnl Officer, is herebYa8signe{1 to the 
command of the '!xpedilioll, nml is charged with the execution of the orders and instrnctions given 
below. He will forward all reports and obsermtions to the Chief Signal Officer, who is chargc{l 
with the control amI super"ision of the expedition. 

VI. As soon as pl1lctieable, Lieutenant nay will sail with his party from San Francis('.o for 
Point Barrow, latitude 710 2j' north, longtitllde 1500 Hi' West (Beechey), a\l{l establish therc a 
penl/an~nt station of observation. to be occ~pied nntil the sUlUmer of 1884, when be will return here, 
unless other orders r{'ach him. On the way out and back, a stoppage of a few days onl~- wiII be 
made at Plover Ba~' (Ialitmle Glo 22' 0" norlh, longtitllde 1730 21' 32" west), for the PUlllOSC of 

{letermining t.he error anu sea rate of his chronometers. The vessel com-eying him to his destfna­
tion will not be detained at thc perma·nent station longer than is necessary to unload the stores. 

Official: 

W. B. HAZEN, 
Brigadicr and Bt'ccct Majol'-Gcl/cral, Ghief Sigllal 0fficCI', U. S. AI'II1Y. 

LoUIS Y. CAZIARC, 

Fit'Bt Lieutellllllt, Second At'tillcry, Actin!l 8-iOllal Officer. 

[Instructioll!1o No. 76.] 

'VAR DEPAUT)mNT, OI'l'ICE 01·' TIlE OllIEI' SIGNAL OFFICER, 

• lI'aslliligtoll, D. G., June 24, lSS1. 
The following general and detr.iled instructions will gon-l'n in the establi;>hment anu manage­

ment of the expedition organized nnder Special Ordcrs No, Ht:l, ',"ar Department, Officc oHhn 
Chief Signal Officer, Washington, D. C., dated June 24, 1881. -

The permanent station wiII be establishe:l at the most suitable point in the "icinity, und, if 
practicable, at or in the imlllediatc neighborhoou of Point Barrow, Alaska Territory, (Iatituuo 
710 27' north; longitndc 15{lO 15' west, as determinc!l by Becchu)·). 

'fhe chronometers will be rated at San Francisco, and will have their sea rates {letennined by 
nn obsc1'\'ation 01' time at thc Unitell States Coast amI Geodetic Snr"ey station at PI')\'er Bay 
(Iatitnde llto 2~' 0" north; longitude 1730 21' 32" west). 

Thc \'e8~el shonlcl, on arrh-al at the permanent station, discharge her cargo with the utmost 
{lispatch, amI at once be ordered to retnrn to San I"mncisco, Cal. Before permitting thc \'essel 
to lean" a careful cxaminnlion of the vicinity will be made and thc cxact site cllosen for the per­
manent stntion will bc located in latitlllle and longitmlc, chronometrically, both by I,ieutcnant 
Ray amI by the nllxigator of the Yessel imlellenlleutly, nnll a rcpOl't in writing will bc scnt hy the 
returning \-esscl. By the sallie means will be sent a transc1'ipt of all lIletcOI'ological anll other 
obsen-ations madc during thc\'oyage, amI also a list of apparatus and stores Imml'll to be hroken, 
missing and ncelled, to be suppliell next year. 

After the departure of thc ,"cssel, the energies of the party shoul.l tirst be de,-otell to the erec· 
tion of tbe houses requirell for tlweIlings, stores, allll obser,-atories. 

Special instructions regardiug the meteorological, magnetic, ti.lal, pcnilnlum, amI suc:b otl'er 
obsernltions as were recommemled by the Hamlmrg International Polar (Jonfel'cnce, are trans­
mittell herewith. 

Careful attention will be gh'en to the collcction of specimens of tlte animal, mine1'al, IlIIlI vege­
table Idnglloms. These collcctions are to be malle as complete as llossible, and are to be consid­
erell the property of the GOI'Crnllll;nt of the :JJnited States, allll are to be at its disposal. The 
collections in natural history allll ethnology are made for, and will be transfcrred to, the National 
Museum. 

It is contemplatell that the permanent station will be visited in 1882, 1883, 811{11S84 by a steam 
or sailing,-essel, by which supplies for, amI such additions to, the present lJartyas arc decmell 
needful will be sent. Lists of stores require!1 to be sent by the ncxt season's ,"cssel will be for­
wardeu by eacll retuming boat. 

The subject of fnel and nath-e foocl-supply, its procurement aml prescr\'ation, will recci\'e full 
and careful attention,as soon aCtc1'the establishment of the post as practicahlc. Full reports 
uJlOn this snbject will be Qxpecte<l. 

A special copy of all l'Cports will be made each lIay, which \\'iI1 be sent home each year by 
the retul'Dillg vessel. 

The full narrati\'e of the several branches will be 11repared with accuracy, le:wiug tbe least 
llos:sible amount of work after\\'ards to prepare them for publication. 

In case of any fatal accident 01' llermanent disability happeuing to Lieutenant Hay, thc com­
mand wiII tle,ol\'c on the officer next in seniority, who will be gO~C1'nell by these instl'llctions. 

OHicial: 

W. B. HAZgN, 
Bl'ioa(licl' nnd B"eret Mnjor-Uel/cm/, Clliff Sigllnl (~fJicCl', U. S . .ilnIlY. 

LOUIS V. CAZIARC, 
FiI'st LiclttC1umf, &C01I(1 ArtillCl'Y, ActillY Rigl/tll o.tliCCl·. 
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