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ABSTRACT
 § s lurtaco study of the Vikxng Formation in south-
.eaatern Alborta betwoen townahxps 19 and 26 and ranges l and
.16 west of/ggo dth merid;an was undertakon to determina its
depoaitional environmant and depoa;txonnl hxstory. This. arQA' 
s just north of the transition from the Bow Island Formation" 
h o£ the aouthatn(?lains to the Vikxng Formatxon of the central,ga

. I
APlainaifand is in- the region of multlple sand deveﬂopment 1n

~

the Viking Formation‘ Pouttoen Viking cores and 250 electrica -;

‘_loga distributod throughout the area were studxed in detail,
From oxamxnatxon of cé}es. the vertical succession |
of - structura* and towtu*ow was found to he sxmilar to barrior
‘aands as prevxously de&crxbed by other authors, The shapox:-
ot the self-po~oatial uurvoa ot the Viking Sabdstona xn thuf':
Suffield arca is %he ulasaxcal funnel shape to which Kru&an
(1968) ascribed barrier bar uaposxtxon._ Core and eluctric’l
log examination shows the Viking Formation to consxst of Lwo .
'main sands, hore callud thu Upper and Lowet v;kin@ Sandstonoq.

A d;agnostxu 6 to 12 inch bentonxte bed within the

‘Vik;nq Formatxon ia c0trolatablc throughout the study area

. on electric logs as a time datum\i The xnterval butwoen tho

: bcntonitu dhtum and tho ovorlylnq Fish Scales Sanddtono was

= iaopachcd. and Suggests Lho quh Scales may be a alxghtly

- diachronouq un;t tas;nq atrut\graphxcally eastwatd. The

~bentonxte q;vus an average ab,olut“ pota&smum—a*gon aqc of

AV
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103 V’Sta'millibn years. Tholnicrotauna was ltudied tr\ 3
~samples a tcw teet above the Viking Formation in “the - '
Lloydminatot Shale... The micro una roveal the biostrati-
graphic poaition of the Viking Formation to ‘be just below

-

| the M. manitobensis %ono.

hxaminatzbn of a 80!108'05 crosa-éecticﬁa utilizing'
the bentonite time datum shows the dopositional development”
| of the Viking sQndqtone. Tho Lower Vikin aand was depoaited \
iﬁaa a northweat trendinq barricr bar with gteateqt thickness
in the conter of the study atea., This sand was dcpoaitcd |
earlicer than the bentonito datum. Tho Upper‘Viking‘aahd. g
depoaited abave thu bentonito time marker. tcprosents an
castward progradxtq barrier bar that has its maximum develop-

ment in the noy theaat corner ot tho map area

xth a,nqrth-,

northwost tren .
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CHAPTER I

©  INTRODUCTION S U ¢

A

o l@_*_pos-ce ‘d Location of: Study .
) Thao nim of thfg.stqdy was ﬁd map the Liphof%cioa uﬂd"
intéfﬁrot~Lho‘dopoqitional prbcosbes~and eh@ironmuntﬂ of tho
Lower Crﬁtacoouq Vnking %andqtone potxolcum lOHOrVOil in an
area in noutheastorn Albarta, The solncted study roqioo@ ”~

eﬂtcndq b~ ween ranges 1 and 16 wosé{gf the 4th moridibn and

\botwoon Uowﬁships 19 and 26, an q%pa of app:oximntoby 4 OOU

x/-,‘

square mi]cs w1thout major a;ttloments, situptud $k ; 
north of Lhc uuffiold mllitaxy base-(rjqure 1), Thc atudy

nrun\will-h% dcsxgnatod as the ufflc]d ar%'

@g.'The “Uffiéldﬁarea wats, cho en for sLud" fron'nn
‘ ova\uat:on of the paramuterJ of dcnbity of wclln, uvnilw
ability of corg, and the chnrncteriutinASponLanuouu Potontial
KMP) shapu' of thu mOChdnlCd] Joqq of the Vikivq )or;ﬁ{iLinn\\~ y
Most of ehe wclla dri]]cd thxouqh thu VJking bnymut\un rnux,'u.'g#:ﬂ‘é
vuvailuble_an sP. mcchnnicnl ]oq._ The Viking S‘ndutnnc nhUWH S
'dlaaﬁ}c sandmtggp Gp shape&, particulurly jn tho utudy aro,
- from which dn ihturpru.qtion of the dupu&ltionuJ environment s
of Lho mundﬂtongs can be madu _'Tho Sur£iv1d”arun'dinn Bt u";;
lr\f/orm qi“trlbutlnn of wcll ‘whichfhévquikinu vorud-
into:vnlﬁ.‘ V |

g///The,trannjtiohyrrow the pow Indand Formation of tho
. | B #
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southern Albertd Plaxns to the Vlklng Formatlon of the central
Alberta Plalns occurs 1n the southwest corner of the study
area.“The~V1k1ng Formatlon in the;study area shons muﬁ@iple
sand ﬁovelopnbnt. genefally ﬁwo Sands.' To the nQP, ﬁhe
Vlklng has only one dlSC}Qte sandstone unlt. an§ south of th
uffield area tne Bow Island Formatlon has from four to .
'E;eatcr'than ten discrete tgxn*sgnd units (G]dlst » 1959),
Thc transition from the Vlklng to\ZEe Bow Island Fo:matlon
'depondant ugon thé llthologlc charact01 of ‘the Jo'i Fou
Formatlon" North of townshlp 20 the J011 Fou is a dark q;ey,
:marlne shq}e wlth a lower r051st1v1ty than the overlyxn
Vlklng. South of townsqép 20 the Joll Fou becomes a s. .y,
’sandy shale due tOnJ*ElCS change. and the reslst1v1ty cannot
i‘be d\ffer ntlated fraom tﬁat of the overly:nq Bow Island sands
and ‘hales. In Flgure é two wells, 84rmles apart 1llustrate

vthe typxcal strnthraphlc sectlons of the ,Bow lsland and .
Vlkln Formatlens.. The. top of ﬁhe Row ré??ha is correlat;ve
‘-

thh fhk tog of the Vlkxng Formatlon. Thevbase of the Bow .
:Island is the top otﬂthe Mannv1lle Formation, as the'qoli
F;;\has-becewo lnd‘ .i‘julbhvblq_ln~the souéhern Pldins, thle
tno base of the \lking is'the ion_of Lheﬁdoii'Fou‘Snule of . the
3gntra}_?lasns\ L | BT -

The;ViRenq'FormatiOn'is important economically as it
accounts for nbout 11 pexeent of tho as 1eserves in Alberta
and -1, 4 percent of the 014 resorves (A S P, G..,1969). |

A]thnuun thure hnvo been no’ Vlklng o~l f;e;ds found iﬁfthe_ :
S _ v _ S s SO S
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~study arga.'tnere are three gas fields--Bindloss, Atlee-
Buftalo. and Celsford., Theyﬁocation and size'of these three
gas fields are plotted on thc structurc map - of the top of
Viking - (Figure 3). q

" The 40, 000 acre Atlee- Buffalo field, discovered
in 1953 produces gas from the top tive foet of the upper

. }sandatone of the Viking Formation. The trap type is a combin-

. ation stratigraphic-structural trap, as tho field is‘located»:
on a llight structural high (Figuro 3, and thc sandstone han_f
& porosaity pinchout as it is enclosed by surrounding shales.

The average p rosity of the reservoir sandstone is 23.5 per-
cent and the es imated gas reserves (in place) are 55 Bef,

The 56,3 acro Bindloss fiold is the largest of

the thrce tiolds. Thc maximum pay thickness is 28 feet -

(average 14.4 feet). occurring in the upper Viking Sandstone d
- ~which has an averagc porosity of 29 pcrcont. _The . trap ‘type !.
-i8 again structuial-stratigraphic, with a porosity pinchout :

'of the sandstone on a structural high (Figurc 3).‘ The
sstimatod gas reserves (in placc) are 460 Bef. B

The 35,800 acro Cessford fiold has ostimato

gas roserves (in place) of 85, 1 Bcf.- Production is from .
',both upper -and lower Viking sand with a maximum pay thickneqs l
‘ot 26 fest and an aVQrage of 6 foct. The avcrage porosity JS
18 6 porcent. The trap is predominantly stratigraphic poroaity
__pinchout with varying structural iniluoncc, structural highs

being prssont in four of tho 8ix pools (Figure 3).
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- 7 . '
Othor major gas tiold: tound in the Viking Formation.
voutaido the atudy aréa are Viking--xinaella. Provost,  Joarcam,
and Bow Ialand. Some ot the important oil fields are Joarcam.v
*Jottro. Hamilton Lako. and in Saakatohewan. Smiley, Dewar,
Eureka and Dodsland. Tho oil and gas discovories in the Vudng

. Formation havo shown it to bo an excellent reservoir.

»Provious work ‘
Publishod work on the kaxng Formation in aouthorn and
oontral Alberta. has been mainly oonoernod with the mode of
dopolition of Viking sod;monta\ Beach” (1956) and Roessingh '
) (1989) favoured a turbxdxty current oxplanat;on., Beach was
i'oonoornod thh the wxdospread extent of the chort pebblo beds :
and their unsortod oharaoter. wh;oh he thought could not beo
. accounted- tor b§—;orma1 marine sodxmentat;on. Roeéﬁingh
. iutorpretod mioro-struotures in- the'Vlklng cores to be alump
struoturos aasooiatod with turbxdxty ourrent doposition over a
'mattor ot hours‘ His corrolataon of bentonltos occurring in
"“approxfmntoly tho same stratxgraphxo posxtioﬂ relative to o
the top of the Vi)u.ng seomod to contradict the oonoopt. of regres-
- sion and diaohronism of the vuung Sandstone. Dowiol (19.)6) and
- Jones (1961) arquod against mrbxdxty currents and suggested the Viking
. 8ands to roprosent oonventxonal mar;no sodxmon&otion in a broad,
’auqllow opioontinontal soa durxng another rogrossivo\atago in
~the Crotaoeous history of wostorn ‘Canada. Jonoa suggestod

‘that the dotormotxon structures desorlbod by Roossxngh. are

-

of: organio origin and imply normal rates of sedimontat on.




j ?‘;::, '
' 8

..

Papers by G ammul'tlQSSx;‘Glaistur t1959), énd Rudkin
(1964) in@ put;olgqic demcriptions af the Viking Sandstonc
’:&nd'gcological history ol thu'#uhcf Crelaceous in céntral
“and snuthern Ml\v«‘_rt '
"Evans (1970) examined sdmeriking'cores from‘the
v'Dodslandfudosiur aroa‘ﬁfbnouthwout 8a katchowun and’ suggested
thaﬁ imbricatc‘sandstono'bodids with q¢we:t-nouthwost, cast-
northeast orientation sro tidal ux:ent dvpdé;ts. from
tidal currents fhnp carrxud rclatlvoly coazku,clastics.in an
ieastetly dirvection, at uahrgh angle to.phe'shorcline. and
not the roau1t4o£ a sudden gwing'in ;ho‘shorcline from the
usual noxthwu ~buuth0u 1L stpiku trendf |

uurg and’Duvios.(IQGS) stﬂ pdreg fﬂom.ﬁhe Bell

. - | : 4 . .
Creck oil field in/ the Powder Rivoer Basin of Montana and

Wyoming, to intuerprot local sedimentary environments of the
Lower Crotaceous Muddy Sandstone which is correlated with the

Viking Sqndstoné. on the basis of minoval oompn;xtmon,

vonLJoal toxtura; vhﬁnqu boddlnu and qx ::’morphongy Lhe;
Muddy Sunds:onb was JuLoxlxu od to bu a barr\or barf  A
gsuccood.i’ng papopr by lk\\'um. ]‘.th.l‘l\_]\‘l\‘ﬁ nnd l\um (197.1)..31\1\1g\'>st‘s
how barvicr b@:fvnvirunmcuts.mdy bo recogid ; od bylfho

- vertical suocdssion of sodimentary structures and tu\Lurog.



PR  CHAPTER 2
,' \ . usgélop OF STUDY
A totaiyof 251 wells were selected for'this project

from computer pﬁint;outs. giving a dénsity of 2.4 wells per
| townshxp. The w\xter examined 850 fegt of Viking core from

14 woll cores storod at the Core Storage Center of. the Alberta :
| Energy Resources Couservatxon Board in Calgary.j Thirteen |
Viking cores from outsxde the study area wero also examined,
rSoleotron of the wells to be logged was based primarily on
the shape of the Spontaneous Potential (SP) curve of the |
Induction-Electrxo.Log;ot the well, in order that.;as far as
Ao_possib{e. detbiled log.oxaminationo would be-modott r all

‘major shape varxants of he se curve.v A'uniform istribution

"ot the cored wells throughout the reglon was also s rxved for
~in the Stleotlon of wells for lxthologlo 1ogging.-
o The purpose of lxthologxc descrlptxon of the core was o
© to defxno ‘the vertlcal4successxon of sodimontary structuf%s,,'
lithologxos and - texturoo 1n order that an intorpretation of_
the doposxtzonal env1ronments could be made (Davxos. Ethridge
' and Berg. 197L and Vlsher. 1965). Photographs of :the loggod
core, showxng the varroty of structures and textuteq in
ﬂvortical gucoo551on.wﬁr§‘takon for comparison Wlth publishod'
"photographs."to[uid in tﬂo iuterprotation of the onvironmohtol

N o

subfacies. . . N
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'Kruegcr (1968) indicatcd how depositional cnvironmcnts
-~ of sandstoncs can bo intorprcted ‘from 8P clcctrical measure-

munts.' By‘thc use of thcvl4 lltholcglcally 1ogged wclls as‘. ’

conLroJ pointh, thc 1nterpretod dcpoaitlonal Q mcnﬁs'of
the ViPing Sandstone were extcndod throuqhout the study areca.
‘by comparison with thc SP curves of the other wells.
A time horizon was found in the Vlklng Fbrmatlon
t;roughout most of thc study arca in thc form of a volcanic
ash, Whon thc wrltcr was logqing the core a diagnoqtlc 81X
inch to one foot thick volcanic bentonltc (1dentiflcd by bPr.
J, P, Lerbekno), was found in four of the fourtcen wells. CIt oo
WQé,decided to gsc_;he‘bcntonite_as'a_timc horlzon xf it th
-corrclatablc chr thccstudy aﬁed. ‘By the use of rcsiqtivity
and conductlvxty curvca, thc bentonlte was traced thqughouc'
most of the arca of intcrcst. Thc dlstrlbutlon of Viklng
lithofac1ca was mappcq?ﬁp both space and tlmo u31nq the
"vancanic horizon as a datum planu for cross—sectlcns,-
Mincral sqmplcsffrom tﬁis.bontcn%tu were chqtatcd and
_prcparcdﬁfor'chasbicm-argcn dgtinq in-o;def'thattanfquOIuLc
,agc.of»tﬁc Viking Fdrmaticn‘in:tho qufficld arca'bc knth.
’ ' Samp]cs for mlcro-pnluonto]cgy che colloctod £Lom
' vthrcc of th quqod wc]la; ]L\cm hoped that a etudy of thc
micrcfcunal would rcVUalx (1) .vhuly qubfucioq of thO‘Vikinq
>~‘Pormntion whlch cou]d not bc dliiorontlatcd by’ thCJl textural
and sLxucLura] ch:ractur: stics ( ) envxxunmontal-‘mplacationn.
of Ljhc microf._mn;l‘l‘ '.'1r.:-.«_nnhl:.u_;c:*.,-_ .n'nd \'f-) Qa qttathxuplna '
bUf!UldLiQU‘UrjthU Sulficld crcuinoctich Lo other a;cuu,
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CHAPTER 3

‘STRATIGRAPHY AND .GENERAL DEPOSITIONAL HISTORY

- This outline. ia intended to- introduce the reader to
the Lower “Colorado stratigraphy in the eubaurface of weatern |
Canada. The cOlorado Group of marine dark grey ehalea and
minor sandstones overlicl tho Mannville Group and underlics

the Lea Park Formation in central Alberta. .The lower part of

the Colorado Group, below the "Fish Scale" s ndetone contains

the sandstones of the Viking and Bow Ialan@“ rmations.

Figuras 2 ahowa the correlation of the Viking and Bow

Island Formations in the central and aouthern Plains of

- Alberta, respectively. In ‘the louthern .and central Plains

" the Lower Colorado map=unit includea thoae beds betwecn the

top of the Mannville Group and the base of the Figh Scale

zone. In the central Plains this includes the Joli Fou andV/

' Viking Formaticna. and tho-o Colorado shales bctween the

- Viking and the Fiah Scale zona) all are marina. In the

southern Alberta Plaine the map-unit includes the’“aasel

. Colorado Sands", ‘the Bow Island Formation. and thc shalca

~between the Bow Island and Fiah Scalo zone. : ~

A The Joli Pou Formation ia a dark grey. marine shale

that lies above the non-marine beda of the Mannville Group

: and below the aandy shales and aands of the Viking Formation.v

The. Joli Fou~ gradually pinchoe out. weatward until the ovor-‘

lying Viking mergos with the Mannvillc to bccome the nlairmore. :
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Formation of the Poothills. The Joli Fou can be traoed '
southward to about townshlp 20, where it 1oses its ;ithologic'
indentlty as 1t becomes a silty and sandy unit.

The Viking Formatlon consists of a sudcession ot
“salt-and-pepper \protoquattzltes 1nterbeddedqsith grey to
vdark grey siltstones and shales. The top of the Viking is ,'
placed at the top of a black," chert pebble stringer or chert -
rich sandstone. The base of the formation is placed at the
base of the sandstone or sandy shale overlying dark Joli Fou
shale. From central Alberta toward the east and northeast,
the kaxng becomes progressxvely finer gralned and more
shaly untxl it vxrtually disappears as a sindstone unit.,‘
_The arbxtrary cut-off of the Vlklng southmard at about town-
' shxp 20 corresponds to the J011 Fou- od&ng its llthologic
i'identxty. “The. average thlckness of ti¢iV1k1ng Sandstone in

the Suffleld area is about 80_fee;r\t‘*w

”:f;sunw below the base of the
Fish Scale marker (Glalstet. 1959).° AlthouCh a shale is well
' developed between tho base of the Fxsh Scaleg}and the topuot
the Bow Island and Vlklng Formatlons in the Plaxns& this%
dinterval becomes eatremely thln towards the - Foothllls.

| e' The followxng is an account of the deposxtlonal
‘ _hlstory of the Lower Colorado Croup in Lower Crotaccous time

“from Rudkln (1964) and Stelck (1958).‘
v . : e
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'During Early Albian and Middle Albinn'timc, the |

boreal sea advanced into tho Contral Plains durinq the de s~
ition ot the Upper Mannville ledimentl. It il along the -
fbordorl of this soa that the shore: line and offafiore sands of

the Viking, Palioan and Bow Island Pormations dovolopod

along with the Lower ‘Golorado shales, cOnnootiona bowoon tho'
obo:oal and Gulf of Mexico soas wowo probably lporadio., Tho :
“.boreal advance is Well documented ntratigraphioally; tho
' dotai1l of the Gul!ian advance are not as well known,
fHowover, stelck (1958),-In-3lsoussinq the !auna of the Joli
| Fou Formation of tho lowor part of the Lower Colorado Map

‘unit, ltatel that the pelooypod Inooeramus ggmggggggggg whiohig

a

ooourl in tho Joli Fou "is a migrant trom ‘the’ Gult of Moxioo o
and may be . tracod up the Miusouri drainaqo into Canada",
u 8andstono deveIOpments are. oontinod to the wolto;n
rogion, generally in areas of high subsidenca and thick
deposition. The sandstones thin and grado to p¢ltstono oast-. =
| ward, This'indicateu the Cordilloran uplifts wore tho main‘
n source of sedimonts, particularly coarse olnstios. Tho}laok_
of sandstona in the oasto:n portion of tha wGstorn canndaj
Mkbllin also indioatos that the Shicld was no longor acting an .
a souroe of sedimants. Ruther, the westarn Bhicld was |
Qgrobably coverod by the Lowot COIOrado noa.' The - seotion in |
oantorn Saskatohowan and Manitoba is thin, buc otratigraphio'
. and paloontologio ovidonoo indicatea that a comploto Lower

COlorado saction dooa oxist. Thoso bads thoraforo ropronont

N
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a oondensed Bection deposited well out in the marine basin,
a oonsiderable distance from sediment sourcs ‘areas., - -
~ In Manitoba, the swan River Group,consists_of,shaly"
qlauconitie'sandstone in the ‘upper part,” fhe7swan Riverv‘ ,
appoars to be eguivalant to the Joli Fou and Viking Formations
of the Ashville Group farther south and west., The - shoreline
of the Lowor Colorado sea probably lay in eastern or central

Manitoba, ' o

D

Tho distribution of the Paddy sandstone in the Peace
River district approximaten the shape of a bird's-foot deolta,
with a sandstone thickness greater than 100 feet. This may

represent the terminus of a large river system draining the |

~ British Columbia interior. Over the ‘stable area. of central .

‘fhlberta where the waters were probably shallow, southeasterly ‘
!ladng gsoa curronts, and possibly wavae action, redistributed
~and winnowed the Peace RiVOl Formstion sands,_forming the - -

“great sand bars of the Viking Formation. Some of these sands |

. may have been carried across the stable region and deposited

'as the Bow Island Sandstones of southern Alberta. However,'
it appears more likoly thet the Nelson uplift was the prime
gourco of thoso southern sands. A thick wedge of Upper

R Blairmoro sand ‘similar to that of the Peace River disxrict is L
located: near<§elgary, due west of the study area.’ This thick i
sand complex, if a dolta, would be a likely source for the |
v‘noarby marineo sands/of tho Viking and Bow Island Formations.

The Bow Island and Viking sands would have been deposited f
-during romated minor regressions of the Colorado sea (Glaister, 1959). :
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CHAPTER . 4 | . RN

“YIRING LITHOPACIES

v

Viking core was examined in dotail in fourtoon wollu
throughout tho atudy area.‘ The purposo in logging tho
vortical succesnion of structures and . toxturou was to do]ino—
ate the lithofacxea and compare them with LOOOHt dopouita, in
| order to deciphor the dopositional environmonts in which tho
Vikinq Sandatono waa doposited. Tﬁﬁ’walla woro solactad wiLh \.
a gpal of achicving a unlform distribution thxoughout the N ;
atudy arca. ln addition the wells wexo also solecLod on’tho

baais of their electrical log charactcrisLics.‘ Tha rclution- ‘

'ship of elcctrical 1og charactcrlntica to. qcnonin of a Bnnd-

4

N
,

atone body is diqcussod in tho followinq soction.

The location of - tho cored wolls whi >h wera bxuminad,.
1

alonq wx&h an accompﬁg§1ng clectzlcal mochnn:onl log of tho‘
VlMinq Formation and a briof litholgqic donﬂriptionvof thoe

coros are found 1n Appondsw A
The vortlcal suoco 51ons of scdimuntary atruoturoo
and Loaturuq in tho Vlhing core oxamtnod havo much in 0om@on

Wlth thoso oi Galvoaton Ja.Toxaa ) LOCOHt burrier bar whouo

' aodimeutary ouvlzonmontq have been atudiod by Burnard nL al.
(1962) and Davxus, LLhridqo‘and Btrg (197]).’ bollowjng'ig a

doacript\on of tho mo%t coumonly obquved foatures of the

M»Viking_boxmaplou in the Suffield aroa, THb‘rocoqnitiun'of

N
.
4

_ '. 1 x)

f_'
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"Viking lithofdcf/; ia baaed on their similarity to ltrueturel :
and texturea deacribed and interpreted by the abeve authora.r
Barriet beach and barriefr islana are terms for
_eloaely related phyaiographic units. \?heae featurel consist

ef’a subaerially exposed ridge ogrridgea above ‘the storm
‘~limit of the waves and eurtents that built them. These eon-

atruetional features act as barriegs aeparating the ma:ine
/environment from the ahoreline envirenments.

| - An offshore bar is»a term for a. submerged sand ridge
‘ built some distance from the ahore. .
’ Galveston Ialand. Texas ia A ueloeene barrier islandt
J;aa deaignated by Bernard et al. (1962) and Davies. Ethridge
| ‘and Berg (1971).' These authora studied the internal sedimen- 7
' tary atructurea and texturea of this barrier ialand in order o
".ethat 1t might be used as an analogue with whieh tho intefnai:
ufeatuxes of ancient aequences ceuld be eompared.-- ‘ _
' Galvesten Island began as & small bar on the south=
o:weatern side of the mouth of Gelveaton Ray qbout four Qiles;
aoﬁfahore in five-ge elght feet of'water. The island”’ emerqed
.'and grew aeaward by beach and shorefaee aecretion and south-
weatwatd by beach spit, tidal ehannel and tidal deltn aecre- .
tion in the direction of the prevailing longshore drirt. The :
'burrier eanda aze lenticular. with-a maximum thicknesa of 50 N t&
Ieet.r They are flanked both landward and aeaward by ailta 7; N
und claye repreaentinq typical lagoonal and offahore depe;ita '

reapeetively. The vertical aequence of aedimentqry featuros

y \Q ¢

‘e
. ‘ . . I : - ' - . . . -
L v .
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s from bottom: to top of the island is characteristic and is 7

¥ ~.subdivided 1nte four distinct unxts- (l) lower‘shoreface.
| (2) mlddle shoreface. (3) beach-upper shoreface. (4) eolian,

The lower sh/reface. or shoreface-toe sediments are
depos;ted seaward of the break in. offshore slope. within the
depth 1nterval of 30 to 40 feet, These sedlments consist of
interbedded. burrowed. and churned (bloturbated) very fine-  °
gralned sand. silt, and s1lty clay which may reach a thick-v

ness of 6. feet. R
4

The overlylng mlddle shoreface sediments were _
deposited shoreward of lower shoreface\sedlments.f They con-i
v sxst of very flne graliﬁﬁ sand whlch is so exten51vely
bxoturbated that sedlmentary structures are only rarely

o

- preserved. Cross-lamxnated shelly—sand layers are present
| sparingly as are 1nterlamlnae of silty clay. In general.,‘
.-. therefore. middle shoreface sands are structureless and '
bloturbated. They range in. thlckness from 10 to 34 feet and
ﬂare deposxted 1n 5 to 30 feet of water. |
Upper shoreface and beach sedments gradatlonally succeed
and lle shoreward of mlddle shoreface sedlments., They consxsts,
of fxne to very fine gralned well lamxnated &n@s 3 to 10 feet :
thack. The most characterlstxc sedlmentary structure is
’» planar low-angle cross-lamlnatxon. Bur)gwlng is scarce but
shells may be locally abundagx . *‘_,-" _ _ '
B rnard et al. (1962) dlstlngulshed between beach

'and upptr shoreface sedlments wlth the knowledge of sea level.

-

N . . . . ST e . . - . BN
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the upper shoratace onvironmont belng reutrieted to ahallow
water seaward of 1ow tide lovol. Tho two cnvlrcnmenta are
dif!icult to diltinquish lololy on tho balil ot aedimentary
: atructurea and texturou,and the dlltinction cannot be mada
,aasily in cores. An a rolult.tho qppor shoreface and beach
-zones were combinod by Daviol, Ethridga and Berg (1971).,

Eolian aedimontu that cap Galvcaton Ialand are

- _,generally ‘both oroas-laminatod (trough and planat) and ‘

l parallel. laminated. These ltructureu are progresaively
destroyad with increaaing ago, as a’ roault of plant and
”l'animal action, as woll as by woathoring and the movement of.
.groundwator. Oldct eollan dopoaltl tcnd to be attuctureleaa
or maaaivo but with definite tracoa ot plant rooting and thin
804l ‘zones, Eolian aedimonta are fine tc vory fino gtained
'Bands, generaily p) to 8 foot thick.‘v N

.- Landward from Galvoaton barrior ialand are lagoonal
Bedimenta. &Theaa conuiat of intorbcddod burrowed. and
churned clay and ailt wlth aomo;&lno sand, ‘These shallow
. water depoaita are commonly auccocdod by rootod clay and

Bilt of bordering marshes,. noth animal burrowa and roota

A

’»;genarally are vertical and commonly obscuro tho parallel

-’and crosg- laminationa cf Lhu uodimonta. but some bedding
survivus, es ecially thaﬁcoa;aer interbods,

1 and vorLical acquunco of atlu»tuxca ia

1“w011 devaloped ln all cores. from the Gnlvuaton barrier ialand..

Excollont photoqrapha of tho nbovo aubfaciaa aro ahown in tho‘
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Borﬁ;rd et al. (1962) papor. 4 _

In the Suffield areu. somo of the cores of the Lower
Cretaceoue Viking sandatone revoal two main sandatonc units.,
- Thuese aands have a succession of sodimentary structurea and
textures similar to the aucccssion outlinod for the Galveaton
Lbarrler ialand. The Viking has three diatinct aubfacies'that
may bo‘rocognizedvtn a vortic&l aoQuencd. In aaconding 01dor,'
‘these are intorpretcd as, (1) lower ahorofaco, (2) middle
ahoxeface. and (3) beach-uppex shorefaco.A'Boundaxics bctwoen
+each of thcsc units are gradational, and if a unit is absent
it is generally eithor the beach- uppor shorofacc 0. ae
""middle shoroface.  1§ |

The basal, lower shorcfaco.unit of the Viking Sand-r
stone haa trzegular laminne, lenues and mottlea of very finc'
gxainod sandstone and giltstone in a ahn]c groundmass
' f(Pl. III). Thig subfacies var10a from aandatono and sxltstond
in distinct layers and lenses w;Lh wcll dcfined burrows |
(Pl. I, Flg. ?L to thé iw‘istlnct eraforcntion Lhat haq boonay
rdiaruptcd by organiu activity.ﬁ Orgunic uctivity can comp-" 1
lutely rehork the mud, aand, and ailt Lo produco only
indistinct motLle (Pl. I, Fiqg, . lb). : :

» The mlddle shoroface sodlmonta onntuin between 3 and

20 cht of mudium to fine grainod 8tructuroleaa aand (Pl. lI.
III. IV). Tho structurelcqs naturc ﬁt the aanda ia bclioved
to retlcct inton {c; burrowxng nctivity whnch haa homogenizod ;f '

‘Lho scd:mont (uav1os, Ithridqe and Borg, 1071).‘; R ‘vj fﬁzln‘
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| . The prescnce otvindl tlnct mottllnq and a fcw dig=-
contindohu or»brokeh lémindu (rl, I, Flg lc) is a common
.feature of the mxddlo shorufacc sands or the Viklng in the

sufficla area. . |

The'Struciuré;eéélsahds of the Viking middle.

shurofaco grade upward into well ]amlnatud fino grainced
sand about 4 to 10 feet thlok of the  upper qhorefaco-boach~
wone (of, Pl. 11 & IV)., This 2one is characterlved by p]ane'
tabular cros°-lam1nutxons separated by croszon gurface
'bevollod across undvrlv1ng units at a lom angle (P, I, Fié.

la). Rlpple cross—lamlnatxon is of_losscx,1mportan¢c.ahd.

burrowzng 18 sparsc ] o v
Galves éon lsland also ha9 an co]:an subfacaos capping

vthe boqch. but 1n none of Lhu Vlklnq cores O\ﬂMlnGd was an
colian @ubfaClou rocoqax od, -The Vikluq bnach-uppcr shora-
1facc. sands are not cappod “1th laqoonal se dlmvnts as’ at

alventon. but rathwr'by 01thor marine shales (Pl. IV)'or an
:lrroqulux lam;natod; rcw0rked aud).and s:l(y halo (P ,'III)}
This laﬁter shale is not bellovod to rocord lnqoonal oond1-
tions as it has lLttlo 1[ any organic dktrltus or the
‘qréa\) look usual to lagonnal mud“. _Thasvfavxrq hus
sxmllar utructurv and toxtures Lo that of othvr 10“01 .hor¢€
»fac e 1monts; and, in add\txon tho‘mlcrorauna (describod
lator) ﬁrom thx% facxe Ciw sxmxlar,go thc'fauuq 6f tho lbwer r
shorufqpv‘lao\v~; yTho Galﬁostbn.SQﬁJS'(harnafd g$~gl.. 1962),

the Muddy'suncstuﬁp (bavies, BEthridge aad Rovq, 1971) anq tho

i - ) . . - : Lo



-lagoonal muds overlying thoir beach—uppervah?rofac sands,

lagoonal waters. -

Cardium Sandstonc (Achtman, 1972) all have eolian sands and
These barricr bars “cxo ol(“dl\u close to the shorfeline,
forming ¢riective L rive e cucheen Ui Wren parine and the

, _ . .

The Vikinq ands. wlth no ov*rl)lng laguonal sedi -
ments. suggest donoxxtxon occurrang tolatlvely far from the
shorelzno with a surroundxng open marine onv;ronmont.

Davxes. Ethridge and Berg . (1971) deacribed A Lower ‘Jurassic’

barrler sand in Wales that also lacks luqoonal sodimenta.

~This batrlor bar docs, howovcr have wa hover sod:monts trom\,

the tidal channel onvxronment OVLll)lnq tho beach-upper ahoro—-

face sands. This wa\ a subaur ially exposed har‘tntorpretod
~ to have bovn dupOhItOQ in a 1olatlve1v open marine eaviron-

ment . ' Y

The qvm‘txon arisoes whethnx these Viking sands

d0p051t0d in thv opLen. 8Ca woro uunxmat haxrxor Jslands or

'submergod offhhoro bar“\“

If the. Vlkan Was an uxpO)Lu barriuer sand Lth Lhc'
colxan facxv" wWas nevov dOVhlupLd or was doposxrud and latoer
eroded;. The bouch«uxgox shoreface zonc contains planar crosg-

lnmznat:on \uxch arc producod in Lhe unporvflow'reqimo.
A o

This structure is typically produced by.the,osoillatinq wash

swas h action on the. exposned b\nvh\ However, there ds the

qua“tlou of whnthvr ap uot this'structure can alsa he produced

'»xn a submcrgwd of fahare bar, Relatively dittle s known of
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the internal struoture of offshore bara. due'to their-rela-
tivoly inaooesaible sites of depoaition. Campbell (1971)
interpreted some ot the Upper Cretaeeoua Gallup sand bodies
otrnrunnaunn New Mexico as ottshore bars. The internal
structure. of these sands oonsists of wavy parallel beds with.
planar oross-lemlnae dxppxng 20 to 25 degrees. convex down-

ward and beooming tangentinl to: the base of the bed.. These

‘sands are commonly churned by burrowing organlsms. The cross-

laminae in the kaing core arc rarely dippxng as much as 20 -
degrees and burrowlng is. -uncommon . in this. facies. The Vzklng
aanda do\not seem to compare closely WIth the: interpreted
otfahore bar sand faolos of the Gallup Sandstone as. desorzbed
by Campbell. | '

It is concluded that tho Vikxng in the Suffxeld area
is a barrxer bar complex sxtuated some dxstance from the
ahozolxno. snrroundod by opon marxno ‘seas, but there xs st111
-8ome question as to whether these barriers were submergent

or emergent. .

.
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CHAPTER 5

INTCRPRETING THE GENESIS OF SANDSTONES USING -

SPONTANEOUSYPOTENTIAL CURVES .
. : : L.‘g,
Tne 14 cored. wells ewamlncd. prov1dc én 1nterpreta-
tion that the Viking Format:on in the Quffleld area is a
‘barrler complen. In order that the mappxng of the Viking
llthofac1es could be extended from 14 control poxnts to 250
control poxnts,the °pontanoou5npotent1al (SP) curves. which:
are avalldble_for all_the wells 1nfthe'study area._Were

studied.

The SP curve of an Inductlon Electrlc log is a measure

o of a spontaneous potentlal generatcd across the 1ntertace

betwecn Qhale and permeable andstonc or: llmcstone bodq
'(Schlnmberger.,l969} Thls SP curve shows Q mxnlmum value
opposite thlck snale unlts (shale lxneh and when permeable ;j
1beds ore enconntercd the line peaks to the left, In the
study area the permeable Vlklng Sandstone causes tho QP to
nove markcdly to thc left. and thus is an 1nd1toct mothod of
‘rccordlng sand and shale llthologles. |

The maqnltune of Lhe sp curvc deloctxon is affoctcd

-

by (1) the ratlo between mud reszst1V1ty and formatxon wator j

"re81st1v1ty. 1f tne hole is: rlllod wlth q'nnn-cunductlvc'
 ’mud, the mud does not provxde an electrical connéction

bﬂtwccn‘thc SP clectrede and the tormation;' If the

23
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resistivity of the mud filtrate and formation water are about
equal. the 8P detlections will be small and the curve will be
featureless (Schlumberger. 1969): (2) hole size. If the
diameter is constant, the intensity ‘of the SP current is
constant, and the sP baseline will be a straight line: |

(3) depth’ of invasion. When a very permeable salt: water

sand is invaded by a fresh mud filtrate. the mud being ‘
lighter than the salt water will float up towards the upper
boundary of the sand.; The resulting invasion profile is
shallow near the. lower boundary and deeper near the upper

boundary. The SP curve then rounds off at the upper boundary

' because of the deep invasion. When there are impervious

_ shale breaks the SP will have a serrated profile: (4) bed

thickness. The static SP in a sand bed is approkimately

: equalled when the thickness of the sand is more than twice -

the hole diameter. For smaller thicknesses. the: maximum valuer
given by the peak is reduced and the SP log no longex reaches
the Static Sp value (Krueger, 1968); (5) lithology. A succes-
sion of thin sand and shale beds causes a smaller average )
deflection of the SP log and therefore. the true 1ithologic

content may be misinterpieted (Krueger. 1968): (6) formation

resistivity. When the pcrmeable bed resistivity equals that

of the adjaccnt £ormation resistivity and the mud reSistivity.'

~the 8P curve gives a botter definition of the boundaries of
Ithe purmtablc beds and the sp- def lections are greater than in
“the case where the" permeable bed rcSistivity is greator than

‘o

the adjacent formntion nnd mud resistiVities (qchlumbeiger.
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| | f ‘the aize

xruegor (196Q)aatudiod thc rclatiOhaﬁﬁgl
diatribution of acd"aahcéﬂﬁ

v

c “the encrgy'fﬂyorvfd in Lhe\_
- dchSJLional procose, qéis directly rcl$&od to the
' environmcnt of éepoei: o&ﬂgﬁh aimplifiod general scdimcnto-

' logical relatiqpship is that the fine graincd sediméﬁts (mudq)
are dcpoaited in dcep water environmcnta with low enorgy. and
cthe coarser grainod sodiments (sands) are deposited in higher
’energy ahallow wator enviionmcnta.‘ The SP curve of .an
Induction Electric log can differentiatc bctwecn lithologle
;using the factor of grain size to distinguish thc permoable o
'aandatcnes_frcm the impervious shalcs,‘andwthua-inaircctly o
‘}depositicnql.chergy qnd,vwith_leaa‘ccrtainty. wator ccpth.

| Krcegor (1968) has catcgcrized'aand toishale.traﬁsi&
'tiona.\nto threc genoral typcs--a, b, c (Fig. 4). 'Typc “a“"gg
has a aharp or abrupt sand- shale contact with the slopc of

the sP approaching infinityy typo "b“ aand to ahale LtanSi-
tiona gas sand and shale. lnminationa with the pcrccntagc of

~ sand increasing towards the center of the interval qxvzng»a'

- shale to aand vahmm without uny igaic\ticn»of uhalo laminu-

~_

tions. .

Type "a"‘QXOmplifiea a tapid chuhgo fromfoncigrain .
size Lo another indicating an abrupt cnvxronmcntql chunqe or
{::’:1‘* .

an erosional’ or non dOPOH ionnl surface.’ Typc “b* ig_ a

fluctuating trnnaition of uand and thale laminationa hthh
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may‘bc producad by:a graduaivohcillating“?bgrossion dr trange-
gréggion,' Topa "e" du the least comwon and Hdi@ﬂtﬂ a
aradual size nh1nav (qraded beddinag), due tn ntqnd117
decxcusinq dvposicional «nuxgy. " | _
Figures 5 and 6 are grnphicdl uxamglaé‘of fOUr dif~
ferent gcnétic‘suthﬁﬂltﬂ,,pnd the corresponding ﬁﬂﬂgn of the .
8P curve thdg~onq would cxpect to find wiﬁh these énnd" A
bodies. N SR ‘,” | : |
Figure 7 showa four 8P curves that are found within..

the study arna. A compariuon of thoso four sp curves wiLh

.thOba of/fiquros 5 and ] which display toxtbook oyamplau of

SP shapos for variouu depositionnl environments ﬂhOWB that
the 8P curv&% from tho study arva are simtlnr in shape tn the

example of thn barrior har, . This uP shupu is a half funnul

‘with an abrupt uppnr "a" contac t and- a txansLionul ”b" or "c“i

| lower contact, Yruoqcr (1968) finds th funnul shapo of Lho

i

123

8P curvc tn he harmon:oua wlth Lho dopositionql procuﬂﬁun of

nbarricr ba: dcvclopmonL which luflnct thao incroaninq anerqgy

-

‘dintxibufion of. roqro,givo marine proccs.uﬁ. Hiqho u“qu/
" n0arshoro ﬁﬂdinfnLL uru progrraﬁlvuly dopublLud avir luwux

energy offﬂhoro uudimontu.\ The LodimuntuLjon puLtoln in

‘illustratod by a nilty. uhu]o unit ovcrlain by a more Mmagniva

.boarma- grainod uund fiJL ugft., Thc uppux contact iu dupiulndv

by un abrupt Lrunvltiun Lo quictor waan_uodimunlar}un ("
typo cohtaaf) |

Wollp 1. n, loma gherest Rorry Crook §1 (102322~ * %

. v
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Ao a/a contact = S .

Abrupt upper and lower contact., Sands
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l3w4),CMuwxmﬂaih Buffalo (6~JC- 1=0W), Mobil Matziwin (11=- 23-
23~ 14w4) and Anglo Humo Atlon (l=13=23=7W4) ahown in figura
"7 have core whxch wig oxamined by tho wzitcr. The vortical
“succesgion of ntructuroﬂ and towturua found in those coroa._
lead to the inturprotatinn that thoy are the produet of
barricr bal dovalopmong.v Thouo four wolln ruprcaent the

Lypical range of 8P ﬁhupua found within thu’atudy areas,

Well® and Locatjon“-_ : S | .;"f!
Chamborlain Buffalo- (6-16-21-6w0) |
The sp log of tho Vihinq Formutionvof'ﬁhig well is
reprosontativc of many of Lhc wuila in Lhovsuﬁfieid aféa;
‘The 8P log shows an uppox and Qa lowmr aand unit br multiplo"
bdnd duvclopmout;- Tho‘wriror ornminod thL care of the thln
Uppar~sahd only7 and Lound it to beo a plannx lamlnqtod beach
sand, wtth no ﬂtructurnlonﬂ midd]u ahorofucu sand developcd.
‘It wag found Lhat thu thivk dowor uand had only. wliellne corov
‘w1Lh VOLY pour !OCOVQly, huncg, no coro'of thlS'aund unlt wasv
'ovnmincd. _ | V B | . o
The sh cuxvu hhﬂwu thae well duvolnpod funnv] ahapo.
typlcal of a barriox SHEAE !01 1hv twv aand unlts.,‘Tho uppor
POHLdCLH of both bar wundn are the nbxupt "u“ type, “hll@ ‘the
lowux couLactu arc the trunﬂittnnul nl:qhtly sorratod “HY
b't }’D"H. : | | | |
fwelkgguﬁfhgsu&fnu | . o
Hy- n; ,l'lotmv' }i~if'1llf.f'l'¢vtil' 'm-)'l'y .:(?‘1"«\‘\): YM‘V(]6*23-3.3*13\‘24 )
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depicting multiple sand dovclopmont. Four aand units each

produco a funnel shnpe on tho SP log auqqcating barrior bar -

= dovolopmont. All four of tho sanda hava abrupt upper nal -

' typu contacts and gradational lower "c" type contacts. The
aecond’bnr sand from the top waa,corod. and showa an upper.'o
middle ondJlower shorcface, Tho . transitions from: upper to
mlddle shoreface and middlo to lowor ahorofnco cannot be dls-
tinguished on tho SP log. An axamination of the core through
the fourth and thickost bar sand reveals- that the upper

'ahorefaoe subfacioq is misuinq. yot the SpP’ log has thc
clnssic.al funnel shape ot a barrier bar.

: Multiple well separated sund dovolopmcnt as found in

‘the Beny Creok £1 well is of local cxtontonly J.n the atudy arca.

-

F.WQll and Location : o 'y, '{Om; CU - f‘ '>‘}/
 Mobi1 Matelvin (11-23-23-l4wd) | o o
‘ - The SP. log for tho Mobil Matziwin wall has tho pro-j-
"rnounced funnel shupo typical of a barxior bar Wlth the abrupt
i'uppcr “a" type contact and Lho slightly secrrated lower grad-
at!onal "L typo contact.' Tho chunqos Irom upper to middle

ahorefaoo and maddlo to lowur shorofnco cunnot bu seen on

the SP curve.

‘Noll'aqd'Location I o S

Anglo lome Atlee'(1~13~21$7w4)' |
S This well has an op ]oq shapo simi]nr to that of many

wollq in the utUdy arou. Uho~hhapo ia not Lyploal of a



barrler bar, so it “ould be'éxpoc%vd tc‘ru;“snng anothor
depoaxtlonal vnvxronNunt,: ﬁd&evor.cxgmipation uflthe corc‘
rewve ls thxs xnturval to have i thu:dcipu’g}ﬁilur Lo others
dnte rprutod as barraor bars. 'The QP curve al(o qhoua‘
multxple devolopmont of two sand unxt Tho lowor sand is a
thxck. structurelcss. dlrty fxnc qraxned sundstonu wh:ch"
bolongs to the mlddle shorefaco auno\« Th;s mxddlc shorcface
fac1es grades into 1ltv. sandv'&ha]0¢ abovo and helow, The
resultlng eff ct on thc SP-curve ls.toiprodude Q plocky shape
”for the middle §h010fa00 xnterval Thi o:ﬁmplé shows.Why
lt is- QdVlSQb\O to do a core studv to back ﬁp an.. ald the

1nterpretatlon of depoq;tlonal onva onments from Sp curves,

Fxguro 8 xlluqtratoq tho QP curvoﬁ

of sandstones in

othor Crotuooous formatxons 1nternroted,as barrier bars by,

5 varxous auth01u\ I o _.<Q',

In summury tho wrltet~fouls cunfluont Lhat. in the

N

Sufixvld azén. %P ourvo canvgn usud.to inte 1brot tho'qﬂn051°
of thc ka;nq an<\tono i{ séme autlow i u;od Tt hnq beon
foundrthat in NOWt wolls;'tho'QP curvvfhas !unnol shape

thh abruut uppvr “a“ tvpo contav .and tho]iovur Qrdddtlohﬂl
“b“ or‘“c“ tho bontqct.loxpoctod of bazrxor harl hut'thaﬁh

ocecas xunallv 1nx1ar sands ton; doVQlopmontv' o not s Ho“ this

L

chut\\otorl tu‘ \hapo 'lho 8P cur\‘o c\mnot dmt \n\nn 2l th\Y

..

subiuclos ui a barr lor hdl“\“\h xu tho uppor \horvfdgv from

.

tho m\dulv \horv‘aco hﬂ\d“n@ tho onlv d\trazvn\o hvtm\u

thv-o twu subta\lo AR Lhax tho‘uphn: hlela\O in a -

é -
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" Cretaccous - ' Crctacvous, | Crotaceous,.
Fall Ri\gg.t-if‘ﬁiié‘~";7~ " ©T. 0 Gallup Sandstone ~© Fall River Fm. -
Donkey, Crock Field, Wyo. Bisti Ficld, NN, " Rummerticld Ficld, Wyo.
(Mille¥r, 1962) © (sabins, 1963) ‘ (Niller, 1962)
'*;50‘
(00 | o
\* !
' Ctetacqoué. Cardium Fm. )
vC\‘F\P\ Cutb&mk EQS; » ;
16=4-64-6W6 o e - Crotaceous, Nuddy Sandatonu Bm,
(Achtman, 1972) - - - Bell Creck Field, Nout,
o " ' ~ therg and bavies, 1968)
h 4550
™ 5250 -
.
: 4600
- 5300

J
'_I»‘ig\ite 8 . Int.czpmt.ed“ Subsurface xarples of Other Crutaccous narrier
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cross=laminatod sand while the middle shoreface is usually a

structurcless sand, The 8P lon is not dirdétly a measure of

thove charactorlstxc\. buan ins toad a measure of the berme-

_LblllLy of a lulu. :G»4liy.»thv_p\rmhqulltv gradually

decreases from a maximum'vxlue in the clean: upper shoreface

Sandsrto a'mxﬁfhum valuv'ln tho lowar shoroface shalos with

no 1nd1catxon nf the Ubfd?lQS bouudarleg.

-

Thc SP curvo ‘xndchte thnt multiple bar developnent:

+

is a common fcature in the tudy nrea. the Vlklng Formatlon

usuully consisting of two main s and unxts.



CHAPTER 6

The micrbfauhél.assemblages wcfe sepatd£éd from the
cores of the féllowing wells storedvét‘the”CalgérQ Core
 Storagc CenterIOf theranergy'Résourceq'Copsefvatioﬁ Board{'
Mob11 Matzmwln 11-23- -23-14W4; Anglo llome Atlee 1—13 ~23- 7w4,
and- Chamberlaxn H. Buffalo 6-16-21- 6w4

: The microtaunal assonblaqes provide some information
on’the varlous subfac1eb of the Viking, in partlcular the
| problcm of dxscr1n1nat1ng the lower shoteface of a barrler )
~har from the 11tholocxc unit mhlch usually ovcxllcs the
upper shorefacc of the bar. Campbcll (1971) in worklng on‘
: 'the Upper Cretaccouu GalXxup shorellne ‘had dlff;culty in
dlstlnquxshlng the offqhore‘sxltstone andlmudstone facicsv
” on the basma of Qtructureb and te\tuxes ‘from such othcrv

mudotonc env;ronments as lagoons and bays. Fordmlnlferal

e faund were found to be especially useful in 1dent1fy1ng thc

offshoru fac1cs of the Gallup beach shoreline. Dctails of
the drllllng depths fxom “hl@h the eamples were collectod,
and the m1crofaunq] ass enal\qo from each sample are’ gqu

F

in Appcndlx B.ﬂwv{’”.

The sampleq Nlth tho gtCQtOQL number of specxe% came
'from Chanaurlaln . uffalo G 16 21 6m ~and Anglo uomc

_ Atlcc 1= 13-23—7h4. onv Ioot Jud four lcet. regpcctlvelyf*f“.

737,< o o e
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above the top of the Viking, in the ~overlying shale unit.' ‘

i

The foraminiferal fauna obtained from these shale horizons :

.9

oonsist of the following forms.

Trochammina'aléanensis. Suﬁok.»1974

% Trochammina umiatensis Tappan, 1957

’ -Trochammina cf. gatesensis Stelck and Wall, 1956'. '
v Trochamminaxsb;~ | _ S '

- % Verncuilina cahadenéisacnnodensis Cuéhman,,1937
E géfneuilénn howchina Crespin, 1953 ~" :
,'Vernouillnoidessborealis ‘Tappan, 1957

Gaudrxina sp. B | o » |
_gg?ryina ﬂanadensis Cushman, 1943

Gaudrziga cf. hectori Nauss, 1947

f Reoghax gd 31nnign§1§ Suﬂck. 1974
* Reophax tundzaensis Chamney, 1969

Roophax.mlnuta Tappan, 1940

N

" Ammobaculitos sp. A (var. long) 5

*,Ammobaculitos 8p. cf. A humei Nauss.-l947

‘Saccammina 8p.?

J'lggccammina alexanderi Loebllch and Tappan, 1950

* Psamminopo]ta 8p. cf. bowshori Tappan. 1957

'Miliammina'awunonais ,Tappan. 1957 -
vgigmgﬁgiig gprtuosa‘ EiChot.‘1960v

' Glomospira Bp-v‘v
Ammodiscus anthosatus Guliov. 1966

- Textularia sp.



Pelosina ?

Haplophragmoides (3 Ehambered)

Eight o!'the*named_lpeeiee (marked *) are found to be
common to both wella. | ) fl ' | |
The aamplea collected trom shale breaks in the upper
'_iand unit in wella Mobil Matziwin ll «23-23- 14w4 and Anglo
"Home Atlee 1=13=23=7W4 have a lparse microfauna as compared v
}. to the shale overlying the Upper Viking sand. The,assemblage
.consi&;q*6£ ‘the following formaa - . .’
| Trochammina gatosenaia Stelck and Wall, 1956

;Reoghaa 8P, (A trana. to B cf. Crespin)
'eﬁReognax cf. eckernex Vieaux. 1941

Reophax (juveniles) - T

Verncuilinoides borealis -?nppan. 1957

Glomoapira,torfuoaa_ bicher,,léﬁo_»

' .Ammobaculites tyrrolli Nauss, 1947

Q
‘ Saccammina alexanderi Loeblich and Tappan, 1950

Psamminopelta_sp.

Sporitoid'bodiea of unknown loeal ortgi and flSh

v 'fragmonts are tho ‘most abundant olcoments found in theso samples.
'V Certain ot tngjfaunal assomblages found in this area
) have been reported from other localitiea. The post- Vlklng
shales from Lho Suffield area contain a fauna aimilar to
f-those previously rgported in the following units:

1, The basal. Lloydminuter Shule in Lho Lloydminstcr
-area, Alberta (Bullock, 1950);



2. The Upper euckinghorse Formation in the.Sikann11Chie£
CRiver area. BritiSh Columbia'(Stelck.’lS?d):

3. The Shell Creek Shale in the Big Horn Basin ot
Nyomxng (Blcher. 1962). o " | i /“&-
(.“ The Tuk tu andAGrandstand Formaiions north of the

"~ Brooks Range in Northern Alaska (Bergquist, 1966)3

"Table 1 shows thc correlatxon of these sections and

the Mxllammlna manitobensis ZOne of the Lower Cretaceous. an

1mportant subsurface blostratlgraphlc marker in western

Y

j Canada. Nontana and wyomlng. The M, manxtobensxs Zone con=

/

}taxns a suite of arenaceous foramlnlfera which usually
oy

' /
includes M. man1tobens1s.

»Tab;L 2 llStS 20 specxes found 1n tne wells Chamber- ;
lain H. Buffalo 6-16-21-6N4 and Anglo Home Atlee 1-13 -23~ 7w4
‘ from 1mmed1ately above the Viking Sandstone. whxch also occur
 ;1n Alaska, northeastern Brxtxsh Columbla. and the central
Plalns of Alberta and N)omxng.
Forty spec1es of arenac;ous foraminifera occur in

the M. manltobensxs ZOne of the Slkannl Chlef River section

(Stelck. 1974). The Shell Creek Formatlon in the Blg Horn
‘Basin of Nyomlng carrics 12 specles (Elcher. 196°). Thirty-.
'  eight specxes occur in the Tuktu Formatxon of northern

ﬂhlaska. but speczmens of 19 of these specxcs were cxtremcly
rare (Bergqulst._1966) - The writer had ‘access tO‘Bullock'

(1950) colleetxons from the Lloydmxnsqpr Shale. 6 feet and

16 feet above the top of the Viking sand.- Thirteen speciesf

..4" g
€

Ly 4N
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cwsVerneulling howaehina

5

S Vernewdlnofden borealis

Reophax, tundyaens i

. Numobaculites spe ef, A huned

Ananobacu i

Poamminopelta ap, iy bowsherd

Textularia ap, ¢

“Pedoning

o

‘Table 2

‘e

COMPAPTarY

-

O IARSMINTITIRAL svrcrn§}vrnw
BRITISH COLUMBIN; ALASKA, AND WYOMING

-0 THIS STUDY

g 4 s o it A 2 A @ e o e - s . . .
L SRty e Y- ueyiite-foi Jusriony pepieny T - - -

T Contral North-
’ Plaing Brooks East

’ of . Rangoe British

. Alberta . Alaska  Columbia

Big Hufu
Basin
Wyoming. -

'
vt

Trochamming aleanennis

Trochamming wmiatensin

Trochammina ¢f, gatesenuis

verncutlina eanadensin canadensis

Gavdry ing caninduny 14

Gaudryina of o hectord

- 00t s g

X X X X X X X X X

Roophax sikinnicnsis,.

x
X

Reophax minuta

x
x
X %X x x

tes spa A (var, long)

faccamminag alexander|
e esander ;o

M iammina owunensfn

*
X X x X

GLOM g T LOr Fuota

Ammod isicws anfhonat us
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and/or aubapeciea ot roraminirera trom the Buttield arca were
found to be present in Bullook's assemblagel1; o ‘ A

" The M, manitobensis Zone 18 recognized below the Filh

Scale marker and above the Viking Sandstone of the Colorado
Group in the subsurface of tﬁé Plains of wewuorn Canada v
(stelck. 1974). - The writer 8 suite of arenaceous miorofossils'

- is aasigned to the lowermost part of the M manitobeneie zone

conaidering it in a homotaxial sense ot the 1ntroduotory phale
of the fauna. Stelck's (1974) suite of miorofoesile from the

lower part of the M, manitobenais ZOne of tho Sikanni Chio!

River seotion has abundant Miliammina manitobenais, Tritaxia

1manitobensis and Gravellina chamneyi foraminifors, whiot do

~ not appear in the writer's suite, , »
With the advent of tne initial phase of tho trans-
-gressing Mowry Sea over’ the Suffield aroa, the Lloydminator
- Shale was deposited over the underlying Viking sand, in a
dshallow neritic onvironment. markinq tho boginning of tho

\....

M, manitobonsis ZQne. The M. manitobonsis zone was also

sjbeing depositod as the Upper Buckinghorso Shalo in north-
eastern Bitish Columbia and was marked by the dominanco of
" the three species montionod above. i The faunal asaombraqo h
'points to an offshoro. neritic, somowhat turbid ‘cool
fenvironment for the Buckinghorse Formation (Stolok. 1974)L-
"_At the same time xn the suffield area the shallow trnns-

groSsing sea could not support M, manitobonsis, T.

& N

" manitobconsis and Cxuvellina chamnoyi.untilmtho tranSgrossion-I'

AN
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“had proceoqod Lo a nthh equiyalong Lo \h; niroudy oexiating
cnvirbnment rcprﬁsonthd by.fha Huck;nmhnfnn Shale at the
?ﬁéinning of M;_manicobenqis ZOﬁé time.

Anmoan'l'?ua, lhu >m1n41t auvnus ol the “thu"q
suito is also dominant in the &lkanni Chief River suitca

{Stc.ck, 1974) but docs not appoar in Bicher's (1962) suiLo

L s
i thc uppcrmost part -of the Vernuu111n01dos bare

from thc Shcll Crook Sha]c. Bcrqquist (1966) /;hts out'thqt
3:i cone of

~Alaska coast is alsq lacklng in Ammobaculltcs; .It appears

“that the Shell Crdck'Formation réprescntsia.slightly more
ualino cnvxionmcnt than the cquivulont bodb of tho-Suffield:
and &ikanni Chicf River areas,

Ammobaculitces Jpp., some of thom of o\traordxnary ’

th urc known from the M, munltobon‘x sone at the baso

thc Shaftcmbuxy Shale in northwe atorn Alborta nnd at the -

t“ of the Labiche Shqlo 1mmodlatoly abovéMZhe Polican'
‘Sagéstonolin nb%thénstcrnahlbertq ané immediatély abova ;ﬂo
"Vikihg-SnnGSLonQ in the Qubsuriucb in uuét-cénfxdl A]erta
(Stéick;.1974). The proeseat writbr‘alno ﬁdund gimilar
Ammobaculites Ntraordinary length immudiatﬁlyfnbove the
‘Viking éand::ton\ at the h’:xs‘e' of the L_lv)‘dmiimtol_‘ shale in "
.U‘(‘ &llff](‘.ld ;\)50\1'. | o
Spoxitnnd bodios are the dominant fossils in the
« Upper Vi)an unnd-toncf whoroeas ﬁoruminjfcra 6cour}iu'éniy
“NiHOL nunboers, ln ﬁubxl NuL twin'(li‘ﬁs;:l*{dwd) Qna Anglo

'ﬁkmm Atldu'il~1&~33~,h1) the shaly units dbovo'nnd~bolow the
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sandstone unlt appear slmrlar both structurally and textur-

ally=-i. e., lrregular lamxnatlons of silt and sand in a
;baoturbated shale groundmass. Relylng upon the vertical
_successxon of structures and_textures common to barrier bar
-sands, the shaly unit occurrlng below the structureless

. sandstone unit is the lower shoreface. The problem is to
1dentlfy the shaly wnit overlyxng the uppeg shoreface
lnterval. Davxes. Ethrxdge and Berg (1971) concluded that
true borrler sands will be flanked on thelr landward sxde by
'logoonal sedlments.‘ The occurrence of abundant sporxtord

'bodles. a few. flsh bones and a very limited number of |

'foramlnlfera in both the lower shoreface zone and this shaly'z.f“

unlt above the upper shoreface sandstone suggests these two
‘shaly units to repreéent the same envxronment. One would
zexpect a dlfferent kind of. mlcrofauna to be found 1n the
shallow posslbly bracklsh. protected waters of a lagoon.
; The upper shaly undt contaxns a very small amount of organlc'
detritus and lacks coaly beds whlch mlght be expected in a
lqugoonal,enVlronment.l This unlt is therefore concluded ‘to
lbe equivulent the louer shoreface 20he of a barrxer bar
tin terms of ’,lucturesv textures. llthology and the mlcro-iﬂ
faunu that it contalns._ However. because of topographlc
-locatxon. it mxght be better termed 1nter-bar zone. -

' v ». 'rhe en\nronmental unpllcatlon of spor1t01d bodles "

found An the lower shoreface samples of the Vlklng
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Sandstono, ia that thoy are of local orlgin and have not '

been tranqported laiJﬂrom their uourco.
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a time;ﬂanc,gprefcrably in the Viking Formation or ‘
close stratxgraphiéally “ithor above or bclow the Vlklng. xq_
nccded as a datum to show tho dcpositional dcvc]opmcnt of the .

Viking Sandstone,

— The base -of the “Fish Scale“ qnndgtone. whxch over-
lxes the Vlklng Formatton by‘approwimntcly 180 foet in the
Suffield area. is an attract:vo posqibility. as this sandotonel
is consxdezed to be a time=rock unit. (Glaxstcr, 1999). The

s“Fish Scalo" sandstone is a voncentrat1on of £ish scaloq.'“

 bones and teeth WJlllde and, Burk (1964) %quOQted that |
1volcanmsm poxsoned the qea and killed tho rlsh or clqe thig
zone of fish remains is a lag deposit rupxo cntang a poriod
of slow deposxtion. The baae of the "Figh ucnlos“ forms

botﬂ‘a palcontolog:cal and lthOlOQlCQl murkor horxzon th

jfﬂs taken to be the boundary butwoon the Uppor and the Lower
*? Cretaccous in western Lanadu. The bano of Lho "l\&h qcalo

Cuplg
RS,

aandstonu is 1ndlcatod by a woll duvolopnd “Lxck“ on tho‘;_
rcsiqtivxLy curve of: clcctrlc lcgs. and a hxgh pos 1tvc
“rcadxng on tho gamma curve of radiouct:vlty loq - Only
electric logs were usod in thu study n" they wero unlvvzuully
;avallqble. Uhe bn&c of tho pigh :cu]uhﬁ is commonly puod»as‘
ia markg:_horlgon‘iu.sﬁpsupface nLQdina<uxit 533M¢hﬂy dcffned

EY)

A



'f foot thick. Thxs bentonxte is vezy llght qrey. medxum to

¥ L T
’ .. ’ . | i X | | . . . v. ‘ \‘f | ..‘bl‘a
on eleetrxo logs over A wxdesptead area,

Ammonxtes of tne genus Neognsttoplites are found just

vibelow the ‘szn Senies“ sandstone. Neogastroplites. an index

# .

;tossxl xndxontxng an uppetmost Lower. Ctetaceous age; is _
'Jmore relxnble txme 1ndxcntor thnn the fish scales’ (Glaister. ff
'1959). Tne “Fxsh Scales“ sandstone bears a constant strati-

'figrnpnxc telataon to the underlylng Neogastroplites ZOne:

’ thetefore. 1t mny be consxdered n txme-took unit: saccording

.

.to Glaxster\

nowever. a few bentonxtes ‘were tound in :the Viking
‘ .Fotmation whlle tne wrxter was examxnxng Vlkxng cores.\lv

Bentonites' were found in 9 of the 14 cored wells examlned. »
Table 3 lxsts the 9 wells. the depths at which the bentonltes‘:

occur. and the thlckness of ench bentonxte., Four wells _.-“

(10-28-24-13W4,, 11-23- -23~ uwa. 14 -26-25-12W4 and 1= 13-23=7W4) - -

'ench have one bLhtOhltO that 1s between Sl\ xnches and one ;‘

B

§

¥ conrse gtaxned blotxte rxch and is much thlcker thdn the-

.other bentonltes obserde.' Tée other bentonltes aro nbout
1ti‘one-hn1£ xnch to one xnch thlck. flne gralned lxght grey nnd
:have little or'no bxotxte\. o
. Nhen thes\, bontoni tes uc‘cur in the sxlty 'sandy |
shales of a lower shore fncxos ox the kaxng Snndstone. thcy o
'.produce a dlstxnct s‘nle'“klek“ on an electrxcal methnnlcnl
floq. i. e..,the r iséxvxty cdfve becemes less resxthve and
-the conduetxvxty CQPVL nns a POolth “klok“ : ihe |p curve.

P
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-—— -

well Location

Depth to
‘Bentonite (ft)

Thickness of

- Bentonite (in)

6 - 15 - 23 - 14w .
1-13 =23 -7\

11 = 23 = 23 - 244

10 =16 - 2% = 15W4

10 - 23 - 22 - 6wd
14 = 26 - 25 = 12u4

7 - 25 = 26 1584

6=1 =23 - 12%4

10 = 28 = 24 = 13wd

T - . S W W WA S % W AT v A ——— ———  ———. 4o

2628
~ 2630.5

~o23m3
S YY)

2647
2665
2680

R (1 |
12698.5

2255
2266 -

2715
2785,

3102
o

2712

2

—
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to‘Lhu shale !Anf v¥ n‘a bvntunf!n L ungnnnt;rvd”

A bentonite in é’mnntmﬂrillonitﬁ cléy rich bed formed
from Lho decs | aatod ve o _\w; SE S FUNE: -?1: U'ms a hontonite
represnnts geologically in%tnneou§ doposition} If a single
'bentonlte can’ bo correlatod Lhrouq!out an aroa such as the
uuffleld area, an xuunl time horizon is doflnpd

Roe591nqh (1959) found: bentonites to be common in his
arca of study of the V)klnq Formatlon.lbue attompted correl-
'atlon of the bcntqultes in the well Parkland 4-12- 15-°7h1 and
aone 65 thc-Gyassy Iéland Lake Qe]ls in”qunship 32,.Rangc.
7N4, Rocssingh describos these’bontonitcé as 6ccﬁtrihg‘in

LY

apptu?mmate]y Lthe same stratiqraphi‘ position relative to -

the“ﬁ@r .of thoe Vl«zng. and concludes that tho eccurrence of
bentonites in thoe same s txatluraphxc posntlon contradicts
‘the concept of rvqrunsiVu dqpa 1t\on.’and favours thoe idea of

the Viking boina a Lll‘““»fﬂtlﬂld}dlb unxt\ ’The'cdrrelatioh.
put farvard Ly koossxnuh.\xs rather vaque in_ﬂhai it is

hunq on sonme B&w(uni(os uycurring_ﬁt'“dbptoximdtolv4the‘same

fstrattnrdphxo l\vvl“_ in a fow widely oparutod NCl]u\

' Jonus~(1“bl) Aid a Jdet d‘]vd corre >lation of bentonitic

beds in the viking Formation inmsoakatchuw«n_dnd found tho *.

I3

'_Vikinq ta huvv»do{ini(v rif inw slithlv dld\h)OhOU°

tondvnvxvu\' In “oll uu~kv Phxllxpﬂ Pxolul 11—‘€—¢a-“5w1

a one uwh bvmmntw shale uumom.\\t:o]y ovcrlius tho.\’iking
1F0rmnt10n,wnq in,wvll Tunpaorial yxlvnq0-11-31—39-27w4, N}

correlated one=hatt danch boentonite bod occurs two foot .\lb\'\\‘\‘

.
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the Villiag rormation. “blo‘u ffcreucc oi Lwo.foctvof shale
mny not repx sent a great tiwne laq,'but it occurs in two
walls 36 miles apart in a north—northwest'directioh.
F“D““O?h ine poraltioliewm wlth the npalor Strand-llne direction,
~Jones concluded’that at rlght angles to the Shlftlng strand-
llnu one . would expect a greater dlachronlsm.

 The possxblllty of correlatlng the distinct thick,
. coarse gralned. bxotlte—rlch bentonite throughout the Suffield .
study area depends upon the, dﬁetlnctlve “kicks" 1t produceq
on the‘resistxv1ty and conductlv1ty curves. A_
Similarx “kicke“fwexe.eeaiched for iﬁ cored intervals
of wells-vhich the writer had not examined preVieusly; It was
hopcd that such. “kicks" would be produced by bentonltes. ‘Table
4 llStS seven wells in. which bentonltes “ere expectcd from'

clectrlc log charaeterlstlcs, aﬂd in’ whlch core was: examlncd

the presence of a‘suhstantlal'bentonlpe.- s
Cuttxngs were examined in wells without core of tvw_

1ntc1vals where the realst1v1ty “klcks occurs, ln most .

'vcasee no buntonlte cuttings kere found. 'OCCQSlQanly a very

,fewvcuttlncs were'found. but these'would.ranqe upftO'lOb'

feet abovo or below. the apgroprlate "kick" where the
bcntonlte was e\;ectoé and way have come from thln
bovtonltes not een on the elootric log. Judqinq from the
bethxor of the hentonlte 1n hqter 1n the labordtory |

N ,.‘

“bhalieved they uze-geuelally net lithified nough to wlthstand
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?&at?on,offoct of

the drilling mud . _ ¥

Figure 9 shows five. wella'with multﬁple bentonites
and their stratigraphic rclationshlg. Thu datum line is the
thick, coarse grained, biotitc-rich bentonite whxch gives a
characteristic reaistivgty "kick". Well 11-23-23-14w4 has
the thick bcntonite with two thin.vundexlying bentonztcs 16
feet and 31 faet bolow it. Well 10-16-24=15W4 has ‘a thin O
aand zone a£ a position‘IG feet above the upper of the two
-corresponding‘£Sin'bentonites,‘a£ the stratigraphic level
where the thick bcntonite is- expcctcd. A volcanic ash wodld
be cxpected to be reworked and removed if dop031tcd in a
high energy envixonment suitablo to sand dcpoqntlon.
In the eastcrn half of thc study area the thlck

bentonite datum is found in wolla 14~ 26 25-12W4 and 1-13-23=
 7w4, and ia infcrred to be present in well 10 14 22\6h4 from
the eclectric log. There was no core recovcry in thls woll

- over thu intcrval whcro the thch bontonltc 1 cxpcctud.

‘Well 10-14-22-6w4 has two thin bqntqnxtcs owuﬂyum the assumed
‘thick bentonite by 60 fect and 68 .febta Wells 14—26425-12w4/
and 1-13-23-7W4 have one thln bentonlte 68 fOLt above the
thick bcntonltc. These»thln_bcntonxte are above the kaan‘
bemation in‘thC’ovorlying marine &hulgs; The correlatxon
of’;hescvuppervbodtoniics iﬁto the wcéturn.part Qf'the.study
a:cavcould_not he madoe uﬁ»thoy wnuld:bd locatéd‘weil up in -.
the oVGrlying marlﬁé'shulv whore no core exists.“ | “

o
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The o T m e sy e SR 'Hfm!( i vl

10=16=24=15, wnd J1=03=23~ l4uic&nto thc Cubtbln piLL of tha

S
Btudy arca Cuoe Lo cade ag t)xdw Loeptonsten are abﬂont &
Al
thore.',In the o mtorn w*‘lw, a rxrxivm Q: (1nicnlly raworkud

- sandstone occupiou positions 16 feet and 31 foet bolow tha
thic; bantouitq.‘ The axpoctod two thin bentonites wore
either Winnowod away or wera réworkad into ;ha bandaton¢ by
- burrowing organiuma. | | | |
The use of the thick bcntonite ag a time horizon
ﬁlhroughout the study arca depends upon how widaly tho rnsiu~ |
tivity "Vic)s" may bhe correlated from tho control po1ntﬂ |
where the thick hentonite is found in coru, A good Limo
'hoxizon is osscntia] in the conbtruction of crosp=- nuatinnﬂ
that'will‘illuw'rutmbthuvdopositional devolopmnnt of the |
Viking Sandstonag in time, | , ' 
Eight cross-scctions (fiduroS 10¥17, in the pockut)
havc heen conutructcd uqinq Lhu thiek: honLonito with its ';ﬁ“'~‘
churacterintiq.ﬁkickﬂﬁ 8 a “datum, The%o cross»ucoLjonn
show that poéitiVﬂ oorfﬁ]ation'Of‘thc‘bentonitu i achfcvable
on . tho basiu of iLs L-]og chu)nctoriﬁtlv | |
Thc brntonitu ddtum, representing gOOquivqlly
- instantcous dupo:itlan, in an- Oh,ontialJy horizonLul nLraLL"
'graphic timvvdntum rcflocting the dopoﬁdtional nurfuuu, Jﬂd
is shown an o hori/ontul Qatum on thu cross=soctions, The
Abasa of’thu_ﬂbduh.ncnlu,-Landﬁtbnu, whidh overlics Lhe |

bentonito datum, is not a horizontal line opn theso

. . : . R
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'erOIs-seetions and theretore is not e strict time marker if
‘constant depositienel rates are assumed across.the etndy
area. The tour eaat-west croas eections,_A-A' B- B"C-C'T
~and D-D" locatod on the base map (Fig. 18) are oriented
approximately perpendicular to the north-northwest trending .
strand line (Jonea, 1961), and should ehow the greatest
'diachroniam of the base of tho "Fish Scale" if the sandstone
was being deposited by a_regressing ‘sea. The "Fish Scales"
at tho castorn limit of the study area is situated at a
ltratigraphie levol qbont one hundred jeet,ebove its poeition
at the westorn edge of the arqe,_eccerding to the bentonite
agtum, e |
,_ Figuro 19 {8 an isopach map of ‘the interval between
’thc bqn;onito datum and the base of the "Figh Scale" Sand-
f7'steﬁ;id This map has 90 control points that have definite

. 'resistivity "kicks representing the bentonite datum._ The

v acdiment wedgo thickena from 160 feet in the west to 272 feet

nin thc east. The ieopnchoue lines havc a north-northwest
trond, and are rogularly apaced in the west but become

gnlightly irrogulur in the central and eastern part of the

atudy areda, Tho bcntonite.which rtflects the paleotopography,"*'

‘was dopoaitod undcr an isopach thin of 15 foot magnitude in
tho north central reglons. Due eouth of this thin is an
'-iaopach.thiekvof the samo magnitude. The'irregularities ofw
tho ieopachoua'linoa*whien‘show a‘relief_dffabout~tl$ feet{

ptobnbly roprosent the paleotopography nt the~time bf,“\
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hentonxte deposltlon. assunxng the . base of the "Fish Scales“
is a horlxontal plane.

The dxvergence o£ the ‘Flsh Scales and the bentonlte

.armounts to a thxckness dxfference of 110 feet. suggestlng

3

A,d;achronety~of tne *Fish Scales‘-rls;ng to the east. However.

the'ﬁpper Viking Sand increases in thickness from ahout 20

feet in the west to 115 feet in the east.' The deposxtlon of,

J
this sand represents A minor tlme 1nterval as compared to the

’“tlme represented by the overlylng Lloydmxnster Shale which is

_,only -about SO feet thlcker in the east. The-possxble ‘occur-

3 20 :
rence of dlastems 1n~the shale.ln the'uest and/or areater

N
e

'sandstone unrt.»_g

shale deposition in the east'tovards'the‘center of the basin.

makes it dlfflcult at the moment ot evaluate thls seemlng

f>dxacnronety of the base of the ‘Fhsh Scales".

Flgure 19 contalns some areas devoid of contr01 p01nts‘>

-2

lwhere the bentonlte datum cannot be traced with certalnty.

N
,One of ‘these areas is 1n the eastern extremlty of the study

area. Tne bentonlte datum here is found ‘below the V1k1ng

fSandstone-ln the louer Vlklng shale.' There appears to be

x'llttle if any dlfference between absolute resrstzvatles of a

shale and a bentonlte. so/the two llthologles cannot bhe

b'”dlfferentlated on the basis of mechanlcal electrlcal logs.b

The south central part of the study area is m1851ng

'the bentonlte datum.v It should be located . 1n the upper shore—rnsd

"face or mlddle shoreface.sand facies of the lower V1k1ng

.

~ ~The upper shoreface‘beach zone and the mlddle shore-

rface zone depos;ted sands in relatlvely hlgh energy
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envlronmentq. The middle shorgface is aluo a’ aonn ot lntenae
organic bﬁrrowing. It is likoly that a volcanic aah falling:
in the above environments would bo reworked by either the
burrowing organiaml ot the middlu phoretace or the anea and
currenta of the upper lhorofaco-boach gone. The Suftield '

Block ia in this area and contributoa to the 1ack of intorma-

tion, as it is a military baue with no wellz and conaequently

no subaurface data, o
, /3

‘The bentonite datum is loat in tho weatern extremity |

of the atudy atoa also, Tho. datum leval here ia above the

~ Viking Formation in tho. ovorlying Lloydminater Shale.’ The_'
bentonite cannot be locatod on E-logs in the Lloydminater S

Shale becauao of tho aimi]ar ronponaos.-

The bentonito datum is wall dovoloped along the

'inorthern edge of tho ntudy aroa and it should be traceable

'north of the aﬁudy area, The writor looked at several

randomly aplcctod well logs betwocn townshipa 27 and 3l and
was ablaw;q loc?to‘gho bcntonito ‘datum in all Qf them.

Geochronology v

A fow bontonito samplou woro collected for the puxpose

of potaaaium-arqon aga dotorminationa in order to obtain a
~ botter abaoluto agyo for tho Viking Foxmation. Mineral s»para-

_ftioﬁs ware made from four bantonito aamploa fo: dating.

ThOchick, courao. biotlto-rich bcntonita was aamplcd

at Mobil Matziwin (11=23-23- 14w4) at a dopth of 2647 feet and

at. Anglo llome ALloo (1 11 23- 7w4)at 2444 feot, Two other f

'bentoniLo aamploa woro compounod by mixing amall samplea of

thin bontonitoa found within tho Viking Formation ‘from the

oy
Ve
. ,/

i
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following well locations and deptha:

'woll Looation | Bentonite Depth (ft.)
14-23-26-14W4 - asee
10-7-26-14w4 30318
6-29-25-11w4 - S 2m2
11-17-24=1304 - 2704

1-13-23=7W4 = 2373

—

These thin;bentonito samples were combined in order that |
 there would be a sufficient quantity of-material‘to do age

v

determinationa. ) ,

The +230 U $. Standard Sievo Mesh fraction of tho
benton&;oa was used tor the potasaium-argon age detormzna—
_tion. The biotite from this {Faction was aoparatod uszng a
'"Frantz Magnotic Separator‘ The non-magnotic fraction was -
then aeparated into potasaium toldspar (sanidino) and
‘, plagiocloso by using a heavy 1iquid. A>potass;um-argon age |
as dotormxned by H. Baadsgaard (Univoxsity of Alborta). on
the sanidine from one of the compound samploa is 103, 5*2 moy.

Stansberry (1957) col]octed bentonite and glauconlte
vsamples from the Imperial G-IIV (6-11-48~ 21w4) core from'
depths 3300 5 feet to 3305.4 foet and -3308. 9 foot to 3309.1
teet in the Viking Formation‘of the Joarcam fiold. .The

‘potaasium~argon agos that he recoivod ware 45 my for the

bentonite and 63 my for tho giauconitg. Stansberry realxced«»-

that these physical ages wero distinotly low comparod to/tho

’lattatigraphio_pqsxtion and corrolation4o£ the -V.king



Foreotion Loaod on palventologiceal evidence,  Reasons given

fur the anomalously young aae were potassium adsorption and °
ot , ) _ . ‘ 4 e

5

argotr leakage.
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'It has‘bpon shown‘ffbm céfe examindtion'qnﬂ S;udy;of -
‘the sp curvesQ that the Viking Sandstone in the Suffield arca
was\dépoﬁited as'barrier»tvpe'§§§d bodi\s. Tho dopositiow of
th\q v;klng barrxor corplexr will now be dxscusqLd thh tho”
axd.qf eight cxoss‘sectyons.’two ;sepach naps and a fenco<

~gdlagran,

P

'”ﬁCto e-%octxoné o

The exéht cross=segtions, A to ﬁ,(figurus 10 to 17«

inﬁuoikb\‘“vr* gonatxuctoﬁ o show tho vertlbal nnaxtlon of

ﬂ”w[the Viking sand in relation to the bvntmnlte datum, 80 that

developmcnt of_tLga barrier bar comple\ could b vxﬂuallaod
‘th:onghqpt‘ﬁhe-sguqy area. Thoe locations of thesa cro'"-
sectioné_afe sho&n'éuvthc hase aap (Ilglru 18).’ Tzv fourj
cast=went Crosss= éctibnsv(A.B.C'D) Qroe oxaonted nuarly ut'
'rxght an leq ta tho nort\“o‘t Lrendlng rravd lxnn
trO\ S=goections A and w1ll ho dxscuv°od Lo show

'hbw Vikinq dewositiun ulOvauOd. heqxnnluq thh tho Lowpr
V\kxng sSand and. contxnuan to the stratlgraphxcally highut
Uupor V\kxng and o

[

Crosg=scction A=A' An the most. \outhoxly past=west

%

section, 1tu«tod “Ionn to«n hip 21, The' first sand ymdy to
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4t oar oan full:\-\i in \-‘:-\m_‘l1-18-32-'11\\\}. 11-31<21- -10Wd and '
‘-11‘17‘?1fQ&J as a thin 10351.,iﬁolatod bar sand, ‘Lat¢rally
this Sdnd‘quy gradd§ iﬁto shalc.and is alsoeoveflain'by-
shale. | f:'f'v..’, ’ | L

Tho next clean sand4un1t to dovolop is: encountered in
wcll 10-29-21- 13N1.\aero the SF curve foxns ‘the dlagnostlc
funnel shape - of\xlutxuw bar, 1 Thxs sund marks thc beglnnlng
of what will be called the “Lower Vlklng Sand" smtuated
. heneath tho benton1t0 datum‘, This Qand. vhlch is 45 feet
thxck at’lO*’Q -21- =134, qulcklv nxn;hes out to the west or
backshore side beforo )t reacth wall 6-30 21 =14Wd but on
the fore&hore-qr eastern szde the beach-upper shorcfaCe-and
'middle shoréface sand is »laturallv ooulvalpnt to tho lowver
shoreface-shalus or woll 1= =17-21- 1““4.

| This Lover kalng sand bar thfted slowly. and inter-
‘mlttentl) castward to woll 4-17 ?l l”kl where thevbentonlte
‘ datum‘l"sltuatod :mmodlatolv abovo the buuch-uppor Qhorefaco}
-sahd:. lnLOlettent xathcr than taady‘xh;;t is sugggsted
Iby the doublo sand “ovolo“mont-nbove‘the”méinrsaﬁd'in=weli'"
10~ 2“-’1 1\\4\ Theno~sandy‘units when rra¢ed noffh inio
woll 10+ ?i I lahl and 10- —‘!-lahn ofﬂéros ‘HOLLlan B-l
aﬁd.C-Ca} xvxpoctxvvl\. ho sone one 25 foot thck hd“ wvhich
uovérlius thn naln=snnd un:t. Locul woll scparaxvdﬁmultiplp
;;bux dovolopwvnt OLQUl\ Lotwoen towuah\p Si[andlEJ_ﬁgar rdﬁgo

13 in the \uf.)uld avea, L B
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" 'l‘he Lower }hkmg Sand when traced eastward *from -
{"\, 2 &

"

7- 17-21-12*! thlckens from SS feeékto a 70 foot well-developedy‘

A4

- sand at 7- 32 21-6“4. The bentOnlte,ﬁaQummis }oéated affew )

b

feet above the Lower V1k1ng Sand unlt ?throughout the area. o

henoe the top of the sand body 1s essent&ally contemporaneous
S in age from well 7- 17 -21- 12w4 to’ well 7 32-21-6w4., This N
suggests that the bar sands 1n éhxs reglon prograded east-.f?-
ward very quxckly. Eastward from well 10 28-21 sw4 the Lower
V;kxng Sand beglns to plnch out. and dlsappears beyond well;
10-9 21-4N4 1nto lower shoreface shaleg 1n§1cat1ng some_ uf ;

lxmlting factor to eastward mlgratlon. possxbly xncrease 1n

’slope. sudden 1ncrease in subs1dence. or 1oss of sand supplyx.

. Cross-sectlon D-D" extends along the northern limit .
of the study area in townsths 25 and 26.; At well f
€-36-25- 1)“4 the barrxer bar of the Lower Vlklnq Sand is
‘abouthO'feet-thxck~ The bentonlte datum overlxes the bar by
 20 feet. w1th 1nterv;n1ng lower shorefaoe sedlments,v The

:ﬂtop of the Lower kalng rises stratlgraphlcally e ward to-

© well 10-9-26-1114 where the sand has thickened to 75 fect

' '[and the bentonlte oatum 1s only 5 feet above the sand. East

r'of well 10 29+-25~- 10N4 the Lower Vlklng Sand agaln shales out

;nto sandy. sxlty shales of the lower shoreface zone. Beyond~w:

well 10-’0 ZG-SNQ the lower shoreface shales grade into off--f

:shore normal marlne shales.

o (\

Late stage progradatlon ‘of . the Lower Vlklng Sand

)
N
. A

S TN -
B T
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body fron west to east is shewn Ly thu'riﬂLnjvtop;' Dy the
time of - 1lp0"1;1ﬁﬁ of tho b“n ‘onite datum, Lever Viking baf
dovcloﬁhont had ccased and a minor marine tranq%resqxon "had
already ueposited a few fuet-of shale, Th;s shale separates
thc Lower Viking from the Upper Vlklng sediments, -

| In cross- soctxon A -A! the flrst barrler type sand to

bo oncountercd abouo the bentonlte datum is at well

10 28 21 JW4. The dGVeIOpment of the Upper Viking qand beglns =

here a fcw feet above the bentonltc datum and reaches about

fff25 fect in: thckneqs. West of this well there arc somo thin

_bar or- hoal aands about 5 feet thick that occur anywhore
'hfrom thla loweqt stratigraph:c level up to abont r0 foet
fhbove Lho benton1t0’dutum; ‘These har sands'most like}y
 :rcpr0§chL 1ocnl bar dCVOlOment. - o o )

The Za foot Lh:ck_ound at ucl] lO 28—"1 5h4 proqradosvv

“{;castwaid, thlckonlng to 40 foot of mlddle to upper shorkface

'5§;Band at woll 10 l""22 2h4,.,cpa1atod rrom-the bentonxtegdatum,:

i,j dxduula'B) ﬁuw,of lowo : hoxcface shaluu; The top 6f thn

isandstone h?W an alu%pt ﬁd" typo contact thh the o' orlving.
. Lloydm1n Lor hd]w  :To_tHe,¢outheast at “cll 11-7-24- 101,
':the'uv cuxvc ohOUJ nbvsaﬁd“iohciaﬁlull infwhatlappearsito
 havv ho«rucgucum)aymonL lnto Lhe bafxi§r par}'aé”shéQp-by_tho

'>Jiaopach mqp (Plguro 22) J‘j';   ‘:;:_i -5;1 SR

. o In ClO"'*SOCllon D- D'lﬁho7fifét sand unit- of tho

":;Uppex Vlhtng und to bn un(ountvxvd above thv bontonltv datum
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occurs_ at well 11=9=25-6w1, juSt u C’Ukzu toect above the

bentonites - Thiv~ﬁs a loculzbaz qand about 5 feot thick which

‘grados 1atera11y into shnlos within a mile or two.

The next JOCLb of ‘and d‘pc lticn scers to have been

"a little farthcr to the wost at wcll 7 -1=26+- 8N4. Sandstone °

'“development hore is sevoral fcet nbovc the bentonite gdatum.

The sand infthis woll.consistgwpf_two distinct units about

10 to 20 feet thi%k’ondAwoAI separated. This is a character—

istic of the Uppar Vikinq Sand in the north -central part of

the study area (cf fonco diagram Flgure 20). As in cross-'

f section A-A' there are sevoral bur sands wost of the lnxtlal

sand devolopment that are stratigraphlcally higher 1n the

_section and dcvolopod 1ator.'

These thin sand baru moqt lxkely repreqont local

bar devclopment while thq}maln progradatlon of the Upper

| Viking sand ia continuing to the cast.

The' sandg at wall 7 l=- 2& 8w4 can be traced eaotkard

- to well 10-3-26-3W4 where they coalesce to form a thick
fbarriéroof contlnuous hdnd dogxntum depicted by the
~classic funnel shape of Lhe SP curve: . Here the barrier is

80 feet thick-from’thc abrupt‘uppor'“a“'typo contact to the:

lower gradatlonal "h typn contact WJLh undoxlyxng qhalo

‘wherc the bontouxto datum is’- sxtuutod.

Cross-soctionq I to H show a dlfferout vicw of Vlklng

‘dprHlLlon as Lhoy are oxiunth ulose_to the north by‘norﬁm«wt.

Ty ) o pt

. ‘U
’ ‘,3 A
v

R T
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strand Yine diregtion.
Cl‘CSS-:‘VCtu‘ A Lt Ronst

R Y
e

orientation. _This tro:sf;;ﬁ¥*~w !ies<$lonw thn axis of thn.
Lower ?iking bar san&'to‘Sh:w ;ts'raximuﬁ‘ “v lopmont. The
"thxckeﬁt sand occurs in tho region bot\een hells 5=-5-21=6Wd -
and 6-6-22- -gwa thh a maximﬁm of 123 feet, From this locus of
deposxtlon the bar sand thlns qradually to a thlckneqs of

50 feet at well 10- ~7-26~ 14&4 in the northWest and 70 feet:at
well 6-2-19—3R4min the SOuthCast.‘ The sand is casy to
corrclate along thxﬁ l‘no ‘of secticn as its stratlgraphlc
,po§1t§0n is essentxally constant. It is alqo lntercatlng to’ '
note éhe initial_sand develcéﬁ%ﬁt occuryring in wellﬂ
,6-6—-22~s.‘.~:4.:. This initial bav (-ma is about 10 feet thick

i

and qhalés out to the east and wo st In cross=-scction A-A',

- <

as prev1ously n\ntloned é“ ini ial. developrment of sand’

occurrcd in wells l‘*l:-’l—ﬂh} and 11;31-3l¥10W4. ThaSe thin
bar qands 6evoloue* a nortﬁweSt-tréud'which is”the samd és
that of the later Lower-Vikx.g §aﬁd These arllest bar
’sandb also oucur very close to the arca of maximum thickness
attained by the Lower \1\1u“ Sand as shown in cross-scction

r=F and the iscpach map of the Lower Vlkgnq Sand (anuro 21,

,

The bentonite datum is dif ncult to correlate t"mthoa storly

, because the diagnostic‘rcsistivity "Kick" is'not prosont;,

-

The bcntonlte datum po\st\oﬁ was inverproted to bc in the

3
.

uppor part ot khc"Lowov \iking Sana unit.whpxxhthe ash itself
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o{ thg exact powition,t.o e Y-;Y‘:\n}-d IR SO PP
li)c in the southoea: t.

The ovorlying Ubpeoer V1L1nu sand Js a 10 root thxnk
unit with a subducd SP cxprossion compared to thnL of ‘tha
Lower Viking Sand, It is found 10 to 20 feot ﬂbOVO tha
bentonite datum and is a rc]ativoly minor foaLuro on Lhis
cross saction, ' |

 Cross- noction He- H'ois a noxth - gouth o:iontod )

 section along rangc 13. The Lowa) Viking Band is (irat
‘devalopod in the south at well 27~ ll 21 13w4. The bontonitu
datum here ovorlicﬂ the top of the sand unit by 40 fuat.
The sand is seon to grudua]ly prograda northward to waell
7=20- 46 13w4 where' the hentonite datum ovorlius the Lower
‘Viking Sand by only 10 feeot, The bentonitn daLum in vell
Tdof,incd in this croes-saction. N e S

| The Uppar Viking Sand 1is £ound anly in Lhe northarn
two wells, It is 20 fcct thicP here and rvurlio" tho

bentonite datum by 20 feoL. S E T

Fence Diagram

er

A fence diagram of?tho Viking Sandstone bas hean
' constructah'(Figu:o'ZO)ltp give a pictoriai representgtion
‘of Viking dcpoaition._ Tha dortod qymbol if reprosuntativc

. of the upper uhorofaco and midd%o ,horurACu hundﬁtnnui and

3

thq dash ﬂ/mbol is for the 1 owv:w%horo uco nhdlud.,v

N
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m‘i.(.]d]t,f;s;h()'l'n-l"x Lm\i LJ‘u' 1(‘\"\‘)..;3‘1(‘1L“f\"&\"\.‘ ghales had Lo L\‘

mddc.. This i dJILlculL to do on &hu = loq. but tho writer
placed lhc,tqntu.}'ut a ul!lV\W( SP dg:locthz ubout Five, o
to ton ﬁillivo]ts above the shale line, The bentonltc datum

in cach of the wv]lg markq the quographac locatxon of Lh

wolls..

y-

“ﬁgram Qhows thb Lower Viﬁﬁng’éaﬁd to bcﬁ
éﬁickcst i . .cntral roqlon. to gradually thln “est“ard,
'and to quickly uhdlC out toward tho cast. The UppOP-Vikihgl
sand ia thickest in the northuast part of,tho study area,

TOward thciwest the sand. thlnb and spllts to becom; a

s mu]t1plc sand, and tOWdrd tho south it progxo»snv ly thln

< .

Some genor nll?atlon of thn cros s-sectlon dc tail hus

'-bcon'noccssary in cons truutlon oi tho fanu dlagram.

IﬂoLa(h.MuLﬁ  “' “ " - 'i.'_”   ' >
Iud1v1dual isopach’maps of fhe Lower and Uppdr Vikinq
SandntOHU“ WQIO‘d;uwn to h§§tof illu strato tchknoss ydriu-
tions and shapé of the respective.bavrier sund.bpdibs whiéh
- wore formed dQ&inq'thh Qop§vition 0£ thn~Vikinq-SdndntunQ in
“the Suffio]d'nréa; _ ,> .QT |
The sandst one .til‘\.ll‘crk'llk‘.‘\:it.!}.‘. whioh were used for the
AwWo maps Wern thgidbd"by;tqkinﬂ~thcrxotul iutgrvfl’bQ}woun
an drhitfarjly judgvd*aiunigicunt dvpuf&ufu uf'tﬁo SPhocurve
| from the -"&:ll;ll}f Line® :‘§1)<f\~\> Al lfksl<§\¢ '&1\\§' whole sand v\):xi L.

A
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Comn -"lﬂllL'I"‘;t.‘] veon i R | o '.1*’- et or ,’,‘ ho i:;‘:‘wr .tm
middloe shorota ux‘ul. Lhu»Ns\'\ ¥ oghot tace ‘shales lud to b«-
mado; Thiy js difficult Lu d%ﬁpn the K= log. but the writer
pluccd tho contaet ot oa stagadficant 81 deflection about flVe
to toﬁ millivolts above the shale line...Tup bentonite datum
'in'oach of,tﬁb ﬁollﬁ,mgrku,tho guographic loéqtion of the
Wel;s; N ) . i > | ‘

Tho fcnou diagram whown tho Lowar Vakzng sand to be
thickc t in tho ccntral rnqion. to grudually thln mestuard.
‘and Lo quickiy nhqlc out, toww?d the east, Thc Uppoa Vlulngv
sand im Lhickost in tho nurthoant part df tﬁ@N tudy area,
Towa:d the woaL the uund Lhing nnd lelta to bcoome,u
/multiplc ﬂdnd, and Lowurd Lhu gout li iL pxogxo‘51vely thn

3

Somo gonvxulizutlun of the crou -,octhn detq:l hqa

il

beaon neces jﬁgy ln cnnutru\tiop 01 (ho 1mnco d:agram. " '
Isopach Maps T A S

: . X . . P . ,.“- . ‘4 R v R " . ‘_".. “‘v ¢ - K

Indiyidu;rl »i,.nupuc'h n\.\px.'.«_oﬁ t;liu- _IJ,OW\”:} (md Up"u‘*t \‘;\ kn‘q :

& ’ , v ..
. 1%

Sandm o/n(':«: wvw ch nwnrtu DAL Hlu Lx'nto thu}\m\m xnn 1&-

A

in ¥ ion nhd s 1Iw’ ggf L)w row pact i\'v lmt r U‘l mmd budw \x‘l\iclx
v . S
wc*rc forine d du‘ mi Hu- du;m:etvt'mn of the Vil »;,.\ nu '»Sand::tonq in

~ the Snifio.‘ld AT, g

3 - . .
Phe sandstones thicknesnes which were used for the
SAwWO mapes v:'ufi'u Gt i ned by takiog the total i_'litov\\xl} bhotwoeon:

an arbitranr ly -;‘(h!«:w! siantticant departura of ) xo ap cm"\‘o‘

from the “shoaleine™ by e be o the whole samt unia,
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"comp?}cd to the thinncr and’ more unlform dw,txxbutzpﬂ of

: o : o - T2
<< . . . i ’ .
The leaor ViIKing dsopach o0 (Uhou e 1) slows this

barricr bar sand to haVo a northwest = southeant oriuﬁtation.

v “

The thxcknesa,ma\xmum is locatod in the conter of tho map

©oarea jnqt north of thc cauffield B)nv\ The aad ia 179 fuok

thick here and thina to 50 feet along strike in tho northwcqt
 corner.N The sand-thigs quicglyAto 2Qro in the northuast
eormer. purpehdicular ﬁo‘tha strlké-'&nd thinsfto aﬁout

30 foet within the map .arca in the extromo ﬁouthwost._ d

. The Cossford Fiald has three small gas pools located
Y,

in the Lower Viking Sand.' Thcqo poolq arc txappod b} poroslty
A

pxnchouts on minor qtrugtural higha, ,_"-‘. e

: The laopach map of the#Uppor Viking Sand (Flmﬁre 22)

shows the maxlmum thxckncgg of 115 feot 1n the noxthoast
cornex of thc study area.' The 70 foot conLour line outllncq

a.noxuxbyrmxuwmgt orientod lincur "thick"-ot a harrxor bar

sand throughout Lh; rcst of the map arua. nowu Lr. all thew'

contom: lxncs havc 4 dcftnxte gChvlul northwm%t orAQnLdtxon

e

and vhov Lhe barrlcr sand" Lo bo gxuduull\ docxoavmnq 1n

1

thickneqs qostward from: 70 foot tofaoro."
‘The three gag fxoldq pr(vxuuﬁly montlnnud in the,
xntroducLlon--Lho Atleé-huf[qlu l1vld tho HlHG]O"‘ lluld
and the Ccseford Plold pruduco frum tha Uppor kalnq und.,
andloJu and Atloo-nuffalo producv_untiroly'ﬁzom thu 9p9t~-
VlPinq \h:lc Cenuford p‘oJuco“ "uw hoLh '\ndn. #he,Ailcgiy

Buffu]o and mncll@sf”!"iMdsx w)_u;.-h ara oomhnmtmn o

y M Cw
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-in porosity pinchouts.

v ' : oo 7v5
strat;gtaphlc-structural traps shown to be 1ocated on
structural highs, nnd tho Upper Vkang isopach map shows that
two of those fxelds are also located on _isopach thlcks. The
Ceésford Pield. upnch producus trom three small pools in the.

yis predoninantly a stratigraphic trap, R

Cave ]Qcatedfon thchedge'oflthe Upper

Vlkiug sand'where”"

i
¢

‘gradc&'into,interfbar_shales. resulting -

Thc Lower and Upper Vlkxng barr o sand bOleS are

barrler 1ulands such}as Galvcaton.. alveston Ialand 1ls 30
miles long and has QA ma\xmum wxdth of 2 mlles above sea :

lnvel and an equal Nldth below sQa lOVcl. Thlb sxae has bLen

attalncd through'only 5000 years of dev lopmont (1 e..oabout

o

'one mllo of wxdth por thousand year§). In thc'studx arca the .

" Lower Vlklnq Sand has a maximun Qidth of.ﬁbout & ﬁileS_Qnd
1t Ienqth 1s 90 mxlus\‘ The’ Uppvr V;hxna Sand higwa wldth
éf“ﬁbout 65 mllo wnd*a lnuééh of 85 mxlu - Thc time
roqulr*d Lo dcvvlow thoso laxuo‘fuaturo qu”gxcafer'thﬁn

that fon halvvqton 1s 1dnd but q}‘pr ﬁntytho_o&uct time span

18’ not dvtermxnab]v N compqrabl* : té'of progradation of

~about onovmlle-po thou%and \oax égoc not seom unreasonabloe.

™

“



CHAPTER 9
SUMMARY

'Rxaminetion of4Vikingicore end’electrie loQSihas
SUJuxthat-the viking Fotmd}ion in the sthdy‘areelis'a
'batrier baf complex consisting of two,maindsand units--here
called the Upper Viking and,Lower'Viking sands--usually
.sepafatedroy a'bentonite time merker q}th an»absoiute:age
of 103. 5:2 miy. o v | - ‘:

- " The Joli Fou Shale underlylng the Vlklng Formation
‘was dep051ted durxng a major transgressxon that joined the
'boreal and -quflan seas. After the Joll»Fou‘ marlne.

’Vtransgressxon had been comg&eted the first sand to be

'deposxted occurted as a thln bar sand with a norfhwnst trend

in townshlps 21 and 25 and rhnges 7 to 11/ Tbe next sand to
'_be gep031ted 1s found in f//ﬁwestern llmlts of the stuay
. farea. Thzs barrxer comp%?x prograded *ather 7ulckly c<st- d;
"ward ‘and attalned 1ts maxlmum development in the south—- {"
central part .of the area as a northwest trendlng barrler
.sanhd. | Some stronhg COntrol on the llmlt of eastern mlgratlone~

was operatlve because progradatlon ceased and well sorted

- sands thln tapldlY eastward beyond this reglon., The areal

relatlonshlp of the maxlmum thlckness of “the Lower Vlklnq
fSand to’ that of the 1n1t1dl thin sand bars first developed

l;n the area is very close. Lower Vlklng sand bar deposxtlon'v

S
«

76 <



atdng daLum. o : j

P v
ER)

. area,

17

tnrmjnntnd by a "hort llvod marine transaress inn which,

dcp051tcd huyo over the ar(x and prcsex""d a thck ash. now

' tranndblc thr ouqh moqt of the qrud ag a- buwtonltc markur and

//

/

/s

f;‘ Renowed major sand doposxtlon returned to the area.

afLer this short 1nterruptlon, in the form of thc Uppcr
katng Sand, a few fcet above the bcntonlte datum, but in a’

new locus in the castcrn part of Lhe stud) area. ' This

barricr bar sand proqradcd more gradually to the noxtheast

corncr of the may,a 2a. where 1t attalns a maximum thckness

-

of lla fcct in ého north by northw;st trending sand body.

W

During dcvclopmcwt of the maln Vlklng Sand 1n the. ﬁast, local

-

thin bar qands wore belng forfzd on tho back9h re Sldu of thgj

maln_barrzu ,‘1n-the central and western parts of the study
Vlkxng d“posxtlon was flnally tezmlnat%d‘b) th“ )

) D
r@pid maJor mdrlnc Lrun:gxcssxon uhlch COVOIud tho sands_

2!

h thc Iloydmleva Shale in & Qchor “atox onv;ronmoutf

i

~
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‘duo to burrowing: at 2275"- 2276.5' the aqnd- _
" stone.has low anglo-crons-;aminatiqn§Lgchert '
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stone matrix,
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Depth (£t.) \
."2390 $ - 2396 Sandltﬁset medium qrainea; mallive by ;_ ' / 
N raworking. o o o ( ,
2396 - 2412 Shale: shale with vary'tine;grainﬁd sandstone

: and'ailtstOhébin iireguldr?laminationu-aﬁdA
lenneaa bioturbation and ‘ripplen present: sand
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some worm burlowq prcsent; slightly. glauconltic.
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‘Corat’

Depth (ft. )
. ”bqlo - 2733

2733 5 - 2734

2734 - 2740

NP L ot L - 1 ‘,I Vo oo

a good'recovery

5 Shale: aark*zey: Bentonite, light grcy. 1
thick at 2715°',

Conglomara;e} well rounded size assortment of
elongat?d'pebblqa\up to 1 cm;/&qﬁ§3 caléaregﬁs?
cemoht. | .

-Sandstonox fino grainod\aandatone; nltornating

'» beda 1 to 2, 5' thick of maaaive. structurcleas

sandgtone and low anglo planat crosa-laminatcd

laandatone. S T . -
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\\ " - ) ' * . : ) L . . N v. ‘
Depth (ft.) ‘ — D ( .
2740 - 2754 Shale: shale with sntstone &nd very fme L w '

grained sandstone lamlnae completely reworked

-;by bioturbatlon. ‘ . ‘,- .
2754 = 2760 Sandatone: fine gralned. cross lamlnated sand- ;

e

atone: soq@ thin- zonep of:ma§51we. reworked

\aandstone. I v;'v | y
27?4‘- 2805 shale: shale with glltstone;and very flne
' .grained sandstonem&hat has been completely
'reworkedxglv1ng a mcttled texture;,Bentqnlte; ’
lidht grey, biotite riq;,tf';“:l"_thick ‘at 2785'; P
lower cohtect of thfs*ziﬁervalistransihional,

2806 - 2825 -Sandstone: grey, fine-gfained, massive sand=- R
PN /r . . .' P ,. . . . . ) 2
: stone; worm burrowing is extensive, -
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’ * H.B. aoma chucaasw BERRY CREEK jl L
16 - 23 - 22 =13 WA '
KB 2274' °

I Cbrez~§irgline. po&rjtoffair rechérQ;fv ‘
Depth (ft.) S R A
>.2539 -:2513 :SandStdpg::fine grained;'crosa-;aﬁinationa: ;ﬁf ; ;K‘
| | “;,1%yer.of_sma11,>we1; rounded, well sorted, :?

~{ - chert pobbles it 2509,
}

2513 .- 2524 Shald: shale with irregular laminations, pods’

and lenses of very fine grainod sandatono and

PO .._ N siltstone: somo bioturbationa aandstono contont

2537 - 2543 Shalev shale with irreqular laminatioﬁu-bf

incrcases towarda top of intorval.

I//siltatone: bioturba*ion prosent.,'
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y S - : tu alesa*due”to orgnnic roworkinq,r‘ 4 g?'
. 2546 - 2555“\8haloz ahale with £ink géainod saqdatone and '§1§'. _
o ; stltstone in 1rregu1ar laminations, lenses and ) éﬁ
. (ﬁwz' - . pods givinq a mottlad toxturo: bioturbation .m ??
. : : . , » S R ~ ¥
present, St .
2570 - 2578 Shale: dark qre# ghale  with a\!ow laminac of
)‘r”f
a siltstone, S . ' o -
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'~-2saa - 2684 Con

32667 - 2683 Sh&;:' dark grey ahale with a faw ruannd laminaa
et

. > H.B, DELHI cnsspono o o ﬁgz\\%.
. © 10-- 28 = 24 = 13 W4 o -
| LI 'xa 2392' SR \
Ieees RN RN
' i

-----
11111

;355
——)—\.f

[ ;
)
l'u'l
. ,_7/”""\’
. - _m.__.

RS ™ T
' v_‘!-I.

-

!Ef-t-l
T e
¢
3
o]
.

?"-i

. i
P - o
h

' P T
IR
T
"’\:
o
' iil li'u il
\
\\ .
| : Core: 3"'éood condition
Depth (£t ) T ome e T . S

{
omeratcl well roundad chert pabblasﬁup to

1 cm.:sandatonematrix and calcito comont.

_2684 - 2731“Shale: ahale with pods, lenses and irrogular

laminae of siltaton. and Jandatone; biot&rbation
' is present) becomes more sandy ‘towards hase of’
'interval where tha contact ia trnnsitional into
‘ tho next interval; Bontonita, 1ight grey coarso.

: ,grained, mica rich, 1 thick ntk2712'
2733 - 2747 Sandatone: £ine grainod, structureloaa sandf

capt a few irregulaz shalo 1aminaa.
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Corot 3" qood recovery %
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BANFP MOBIL MATRZIWIN
5 -WS 'V}Q Wd
B 2320 /
VNG SR ARNRRRL RN L
&y
e
i) - o .
co .
C ’ .
Z '.t.y il
v || ‘ o {1 .
._'J '4,.-. ,:.' !' . -
.Jlll‘lll 4|lln*l*‘tlt1tllvlll'5ﬂ'-._“f

3

ahulca dark grey shala with Bome laminationa of
o light qrcy ailtatonu; burrowa prﬂqpnt. B
¢26141- 2615

ConuiomoraLOl woll roundod, poorly sartad

- peb.los) matrix is ponrly Bor Lot modium uyﬁinud

".aandatono and mudatone,

2615 = 2625

12635 = 2636

ﬁandatpnog light q:ey, madlum grained mandstono;

;lmauaivu'anq Atructurolons oxoept for mome

-ihbrica;nd elongate rod olay pehbles {n bnnda.

ghalos shalo with. uwwukujaandﬂtunu and ailtatone
giViﬁq a moLLlud LoRLure| butzowinq in viuiblo;l

Bentonitoa, liqht groy,l" Hﬂnk,tn 20(” mnllﬁlv
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MOBIL MATZIWIN .
11 = 23 = 23 = 14wWd

X8 2385
et

99
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. Dubth ‘tt;)

2630 -

’:ge;

Coret 3" good recovery

™~

Shald;=ahale yith'voty‘tino Qraihcd‘aandStoné

and ailtatone‘in irregular‘luhinac &nd‘1ensosiu‘.

eqnaiderable biotyrbatibn) ﬂénéohites ét 2647‘.
2665' and 2680' are 1.5', 1" and 1" ‘thick -

'vrcapoctivelyz white, coarso grainod biotitc-.

rich bentonite at 2647 and groy. fine qrained
bentonite at 2665‘ and 2680‘: Chert pcbblo

' aonglomoratns at 2649, 2668‘»and 2680' are
]l =1.5'thick with wcll rounded chert pcbblos.

ailt to aand matrix.and are poorly :
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Depth (ft.)

to modorately gorted,
2681 - 2692,'S&nds€oh§z alternating zones of low angle planar
| laminated fine érained sandstone and massive

 atructurcless sandstone; some ripples,

’j%\_ 2692 - 2700.5 Sandstone: massive, structurcless, fine
. o grained. o | | |
2700.5 = 2715 ‘Shalei éhale with very fine‘g:aihed_sahdstone‘

and siltstone in»iﬁrcgular laminations and-.
" lenses; bioturbation present; sand content

-,-increases-tbwdtds the top of this interval,
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2909 = 2920
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, ) . Corei 3" good recovery.
Depth (ft.) - - iy
2848 - 5905_ Bhalen shala with lonses, pods and irroqular

1aminationa of siltntono and sandstonos burrowinq :

is commona nantonitos, light groy biotite rich,
2" and 4" thick, fine graimd and modium qrainod

.
ronpecLiVUly, at 2884' and 2897', » -

Canlomaratc,\woll roundod chnrt pubblo up

to l cm.in slzo with poorly sortod aandsLone
matrix at 2900' tn_2900. » }
Sandstona! £ina‘groihad; low uhéle, pldﬁhr:cross-
1aminations.l | R | . ) N

fandstonus fino qrainod, mauuivc, atructurolosa,

a2 few worm burrows proqcnt.-
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Depth (ft.)

3079 ~--3015

and very fine grained sandstone; Bioturbation

.

4 creases-towdrds the botﬁoh of intetVal} v
ripples present; Bentqhite. lightfgrey. biotite’
©fich at 3101', 6 thick. i\
13015 - 3019 Sandstone: £iné érained at base td.meéigg\  :

| ” giaiﬁcd'ét,top}'small;‘weli rounded.lpebblés up

to -1 énndiametér dtrangéd in low-angle cross
" beds in‘this intervals o i |

3019‘- 3040 Sandstone$ mediuh grained, massive, sandstdhé;

| e }.bufrowing is present; shaié‘bécomes more

R



Depth (ft.)

;;% 3040 = 3067

103

abﬁndant downward.

Sh@lex shale with pods ahd lonses 6!u|iltatqne

and very fine grainsa”sandstone giving an |

indiatinct.héttled‘gppohrﬁncb.
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Coret kA gqod condition
Dopth (ft.). _ S
"2957 - 2957 5 Conglomorato: well roundod chart pebblos with
a black patina:~modium graincd sandstone matrix.
2957 5 - 2966 5 Shalox ahalo with irrogular siltstonc laminae}
' and ripples of fT:: grained sandstone. |
-2966. - 2968 5 Sandstonex modium grainod, mansivc sand- :
) | atono: organic burrowing present, S
2968.5 --2986 Shalex Bhale with intorbeds of light grey,
- 4 vory fino grained sandstono; ripplea and bio-
turbation are proaont. L
2986 ?’2989 Sandatonoc light groy, fino grainod; low anglo 

planar cross- 1amination. _f;" 4
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( - . DELHI SOCONI COUNTESS #1
| 7%-8-21 -16 W4 |
. KB 2466' )
S L T |
o '

Cdre: Wireline good recovéry

 Depth‘(ft.) | |

2895 -_2901 Sdhdstone: light grey, fine Qrained; léw angle

- pianar cross-laﬁinaéibn; transitional lower
‘ contact. B :. |

2901 - 29£5 Sandstoﬁe: light grey, fiﬁepgrained structﬁte4 L
- | less;'t:énsitishal.IOWer conﬁdct;" o

25;5‘- 2928 .$hale= shale'wiih lenses, podsrand irregular

' | laminaejbf si;tStohe_ahd saﬁdstoné:.mbttled

texture die to bioturbation,
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sample depth (ft. )a 2567
1' below Viking Formation
186' below Fish Scalecs
339'_above Mannvillo Formation

Foraminiferaﬁ Pa nai

Trochammina alcanonnia Stelgk, 1974

_TroChammina umiatonéia Tappan, 1957

Verneuilina canadensis canadonais Cuahman, 1937

}f‘?; Gaudryina canadensis Cuahman, 1943

Ammodiscus ahthoéatus Chamnoy, 1969

1Raophax sikannonsis Stolck, 1974

Roophax tundracnais Chamnay, 1969
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Reobhaxvsp;'A

Ammobaculites sp. A

' 5mmobacu1ite§ sp. A (var.‘long) \

Glomospira tortuosa Eicher,,l960

,Saccammina alexanderi Loeblich and Taépén. 1950
A\ .

Psamminopelta bowsheri Tappan, 1957.

Miliammina awunensis Tappan. 1957:

- Haplophragmoides (3 chambered)

¢ A



ANGLO aomz ATLEE
1 -13 - - 23 = 7 W4 |

- —n

------

.......

S U SO
S - R N .
-

1-“"'
R RN

Sample depth (ft ) v 2376 . |
K above Viking Fbrmation LT S
176! below Fish's AkalgG/ o _' -
§. 304 above Mannvillo Formation i ’
‘i Foraminlfcral Fauna;

vReophax sikannonaig ’Stelék. 1974

;Réoghax-tundtaenais Chamney, 1969

s -

7 !  Verneuilina canadensia canadenaia usﬁman, 1937

:Verneuilinoides borealis Tappan, 1957

Verneuilina howchina Crcspin, 1953

.:Gaud:yina hectori Nauss;»l947

— .~ Ammobaculites humai Nhusa,-l947
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: . 2 ' ’
 Psamminopcitd powshord Tappan, 1957,

Trochammina umiatonsis Tappan, 1957

’Trochammina'ggtcbonbis suucf/iZi/yail; 1956 -
-8accammina. alexanderi Looblid\ d\Tappun, 1950

4 Palosina Bp

Bample depth (ft,)s 2385 o s

. 5! below'Vikihg top - >"*'"

2R 185" below Fish Scalos -

295' above Mannvillo Formation g

' Foraminiteral Faunas

Psamminopelta 8p B E t
8por$toid bodies R~ |
Bample depth. (¢, )1>2632 R
>; 62' below Viking top . \ - R
242! bnlow Pish Scalon | _
238' -above Mannvillo Formation
Foraminiforal Paunat
.‘>§ggggg~-sp (juvoniloﬂ) A to B?
i Raopﬁ%x ocke;ﬁ;x Vioaux, 19411

) Ruopha N to n Croapin :

Trochammina ap .

_;Pyrito ballaf |
o PyriLo rods - —
| | 'Fiah tooLh '

Fish bonop‘

. - : i)
. ]
/\ . ) L a
. : . .



" sample depth (ft.); 2468
ss'vbeiOW»Viklng~£op
268' below Fish Scales
212' above- Mannville Formaticn
Foraminiteral R;pna: o
Reoghg (A to B).
 Ammobaculites ?

,'Saccammina alexanderi Loebfioh and Tappan, 1950

.Haplophragmoidel ?

. iatoma._

§poritoid bodies (1argo)

- L o
. -
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. Bampla doyth (Ft,) 2644
14! bolow Vikkng top
144' bolow Fiah Boalus

E Foraminitural Paunal

‘Trochammina gatesonsis Atolok
Fiah fragments | &
Bporitoid fragmente

'Pyritb qlustora”v A

'-Bamplo dopth (ft )l 2664
o 34' bolow Vikinw»top
174! bulow Piuh Baulun'

and Wall, 1956
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Foréminitorai.raunaa
~ Reophax A to B ¢te.pin
vRéoghax“(juVenilel)
Trodhamminangatenanail 'Stelck and Wall, ‘1956

Verneuilinoides borealis Tappan, 1§57

‘ Glomoapira tortuosa Bicher, 1960
aporitoid bodiea |
- Filh !ragmentl

8ample depth (tt 1 2681 B
51‘ below Viking top

~_— | 191‘.below Fish Scalqs

Foraminiferal Faunai -

Sporitoid bodiea 

e 8ample dopth (tt )a 2713
- 83! below Viking top
223' balow Fish acalea 1
Foraminiteral Faunat — .
Saocammina alexandcﬁi Loeblich and. Tappan. 1950
| . Ammobaculitea gxrrelli Nauan. 1947 o
 8poritoid boedics

" Flah tragmohta I ';“'v | - ff
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(lett to right)

- PLATE 1

Sunonce of plano laminae resting on a beveleer

surface which cuts obliquely across underlying

4//lam1nae at a low anglc. Uppor nhoreface sand,

b,

Q.

n

sand tilled burrowu proaent.} Lowdr ahofeface zone, |

 Mobil Oil Delacour 3-5-26 27w4; 5637f¢t:

Silt and mud almout completely mixed with small _
 burrows’ !illed.by Bilt, Lowor lhoretace zone,‘,

| Mobil Oil Delacour 3-5-26- 27441 5649 ft,

Mottled sandstone due to butrowing. Middloe

lhcretnco sand, Mobil 011 Delacour 3=5=26=27wW4

5635 ft, _
Layer of allt broaking up from roworking by

"orqaniama. Lowor shorataca, Mobil 0i1 Delacour

3-5=26=-27W4) 5653 ft,
: A “

Prlmar? laminae bronking'up‘by organic teworking{

c, P 0 G. Hunsar 7-30 24-19w4; 3853 f£¢,

‘0 (/ -
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éLATE I

: Cere.shows‘multiple sand 5&9 devolopment with .

repetitious upper and middle shoro!ace aenda. N

%

’Flock c.p. R. Denhart 15-29 20 lle: 2532=2563 ft.

"

(NOTE: The terms "lower ahoretace", middle
shoreface“; and “beach-uppor ahoretace" refer to
lithofecies determined by sedimentary atructuras '
' and textures. and are not nccessarily reatrictcd

'to the correeponding geomorphological protile

3 :enatxon.)_
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PLATE III

‘,Core shows qppe;'énd middle shoieface sands of the Lower
Viking Sa?dstone uhit overlain}by léwer shoreface,(inter-.
bar) shale%f Two‘bentoniteélare.shdan *
Nortex Mobil Hutton 10-16-24-15W4; 2882-2920 ft.
(NOTEQ The terhsl"Iower_shbxéface”; "middievshoreface“.
&nd “beacﬁéupper.shoreface“:rgfer to lithofacies,
‘determiﬁed by sedimenﬁary structures'qnd textures,

| and.are not heceSsarily résgrictéd to the -

-éorresponding’gebmorpholbgical'profile zbnation;)“{

®
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'PLATE v

VCQre ahowc uppcr and middle ahbrafaco zonoa of tho
Upper v1kinq Sandstona unit abruptly ovorlain by

marine.shalea."

Suportest Bir? Bind Buftnlo 10 14 22 6W4} 2255~ 2302 £t

(NOTE:' The Lorm "lowor ahoreface" "middle shorefacc",
"~ and "beach- ppar shoreface" retor to lithofaciaa
determined by sedimentary structurd% and toxtuxos, and |
are not necessazily restricted to the- corrospondinq

«geomorphological profile zonation ).
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