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ABSTRACT
The Lower Cretaceous Mannv11]e Group in west- centra] Saskatchewan
,1s wedge- shaped th1cken1ng towards the north. It lies unconformab]y on
Devonian strata in the north and in the south ma1n]y on M1ss1ssippian
beds which form an east-west trending ridge. o . "
‘The basal Dina Member of the Mannville is,thichest in erosional

.Valieyslon the sub:Cretaceous topagraphic surface and ‘thins over ero;
| sional highs Following dep051t1on of the Dina sandstone, relief on. the;
.depos1t1ona1 surface ‘was subdued The Cummings Member, whdch has a thin
shale unit at the base and be.omes sandy towards the top, was deposited
- by .the" Clearwater Sea over this surface. The Dina and the Cummings Mem-
',bers do not extend farther south than-Township 40. “
A A coa] seam (“seam 3") was depos1ted near the top of the Cummings
Member, 1nd1cat1ng a temporary regression of the Clearwater Sea. An-
other major coal seam (“seam 8") was depos1ted:during late Mannv111e'
time. This Tatter seam is absent,.however, between Townshipslsz'and 39,
probably due to non-deposition. ‘; l B

':‘{he Batt]eford.Arch passes through the centra1 part of‘the thesis
‘area. It is present as a topographic'hidh-whiCh{probabTy formed a'depo-
sitional barrier during deposition of the Dina and the Cummings'Members

The absence of seam 8 1n Townsh1ps 37 to 39 is probably also due to this

The coal in. the Mannville Group is of no commerc1a1 value, at the
A present t1me It is. scattered throughqut the Lower Cretaceous sediments.
‘ ResourCes in p]ace are est1mated ‘to be approxwmate]y 19 400 m1}110n

_(short) tons (approx1mate1y 17, 600 m1111on metr1c tons)

. v
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.., Chapter 1 - -
_INTRODUCTION =~ - -, i‘" e

-~

AL LOCATION o; STUDY AREA AND souacss or INFORMATION | ‘J L

The area studied in thfs thesis occupies approximately 8 700 squar
‘ m11es (22 560 square kilometers) in“west- centra] Saskatchewan, extendin
from Range 8 west of the Third Mer)dfan on the. east to the A]berta-ﬂ
Saskatchewan botder on. the west with the southern and northern bound-
arves 1nc1uding Townships 29 and 50 respectively (figure 1. 1) Data
s were obtained from geophysiea) ldgs of 236 weTTs (figure 1. 2) with TTS
we]]sohaving coa] occurrences Another 10] we]]s Were éxamined in, 3’

o sma]l rea (sea ngure 8. 3) to obtain close1y~spaced data for the var1o

T
7

gram study . ?;>'vfﬂ

““‘61L AND GAS FIELDS AND COAL IN THE STUDY AREA
‘ , The ma30r 011 f?e]ds 1n the area are Dods]and Colevi]le-Smi]ey,
North Hoosier and L]oydmvnster . The productmve zone of the former two '
f1e1ds-ns the V1k1ng Format1on (Lower Cretaceous) ln the North Hoosier
frer (Kandersley area) o1] 1s found 1n the Mfdd]e Bakken Sandstone _ﬂ"
(M1ssaSS1pp1an) Dev1TTe Member (Detrital Zone) and Dana Member (Basa1
B1a1rmore Sand) of Early Cretaceous age (Nhite,»1974) The Resfdual
Zone Poo} as 1t 1s caI]ed in the v1c1n1ty of Section T] 31 28 West
l? of the Th1rd Mer1d1an, is the on]y producing reseryo1r 1h the.DeVJTTe ;
FOrmation Oil 1s commerc1a11y produced 1n the North H0051er Basa1 4
B]airmore Sand Pooi 1n Sections‘T'\Bo 15 and 22 to 24 Township 32

Range 27 west of the Th1rd Mer1dian The reservoir is several square
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miles in area] extent and is capped by an 1mperv1ous layer of shale or :
-vmudstone and under]a1n by coal (seam 6) Both‘pools.produce'heavy oi}
w1th grav1ty between ]3° and 15° API (spec1f1c grav1ty, 0. 979 to' 0. 966)
Reasoner and Hunt (1954) suggested that the source for the Bakken and
Mannv1]1e accumu]at1on was the Mannvw]]e sediments ' '

The North H0051er f1e1d produces 28 percent of Saskatchewan s heavy
oil. The rema1n1ng 72 percent of heavy 011 product1on 1s der1ved from
- sands of the Mannv111e Group (main]y the Sparky sand) 1n the v1c1n1ty of,

Ve

tLloydmlnster

A]together, ten coa] seams are present W1th1n the Mannv1]1e Group,
but only two (seams 3 and 8) have regvona] signwflcance Seam 3 was |
..depos1ted near the top of the Cumm1ngs Member and extends as far -south vf}
as. the member 1tse]f (Townsh1p 40). Seam 8 covers the northern and A
'southern part of the study area and. was dep051ted on- top of the Sparky o
- sand (equ1va1ent to the upper part of the Borradalle Member) The re-
.jMa1n1ng e1ght seams have very 11m1ted local extent two of wh1ch (seams

1 and 2) were encountered only once 1n the 236 weils studled

L. PURPOSE OF THE THESIS

Maycock (]967) dlscussed the geology of the Lower Cretaceous sed1- .

'ments in west central Saskatchewan and between Townsh1ps 29 and 40 he f
'referred to the Mannville sed1ments as "Und1fferent1ated Mannv111e

S"Group" 0n the other hand Nauss (1945) subd1v1ded the Mannv1]1e 1nto
s1x members 1n the Verm1]1on area, approx1mate1y 36 m11es west of the |

' northwest corner of the present study area One of the purposes of th1s_h"

thes1s is to f1nd the boundary between these two c]ass1f1cat10ns and what '



Tl

JU

constitutes this.bOundary Corre]at1on between the two c]a551f1catlons f
based on 11tho]ogy is ev1dent1y 1napp]1cab1e Because there is a lack

of foss1ls, us1ng foss1ls for correlat1on 1s ‘not possible at the present

"t1me In this’ the51s,_the wr1ter had: chosen coa] as a means to exp1a1n :

:_some of the strat1graph1c prob1ems. A number of coa1 seams do occur

'vdboth in. the northern and 1n the southern part oF the study ared, prov1d-l

14

‘,'1ng a good too] for corre]at1on purposes “The' wrlter had also used coa]A

to ga1n some 1hs1ght 1nto the deposit1ona] env1ronments F1na11y, 1n

' p‘order to glve an 1dea of how much coa] is- present in the Mannv1]]e sed1-7'

ments- stud1ed a resources est1mate was carr1ed ‘out. To sunmarlze,-thts R

"thes1s prOJect’was undertaken 1n order to - [7fj", o ::"ﬂgﬁ X

: (1) determfhe the areal re]at1onsh1ps between Maycdck s and Nauss

f_strat1graph1c subd1v1510ns,

(2) attempt to determ]ne the - causes of the facies changes between'

~'Maycock S and Nauss areas,._»‘

(3) study the d1str1but1on of coal in the Mannv11]e Group of westernhg

'.‘Saskatchewan and to determ1ne whether coa] distr1but1on can a1d in re- o

» construct1ng depos1tiona] env1ronments 1n the Mannvil]e Group, and

(4) est1mate the in- p]ace coa] resources of the. area mapped



" Chapter 2

PREVIOUS WORK - -

Because of - the hydrocarbon potent1a1 of Lower Cretaceous strata
| 1n the L]oydm1nster area, ‘the Mannvil]e Group has drawn much attent1on
recent]y Ear11er work which dea]s with the Mannv111e Group in the
'study area 1s limwted e1tner 1n areal extent or 1n geologlcal aspect ‘
4'-L7Reasoner and Hunt (1954) d1scussed the geo]ogy of the Co]ev11]e-$m11ey
"go11 f1e1d Price (1953) extended the term Mannv111e from Alberta 1nto i;¢i
'h‘Saskatchewan More. recent1y, Maycock (]967) studied the area betheen
-1Townsh1ps 18 and 40 Ranges 15 to- 29 west of the Third Merid1an 1n some'.'a
, ‘deta11 Stud1es on’ 10ca1 011 and gas poo]s have a]so been carr1ed out
:iby W1ckenden (1948) and Nhite (]969, 1972 1974) Other work that dealsn,
.bn‘w1th ne1ghbour1ng areas 1nc1ude Nauss' (]945) subd1v1s1on of the Lower |
dCretaceous beds in the Verm111on area based on the presence or absence
‘.“of dark m1nerals, Badg]ey s (]952) de5cr1pt1on of the Mannvil]e Group
i1n centra] A]berta G]a1ster s (1959) corre]at1on of the Lower Creta-' =
i ceous of southern A]berta and adj€1n1ng areas N1111ams (1963) rec]as-rvu.
sz1f1cat1on of the Mannv11]e Group‘{n centra] A]berta based on petro-- E
graph1c-strat1graph1c evidence and Me]]on s (1967) petrograph1c study
of the Mannv1]]e Group 1n Alberta The most recent work 1s that of

'-Christopher (1974) in southwestern Saskatchewan 1n wh1ch he recognized

a new format1on (Success Formation) at the base of the group, be]ow the S

. Cantuar and Pense Formatlons used by Pr1ce (1955) and Maycock (1967)
The name Mannv11]e was first used by Nauss (1945) for a predom1-Aor

' nant]y non-mar1ne format1on in the Verm1lion area, ly1ng between the -



’ sub Cretaceous unconformity and the mar1ne Jo]1 Fo! 'shale The term has
_..been used for the Lower Cretaceous sed1ments within the A1berta P]ains
f for some t1me yet corre]ative beds are st111 popu]arﬂy referred to as |
kB]a1rmore w1thin the Saskatchewan subsurface These rocks however. are'.
‘ | both geograph1ca11y and wﬁtho1ogica11y different from hose of‘the type
: f.Blajrmore of the A]berta Foothi]]s Pr1ce (1955) 1ntroduced the term ‘
”fMannviTle into Saskatchewan and subsequent]y (1963) showed the areal ex- f
tent of these strata w1th1n the Inter1or P]ains (f1gure 2. 1) N '
| The first estimate of coal resources in Canada was prepared by
t.-Dow11ng (1913) for the 12th Internat1ona1 Geo]og1ca1 Congress “His es- L
.twmate of Canada S resources was 1. 3 tr1111on (short) tons based on coal‘:
t-:seams with ‘a m1n1mum th1ckness of one foot to a max1mum depth of four
v'tthousand feet Mackay (1947) reported 99 b11lion tons of coal in- p]ace
tf1n his. study for the Royal Commission on Coa] in 1946 The reason for f.l
1 fﬁMackay s 1ower est1mate is that he used seam thtckness and depth of over- .
b}burden that var1ed from coal f1eld to coa] f1e1d and did not inc]ude o
| f seams less than three feet thick Latour and Chrismas (1970) made a o
’hlmore deta11ed survey on western Canadian coa], uswng the fo1]ow1ng pa-:;f'
',frameters L - N C' | o
i" (1) seams less than three feet thick and rock partings that are one a
'f~;foot thick or th1cker are not 1nc1uded in ca1cu1at1ng the tonnage,j:""
: (2) on]y coal seams that are w1th1n one hundred and f1fty feet from _
the surface are’ considered }f R A
- They est1mated a. total of 118 7 b1111on tons of coa] in- p]ace in
.’western Canada Of th1s, 9.8 b1111on tons (8 3%) are con31dered measured'f

resources, 50 3 b11lion tons (42 4%) 1nf1cated and 58 6 b1llion tons
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.(49 3%) 1nferred Among the:three uestern prthnces,'Saskatchewan has
{'10 ]% of the tota] coa] resources in Late Cretaceous to Tertlary (Raven-_ .
;scrag Formation) beds in the south of the province " _ o
Yurko (1976) surveyed the deep Cretaceous coal resources in the '
'fAlberta P]ains and estimated a tota] of 628 b1111on tons for seams two
-~ feet th1ck or th1cker in the Mannv1]1e Group Th1s represents 60% of
:fthe estimated total deep coa] resources 1n the Cretaceous System in

: A]berta The method _sed was sim11ar to that used by the writer for

‘_fthis study ' |
Other than thes.-reg1ona] est1mates for the western provinces, no
data has been pub]i ed on. the est1mate of the coa! resources in the {]
.study area Coa] seams 1n the Mannv111e Group are genera]]y th1n and
h"about 1, 700 to 2 000. feet be]ow the surface Th1s coa1 1s of no commer;
'fhcial s1gn1f1cance at the present time, but could become 1mportant if

techn1ques for underground “1n situ™ gas1f1cat1on are deve]oped



~

. Chapter 3 | ' ‘ ‘
. METHOD OF sTubY |

'_ A. AVAILABILITY OF INFORMATION

Data for thJs study were obtalned from geophys1ca1 boreho]e TOgs,_

,wh1ch were run pr1mar1]y for o1I exp]orat1on Therefore, a comp]ete

V4

-su1te of Togs favourabTe for coaT 1dent1f1cat1on was not always avail-

ab]e for each boreho]e ATI 236. we]]s used in the reg1ona1 study have

at. Teast 2 res1st1v1ty log, 95 of the 236 weI]s have a sonic IOg, 25

~ have a neutron 109, 5 have a denslty log; 7 have both sonic and density

Jogs, 6 have both sonic and neutron Iogs, and ] has dens1ty and neutron_
»Togs In the rema1n1ng 97 weTIs, data were derlved soTeTy from the resj

:s1st1v1ty ]og The res1st1v1ty Tog aIways 1nc1udes a spontaneous po-

" tential (SP) Tog, and the sonic, dens1ty and neutron each 1ncTude a

b'gamma Iog

- B LOG CHARACTERISTICS OF THE MANNVILLE GROUP

B
E

The top of the Mannv11]e Group is 1nd1cated by the f1rst 1ncrease

',an re51st1v1ty on the eTectr1ca1 Tog be]ow the V1king sandstone This .,1

-1ncrease 1s aTways accompanied by‘a correspond1ng negat1ve deflection :

Iof the spontaneous potent1a] (SP) curve (f1gure 3. 1) North of Township_.

.v40 approx1mate1y 160 feet be]ow the top of. the Mannv1]Te 2 h1gh re515-:b;b

tivity zone w1th h1gh negat1ve SP def1nes the Sparky sandstone (equiva--:'T

lent to the upper part of the Borrada11e Member) The th1ckness of this}Iv

”,sandstone var1es and the base is not a]ways d1st1nct Therefore, on1y

the top was picked for correlat1on purposes ;57 ,,.,p??',

~ The Cunm1ngs and D1na const1tute the basaT members of the Mannvf]lev>‘

-~

0
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]2
Group w1th1n the thesis area, the Cummings Member is a sandstone with
" a high negative SP vaTue and very Tow resistivity (f1gure 3. 1).. These
;character1st1cs aTso appTy to ‘the Dina Member Separat1ng the two is ff"
: a positive deflection in the SP curve at the base of the CUmmings
‘ xThe Sparky sandstone and the Cummings and Dina Members lose their
d1st1nct1veness from north to south and south of Township 40 they dis-'
»appear comp]etely (f1gure 3 2) South of Townsh1p 40, no attempt was
‘ made to d1fferent1ate the MannviTTe sed1ments into 1nd1v1dua1 members,
-and the writer has adopted Maycock 3 (1967) de51gnation as "Undifferen-‘
t1ated Mannv111e Group“ ‘ - B |
' The base of Mannv11]e s easier to pick in the north than in the .
.south North of Townsh1p 35, the. Mannville is under1a1n unconformably
'by Devon1an carbonate rocks with very high res1stiv1ty : Sjnce the Dina
Member»has a wery Tow resist1v1ty, the sharp~break in the resistivity
_curve 1nd1cates the pos1t1on of the sub Cretaceous unConformqty (f1gure.
T3 T) South of Townsh1p 35, Lower Cretaceous rocks are underlain in
'p]aces by M1sswss1pp1an beds, and the boundary between M1ssisswpp1an and P
.Cretaceous format1ons is not a]ways clear on the geophys1ca1 Togs The_‘ -
Dev1TTe Member, if present, has'a h1gh negat1ve‘SP signature, but unTjke |
»the Dina, it aTso has a h1gh re51stivity Mfssissippian Timestones;
11ke those of the Devon1an, always show h1gh res1st1v1ty and h1gh nega- :
t1ve SP and Tt 1s d1ff1cu1t to d1st1ngu1sh between them and the Devil]e T
Member- The M1ss1ss1pp1an Bakkén Formation is subdiv1ded 1nto fhree
(upper, m1dd1e and lower) members,.each characterlzed:by»a distanctlve'
"spike" on the res1st1v1ty Tog The upperdand Tower‘members consist of

;shale, separated by a sandstone which in pTaces is o11 bearing (f1gure.

3.1). - . ' ' S e
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€. L0G CHARACTERISTICS OF COAL

CoaT has a very characterlstlc s1gnature on geophys1ca1 Togs and.
a deta11ed d1scuss1on on th1s top1c ‘has been’ pubT1shed by Bond et gj_ ,
(1969) (see aTso-Yurko, 1976) . ‘The foTTow*ﬂﬁLEEcount is a summary of |
some of the d1agnost1c propert1es of coal in boreho]e 1nterpretat1on |
T(see also f1gure 3.3). Figure 3.4.shows a compos1te'Tog of.the'relative

position of the coal seams in_the Study area.

1. Dens1ty 4
_4‘ “Coal dens1t1es range from 1. 29 to 1.8 gm/cc depend1ng on the rank,
- depth of bur1aT, and ash and mo1sture ‘content. Coal in the Mannvi]]e |
-_TGroup 1s approx1mate]y 1 500 feet underground and has a dens1ty of T 8
gm/cc or less. Therefore when ‘a- densaty log is ava1TabTe coal is
) eas11y recogn1zed by a. very Tow dens1ty response as compared to adJacent
' sandstones and sha]es |

2f Son1c Log

The son1c Tog records the 1nterva1 transit time (AT) in microseconds
:per foot the t1me requ1red for a compress1ona] sound wave to travel

iacross one foot of format1dn The AT value for coaT is usuaTTy greater:"l

‘-Tthan ‘that for sha]e or sandstone and varies 1nverse]y with degree of

Acompact1on That 1s, coaT seams cloger to the surface have a Tonger in;Ag
tervaT transit t1me than deeper ones. Tert1ary T1gn1te coaTs of south-
'.fwestern Alberta and Saskatchewan have AT vaTues between 140 170 m1cro- ;-‘
| fseconds per foot and coaTs in the Mannv1TTe (th1s study) have AT values

'between 10 and 160 mlcroseconds per foot
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- resistivity » 7 - o iypedflog
Mannville - o < ‘
seam 10 - 11-15-42.25W3 RS.

seam 9 8-24-36-27 w3 RS

seam 8 - 1620-3927W3. RS.
seam7. 7. 16-31-222W3  RD.
seam 5 - (7-7-33.26 W3- RS -

seama4 . 9.22.3327 W3 RS,

" seam 3 - 1620-39.27wW3 Rs

o seam2 3.24.4228w3 R

R

seam1

B-24-26:19W- - Rp

( pre-Cretaceous) - L Reresistivigy
o ) L i .. S~ sonijc . :

D—dénsity e o Sl

Fig 3.4 ' COMPOSITE LOG  SHOWING RELATIVE POSITION of SEAMS.
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3. Neutron‘Log

' The neutron Iog primari]y measures the effectiveness of a formation_(
ito moderate or slow down a beam of fast neutrons Essentia]]y, the mod-
1eration of the fast neutrons 1s caused by hydrogen atoms in pore f1u1ds,1f:
: however, carbon is a]so an effective moderator and conSequently cbal is B
‘iindicated by Tow readings on the neutron curve Unlike sonic or density"
;]ogs, the neutron 1og does not have a. definite va]ue range to indicate ‘
the presence of coal therefore in usvng the neutron log to detect coa]
seams, one has to Took for re]ative 1ow va]ues in the curve rather than'

E abso]ute va]ues of the neutron count "_‘ALTE ',ot - ﬁf”',-; BRI

'.-4; Natura] Gamma Log

Geophysical logs record on]y the naturai gamma radiation in a we]i

_ bore, which is produced by pota551um, uranium and thorium in sedimentary
;rocks (mainly in sha]e) Coa], as an organic sediment contains very
smail quantities of these e]ements, therefore has very Iow radioactivity ¢;Q"

= 5.', Re51st1v1ty Log '}f’ :; _",' f."- if:_ -

:ia A re]atively high, e]ectrica] resistiv1ty is characteristic of c]ean:7

"coai however, the actua] va]ue recorded on a: iog depends on the ash and y

';m01sture content of the coa] ' Dirty coai, carbonaceous materia1 and even:,"

'fwoody fragments may produce low re51st1vity values on the- eiectrical }og f» |
E ~ Coal beds are indicated by high resistivity spikes -on- the ]atera] |
tcurve with adJacent very 1ow readings in’ the innd zones 1mmediate1y be- .
;flow the coa] On normal re51stivity curves, 1f the coal beds are thinner
than the eiectrode spac1ng, reversa]s (low readings) genera]]y oceur op-

p051te coa] beds



BRI

6. Spontaneous Potent1a1 (SP) Log -

No def1n1te response 1s reg1stered oppos1te a coa] bed a]though in
the Mannv111e Group most seams show a s]1ght]y negatlve SP The spon-
taneous potent1a1 reg1stered on the SP ‘curve depends malnly on the re-.
isist1vity and thlckness of the coa] bed the res1st1v1ty and the d1ameter

of the zone contam1nated by mud f11trate

o

.

0. RELIABILITY INDEX

w1th a comb1nation of resist1v1ty and other logs, coa] can be 1den—'
tified with a de”Fee of certainty wh1ch can be 1nd1cated by a numericviﬂf
f’re]1ab111ty 1ndex (see Yurko, 1976 pp 11 ]2) In this thes1s, the »f(‘(

- _(.wrwter chose to use re]iab111ty 1ndexes 1, 3 and 5 correspond1ng to 33(:_

".r1ndexes 1, 3 and 5 used by Yurko (1976), with the fo]Towing criter1a L
'used in ass1gn1ng these numbers o P

(1) Re]1ab1]1ty 1ndex 1: coa1 p1cked from an e]ectrica] 1og and;ﬁf
:at least two of the foT]ow1ng spec1f1c curves L ' |

| (a) natural gamma, o B
1>n.n._, B (b) son1c (acoust1c), |
o (c) density,
w (d) neutron. | o _
f. Probab111ty of coa1 actua]]y being present is est1mated to be greater _T
than 90%. | o _f‘ S |
(2) Re11ab111ty index 3 ccaT}pickedﬂfrom anvelectr1c»]§g;aandn>

.,neutron or natura1 gannm Tog. AS'mentibnedtprthouSTys'no specit(c‘h_»
T value range 1s{as§1gned'to the nepfronfcount'for.coa(”beds:and”piéks' _
| depend'sple}y‘ontthe'shapé Of'the'curve The probab111ty of coa] actu- o

al]y be1ng present is est1mated to be between 50 and 75%



g
- L v : - |
- 4{3) Re]1abflity'fndex 5‘ coal picked from an eTectr1ca1 Tog only.
| In th1s case, the probabi]ity of coa] actuaTTy being present drops to
.‘>25% or less. | ,. L R |
, The reasons for .not us1ng reT1ab1]1ty 1ndexes 2 and 4 as defined
by Yurko (1976) are that the geophysical logs used 1n th1s study are of
vreTat1veTy good quallty and the Tog characteristics of coaT are reTa-

A

tively weTT defined Us1ng the tops of the Sparky, Cummings ‘and Dina D

B Members as markers coaT seams with1n the Mannv1TTe Group were correlated

'.and each seam numbered from T to TO in ascend1ng order of the seams

“E. GENERAL DISCUSSION OF COMPUTER APPLICATIONS e

The data obta1ned from the geophys1ca1 TOgs were put into a computer
'7;f1Te from wh1ch subsequent data f1Tes were. bu11t to meet the needs of
part1cu1ar app]icat1on programs The pTotting of contour maps was done
. by us1ng ‘the "CGRID]“ and "CONTUR" pTott1ng subrout1nes avaiTabTe from
_:.fthe Comput1ng Services program Iibrary at the UniverS1ty -of ATberta :The |

';CGRIDT routine accepts as 1nput the 1rreguTarTy d1stributed boreho]e data '
and produces a regu]ar data grid The number of ngd points (1 e. ‘s the i_
size of the gr1d ceTT) over a map area is controTTed by the user, to ob~‘5
. tain good resuTts 1t 1s advisable to have at Teast one data point per L
| -gr1d ceTT The output from CGRIDT REE used as the 1nput to CONTUR which

: prepares thé maps for subsequent p]ott1ng on the CaTcomp PTotter.' CONTUR
"Tallows the user to contro] the number of contours, contour 1nterva1 aﬁd\\
‘lithe TabeTTing of the contours The t1t1e, sca]e and axis of the maps o

were done us1ng other pTott1ng subrout1nes, also ava1TabTe from the sub-.

: ,froutlne ]1brary S
- | I



'n\ e R e - R Zd
) : : .
wellvlocationdmaps were generated by{using_the Genera]ized_Map_POstf
ing Routine'(GPR) from the Western Canada CoaTlResources Data B§§efPT°"ll
Ject. o | | | | | o |
A small area seven mi]es east of L]oydmwnster was chosen by the ,';
r1ter for a detaw]ed study of area] variance of coal seam thwckness
One hundred and one we]] 1ogs were stud1ed and the data were used to
generate statlst1ca1 tab]es and var1ograms in graph1ca1 form (see Chap—g
ter 8) ‘A conc1se account of the theory and app]lcat1on of area] vari?:
'v'ance stud1es 1s g1ven by Dav1d (1974) and Matheron (]963) br1ef

fsummary will be presented 1n Chapter 8



AChapter¢4 o
. STRATIGRAPHY

AL INTRdJUCTION

Studies by severa] workers ]ead to the conc]us1on that the Mannvﬂle'-~
sed1ments 1n the northern p]awns of Canada can be subd1V1ded 1nto three |
 major port1ons - a mar1ne shaIy un1t (equ1va1ent to the C]earwater Forma-
-'-‘t1on) which is sandwtched between a 1ower re]at1ve1y homogeneous sandy
un1t (the McMurray Format1on) and an upper, more heterogeneous sandy unit
| (the Grand Rapids Formation) _ " , " |
The ]ower sandy un1t fills in: the topograph1c lows on the sub- Creta-
yifceous erosion surface In the Inter1or P1a1ns, the roundness of the
.dgquartz gra1ns and t absence of dark m1nerals in. this unit’ suggests a-
| T;h1gh degree of maturity and an eastérn source area The over1y1ng sha]y
vtlun1t was depos1ted'dur1ng the 1nvas1on of the borea] Clearwater Sea |
::One of the 1ntentions of the wr1ter is to determ1ne the ]ocat1on of the .
' fshore]ine w1thin the study area Nith the w1thdrawa1 of the C]earwater
'_Sea and the increase in tecton1c/igneous actlvuty in Br1t1sh Co]umb1a,-
‘;hthe upper heterogeneous sandy unit was depos1ted with jts main source
'»from the west As m1ght be expected this sandy unit has a ﬁ1gh content :
': of fe]dspar and vo]can1c rock fragments. o
. - Where M1ss1ss1ppian rocks crop out on the sub Cretaceous surface,.
/the1r weathered products const1tute a d1st1nct cherty un1t (the Dev111e_
Member) be]ow the re]at1ve]y homogeneous sandy McMurray Format1on
Nauss (]945) f1rst app11ed the ‘term. "Mannv111e" to Lower Cretaceous

sed1ments 1n the Verm1]1on area He subdividedtthe Mannv11]e Formatton _t"

T
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.into six members as_fo]]ows in order of increasing ager*‘b‘Su]livan,ltJ
‘_Borradaile, Tovell, Islay, Cummings and Dina (figure.4 1). This suher
division can also be applied to the northern p]ains of Saskatchewan.u/_
In central Saskatchewan, Maycock (1967) ca11ed the corre]ative sediments N

'"Und1fferent1ated Mannv111e Group"; and further south these beds inter— ‘
’ f1ng§r with the Cantuar and the Pense Formations of Pr1ce (1963). .
dividing line between the s1x-member Mannvilie Formationoas def1ned by '
‘Nauss (lgﬁﬁ) and the Undifferentiated Mannville Group of Maycock (1967)
lies within the present study area, 1n the v1c1n1ty of Townshlp 40 (fig-
| ures‘3 2 and 4. 2) Therefore, the study area can be d1vided 1nto north- r=“

ern and southern port1ons with Township 40 as the boundary for- d1scussion
purposes : o . S \:*._' o W xﬁ ?

;\
i

THE NORTHERN AREA IR e jay;"; :

Fa

North of Townsh1p 40, the Mannv111e Group w1th1n the study area can -
~be subd1v1ded into the six. members recogn1zed by Nauss (1945) (f1gures b
4.1 and 4 2) The D1na Member appears as a un1form c]ean sandstone on';
the SP log . (figure 3. 1). It fills in the pa1aeo topographlc 10w~areas,:
~and p1nches out southward towards Township 40 (figure 4 3) After depo;
s1t1on of the Dina Member, the borea] Clearwater sea tran gressed south— ;3_
ward and depos1ted the Cumm1ngs ﬂember whach a]so th1ns t wards the o |
L south and pinches out 1n the v1c1n1ty of Townsh1p 40 (fig re 4. 4)
max imum th1ckness ‘of. the Clearwater oceurs. in both the northeastern and
northwestern corners of the map area The shore11ne at that t1me prob-- ':
Z ably trended east-west through the study area, and to the west turned

-

north towards wa1nwrwght where the Cumm1ngs is a]so absent (Nauss, ]945) |
' s R : B i;//f”

R
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‘A coa] seam (seam 3) near the top of the Cumm1ngs Member is 11m1ted to
Townships 40 to 45, Ranges 24 to 28 west of the Third Mer1d1an (f1gure /
2_4 5) -The presence of this seam:and.the»sandy 11tho1ogy of the Cum-
-mings in the study area indicate thatvthe‘area was probably near shore
'land-that a'temporary'regreSSion of the C]eanwater sea- occurred during
. the deposition of the member. | | |
. The remaining port1on of the Mannville sed1ments can be subdivided
‘ into the Islay, ‘Tovell, Borrada11e and 0' Sullivan Members (f1gure 3. 2)
A]] of them have a southern depositlonal Timit 1n the v1c1n1ty of Town-
‘Lsh1p 40." A maJor coa] seam (seam 8) at the top of the Borrada11e Member
'r("Sparky sandstone" in 011 1ndustry term1nology) was used as a marker
lhor1zon ' Its dTStribut1on is shown in figure 4.6. _

In east central A]berta, the D1na Member as described by Nauss
j(]945) conststs ma1n1y of quartz sandstone conta1n1ng rounded frosted
_gra1ns, interbedded w1th s11tstone and sha]e Dark minerals are rare.
b-; The over1y1ng Cumm1ngs Member 1s pr1nc1pa1]y dark grey to b]ack sha]etrrn'

: As the Cleanwater sea regressed thé Is]ay Member was depos1ted a]ongdh‘
| its beaches (Nauss, 1945 p 1627) The over]y1ng Tovell Borradaileﬂi:»f

~and 0 Su1]1van Members have 11tho1ogies 1nd1cat1ng an a]ternat1on of :"

- de]ta1c and near shore env1ronments o =", ;v,": -

* The upper port1on of the Borrada11e Member is the product1ve sand
_in'the-Borra 11e 0il f1e1d' W11son (1947). noted a. reg1ona]]y wxdespreadl .
'jhcoal seam at the top of his "Upper wa1nwr1ght".un1t (equiva]ent to the
Borrada;]e Member),_about 130 to 145 feet below the top of the Mannvil]e |
" and caT]edit:the'"Wainwrightfcoa]“.f1This same coa1Mseamgwas_piokedsasf:hk

seam 8 by the writertl
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~In central Alberta, ‘the MannVille Group was divided in‘ascendinga
Order, into the McMurray, Clearwater and Grand Rapids FOrmations by

' Badgley (1952) The McMurray Formation, correlative to the Dina Mem-“ |
l"ber,.is composed of the Deville, Ellerslie and Calcareous Members The
'”Deville Member is the weathered product of the underlying MiSSissippian

_,and Devonian rocks . The main factes of the McMurray Formation is the ‘

"e'Ellerslie Member ("Basal Quartz") which is composed mainly of quartz

'~isandstone with minor siltstone, and Silty, often carbonaceous shale.

hilt is texturally and compositionally mature, and the sediments hawe
| 1cgone through several depositional cycles (williams, 1963). Williams
'v‘; g__g__ (1962, p. 324), using K-Ar dating on the detrital feldspar from :.;
i_;the McMurray Formation, concluded that the ":? K- Ar dates .._‘indicatef‘"
. :Precambrian sources on: the Canadian Shield ' o ;AV:A o
ﬂ The top unit of the McMurray Formation ;s the Calcareous Member'
if_(Glaister, 1959) characterized by abundant invertebrate remains in- .

ﬂncluding pelecypods, gastropods and ostracodes of non-marine and near-

'-imarine origin (Mellon, 1967) As a lithologic unit it is also commc)n-_"T

-"-ily known as the "Ostracode Zone", and has been dated as late Aptian or L

| :'jearly Albian in age (Glaister, 1959) The Calcareous Member is absent “

'v-in the study area and the Dina Member is overlain by the Cummings Mem-
The Cleanwater sea transgreSSed into central Alberta where the

B ,Clearwater Formation (Williams, 1963) was deposited The Cleanwater-’-i

if~.chMurray contact, as well as the Clearwater Grand Rapids contact, are

:?probably diachronous (see Williams, 1963 figure 8 and Mellon, 1967
p. 64) For this reason and the fact that the Cleanwater Formation '



)

G}cannot be.distingufshedvas'a'separate'entity.over much‘ofhcentral'ATberta,
’_Mellon (1967) comb1ned the Clearwater -and the over]ying Grand Rapids For-y'
mation 1nto the Fort Augustus Formation |
| The Clearwater Formation in the Edmonton area 15 composed of the
_-basa] wabiskaw Member (common]y known as “G]aucon1t1c Sandstone“) and
| the over1y1ng dark grey sha]e Me]]on (1955) suggested that the g]auco- -
nitic sandstone 1s an offshore bar depos1t (figure 4. 7) Both the Ca1-~
. _careous Member and the’"G]aucon1t1c Sandstone“ are absent in east central :
‘,vAlberta and 1n-the study area. Nauss (1945. p 1627) hypothesized that
:_» "After the Cummangs epoch the sea receded and ‘on 1ts beaches or1g1nated
‘-the g]1sten1ng sands of. the Is1ay Member This 1nd1cates that the v
h:fVerm111on area was emerging whi]e depos1tion of the C1earwateK~Sea con-
_dtinued in central A]berta CIf th1s is the case, Badg]ey s (1951) corjﬁi
itarelation of the "G]aUCOn1t1c Sandstone" with the Is1ay Member is ques?tl7y '

tionable _ n

_ The Grand Rap1ds Formation 1s the u%permost un1t of the MannV11]e f'_E-
<Group in centra] A]berta and is ma1n1y of non- marine origin ‘ In the T

.5:7Edmonton area, 1ts base 1nterf1ngers wfth the C]earwater Shale and is.}ffh'd

'diachronous be1ng o1der ‘towards the’ south (Nilliams, 1963) N1111amsh.”
:1]et a] (1962) dated two“samp1es of detrital feldspar from the Grand
’[Raplds Formation in Alberta at 120 to 150, and 160 to 220 mi]lion years,

Mf_:dates which fa11 within ‘the range of ages from ear]y Mesozo1c 1ntrus1ons
'Tln the central Cordi]]era o o o

In southern and centra1 Alberta, the Grand Rapids Formation is

‘ 1nc1uded in the Fort Augustus Format1on by Me]lon (1967) and 1n the
UpperrMannv11]e by G1a1ster (]959). Both reported the formation-as\
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being main]y of cont1nenta1 or1g1n According to Me]]on (]967 p. 65),
"Foramin1fera are absent from the Brook Stanmore No 1 we]] [Sec 22 30-
| 1 w4M], where the entire format1on appears to be of non-marine or1g1n,
and a]so from the west V1k1ng No. 1 wel] [Sec 1] 48 15 wan], a]though
~the shale at the base of the formatlon there appears to. be marine '
lFarther north-in the Edmonton area {Twp. 51 to 56) the same wr1ter ob- f
d‘served foram1n1ferasin the lower and central parts'of the formation,.‘f
which probably occupy a strat1graph1c position s1m11ar to that of the (
‘C1earwater Format1on of Williams (1963) ‘The top 140 feet of the for--

mation 1nc1ude coal bear1ng strata 1nterf1ngered with marine foramin-'

ear1ng sha]es, indicating a fluctuatnng shoreline.’ St]ll farther
'nor h (north of Twp 72) the'FOrt Augustus Formation has abundant for-
‘a 1n1fera in most of the sha]y strata and is probably main]y mar1ne in

or1gln (Mellon, 1967)

C. THE SOUTHERN AREA

The three-fo]d subd1v151on of the Mannvi]]e Group as def1ned by
d N1111ams (1963) or the six{member Mannvi]le Format1on of Nauss (1945)

cannot be extended 1nto the southern port1on of the study area The

1 _ Lower Mannv1]]e and the lower part of the Upper Mannvi]]e d1sappear

: f‘eastward 1nto the area where the Cantuar Format1on (Pr1ce, 1963 May-

‘cock, 1967) is recogn1zed Th1s p1nch1ng out resu]ts in part from the

' ‘,”fact that the pre-Mannv111e surface r1ses towards the east

The Cantuar Format1on was estab11shed by Pr1ce (1963) for the

*'basal Lower Cretaceous sed1ments 1n southern Saskatchewan, and the

°._.'Pense Format1on for the strata between the Cantuar Format1on and the



over]ying Joli Fou shale. The Pense and the Cantuar together fonn the ffv
"basal Cretaceous sandy group" ‘of Price (1963 p 5) South of the |
'_”M1SS1ssipp1an eros1ona1 edge (i e., south of Twp 35) in the study area,;b
‘Maycbck (1967, . 13) used the term “Cont1nenta] Fac1es" in ]ieu of
Cantuar Formation and north of the erosiona] edge, correlat1ve Sed1mentsp}
"were referred to as "Und1fferent1ated Mannvii]e Group Slnce the Penseﬁ‘:
Formation cannot be” recogn1zed within the study area (see also Maycock K
1967, figure 12) the writer has adopted Maycock s term1no]ogy, “Undif- R
- ferent1ated Mannvi]le Group", to describe the Mannvil]e beds ln the s
'i‘southern part of the study area The Undifferent1ated Mannv111e Group
A'; and the Cont1nenta1 Facies have very s1milar 11tho]ogy (Maycock.\1957 ';{
_s_p 20) and the fo]10w1ng descript1on is’ applicab]e to both ’ o
| " 'Maycock (1967) described h1s Cont1nenta1 Facies as. “extreme]y het- 1
erogeneous" and cons1st1ng of 11th1c sandstones a550c1ated wrth argi]- »
.]aceous s11tstone, sandstone of variab]e c]ay content, 1ign1te, carbo-,"
-f'naceo S shales and mudstone together with m1nor rocks rich 1n carbon '
f11aments The lithic sandstone he descr1bed exhib1ts ca1c1t1c replace-ﬁ

‘ment of the matrix and has re]at1ve1y s1mpJe m1neralogy, with the main
,components, in order of 1mportance,_be1ng quartz, feldspar, ch]orite ; .
and/or biotite and: muscovite The presence of the Iess stab]e minera]sl_
1nd1cates re]at1ve1y rap1d transport with 11tt1e reworking (Maycock |
"1967), as does the presence of sedimentary, 1gneous évo]can1c) and meta- -

morphic rock fragments A western source was suggested | :
. Approx1mately one hundred and s1xty feet be]ow the top of ‘the eﬁ”'

) MannV111e in the southern part of the study area, a maJor coal s\a@

occurs Th1s seam was corre]ated w1th g;am~8 in the northernt art \\

of the area on the basis of 1ts strat1graph1c pos1t10n, us1ng th' top




RS YRR

' "-"._'.-of the Mannvme as" the datum (ﬁgure 4 2) In both areas- the Sea"‘ -

"“<:shows simi1ar geophysvcal log characteristics w1th a re]atvvely h1gh

nresist1vity and a negat1ve SP deflectaon.:HTherefore, coa] seam 8 at
vvthe top of the Borradalle Member‘tn the*northern area has 1ts corre]a- ;
:jt1ve 1n the south a1though 1t ]s absentxbetween Townsh1ps 36. and 39

' (figure 4 6) | ' R I R

‘,“ -,

N S

In the southern portion of the study area where M1551ssipp1an rocks
' crop out below the Mennvi]le, the Dev11]e Memper 1s the basa} unit of /
'A‘the Mannv111e Group (fwgure 4 8) SEL " g L

The Pense Formation, together with the under]ysng Cantuar Formation‘
"Af forms the "basal Cretaceous sandy group" of Price (1963, p 26) Accord-

ing to Price and Ba]l (1971). the Pense Format1on 1s present oVer,most

?f_.of the northern Wi]liston Basin and has an average th1ckness f. about’;é

K ) 150 feet “In. the Duval potash shaft (Twp 36 Rge 6 WBM),xthefforma-'»{
: ; tion is 1ess than 50 feet th?ck (Price and Ba]]..1971) and thins to zero»

";fa short dlstance to the northwest towards the area of Mayc0ck s (1967)

| ’L%'Und1fferentiated Mannvwl]e Group In the DuvaI shaft, the Pense Forma-

“‘f;t1on 1s composed mainly of quartzose sandstone with numerous sha]e 1n- -

| nrbeds in: the basal th1rd of the interva] Atf*i;;t“ff R

SOUTHNESTERN SASKATCHEWAN AND THE STUDY AREA

- In southwestern Saskatchewan, Christopher (1974) divvded the Mann- :
"";;Ev1]1e Group 1nto the Success, Cantuar and Pense Formations (figure 4 1)

'1f]The Success Formatlon is composed of kaol1n 1ndurated quartz sandstone

| ﬂ';{w1th acceSSOry chert.- The Success Format1on, plus the basa] 7éC]oud

| Member of the Cantuar Format1on, are equiva]ent to the Lower Mannv1]Ie :

?of A]berta. )
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\

-The McC]oud Member of the Cantuar Format1on is composed i

-1arge1y of autochthonous sandstones‘Pver]a1n by an. estuar1ne to mar1ne
'shale that reaches southward from east centra] A]berta to the Inter—
q'nat1ona] Border in Saskatchewan as ria like f1ngers of the marine [_lEJ
‘E]]ers]1e Formation i (Chr1stopher, 1975 p 523) 1t is. corre]ated

with the D1na Member 6Td~tﬁe Cunm1ngs shale un1t (Chr1stopher, 1974, p. 49)
~In the present study area, depos1t1on dur1ng McMurray: twme (Dina
Member) as we]] as - dur1ng C]earwater t1me (Cummings Member) was con-«‘ ";;s

'f>f1ned to north of Townshap 40 (figures 4 3 and 4. 4), Based; on the data

. 'ava11ab1e, the wr1ter does not agree wvth Chr1stopher (]975 text-fig--

‘ure 4) that the D)na Member and tHe Cuhmwngs Member or the1r equ1va1ents
' extend further SOuth than Townsh1p 40. In thls f1gure Chr1stopher ‘
d(]975) shows the McC]oud Member, in "valley form“, extend1ng southward

~ from the "mar1ne E]]ers]1e Format1on" (Chr1stopher, 1975 p. 523)

. present wr1ter cou]d not recogn1ze e1ther the Dina or the Cummings (or
the1r equivalents) on the. go ‘hysical logs in areas other than ‘that
shown’ 1n f1gures 4, 3 and 4.4. Moreover, the "E11ers]1e Formation" 1s .

- probably not of marine or1g1n (w1111ams, 1963 p. 356)

Maycock (1931*‘p 52), on the: bas1s of petrograph1c s1m1]ar1ty be-
tween h1s Cont1nenta1 Facies in southwestern Saskatchewan and the Grand
Raplds Format1on, conc]uded that in: western Saskatchewan "... the Towest
" beds 1n the 'Und1fferent1ated Mannv11]e Group' are ... most’ probably
'prt1an and/or LoWer A]b1an in age and the Cont1nenta] Facies and Pense

'Format1on M1dd1e A1b1an" On the other hand Chr1stopher (1974, p. 50)
‘stated that "The sandstones of the McC]oud Member «». in the T1dewater
/ Southey Crown [Lsd 4 29 22 28 HZM] well is [_1gJ p]aced in the Bagiéaé

mian, and the supergacent sha1e (calcareous member) is. dated upperIr



Neocom1an. i.e., presumably Upper Barrem1an? The Dimmock Creek (g]auco-
n1t1c member) is given an Upper Barremlan to A1b1an (?) but poss1b]y
Apt1an age " However both wr1ters rea11zed the d]ff1cu1t1es in assign-.

' ing a def1n1te age ‘'to the Lower. Mannvi]le sed1ments due to the lack of
fauna] and/or floral ev1dence Un]ess further work is done in this area,
the ev1dence presented 1eads the wrlter to conc]ude that dur1ng the depo#v
sition’ of the McCloud Member and possib]y the D1mmock Creek Member in
\Chr1stopher S study area depos1t1on of the Und1fferent1ated Mannv111e
and/or the Cont1nenta] Fac1es had not even begun " Therefore, equat1ng

A the E]]ers]1e sandstone with. the McC]oud Member' (in. "valley form") as

| shown in Chr1stopher 3 (]975 text- f1gure 4) f1gure appears to be ques— _

tionable (see also “Interpretat1on of the Vert1ca1 Var1ab111ty Maps in.

Chapter 7)



- Chapter §

DEPOSITIONAL ENVIRONMENT OF THE MANNVILLE GROUP

" A INTRODUCTION

A comp]ete reglona] synopsis of the depositiona] env1ronments of
»Cretaceous time has been given, by N1111ams and Stelck (1975) and Je1et-
- zky (1971) ' - '
Following a ]ong erosiona] period during pre«Mannvi]Te t1me, the
'topography in the study area had a max1mum apparent re]ief of approxi-
mate]y four hundred feet when Mannv11]e depos1t1on began (f1gure 5. ])
being high 1n the south where the res1stant M1$s1551ppian rocks croppedA
out (figure 5. 2) and more- gent]e in the north where Devonian beds were
"'exposed This apﬁarent re11ef may be part]y due to contemporaneous

‘salt so]utlon of the under]ying Devon1an evaporite, leading to co]]apse

.of the over1y1ng Mannvi]]e beds -and hence,_1ncreases sediment accumula-

| tJon locally The term apparent re11ef' is used because salt co]]apses
occurred both syn- and post deposit1on of the Mannv111e sed1ments On
-the basis of the difference in relief and w1th the Battleford Arch
(approx1mate1y Twp. 40) as a d1v1d1ng line (see discussion below), the
area can. divided ‘nto northern and southern portmns for d1scuss1on
purposes.

B. - NORTHERN AREA

The Dina Member was: dep051ted dur1ng early Cretaceous (Aptlan to
'Early A]b]an) time The source of the member was suggested by Nauss
(1945 p.. ]614) as: posszbly be1ng from the under]y1ng Devon1an 1ime-

N I
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_stone. | However; 1n centra] AIberta. the corresponding McMurray FOrma-,-
tion. has a Precambrian source (w1111ams et %l 1962) The Dina Member.
filled in the topograph1c 1ows, reducing the topographic relief before
the transgression of the C]earwater Sea in which the Cumm1ngs Member
was deposited.“The Battleford Arch set the southern Timit for the
C]earwater Sea and-therefore'the”Cummings Member within the study
area both D1na and Cummings are sand and together they subdued the
re11ef further Seam 3 was. dep051ted near the “top of the Cummings in--
dicating a temporary emergence at that time Westward toward the -
.trough 1n centra] A]berta,_the Clearwater Sea transgressed approximate]y
,:Ato the present vicinity of. Ca]gary (w1]]1ams and Stelck, 1975, text-
ffgure 2) and stayed much longer than in the northeast :

No attempt has been made to subdivide the rest of the Mannvil]e
Group 1A%b 1nd1v1dua1 members It suff1ces to say here that north of
'the Batt]eford Arch post Cumm1ngs deposition was ma1n1y continenta],~
- as was the' case 1n the Vermi]ion area to the west (Nauss, 1945). The

‘ :1ack of seams 4 5 6 and 7 in the northeast (figures 5. 3a and. b) was;f

' f'probab]y due 0. non- depos1tion Seam 8 occurs at the- top of the Borra-’,

dai]e Member ("Sparky" sand in ot] 1ndustry terminology). Accord1ng to:{'
fNauss (1945) the Borradalle is -a near shore, marine reworked sand -and ,fr
thexover]ying 0 Su]]ivan Member 1s a deltaic sand 1n the area to the |
' west Therefore, seam 8 represents ‘the emergence of the Borradaile o
_Member w1th deve1opment of widespread swampy conditions (see figure :
4, 6) No younger seams were found in the area (seams 9 and. 10 are of -
r'very 1oca1 extent in the south) The absence of coa] in the 0 Su111van 3

L Member is probab]y due to the 1ncrease in sed1ment supp]y, Ieading to S
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‘non¥swampy dry conttnental‘enuironments. At the end of 0'Sullivan time,
however, the rate of subsidence must have increased ]eading to the in-i'
vas1on of the 1ate ;prly Cretaceous sea and the deposwtwon of the Jo11

Fou Sha]e which ended the history of the Mannvil]e Group S //,

. SOUTHERN AREA

South of the Batt]eford Arch depos1t1ona] environments during
Mannv111e t1me were d1fferent from those farther north In this area. o
he entire Mannvil]e Group is of continental or1g1n and contains ten o

C a] seams each of ]1m1ted area1 extent scattered vert1ca]1y throughout

it (figure 5.3). Price et al (197) p 20) descr1bed the dlstr1bution-

- of coal in the Cantuar- Format1on as follows : B |
"The thickest coal bed occurs 1n strata cons1dered to be - .
-r1ver <hanne? und intertidal sodiments and not in. typical
'coal measures'. Channel f11]1ng and the: rounding of some
woad fragments suggest that this 'coal' has accumulated
from transported wood such as ‘that found in log jams along °
river banks or collections of .driftwood in’ shallow bays.and

' not from the c]ass1ca11y concelved mat of swampy vegetat1on "

This drift or1g1n may explain the errat1c d1stribut10n of the coal seams;

" in the study area wh1ch is’ ref]ected in f1gure 5. 3a '.' | ,

In descr1b1ng the Cantuar Format1on in east centra] Saskatchewan,
‘Price et al. (1971 . 19) noted that " the format1on 1s d1stin-
gu1shab1e eastward as far as the Man1toba Escarpment and wel] 1nto the
southern part of the w1111ston Bas1n NorthwestWard towards the re- -
g1on of North Batt]eford [Township 43], the beds are 1nc1uded 1n the B

Mannv111e Group". thus suggest1ng a facies change in the v1c1n1ty of . .

-

| Township 43
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T

Lower Cretacepus sed1mentation in the south began w1th the deposn-

t1on of the Deville Member Accordlng to Chr1$topher (]974 p 104),
the base ]eve1 of the'Devil]e bas1ns were h1gher than the 1eve1s of the

t'maste? streams and hence, the basins:formed an 1nterna] dralnage system. :

. s o
c-rocks and produced the chefty~0={ bEY, South of the Deville

basins, the Swift Current ?:1:hin'f ;;faigenti to the south where the
Success Formation: was depositedff begg§‘t1on p( the Cantuar Format1on
proper was brought about by up11ft of the northern f]ank of the Swift

Current Platform in the vicinity of Townsh1p 23 (Chr1stopher, 1974

- op. 104 f1gure 45), br1ng1ng the base level of the master streams higher

than that of the Devi]]e bas1ns Consequent]y, the. dragnage system .

:h turned to the north breaching the Deville bas1ns and the M1ss1ssipp1an

outcrops at severa] places On the Devon1an strata to the north the
streams Joined a master stream of subsequent va]]eys opening west-north-
wester_]y 1nto A1gerta, where they join s1mﬂar’va]]eys, such as the

’St' Paul Channe]' mapped by W¥¥y1ams (1963) Within the study area,
subs1dence and deposition were probably 1n equ111brium, resu]ting 1n
a low 1y1ng a]luv1a1 pla1n where streams f]owed s]ow]y northwestward
?emptying 1nto the east-central A]berta P1a1ns (see Nauss, 1945 p
1627) and depos1t1ng the1r load as deltas and re]ated features On
the a]]uvia] p1a1n “coal was deposited. . *, s

-

The major seam in the southern portion ‘of the study area is seami_'

-h78 which, however, is absent from Townships 37 to 39, In view of. the

}_ uanorm thickness of the Mannvi]le sedimeh;g#hver1y1ng seam 8 (flgure s

4 2) and the fact that no unconfbrm1ty was detected at the base of



' 4_7‘:_.. ‘j

” these sediments the writer speculates that the absence of seam 8 was

"due to non deposition.. f;";~=: ' f‘;‘

Deposition of the Cantuar Formation in the SOuth (approximately

_-south of. Twp 32) was brought to a close by the shal]ow marine trans-,'ﬁi
v*gression which produced the sands of the Pense Formation Within the fﬁs
h,qghpresent study argg the Undifferentiated Mannv1lla Group (equ1va1ent |

lto the Cantuar Format1on)‘as over]ain by the Iate Lower Cretaceous Jo]i

Fou Formation

,"v

“In genera], centra] Saskatchewan, dur1ng Lower Cretaceous time, |

'5’was h1gh In the northern port1on of ‘the: study area (north Of TWP 40)"

near shore and delta1c env1ronments alternated through Mannvi]]e time

f'}” In western Saskatchewan (from approximate]y Rge 24 to 28 WBM) along } .

Wﬂtthe provinc1a] border, a f1UV1a1 p]ain envvronment dom1nated the area

e _ tibn | Un1form deposit1on continued thereafter unti] the end of Mann~ 5":WF

hy*'s1ona] surface (figurd 5 1). 3 y

f.d1an C]earwater Eormation.fs

“r(Maycock 1967) where coa] seams were deposited (f1gures 5. 3a and b)
‘iAcross the border to the west the McMurray and the Grand Rapids Forma-ii"7

?tfons were depos1ted 1n fiuv1a1 and de]taic environments while the me-.hf;

"map area rema1ned above sea Ievel most~of the t1me w1th qccas1ona1 ma-~'“f

-r1ne transgress1ve tongues and Sparse coa] deposition

After: the deposition of seam 8 the resu]ting topography was con~”.1ﬂf

~'s1derab]y subdued w1th an apparent re]ief of about 110 feet (ftgure *”"i”
5. 4) The absence of seam 8 in Townships 37 39 1s due to non deposi-i?ZF'V

fv1]]e time The top of the Mannv11]e shows an apparent re]1ef of lsorgeu,
-fEEt \fwgure 5. 5) as coripared with 425 feet zgsthe sub-Cretaceous ero-"'

. Y
A

! - N

jdmar1ne sha]e The eastern part of the -
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D. SPECIAL FEATURES

* From the descript1ons of the strat1graphy and the depos1t10na1 en-
Vironments, three spec1a1 features stand out.c]ear]y_w1th1n the study
area. They are as follows: - D | _ €~.

1' (1) the southern Timit of both the Dina and the Cunmwngs Members
is in the v1cin1ty of Township- ?b aq“trends approx1mate1y east west,
whereas the equ1va]ent McMurray and C]earwater Formations in centra]

A]berta extend much farther south;

(2) the absence of seam 8 between Townships 37 ana 39;

(3) the comp]ete]y d1fferent depos1t1ona1 environments between the 7

‘Wnorthern (north of Twp 40) ‘and the southern .parts of gﬁé area. »".§k’j

ha
.

_:,.'1" o ‘

E. THE BATTLEFORD:ARCH AND THE MANNVILLE GROUP

'The Batt]eford ﬁrch in centra1 Saskatchewan is the'northeastern

v‘extent1on of the Sweetgrass Arch 1n southern A]bertn In his discus- :

sion of basement contro] Qf Cretaceous sand sequences 1n western Canada,'mu,.»

Ste]ck (1975) has shown the distribut1on of Precambr1an,basement fea- ;j
tures (f%gure 5.6)., Dur1ngoear11est Cretaceous (Neocom1an) time, na-
im¥%49ﬁ3§g§?§nts (Monte1th Beattie Peaks and Monach Formations) were

; 'w«nv A
fﬂcdhffnéd to the Keg River Low north of the Peace River Arch,.éﬁouth of

the arch depos1tzon of the B]airmore Group d1d not start unti] Apt1an

) t1me§ﬁ%nd 1n the West A]berta Basin, the—B1a1rmore 1ies unconformably
on JuraSSJC-or o1der strata The basal cong]omerate (Cadom1n Format1on)
of the . B]a1rmore Format1on on]y ex1sts in the Footh1]]s area and is

» absent under ‘the” Plains. The Peace R1ver Arch apparent]y was an area.ﬁ

. of eros1on (see Stelck, 1975 p 432 text f1gure 4) In mtd—Albian
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time, the!%WC" became a demarcation “ine fnr faciesbthanée; conttnentat |
'and near shore depos1ts in the south gave way to marwne fac1es in the
north. ‘ ' o
A 51m11ar s1tuat10n occurred in the present study area Deposi;'f
| tion of the D1na Member began durlng Apt1an time and 1ts dwstr1bution
'was conflned to the area north of Townsh1p 40. Both in the study area
and in Nauss- (1945) area, the member has a sandy 11tho]ogy and thick- :
ens towards the north. After deposit1on of the Dina Member, the C]ear-
. water Sea depos1ted the Céﬂh1ngs shale 1n east centra] Alberta and sand
1n the study area. Like the Dina Member, the Cumm1ngs does not extend
farther south than Townsh1p 40 Therefore, depos1t1on during Apt1an to
'Early A1b1an t1me was confined to the north of the study area. LThe
barr1er that 11m1ted the southern extens1on of the twq;members is at-'l
tr1buted by the wr1ter to the presence of the Batt]eford Arch.

Depos1t1on of thq Continental Cantuar Formation in the southern A
‘ﬂpart of the study area d1d not start unt11 1ate C?earwaterdtime when
jvthe sea regressed to the north The over]ying Islay, Tove11 and Bor-i.
'afrada11e Members are beach de]ta1c and reworked beach sand depos1ts
'f;respect1ve1y, whereas the Cantuar Format1on rema1ned cont1nenta1
';Th1s d1fference 1n facies change, though not- as strlking as in the
A}Peace R1ver Arch example, s signtficant enough to 1nd1cate the pres=
;ence of a demarcation barrier. Coa] sean 8 ("Wa1nwright coal" N1lson;'
1'1947) at the top of -the Borradai]e Member is. absent between Townsh1ps |
_':37 and 39 due to’non-deposition, a fact which a]so suggests a high in. -

T:th1s v1c1n1ty wh1ch can be attributed to the presence of the Batt]e-
.
ford Arch (ﬁgure 4. 2).. - L *&?



4 _ | .
. . . | .

As stated by Ste1ck (1975), basement control over the deposition
. ,of Lower Cretaceous sand 1s subtle The BattTeford Arch was h1gh dur-
ing the depos1t1on of the Mannville Group in the study area and -con-

trol]ed the distr1bution of the Dina and Cummings-ﬂembers and seam 8.



- Chapter 6

© STRUCTURAL GEOLOGY R

'The structure'of the'MannViTTe Group:‘summardzed on figures 6 1,

6.2 and 6. 4, essent1a11y reflects the topogﬁﬁ&hyva@ the underlying

sub Cretaceous eros1ona1 surface - _ . e
Figure 6 T shows the . present conf1guratton of the sub Cretaceous ‘ -

surface The maJor dom1nant feature is the sinusoidal positive feature,

"named,here as“the-Unity Ridge Other r1dges and vaTTeys run subpara]]el
'“to7this main ridge.- These topograph1c high and Tow features of the land
surface are the resu]ts of erosiona] effect. . _ ;
‘Remnants .of thg Miss1ssipp1an rocks create east-west trending ridges
1n the south (Maycock 1967 p 55) The south trending vaTTey in the
b south of the map area is probab]y one. of the northern arms - of the PTato -

- VaTley named by Chr1stopher (1975 text -figure 4)

Structure on the top of. the Manhvi]le (figure 6.2) is d1fferent from

that of the base The sinusoidal Unity Ridge may be seen in the north

. on]y,.refT%cted 1n two offset pos1t1ve features -Since no maJor fault’

. G .

T was found‘in the area, the offset 1s probab]y a deposit1ona1 feature and

. i A ‘
not tectonic iln indisti t, north trending nose 1s present in the

southeast coﬁner of the m: 7ﬁm generaT ‘the features which are very’
._d'-a‘»

distinct Tﬁ‘figure 6. 1, are cofergd up by the Mannvi]]e sed1ments and

./'

on]y the barest out11nes remain Thexsucface has acquired a much more
o unifornpsouthwé%ter]y dip | ‘ | ' | )

o Depressions E and F in the northeast corner of the area show per- :
sistent cTosure of up to 250 feet through the ent1re Lower Cretaceous

: .'G - . S e PR
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et
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¢’

| ,f(figures 6 1 6 2 and 6. 3) They developed in post Early Cretaceous timeil
, ;since 1sopach maps of the Mannvi]]e Group (f1gure %. 4) and from the Base
o of Fish Sc§?es to the top of the Mannvi]]e (f1gure 5, 5) do not show any

o ‘thickening 1n that area The depressions are attributed to the collapse -

(A

T"lrzof over]ying strata due to the remova] of underlying Devonian salt.

' Depression G in the south of the map area decreased 1n areal extent

‘Cithrough Mannvi]]e time and it pers1sted to at least the end of E;rly :
f‘Cretaceous (figure 6.3). -Its re]ief at the base of the Mannvi]le (figuref;;
'f16 1) 1s approximate]y 50 feet The 1sopach map of the Mannvi]]e Group .
Z:J(figure 6 4) shoWs on]y a 25 foot th1cken1ng 1n the. same genera] area,
_:1nd1cat1ng sa]t co]1apse started during Mannvi]]e t1me and cont1nued through.
mu_f;the Ear]y Cretaceous Similarly, depression H has a: sma]l area] extent |
::lhfwith a reTief of 1ess than 50 feet at the base of the Mannv111e (figyre
; if;ﬁ 1) The 1sopach map of the MannviIle Group (figure 6 4) also showggless
'wt{than 50 feet of thwcken1ng of’the sediments in the same. area.» Synvdepo- g
.‘_sitaonal sa]t c011apse was the origin of this depress1on which was fi]]ed
| ‘fﬂin during Mannvi]]e t1me so that 1t does hot show up 1n the structural map

:of the top of the Mannvi]]e (figure 6.2).

The structura] sect1on 1n figure 6.5 ShOWS the regiona] southerly o

_.1t11t of the map area compared with the stratvgraphic section (figure 4 2)
xln?;In discuss1ng the 1ntermed1ate structures in south- centra] A]berta,_,-l;:_
'a:Rob1nso (1969 p 2367) noted that "... the intermediate structures |
».of the Cretaceous surfaces probably resu]ted not from different1aT compac- ‘
ﬂ-tion But from tecton1c movements‘that continued throughout the Cretaceous L
7'and possib]y 1nto Ear]y Tertiary" This may also have been the case An f-'l~

'west centra] Saskatchewan
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COAL RESOURCE ESTIMATION o e

FACTORS AFFECTING RESOURCE ESTIW\TION

‘ Several factors have a direct effect on’ the est1mate of the coa]
':Qf'.resources of the study area | These factors are summarlzed be]ow and

7h*¢the reader shou]d keep them 1n m1nd when considering the to“nage of coa1

f .‘] arr1ved at - the estwmation process

Of the 242 townships in the area, 31 contain ‘no 1ogged boreholest-
'"lahThese townsh1ps occur most]y in the centra] part of the study~area B ,j
‘1f391351nce resource estimat1on 1s calculated on 2 one—we]l per townsh1p basis, ?“;
RJT:,these 31 townsh1ps are: automatica]ly exc]uded from the ca]cu]ation--if“ir_h_y
:hthat 1s, contribute zero value. The: total coa1 th1ckness 1n each town-.h:' :

‘;ship. p1us the areas w1th no data, are shown 1n f1gure 7 1 From the fffj -

B formu]a for resource est1mat1on (see be]ow), 1t may be seen that each

n}add1tion of a one foot seam per township wi]] increaSe the estJmatefhy‘an“
'“ti1ncrement of 40. 7 m1111on tons hence, the 1ack of data.for the 31. town-a.:
E ships may well affect the est1mate sign1f1cant1y On the other hand

- becaﬁse pf the 1atera11y d1scont1nuous character of the seams (see sec-_fij;
' _,t1on D, th1s chapter), the extrapo]ation of data from a s1ng]e we]] 1ntoff;V,
:fa Zone of 1nf1uence of a townsh1p involves a 1arge degree of uncertainty s
fo‘and therefore more control po1nts would undoubted]y 1mprove the result
- In 53 townsh1ps 1n the northeag part of the study area, the deepest.l‘;:

5‘ava11ab1e boreho]es d1d not penetrate the entire Manan]]e Group Most

"1h\ of Ihese holes were dr111ed on]y to%the Tove11 Member\("Rex sand“ 1n oi]t;

t ,K,Jndustry termtnology) As ment1oned in the discuss1on on the strati-. o

graphy of the northern part of the area, a maJor coa] seam (seam 3) occurs;“




e

~[Rze m2r_ maze  wes hza m2>  Fes  hi LI ILIDS L1k

'75'/4‘" 477473, 74 W

L oAy

17%0 -

' %-2%»%%%% U

Ta9

R e |

05 51/ ///‘ 21///4//// //////

{] a7,

|ras_, |
R U

|ras

T44

1 |Tas

T32.

[rar

T40 =

T3 .

T3g

I a7

TI3‘5, B '

T34

||Ta8 -

142

33 e

T31

RN

. Fig71 TOTAL COAL THICKNESS DISTRIBUTION. ' ,

"1 noof seems. v

o Lgé;ﬁg. . "

A g mllc‘h (‘ |
_' _ D ’ '.o ?un'onl _

T30 g7 ":o. S"a“‘m .

| 2.-',?.'.:';.‘.?.'3 :



63
near the'top of Cumnings Member in the north Hence, the final estimate;;
1s subJect to revisign should add1t1onal data from deeper boreho]es be- -
;ﬁa come. avai]ab]e | .
The frequency of seam’ occurrences 15 shown 1n f)guneﬂ7 2 The twO'y’

- maJor seams, 3 and 8 were encountered 22 and 59 times, qgsbect1ve]y.

re Sand Pool"

“u;Seam 6, which underlies the “North Hoosier Basafkﬁlav,
e

(White, 1974, p. 128), was” found 17 times in the E?gfwells
o | The geophys1ca1 1ogs used 1n th1s study have a reso] on of approx~°

'(,imate1y 2Cfeet and seam thicknesses were read to the hearest foot How-

’Fever, because of the 1ow reso]ut1on of. the logs,vseams ]ess ‘than 2 feet
“th1ck were,not 1dentafied In the study area seam thtcknesses range from
2'to 9 feet. The mean walue 1s 3.9 feet with a standard deviation of 1. 8-
'feet Most seams are eitherté feet or 4 feet 1n th1chness (figure 7 3) |

As d1scussed 1n Chapter 3, each coa] seam as determined from logs

L was ass1gned a reliabi11ty index of 1, 3 or 5 (also see Yurko, 1976, |
pp 11 12) FTgure 7 4 shows that 74 1% of the seam 1dent1f1cations were .

‘l_ based on a resist1v1ty Iog and a sonic 1og (re]iability 1ndex 1), 18 8%

:Vlon a res1stivity 1og on]y (re]iabi]ity 1ndex 5), and 3.1% on resistivity

Y

i, and neutron 1ogs (re1iabi]ity index 3)

Figure 7. 5 shows the total coa] thickness map pJotted from one

;ffhundred and twenty-e1ght data po1nts 1nc]ud1ng rel1ab1ﬂrty 1ndexes

:d 5 If on]y rel1ab111ty tndex 1 is used. on]y ‘one- hundred R

'f-data podnts are inc1uded but the 1sopach map shows a very s1m11ar*

Z; patter" Both maps show a genera] trend of - thlcken1ng toward the o

o

'Qtwest of the study area
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- The . 1sopach map—af seam 8 is shown 1n f1gure 7 B This'map inc1udes-'*

'.fifty nine data points W1th re]iabi]1ty 1ndexes 1 (41 data po1nts) 3

- (2 data po1nts) and 5 (16 data po1ntsl¢ Again, when only re]iabi]ity

u

W ’
1ndexes 1 and are used the 1sopach map shows q s1m11ar trend of

' mthickening towards the Saskatchewan A1bqrta border. 5_?- o

g‘ L . R N "W:..“

B. METHODS O&AESTIMATION AND RESULTS'

5 'aégf"e&estimate of the coa] resources tnpthe stud{‘area is based on the

foTEiirihe “fornula (Averitt, 1959) ; e e
S N e el S O
” .e' L Tons per tbwnship 3? - Vghogoau - ng -‘t 'jrl",tfsi*%; .

R S ] - . . o
. : B N -

| where 36 is number of sections per township, VOL 1s the vdTUme of coal

- 4n cub1c feet 1n one section (one square mtﬁe) 1 e.y 5 280 x 5, 280 x 535 .

" ithftknegaﬁjn feet W15 density of water (52 4 lb/cu ft), and S§ is |

-sspecific gravity of coa1 (1 30 gm, an average seIected for the subbit-

uminous coal in Saskatchewan) .Eg*(’t :31"14 J‘ff'f? ‘i‘ i f.ﬂ _,' '

Substiﬁuting in the formu1a one obta1ns a va]ue of 40 7‘m1]110n ;’ft,~

short tons per- township for a one_f.ot~coa1 seam

An estimated value of 19 4 _Amillion ahort tons of coa] (1nc1ud1ng \,}?

. rin L ‘J) ﬂ'g‘\ o ..'._

mﬁa]l seams 2f et th?ck or. thicker) was ébtéﬁﬁearfgr\fhe Mannv11}e Group

f?jn the study area The major concentratfon of coal 1s near the A]berta—-'

f}Saskatchewan border from Townships 31 to 35 and 39 to 43 (ffgure 7 1)

fjlf only seams of 3 feet thick or thtcker are considered, the estimated

f;vatue drops to 16*860 mi]lion tons, i e., 86 6% of the 1n1t%il vaTuem

f{If only seams of 5 feet or gneater thinkness are considered the estimated;fy

5fva1ue 1s further reduced to 8 500 million tons or 43 8% of the total.J_;.3's1

¢
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Table 7 1 summarizes these values The resource estimates on the two
',', ma.jor coa] seams (seams ;and 8) are shown. 1n Tables 7 2 and 7.3. ‘I_f'
seams of 2 feet thiclg or thflcker are considered seam 3 constitutes 16 1%

: of the tota] resource est'lmated forﬂth'@ study greg whﬂg seam 8 const'l- L
| tutes 49@ R b SR 8 B

‘% Latour and Chrismas (1970) »est'lmated a 'oota] of 12 ow mﬂ]'lo‘h tons "

13 B R "

of coa! resources“in p1ace 1n southern Sa,skat’chewan *This coa"l 1s of
s

Tertiar,g ahd/or Late CEetaceous agg qnd includes a‘ﬂ seams greater* tham

- urko (1976)> made a sim’lla‘r éstimatg of the coal resources, of the :

Y)retaceous System 1n A*'ﬁ)evta ba;sed on one petroleum borehole per township

.‘7 .

g R T

‘31;;{ﬁrg'175‘¢ﬁtg Crablesa ?‘l*,}.ff‘h -
RS Resourcec Est'lmate of Mannvﬂ% Coa1
Y« (nmTions of short tons)

wr

Seam Totraflgv P ent - ~ e
Thickness C'oa] o) &'otal D S

R 221 fége; o 19,414 100. O%ff{’; Lo PR
N (‘23 feet_ 176,809 [ . 86.6% GfL i
oo 24 feet | [+ 13,879 . 71.5% . |
... ] e5-feet | - B,506.| 43.8%: .| .
oo | >5 feet 6,064 31, L RS PR




" Table 7.2. R
Resource Estimate of Seam '3 ) m& o
(1n millions oﬁ-short tons) Ak

o -_Seém I Total 'PerCent‘ SR L
| Thickness | "Coal .‘ of Total. - || . -
| 22 feet . | 3, 13 i :' JOO;O% -
23 feet 2,7277°1 81.0% -
24 feet- | 1 872' 1+ 59.7%
a5 feet | 1,058 32 8% o |
>5 feet’ | 244" j RAT: N

"f" fl

F Seam 8
SY rt tons)

- Resource Estiph
“\(infmi]ljpns.p ;

77 | Thickness | Coal ' |- of Total

22 feet | 9,605 100 ox I

24 feet - | © 7,123
25 feet .| 4,518 | 47,
'>5 feet ~ 1 3,297 | .

T&ble 7 4

(1n mi]lions of short tons)

Mannville Group R
| | (Lower Cretaceous) .'ﬁTertiary anﬂ?or ERERERS
"f.'fJx.- = “Late-Cretaceous-]. -

B SO SN Aiberta w C Sask |- Southery Sask.
1 Seam - e Yurke ] ThAs )
VEThickness*f': (1995) studyAl_

, z_57-~_. M/ , U

toal Resources’ 1 Various Areas _:'t; R

o Latour nd: -
gChrismas (1970) LRI T

ﬁ°?>2 Féet“ff”f 627 978 19,414ﬂi;f”;*1*~l%1~ rrqt: R N P

| 3t feet 13,879 T™L
|98 feet . . 401 724 6;§6& ,,-_




2
‘:ZfHe obtained a total estimate for the entire Mannvi]]e Group over the who!
| ;;;prov1nce of 627 978 mi]]ton tons for seams.2 ﬁg!t thick or thicker, his -
| estimate for seams th1cker than 5 feet‘was 401 728 m11110n tons which is.

P 4

o 64% of the total (table 7. 4)

'tﬂ-ng;* | VERTICAL VARIABILITY or THE COAL SEAMS | f'?'-pﬁ

“In the Mannvil]e Group, up to 10 seams are distrfbuted through
'\uQ to 280 feet of strata A study of”he vertica? distribution of coal

;T‘seams 1n such a strat1graphic section can provide va]uable 1nsights 1nto g
#
o paﬁaeoenvironmental conditions in. Mannville time The techn!hue employed

-5ilﬁnvolved ca]culation of the centre of gravity of coal seamsgyn each
B boreho]e using the procedure of Krumbein andjtibby (1957), and presentingf

the data 1n map form (figure 7 7)

<ﬁ

'.\‘J The centre of gravity map shows the weighted mean position of the ,i;

R o
toal 1n terms of- 1ts distance from the top of th! Mannvﬂ]le Group I

- should be noted that the data have been extrapo!ated 1nto areas where nn

coa] or no contro] points occur. Hithin the study area. the centre of ‘f
5Jgrav1;y ranges from 140 to 380 feet below the top of the Mannvi]le. ;_u::;;
';{express the centre of gravity 1n terms of the percentage of the thtckv :]{f
_{;ness of Mannville as measured from the top of the group. the relatfve .
;;centre of gravity 1s p]otted (figure 7 8) In the northern part of the ”
f?area the re]at1ve tentre of gravity fal]s mainTy 1n the 40% to 60% :'
Etrange, indieating that most of the coal 1s approximate]y at. the midpoint ’

ﬁﬂof the Mannvtiie Group In the southern area, the re]atfve centre of jijf
ffgravity drops to the 60% to 80% range. showing that the seams are aggre—f;i

\ s .
;)gated near the base of the Mannvilie (figure 7 9)u;zpsq- S
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. Information on how the seams are actual]y distributed in the Mann- ?f
“oVi]]e Grodp is provided by the standard deviation maps (figures 7 10 and
'57 11) The standard deViation. in this case s that thickness of the .
'pfformation,‘measured fromathe centre of. graVityl which inciudes 88% of :
}the coa] The” relative standard deviaf’ap map (figure 7 11) shows the ;;fn
’;ipeiggntQQeaef the Mgﬁiyille strata being,incTuded 1n one standard dev1a~”'$

3

; tion _ Eeiofstandard dev1ation ofcurs where thé?e are no control points.
.;KOr ohij@ﬁﬁe seam is present in thehwéiln; As the}value inoreases. ;he

yfbspreagehb out of the seams also increases.' The maJor portion o"the 5 rfii
coal-bearing a f iies be]ow the~60 foot contour, indicating that within
%ﬁhis area, 68
(figure 7 10) :However, jn the southwestern part of the area ptus or

minus 60 feet (i e,.-*QQafeet in totaJ) 1§ almost thf the thickness of

\the entire Mannville‘sroup This.can be ii]ustrated by neference to the

the coal occurs within 60 feet of the centre of gravit,y‘t

',v :standard deviation map (figure 7 11) which shows the percentage |
l,nnviile Group inc]uded in one standard deviation Lnke standard

: 'f

e ”, zero relative standtrd deviation 1ndicates no coal or nhy one

,a'%;rf“ ST . ,
seam in a wel] As the va]ue increases, th_ﬂpercentage of the f;rmation /

f:included ina standard deviatibn also increases. For example, vf“'
fZO% contour. in order to account for 68% of'the coal in a wel , 20%. of

/ \—*~‘%v>< ur

mc] uded .

‘;the ﬁormation on either side of thegcehtre-of gravity musfﬂ
‘dthat is, a tota1 of 40% of the fdrmation Two stan ard de‘tations wi]l ﬂ;;

raccount for 95% of the coa] therefore inasmuch as the maJor part of the

ll

fstudy area iies below the 20% re?ative standard deviatiou contour, on the
"average, 95% of the cgai in a well occurs within a+ 80% tbiekneSS interu ]}ﬁ
fval of the Mannville sediments. It is apparent therefore, thaixthe coal

the group and are u.:f

,.11

fseams in the Mannvii]e Group are scattered throughoutu

.h"e“ a“y °"° Pa*t~°f *¢,a.ie;ffifff}~ff*»7¢$,g @gf}7iijf£3%:;
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D. INTERPRETATION OF THE VERTICAL VARIABILITY MAPS

A compar1son among the total coal th1ckness distribution (f1gure

‘ 7.T), the centre of grav1ty map (figure 7.7), the standard deviatior -
map (f1gure 7. ]0) and the 1sopach map of the Mannv11Tp Group (figure 6 4)
shows that where major coal accumulation occurs, the following conditions
generally exist:

(1) The Mannville sediments are thick, indieatjng a pa]aeotopographic
Tow re 6.4); L | |

(2) The number of seams.and/or the net thickness of-coa] (figure 7.13’
has a direct re]atiohship to the centre. of gravity of coal (figure 7;7);
When either the number of seams or the net coal thickness is large, the
value for’ the centre of gravity is also large, ‘i.e., the centre of Qravjty.
is further dowh from the top of the MahnviT]e; by the same token, when

(3) The number'of seams and/or the net thicknefs of coal (figure 7.1)
is large, the standard dev1at1on of coal 1s ]arge i.e., the vertica]
scatterlng of the seams 1ncreases

It has to Be emphas1zed that these cond1t1ons are genera11zed re]a;
tionsh1ps Statistical treatment of*the geophysical log data us1ng linear'
' regression shows that there is little corre]at1on among -the parameters
dT;cussed. However, by superimposing the maps, the qualitative relation-
ships mentioned can be shown( .

These conditionslcan be exp]ained by hypothesizTng the depositional
‘env1ronments during Mannv1]]e time in the study area as fol]ows The
pa]aeotopograph1c low areas became the s1tes of either swampy areas or
stream channels. In these. swampy areas, coa] has depos1ted LOg.Jams

along river banks (see Price, 1971) may also have been a source of coal

accumulation. As sedimentation of the Mannville Group continued, the



»

10c1 of these low- -lying areas migrated laterally, ]eadJng to the present

1

areal dlstr1d5t1on pattern of the coal. R }Z.f , L

‘,k.-»_‘mo | \
pond1t1on 2 arises since the majority of the seams (seam 1- td 8) ,

were deposited an the lower portion of the Mannv111e Group.v,Th1S»ind1; s

cates that the supply of sediments was in pace with'Subsidence,,leading .
to equilibrium (or stabie) conditions for.the continualﬁdebosftion of‘ d
coal. However, the decrease in coal depos1t1on after seam 8 s1gnifies 1»
e1ther an increase in sediments supply or a rap1d subs1dence of the‘ba-

sin. The former case gives rise to abdry cont1nenta1 env1ronment where-

as rap1d subs1dence w111 lead to mar1ne transgression Since the portion ‘

@

of the. Mannvi]]e .Group above seam 8 1s of continental orig1n, the wr1ter :

:adopts the theory that sediment supply 1hcreased after the depos1t1on of

= . . . . o

" seam 8

If the Toci of dep051t1on of coa] was static for a Iong per1od of

time dur1ng the’ depos1t1on of the Mannv111e Group, there wou1d be fewer

seams and each seam would probab]y be much -thicker. However, -this was not

change of depositional loci ]ed'tovincreasihg scatter, both gebgraphfcally"

the case w1th1n the study area as ind1cated by the standard deviat1on map

(figure 7.10) and the net coa]“thlckness map (f1gure 7,3). The frequent 'wv7’

" and stratigraphically, of coal distribution in the;Mahnviile Grodnu

A

Amstudy of the positign of the centre of gravityband'the Standard
deviation of eoalitsee a]sd‘figure 7t9) 56 the study area further shows -
that north of the Batt]eford Arth tqe Mannville sediments can be divided
1nto _three zones; a coa] bearlng zone being sandw1ched between lower and

upper non-coal-bearing zones. The 1ower non-coal- bear1ng zone' consists

of the Dina and the'Cummings Members, the overlying coa]:bearing'zone

extends approximately from the top of the Cummings Member to the top of

-,

”
~



LT B Y

‘the Borradéi]é Membeh (i.e., seam 8);‘and thé Upber non-coal-bearing zone
1nc]udes those Mannv111e beds. overlying seam 8 B ) |
South of the Batt]eford Arch the 1Pwer non-coal- -bearing zone is
absent and the median ooal-bearing“zone*is bounded by the‘sub-Cretaceous
unconformity below and.sean 8 above The -overlying non- coal -bearing zone
'.has the same vert1ca1 extent as 1ts northern coznterpart (f1qure 7.9).
 The correlation between the coa1 bear1ng ZOnes both north and south of

. the Battleford Arth furt

r supports the hypothesis that dur1ng the depo-

;” s1t1on of the Dvna ‘and /the Cumm1ngs Members in the northern part of the

*
study area, depos' of the,Und1fferent1ated Mannv11]e Group in the
' ‘ £Y L 3 o

.50uth:had’not\ gun Seerdiscussion’in section‘D, Chepter-4),
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‘k;j o Chapter 8 - . S
O AREAL VARIATION OF THICKNESS OF SEAM 8 .

e -~
. - N

A THEORY AND APPLICATION

Matheron (1963) def1ned a reg1ona112ed variab]e as one that has a
def1nite va]ue at each point in space. _ Examp]es for th1s kind of vari-
able dare coal seam th1ckness, ore grade, water :hemistry in an aquifer,
etc.. "THe value of these. var1ab1es may change from one point to another
and the’ spat1a1 relat1onsh1p of thJS change Qi e:s; how rapid is the g
| qcange from point to point) 1s 1mportant to the geetogist The too] to -
3exam1ne<th1s spatﬂrh\relat1onship is'the var1ggram which is a- statisti- !
 cal measure of°the degree of area1 variation or 1atera1 continuity- of
‘M'a var1ab1e A fu11 mathemat1cai treatment of the variggram is outside
| the scope of this thes?s The reader is referred to the publjcations. by

"Matheron 61963), Dav1d (]974) and Huiabregts (1975) ‘The fo]lowfhg is .
',.an account of the-bas1c concept of -the variogram

/yppo;:’one wants to compare say, coal seam th1ckness at two po1nts

'(x) and (x+h) at a d1stance h units apart, one wou]d examine the th1ck-
ness d1fference at the two points without being concerned w1th the sign . -
x.(pos1t1ve or negat1ve) of the d1fference The s1mplest way to e11m1nate

the sign is to square the difference. To express this in mathematical

form: R N - ;I‘ﬁw» A

2y(h) = [th(x) = th(x+h)1? S BRI

where 2y(h) the var1ogram, th(x) = thickness at boint X; -and th(X+h)“
thickness at po1nt (x+h) h units away from point x. Usual]y, the

semi- var1ogram, y(h), is used.

82



- saumber of data point pairs in that class, j.e,,t

\

83

-

Y

The variogram, Zy(h) is a vector and takes thedirection of h, the
separation of the points, 1nto account Variogram values refer to pa1rs
of points, for example, if one. has fbur data po1nts A, B, C and D, one

wa]] have a. tota] of 6 variogram va]ues, for the pairs AB AC AD BC

- BD, CD, that is, [(n 1)+(n;2)+ +(n n)] values. ~Jo simplify matters,

\

_var%ogram values are.grouped into classes according to the distance be-

tween the pafrs -and the average value of the class is taken as the repre-
sentative va]ue for the class. Hence, for a partlcular c]ass, say with1n

0 to 500 feet -the var1ogram value,can be writhen as:

2 = £ [e0(x) - tnloom) T2

1
_LM'Z

-

S | o . | ~——
: a0 . » ) - ™ u;ﬂ ; oo
where (h) denstes the direction of the varicgram#¥alue, N is the total

2y(h) = average [th(x) -.th(§+h)]2
When semi- var1ogram va]ues are p]otted versus distance between points
four general types of curves (Matheron, 1963) may be recogn1zed (f1gure
8 ]) The: cont1nu1ty of the var1able under consideration is reflected by
the rate of 1ncrease of y(h) for sma]] 1ncrements in distance. Type A has,
a parabo]1c trend at the orig1n and the‘;;;1ab1e under consideration (e 9.5

bed thickness) has a h1gh continuity. Type B shows: that the change of y(h)

is un1form, typ1fy1ng, for example a re]atlvely un1form sed1mentary de-

-

' posit where changes usua]]y occur very s]ow]y In other cases, again using

a sed1mentary examp]e, deposit1on may be in the form of ]enses or even



2§ (h)

250

typeA: continuous

\

‘ type C: nugget

'

LEGEND: .2/(h) : variogram.

Fig 8.1

d : distance.

13

TYPES of VARIOGRAM.”
(*atter Matheron 1963)

L

- d - ~-d
"
/
-
. / N
2 1(h) , L
LN
L] . -
—-d ,/ T d
‘e;fect type D: random.
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| nodules, often concentrated‘in small areas, with rapid changes occurring
over very short diétances Curve C shows the effect of th1s rapid change,
‘the pos1t1ve 1ntercept (Co) is known as the nugget effect " The nugget
effect may occur for a number of reasons; such as poor sampling reso]ution

(for example of geophys1ca1 borehole 1ogs) or erratic distribution of the
variables. It 1ncreases the varidnce of the variable under cons1derat1on A

_by the amount equal to Co and also 1mp11es that 1f one goes back to samp]e

- the same 51te, the results will d1ffer (see David, 1974, p. 62). When the
sem1-yarlogram values, y(h), are ‘independent of each other regardless of
the distance between two aamp]es a curve of type D is'produced This is
icommon in gold dep051ts for, example and, it is ca]]ed the random (or pure

nugget effect) type | | .

 The zone (or range) of 1nf1uence of a data po1nt is the d1stance be-

: yond wh1ch the 1nf1uence of the data point d1sappears In the var1ogram,
this zone is represented by the d1stance .at which the curve reaches a
p]aé;au (the sill). A]ong the s11J,_the rate of change of ‘the variogram
is 1ndependent of the dictance} In curve D, the zone of\inf]uenCe is zero
for all practica1 purposesu | |

As hasbbeen mentioned the variogram, 2y(h), is a vector, and there-
fore when specifying the zone (or range)\of 1nf1uence the d1rect10n in
wh1ch the zone is effective must be taken into cons1derat1on - For this
reason, the word "zone" (or range) is preferable to “rad1us" which 1mp]ies

‘the 1nfluence is the same in all d1rect1ons - Because of this directional
component, 1f one compares var1ograms taken in different d1rect10ns and
plots ‘the corresponding. resu]ts, the zone of influence for the d1fferent

”~

curves may not be the same. If the zone of influence is. the same in all
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dwrect1pns, the cond1t1on is ca]led isotropic, otherwise the term anis-
tropic is applied to the cqnd1tion where the zone of influence varies
with d1rection In f1gure 8.2, for: examp]e, the zone (or range) of in-
fluence 1n the north-south direction is approx1mate1y twice as much as:
‘that in the east-west d1rect10n By*using the ‘zone of influence and its
d1rect1on, one can reconstruct the major axis of cont1nu1ty of the de- -
.posit. with some degree of certainty Venter (1975) has d1scussed the. |
" use of the varlogram to 1ncrease the re11ab111ty and va]id1ty of the
conVent1ona1 po]ygon method of ca]cu]ating coal resprves -This 1is
achieved first by 11m1t1ng the ‘maximum area of-1nf1uence by any one
dril hole; and then by assign1ng the w1dth of the. boundary zone of a \..
depos1t accordlng to the zone of 1nf1uence obtained from the variogram,
In the present study, it is 1ntended to use the var1ogram ‘to ga1n 3
| some 1ns1ght on the pa]aeodrainage direction dur1ng Mannv111e t1me in
the study area. It is hypothes1zed that 1f coal was depos1ted on the
stream floodp]alns depos1ts would have a greater extent and- consistency
_-paral]e] to the stream flow than in the transverse direction If such
"‘1s the case, then the cont1nu1ty of\ the coal seam th1ckness will be
| greater in the d1rect1on paral]el to the stream flow " This continuity
should be ref]ected by the zone of 1nf1uence in the var1ogram, the. greate(/
the cont1nuity, the longer<the zone of influence. Hence, by obta1n1ng
- »,dthe zone of 1nf1uence in various d1rections, it may be poss1b1e to recon- .
“struct the palaeodra1nage direction. o ' |
&Qne hundred and one wells (flgure 8.3) were used to dep1ct the
th1ckness of seam_8_1n part of the study area. The resu%$1ng variograns '

are presented in f1gures 8. 4 to 8 10 Seam 8 was chosen for the vario-
- .
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gram study because the area has 'very good well denisty,and the seam is
relatively widespread, some of the wells have a_completesuite of logs -
and most of the boreholes penetrate the seam. More data are available

than for any dther seam in any other area.

B. RESULTS AND INTERPRETATION OF THE VARIOGRAMS

In statistics, the variance of a variable (e.g;; seam thickheés)
is a measure of how the Jariable is snread out around the mean. The
morie commonly used value is the standard deviation which 55 the square
root of the variance. In this variogram study, three k1nds of var1ance
' (fﬂgure 8.11) are 1nv01ved and are discussed below

1. Variance of samp11ng error js represented by the nugget effect
(Co) in the variogram curve. (David 1974, p. 62). In this-study, all .
the var1ograms show a h1gh nugget effect value mean1ng that in determin-
1ng the seam th1ckness from the geophys1ca1 logs used, an error was in-.
troduced by the sampler. This error ar1ses because the resolution of . |
the 1ogs uafd is about two feet and the ‘thickness was read to the nearest
. foot. With better ]og reso]ut1on, the accuracy cou]d 1mprove, hence
'decreasing the nugget effect |

2. Var1ance due to natura] rargom variation of the seam th1ckness

is here called sample variance. This variance can be calculated by the-

formula: :

2 _ z(n x th)2 - (z n x th)?
: N

hwhere 62 = variance,“n = number of observations that have th1ckness th,.

th th1ckness of seam, and N total number of observations.
.
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In this study, the sample variance is 0.9937 feetz. However,'this
SampleAwariance is directly affected?by the sampling error. If an error
is introduced during determinat1on of seam thickness, the sample vari- .
ance ca]cu]ated becomes an unre]1ab1e est1mat1on of the natnral random
..var1at1on of the seam thickness. In view of the high ‘nugget effect
value (approx1mate]y 0.7 to 0.8 ftz).obtained'in this stUdy,'0.9937 feet?
s probably not representative of the true value of the sample variancet e

3. The third tyne of variance is that of the error made when estf—
mat1ng, say, seam th1ckness at point (x+h) using the. th1ckness at povnt
X, which 1s h units from the former p01nt Th1s var1ance is known as
estimation variance. Hu1Jbregts (1975 p 41) has shown that the vario-

* gram being the average quadratlc ‘difference between th1ckness at (x+h)

and thickness at x, f.e.,
2y(h) = average_[th(x) - th(x+h)]2

this function 1s angestimation-vartance. .The estimation variance in a]]'v
types of vaniograms (figure 8.1), except,the nandom'type, jncreases as

A the distance-between‘the pair of peints increases It means that in ex-
trapo]at1ng a data value, the farther away from the contro] point the
higher is the variance 1ntroduced 1nto the estimated va]ue The max1mum B
of the est1mat1on varlance is represented by the 5111 of the curve.

A1ong the silT, the estimation variance is 1ndependent of the d1stance
between the point-pair. The zone of‘intluence isygefined as the distance
' at'whieh the variogram eurVe reaches a p]ateauA(the sill), i.e., where

‘the estimation variance reaches. the maximum.
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If the estimation variance at distance h is less than or equal té
‘the sample variance, then the estimated thickness at point (x+h) USingf
the thickness at point x is statistically reliable. Furthermbre,’the

zone of influence determined from the variogram is a]so reliable. On

the other hand, if the est1mat1o variance is greater than the samp1e _
variance the estimated thickness 701ntt(x+h) and zone_of ]nfluencer
.are unreliable. The fo]10w1ng example wi]T'i11ustrate the'situation

“Suppose at point x, a borehole encounters a 5-foot th1ck seam .TheA

geo]og1st wou1d ]1ke to know what is the th1ckness of this seam at, say,r ?

one mile away From the data on the same seam in the area, he has’ cal-
culated the sample variance as 1 foot2 (standard dev1at10n 1 ft) A
From the var1ogram, he obtalns an est1mat1on variance of. 4 feet2 (stan-
dard deviation = 2 ft) at a d1stance of on‘]e Assuming there is \no
. sampling error, then the 1nformat1on from the. gariogram 1nd1cates that

~ the seam th1ckness at a. po1nt one mlle away from the borehole will be

(5+2) feet. However, the actual range of the seam th1ckness at that point
should be (5:1) feet as indicated by the- samp]e var1ance That means the

' Var1ogram cannot be used to extrapo]ate seam th1ckness fr”m.one p01nt to

another with a d1stance of one m11e in between

In the present study, the semi - variogram, y(h‘, shows a large nugget

effect and crosses over the samp]e variance as th d1stance inc eases.

As has already been d1scussed the hlgh nugget ef ;ct value dec ases the

. re11ab1]1ty of the sample variance. Because of this unreliabi11t s it<is ‘

not poss1b1e to -compare the sample var1ance 1th the est1mat1on var1ance

with any degree of - certa1nty W1thout th1$ ébmpar1son, the zone (or.

range) of 1nf1uence cannot be determlned with cﬁnf1dence Furthermore,

Q



o _not c]ose enough to prov1de 1nformat1on on the initial port1on of the

100 -
there ‘|s a poss1bﬂity that the contro] pomt spacing in thls study is

varmgram curve near the or1g1n It is th1§ 1nit1a1 portmn of the o

- var1ogram that g1ves the vita] ev1dence on the continuity of the deposit

H"Mizp(er, without geophys1ca] logs of better reso]utmn the error 1ntro- o
dyced in the est1mat1or'f coal seam th1ckness rendered the stat1st1cs :

v

v

- used 1n th1s variogram study unrehab]e. Therefore c]oser well spacmg
as weH as better log ﬁo]ution are needed 1n order to determmed whether

the var1ogram can . be used to pred1ct pa]aeodramage d1rect10n



CMpmrQ
* SUMMARY_AND CONCLUSIONS

L
The facies change from the distinct szx-member Mannvi]]e Formation

| as defined by Napss (1945) to the UndlfferentJated Mannvil%e Group (May- -
' 'cock, 1967) occurs in the v1cin1ty of TOWnship 40 1n west central Sask-
; atchewan and is attr1buted to the presence of the Ba|t]eford Arch ‘The

_ circumstantia] ev1dence fon.th1s is. the p1nch1ng out of both the D1na and’

Y

'Cumm1ngs Members in that general v1c1n1ty and the absence of coal seam 8 "

in Townships 37 to-39 The arch was’ high exther 'uring or after the
‘deposit1on of seam 8 depending on whether the ab ence of "the seam 1n fown~
ships 37 to 39 ‘was due to non—deposition or ero 1on. S1nce no unconform-
_.1ty was detected on top of th1s seam, the absen e of seam 8 1n this area

: LB
. was: probab]y due to noaneposit1on

The Batt]eford Arch - a]so had a subtle effect the deposat1ona1 b
env1ronments of the Mannv111e Group. - quth of the ar'h depositional
‘v'env1ronments changed from f]uv1a1 dur1ng D1na time to nearshore and/or i
de1ta1c 1n the later part of the Mannv111e h1story. On the other hand
south of the Batt]eford Arch Mannv111e sed1ments are m 1n1y of contin-

: f enta] or1g1n as 1ndicated by the 1ack of marwne foss1ls and the abundance

of coa] seams

Coal seams in: the Mannvi]]e Group are scattered both.geograph1ca11y
:7and strat1graph1ca11y as. shown by their d1str1but1on maps, - centre of
T'grav1ty map and relat1ve standard deviat1on map De os1t1on of coa] was

r'_conf1ned ma1n1y to the palaeotopographIc lows dur1ng Mannvi]]e t1me .

' (f1gures 8. 1 and 6. 4) with the 1oc1 of depos1t1on m1grat1ng frequent]y,

-produc1ng th1n coal seams scattered vert1ca11y through the Mannvw]le beds

© 10



A total of ten seams were 1dent1f1ed from geophyszcal boreho]e 1ogs
",hk)1th only seams ‘3 ‘and 8 having re1at1ve regional sign1f1cance Distri--
" bution of the minor seams can be exp]ained by Pr1ce and Ball's (1971)

g 7mode1 which postu]ates that the ‘coal was of drift origin,. perhaps form1ng

o from ]og jams on the r1ver banks rather than or1g1nat1ng in widespread

= swampy areas. The two maJor seams 3 #hd 8, may have been deposfted in

| swamps on the fluv1a] pla1n g1v1ng them larger areal d1str1butfons
'}The fact that seam 8 occlrs both 1n the northern and southern portions of
‘the study area makes it a usefu] strabigraph1c marker for correlation
'fuw1th1n the Mannv111e Group .' | _‘
Coa] resources in p]ace ca]cu]ated on a one‘we1] per- townsh1p bas1s
were est1mated‘to be 19, 400 m11110n (short) tons, - 1nc1ud1ng seams 2 feet

thick or th1cker Us1ng seam th1ckness as the varuable, ‘a varaogram study .

‘i_was carried out in part of the area Due to- the lack of a re]1ab]e esti-

”mat1on of the samp]e var1ance for seam th1ckness, it was not poss1b1e to
V'determJne the zohe (or range) of' 1nf1uence of a data po1nt w1th the
h know]edge of the zone of 1nf]uence and the depos:t1ona1 env1ronments of

the study area, the var1‘ram may be a usefu] too] to pred1ct pa]aeodra1n~

"~age direction'
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