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IYI,ETON AND A]',IARA]\MH RED BEDS TN SOIJTHI,'IESTERN IqANIIOBA

ABSTRA"CT

The purpose of this thesis was to deterrnine ùhe

stratigraphic relationships betr¿een the Lyleton formation and

the red beds of the Amaranth forrnation in southi'iestern þîani-

toba, and to deternine thej¡ distinguishing lithologic charac-

teristics "

Red beds consisting of anhydrite, doloraitic siltstoneo

shale, and sandstone constitute the basal unit of the .4maranth

formation and are defined as the l,or,rer A.maranth Member. This

member forms a thin relatively unjiorrn blanket of sediments

overlying eroded Paleozoic strata, principally of Devonian

and Mississippian age, The thiclcness of the unit is deterrnÍned

by the topography of the erosion surface, ivhich is controlled

j-n t'¿rn primarilv by stru.ctures i:r the underfying Mississippian

strata" The Lower Á.maranth is believed to be Jurassie irt age"

The ï,y1eton formation consists of red and green shales,

¡,¡ith some dolomite. It contai¡s very 1-itt1e coarse cl_astic

material such as is fou.nd 1n ihe Lower Amaranth, and because of

this the Lyleton can usually be distinguished from the Loiver

Amaranth lithologically, The T,yleton occurs only betr,reen strata



of knor,rn Plíssissippian and known Devonian age, and is itself

believed to be of Devonian age" It shows a uniform thinning

towards the east until it is truncated by the pre-Ama-z"anth

erosion surface"

Detailed lithologic characrieristics, environments

of deposition, correlation problems, stru-ctural conÌ;ro1 of

thickness in relai;ion to oil proC-uction, and economic irnpor-

tance of the units are also discussed,

VI
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T,YLETON trND fuìfARA,\ì'IH REN BEDS TN SOU'IH1ImSTERN YIA¡]ITOBA

CHAPTER T

T}TTRODUCTION

Southwestern Manitoba is underlain by a thick t'redge

nf sarìimeni-.¡rr¡ strata that constitutes the extreme northeastern¿f ve! -t

edge of the t¡{il}iston Basi-n" This sedi¡rentary wedge thins rapid-

ly to the northeast where it eventu-a]ly pinches out against the

Precambrj-an basement comploio

The sediments consist of two prilcipal r-rnits, an under-

fyíng Paleozoic sequence dipping to the west at about tr^relve

to sixteen feet per mile, and an overlying Mesozoie and Cenozoic

sequence lying unconformably on the Paleozoics and dipping more

gently to the west at five to six feet per mile (píg. t), the

whole sedimentary sequence has subsequen-r,ly been partially bevel-

led off by Pleistocene glaciation and Cenozoic erosj-on and buried

under a variable depth of glacial till and lake beds, Mesozoic
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and cenozoic strata form long tinear belts of outcrop trend-

ing north-north-west but largelv buried und.er gracial- material.

Fa.rther to the east Devonian, Silurian, and Ordovician strata

form broad outcrop bands also trending north-north-irest (plate r).
rn the area around Amaranth and Neepai+a, r¡here the over-

l'rrì n o rnnÞq za c* rrnn n^f nr---nl -. ,r vv¡lr ¡ çÐ u w¡uvM vrrrdurJ, On erOded DevOnian¡ the basal

mcmher ofl lhp ìrnnÞy. qêôììênnê i c nn-nnoorl ní. ¡ -,Irç|ru't vr i,rrE ul-¡,-- ru uvrrryvouu va o oèFieS Of fed Silty

shales, evaporites, and carbonates" These beds directly und.erlie

knol.rn Jurassic stra'ba and have been named the ,Amaranth by

ldickenden (IÐ+5) 
"

Farther to the suthwest, where Mississippian strata

wed-ge in, there are two prlncipal red bed sequencese one over-

1yíng the eroded llississíppian surface and the other occurring

betr^reen }lississippian and knomr Devonian strata. The latter has

been named the Lvleton brr .A_Il_an and Kerr (fq5o)"

Some coniroversy has ar"isen over. the refationship

betrueen these two red- bed- sequences. Al-lan ancr Kerr bel-ieve

that the Lvleton is a separate forrnation, probably upper Devonian

'i* ^^^ ^*.l +L^¿ rad harlq nrro¡]r¡i¡æ *1ro I\.4.; ôÕi --ilrr d6ç9 d.r.ru r,rrd-r, Ing I,ne t"llssl-Ssl-ppl-an al'e COf_

relative rn¡ith the Amaranth of ]{ickenden" hlickenden, however,

sl: ør'ests fhrt f,hg Amaranth and Lrrl eton are l,he s:mp rrni t. . .ì?.q;rura sf ru L|/ L\¿ wv!! q v utr9 oéillu ulla u, uJ. ,

^^-^'ì1^l*- +L^+ +he T¡¡lef,nn ¡nrJ Am¡r-¡nt.h ¡ro <anrvo*a riñ;+^yvùùlv¿J t vrld u Urrv !.v ¿u uvrr alrv- --r,¡e¡ _ -_y*fal,e Unl_f S,





-5-
and the Amaranth is restricted to the area where the Mssszsis

sequence is underlain by Devonlan rocks and is itserf of Meso-

zoic age.

?urpose and $cope of the Siudy

The purpose of this sbudy is to clarify the relation-

ship between the Amaranth and Lyleton formations, and. to de-

termine i,heir distinguishing characteristics, envjronments of

deposition, and their general stratigraphic relations.

The area studied includes the southr+estern corner of

Þlanitoba anrl adjacent areas in Saskatche¡nran and North Dak ota,

It comprises approximately jOr000 square miles, as sho-dn in

Fig. 2. Detailed stratigraphic examination was confined to

Manitoba, but an a'r,tempt was made to extend the correlation

into adjacent areas of Saskatchewan and North Dakota using pub-

lished stratigraphic information. Most of the research was

carried- out during the wj-nter or L952-a953, aut some add.itional

information is i-ncluded from subsurface records up to 1955,
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The Amaranth Formation -- The terrn rlmaranth '¡as originally pro-

manuscript) for ihe GSrpsu-n-bearingposed by Kirk (unpublished
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beds occurring in the mine at A.rnaranth, Man-itoba"

rrtrickenden (1flJ5) defÍne¿ -uhe Amaranth as follor"rs:

Devonian beds comprise the youngest Pal-eozoj-c rocks
identified in the area, and Jurassic beds the ol-dest
l<noi^m Mesozoic strata. Between -uhem lies aJr assem-
blage of red shale, g-.,psiferous beds, and calcareous
rocks tha-r, have previously been considered Devonian,
but as they are unconformable on the hnomr Devonian
beds and mâ;r 6¡ may not be conformable with the Jir-r-
assic strata, it ís uncertain to i"rhat period they
belong" The name Amaranth is suggested for this
+r^*^+; ^*¿ vl II4 Uf VII .

The most complete information on the sequence of
these beds is obi;ained from i'¡elI samples, and the
lithologica] succession is contaj:ted in the logs
of the Commonwealth Mani-bou No" 2 ancl- Ileepal.,ra Sal'r,
Corapany No. 2 i^rells

In a eorigenda in the 1953 reprint of his original

llemoir, i^Iickenclen suggested the following possibilities for the

comelation of the Amaranth fornration;r

Studies by the author of deep r¡ells dril-led in ihe
western part of llanitoba have reveal-ed that no beds
of red, dol-omitic silt similar to the Amaranth occur
above the Mississippian" The only beds at all re-
sembling those of the Amaranth, the Lyleton, occu-r
at i,he ì;op of the Devonian and are conformable with
-r,he underl-.ring De¡¡onian formation. This is in direct
contrast to the conditions farther east, beyond the
limits of the Mississippian, irhere the Amaranth over-
lies the Ðevonían with marked unconiormity.
Either the Lyl.eton and Amaranth are the same age and
the unconformity at the base oÍ the Amaranth, j-rl
spite of its appearance, is pur.ely local, or else,
as the r^rrit,er believes, ihe AmaranÌ;h is restricted
to the area east of the limits of the Mississinnian
and- is Mesozoic (probably Triassic) in age ø
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Or¡er (L9fi) divided the Jurassic into two unj-ts, A and

B, r.iith unit B comespondlng to -,,he Anaranth of Wickenden. Ile

further subdivided unit B into subunits B-1. equivalent to the

basal red, sandy, sili;y shal-e member; B-2, equil-al_ent to the

middle rypsum or anh;rdrite rnember; and B-3, equivalent to bhe

upper carbonate member (see Table I). The subunits are all- con-

formable, and show gradational con'r,acts. However, he bel_j_eved

that there riras a minor, but definiie, hiabus separai,ing units A

¡-Ä Ð ¡* I ^^^+ .ih +1-^ Tl^l-- ^-^,arÌu 11, ¿iiJ J_easL Jo une IJaJy area,

Ower considered that the upper B-l- and B-2 subunits

',rere equivalent to the Jurassic Grusu* Spring forrna'r"ion of

t't'-yoming and Montana, and as these sirata grade dor,¡nlrarcl with no

visible break j¡to the red beds, he belierred the entire Ámaranth

forma't,ion to be Jurassic in age"

Schmitt (A9fi) believed. that the upper carbonate member,

or B-1 could be correlated i^iith ihe upper oolitic zone of the

Midd-Ie Jurassic Piper Limesione of eastern lvlontana and North Dakoia,

The l-atter i-s equivalent to the Gypzum Spring formation of

Ïþoming and the Black Hil}s, He placed- the base of the Jurassj-c

section somei^¡here bel-ow this oolitic limestone, and included ihe

red beds partly in i;he Lorær Jurassic and partly j¡r ihe Upper

Mississippian Big sno',ry groupu He d.id. noi bel-ieve thaù Triassic
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rocks rrrer€ present in ihe map area (see Tables 1and 2)"

In recent i'{anitoba Government reports (Zabornialc, L95\:

and. Schedul-e of I'fanitoba Oil- ''¡Ie11s) tire Amaranth is d,ivided i:ito

three units which correspond to the subunits B-f, B-2, ancl B-J

of Ower, and are cal-fed Jurassic Lime, Jurassic Evaporites, and

Jurassic Red Beds respectively" Previous to this ilre terns

Amaranth, Spearfish, and G¡psum Springs ¡vere used for this uni.r,,

or .for various subdivisions of it, by the ]\ianitoba Government

q.r-rr^-' ¡-¡l ¡'l -¡ ìrt¡ â nrrm-6or nf ni'l nn--¡-i ^-uua v vùy, dtru d¿ÞL _¿/ _- UI-L UOIIIpaJII_eSo

Stott (t955) uses the i,erm Amaranth as originally de-

fined by tiäckenrlenu but believès it is of Juråssic aþe and cor-
rel-ates it through 'the entire southwestern part of l,lanitoba,

where it rests on Missi-ssippian. â.s r¡r€ll as ,Devonian rocks" He

dívided 'l,he Amaranth into tr"¡o units, the upper and Lower Amaranth

with the upper consistj¡rg of both tJre evaporites and carbonate,

and the l,ower a.maranih consisting of the red. silty shal-es and.

siltstones.

The Saskatchewan government has proposed. several-

cl-assifications for Jurassic strata. The ilJr cl-assÍficabi_on was

n¡nnnco¡l rn ]QÉ2u . fn this cl_assificaì;ion the JurassicLLL L/ 2L ô o JtI

Lime¡ or B-1, 'nras call-ed the J-l+-A, and. the Red. Beds and Evapor-

ites the J-l+-B, Recently t"firner and Hadrey (1953) reviseci this
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classification. They incruded the Jurassic Limestone equj-valent

in the lower part of the Gravelbourg formati-on, and. the Evap-

orites and Red Beds in the Daviclson (now call_ed Ì,raÌ;rous) forrna_

tion"

The North Dakota Geological Survey, prevj-ous Lo :L9gL,,

cal-l-ed the entire red bed and. evaporite sequence bet.rt¡een Ìaronn

Jurassic and Paleozoic strata the Triassic spearfish formation,
but rowse (lg5)Ð in a recent change in correr-ation i¡rcruded the

Evaporites and part of 'bhe Red Bed.s 1n the piper formation of
i4iddl-e Jurassic age, as defined by rrrrla¡r, Lilt6" I-re correlated
only the lo'¡.¡er part of ihe red bed sequence i,ri-th the spearfi-sh

formation" The Spearfish, however.e apparentl¡r dess no.r, exlend

inbo ihe map areae ancr is confi-ned to the more central parts of
the ]¡Jil-l-iston tsasin.

The foregoing section on -r,he various systems of nomen-

clatu.e that have been applied to the Amaranth, as originally
defined by -lrlickenden, is surnrirarized. in Tables I and 2. As the

term Am¿r'anth has definiie precedence i:r bhe literat'reg as

it is qui-te accurately d.efined by "t,tickenden; and because no

direct correlations have yet been worked. out for -bhis unit,
the wrifer wíIf use the term Amaranth throughout this thesis,
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Definition of Nhe 4ryarant_h Formation as Used in this Report

The w-riÌ;er agrees with ]¡fickendenrs definition of the Amarani;h in

i;he type area, bu-b d-oes not agree with his lâ'uer statement (cor-

riøenci¿: -l 953) that ttno beds of red dolomi-t,ic sil--b similar to-//¿/
the Amaranth occur above the Mississippi-an.tr The red shales,

gypsiferous beds, and calcareous rocks comprising the Amaranth

forna'i,ion constitu'be a nearly continuous seguence of strata

overlying eroded Devonian and }lississippian rocks in the map

area" The rrn-iter" wonld thus expand lrlickendenrs defini-tion some-

rr¡hai to incfude in the Amaranth formation the a ssemblase of red

^r^^1^ _*^: ¡^..^,.^ r^^J^ ^.^r ^-r.CafeOUS f OCkS Underlwinrr knor.rnùI1éaüg Ë.yPùJf gI UUù U5UÞ, dLl.U Ud¿UéI gvqù t vvÂù 4llv-ur rJ !¡É NIvw¡I

Jurassic rocks, and overlying eroded Pal-eozoic strata in south-

western Nanitoba"

This definition of the Jrmaranth formation wil-l be used

+L-^..^L^,.+ +L;^ +L^^i ^ L..+ -i* ^hould be noted ì,hat to the south_UITI VUËIf VU U U1IJù Uf lE ù¿ù , UU U f U

west of bhe map area the above definition does not apply, as

earl-ier Mesosoic rocks of the Triassic S,pearfish forrnation are

believed to be nresent bel-ow the Amaranth,

The Red Bed, Evaporite, and Carbonate units r¡ill be

referred to respectively as ì;he Lol'rer Amaranth, l4iddle Amaranth,

and Upper' .Amaranth members of the -A"maranth formation"
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Th o T,r¡l af nn I'nrr-^,- -./*---^.-,- --,nation3 -- In ,ír, ,*tlùells, the Gordon lrihite

No. 1, and the Robert it{oore \To. 1, were d.ril-l_ed near the i;or,rn

of L;rleton and encountered a previously unicrolrrn red bed. sec-

tion between knor,¡n Devonian and knor.rn i,fississippian strata.

Allan and Kerr (19ç0) named these red. beds the Lvleton forma-

tion, and proposed the occurrence at the Gordon l,Jhite No" I

well as the type section for 't he Lyleton,

The Lyleton is composed predominently of red shal-e

with minor anloun-r,s of reddish-broi,¡n or pale green dolomite"

It is not fossil:'-ferous, and its exact age cannot be determined.

However, according to Al-lan and Kerr" its stratígraphic position

is similar to that of the Upper Devonian Three Forks fornation

of Montana and North Dakota. They tentatively classifiecl the

Lyleton as Upper Devonian because no basal jvlississippian bed_s

are known that are lithologically sinilar to it"

i,-t that tinie littl-e was knorn¡n about the distribution
nr *ha T.tr-lo*n* It was found in ihe Robert Moore No" I wel-l! v rlqu ¿ v4¿tu llt ut]ç f LUUET u rrvvl

three and one half miles north-east of the t-rrpe section at

Gordon r.dhite, but no sirnílar red beds rrere present in the calif-

ornia Kamp No, I ¡rell i¡ North Dakota. However, approxÍmately

qiv#tr fao* nf -^d shal-e anci red.dish hrÎf finelr¡ erw.qt¡]Iine dnlns¡ru r suq¿ù¡¡ uqtl f ltIç¿J er.yovatllllç v_uI\J_

mite of Ìmown Upper Devonian age r"rere found in the Carter Semlins

Itio. I we1l, also in North Dakoi;a. Ehlers (f9LL3) suggested that
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the Ia't,ier red beds i.¡ere equ.ivalent to the Amaranth of lfanitoba,

but Allan and i(err bel-ievecl that they correlate rdth the Lyleton

of I'ianitoba"

Baiflie (ffl+g) dicl not recognize the Lyl-eton exposed

an¡rwhere in surface outcrop in }fanitoba, In L953 he inclu-ded

íhp T;rr-ìat.nn i n f.hp Cin lÂnnal -la Grnrrn nf ïLnar ilêrr^*4 ^-,¡

stated that it T^ias apparently conformable r^rith the underlying

Devonian Nislm formation, and a] so with the overlying Niissis-

sippian strata" He bel-j-eved that the Lyleton does not occur

beyond the h¡rit of the Mississ'ippi-an cover, with the possible

exception of a thin peripheral band;t and ihat it shor¡s quite

complex latera-l or facies changes. To the west it, becornes un-

recognizable as a mappable unit 1n the silty, argillaceous, and

anhydritic strata of the QurAppelle Group. Baillie indicated

that ín southern North Dakota, the Lyleton thickens and changes

to a limestone and argj-llaceous limestone unit r,¡hicln rnay or may

not contain red beds"

n / r n/a \Ower (L953) correlated the Lyleton r^rith i;he M-1, and

M-2 members of the Moosejaw formation of Saskatchewan; the

Trlabamun, Graminia, and Calmar of Alberta; and. the Three Forks

ancl Potlach of lviontana"

ìi Paleogeologic l'{ap, Pla'r,e L"
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Sources of Data and I'tethods of Study

The study consisted pri:narily of a laborator¡' examina-

tion of core and well cuttings from the Amaranth and Lyleton

formaiions" The methods of exa¡rinat,ion includ-edc petrographic

examination of thj¡r sections, insoluble residue analysis, X-ray

arral-ysis of the fine fraction of the ínsol-uble resid-ues, and

binocular exarnination" These studies l.rere made in order to find,

if possible, a method for distj-ngu-ishing between the Amaranth

and Lyletcn forn:ations, and io determine their environments of

d.eposition. The accumulated data were 'uhen applied to a regional

stratigraphic analysis of these formations'

^hJhen this stud¡r rras initiated, only a f ew we-l Is had been

drill-ed in lvlanitoba, and the majority of these were drilled only

o- fon o- i1"a ì1ñh^' ^^F'r- ^i +la^ rri ^^'r ^^'r^*;'* ^^CtiOn. FeW WeIISait J-dI' d'l) UIIe LIpIJUI' lJd.r.'t U]- UrIg l'IIbÞ-LùbJlJrurdrr ùv

were drilled deep enough to encounter i,he Lyleton Íormation'

There r^ras consecluently a very marked lack of subsurface data,

aqnpni¡'llrr inr t.ha T¡r'laf.on¡ hor^rarrcr^ rlrrrinc. the ^+"¡-- rì-^-^ -*^
-!tç Ðv LY uv!¡, tlv4çv çf, , sur ¿Ilb uf ]u Ð UUUJ VllçI E W4ù

a continual and rapid accumulation of nei'¡ information ÍYom recent-

'ì.¡ ¡n-n"ì o*.od rrol-l q l-r:l*, Lho nnra fi om m,aitr¡ of theso r.rells rnr¡s
ry UUllIPlg Uçu Ws!¿Ð t uqu utlv u vl v rr v¡rl irlqrÐ/

not available for studv ai that tirne"
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Anoi:her reason for the lack of subsr.rface information

on the Anaranth ancl Lvfeton is 'r,hat in most oí1 rn¡el-ls these

units are not cored as they have not proved to be of commercial

-'¡"ì"^ ^ð ñ^+^-+i ^'ì -^-^.1..ñì-^ L^-'value as polenLfa_L pt'uuuuJ-ltg .rlul'l-zonso

The lithol-oEic na-r,ure oí the units also contributes

-uo the lack of information. The Amaranth, especial-l-y, consists

larøelrr of a ver-. p--.i^r^1 ^ -r.^r--. rìolon|it,ie sili,sione to sand--)' ¿r ravf,ç, Þ1r4ry, uvlvirtJUlv Ð!!u

stone luhich shows very poor recovery in the well cuttings" By

far i;he greatest part of the sample s are lost in the drilling and

r,r¡Shinø O'Ê the s:r¡n]o c ^ Pni nr. f a '.'¡ -l-'.i¡n È1.,a qrmnl oq rna f yo----, vsrr¡y.ÞÐâ ttlvr uv t{éùtIJ16t utlg ùqtlrvrsÐ élç IIç-

quently bright red due to a fine silty coating on ihe cuttings,

bu-'b on washjxg the red material is almost alT'rays lost, leaving

only shale cavings from the overlying formations. The Lyleion

is generally a mor:e dol-ornitic, better consolidated unit, and

the r,¡ell cuttings are better than those from the Amaranth"

Sarqoling-lvtethods -- The procedure follor.,red in sampling the rn¡ell

cores was to talce hand specimens every two feet, or every change

in-lithn'locn¡- Ä-lso- ehin s¡mnl .S ltere talcen over êverw t,r,roLtL LL ê "LÐvg vrrly us¡r¡rvlvù vvvr

foot interval, or every lithologic unit. Insolu-ble residue

r-nr'ì rze,ac r.'aro -r¡lp Of e.l I eh-i ¡ qa*- l ^- ^-^ +1..ì * SeCtiOnS andalLaLJ Ðvr tver ç l¡løuç vf @!! vrlfF/ ÐailrlJ!çÐ, 4r¡u urMr

polished. sections rrere exarûined for sefected hand specimens,
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Preparation of llaterial In ì;he laboratory exani-nation,

a number of techniqu-es iüere employed -bo rvhich Ì;he writer had not

seen previous reference. These techniques formed an importanì:

part of the studv and r,¡ill l¡e describecl jl some detail inthe

f oì-lor.ring sections "

Considerable difficul'by tras encoun-uered- in preparing

thirt sections from many of the s'oeci;nens. Many of the thin

sectrons coul-d not be ground down to the required thickness,

"^':.^^ -+^*r^-¡ +,enhnirrlre.q- drre to ihe finp nornqif.r¡:nd nnnz.qù111ó ùUé.lfu4lu Ueul:rsYuçÐ, u49 U- ----J

cernenta'bion of the siltstones, and their resulting friability,

.tlso, many of ihe shales shorn'ed a marked tendency to disini;egrate

on wetting, and it was found to be impossible to make thin sec-

tions of these specimens by any means,

The specimens r^rere irnpregnated with a so}-rtion of Bake-

lite plastic by soaking the rock sections in the pJ-astic and

then heat treating the impregnated sections j¡r an el_ectric fur-

nace at about 1050 centigrade for six hours. This, hor+ever,

proved to be of li'btl-e value for most specimens as the pore

srrâeês ¡^¡oi-ej-,no fino irl ner.mii. nanatnrf.inn hrr *.he ral¡-l'.ir¡ol¡¡v¿s ur v elJ

viscous plastic 
"

The fluidity of the impr"egnating solution was increased

by dituting it with ethyl alcohol and it Ïias then forced i¡i;o bhe
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specimen ìrnder pressu.re. The specj$ens to be impregnated r'¡ere

nlrnorl in f.ha rììllr*.o imn:-am¡f.in- ô^'111+jnn i-. ho¡r¡rr- ,airPreuçu ¿Il vllç u!¿uvv !,rpr vË;rrsu!rË; ùvIUUIUII Jl1 4 lrçdv)V t aLL

tight, glass jar, r+hich was then connected to a high vacuum

pump and evacuated, Mosi specimens showed strong effervescence

as the air was drar.in out of the pore spaces. The purnp r,ras then

switched over to pressure to force the plastic into the evacu-

ated pores. The vacuum-pressure impregnated specimens hlere

then heat treated as befor"e and the thin sections prepared by

the standard nethods"

Much better results were obtained usi-ng this technique,

+r^^,,^L ;+ ,-^ ^+i'l-l imnossihlre to nreÐ2t e thjn sect,ions of sorneUIIUUBII I U Mù Þ U!¿¿ Àlt}/UoaIUlE uv lJr vpar v

of the more friable specimens. Slightly better results were

obiained if the speeimens were evacuated before the addition of

the plastic"

In the usual procedure for thin sectioning rock frag-

ments, or sand 6çrains, the fragments are cemented on a glass

slide with plastic or balsan, ancl the grains are then ground do''^rn

to the desired thiekness. This method was not satisfactory,

ho'i,iever, because the lower surfaces of the fragrnents were no'i,

a plane surface but merely the original rough surface of the

fragment" This made a petrographic exanina'bion dj-fficult and

inaccurate, especiall-y r'rhen ihe surface of the f ragment is
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is stained, frosted, and pitted-, es are ì;he sancl. grains from the

Amaranth 
"

To overcome this dífficulty, the fragments or sand.

grains were pl ¿sed in a suitable gl_ass or cardboard container.,

covered with Bakerite plastic, and ü:ren heat treated- at about
r ^^41l-UU" centigrade for twelve hours to ptoduce an artificia]ly

cemented sandstone or breccia which was then thin sectioned in
the standard manner. the plastic tended to l,rarp considerably

during the gri:rd.ing and nountj-ng, but generally satisfactory

results were obtained. For finely poror.rs and friable specimens,

the method was modifieci to include the pressure impregnation

f,eehni nrle dpsr.r.iÌ¡p¡l nrarzi nrrc'lr¡vv J-vuo!.y o

Insoluble Residue Ana,lysis -- fnsoluble residue analyses were

made on most of the chip samples using stanclard procedure (Twen-

hofel and Tr'ler', f9l+1 ) ¡ut several- problems T¡rere encoun.,ered

that affected the interpretation of 'uhe r esults.

The purpose of the analyses -r^ras to ascer.oain if the

Amaranth or Lyleton fornra'r,1on showed an¡¡ resi-due characteristics

that might serve to distinguish between the tl+o fornations.

The chip samples were reduced to -l+ mesh by crushing

ì n a I arøe si.cel mortar anfl nestl ^ Á õ^-.^-l ^ af e¡¡¡nvimrto'lrrõv uvvvr rrrv¿ uat qrq pçÐuruô Õ ùdlllpJg uI ayìJ!v^!flIeuçIJ

30 grams was wei.ghed out, placed in a 150 millititre beaker,
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and treated r+ii,h hot, 20 per ceni conmercial muriatic acid

several ti-nes unfil all reaction haC ceased" The residü€ rytrâs

bhen washed. thorouEhli', dried-, r,'eighed_r and stored for further

qualitative examination,

ù'dinarillr, the foss in r^reight of the specimen re-

presents the amount of carbonate in it. l4anv of bhe Amaran-bh

sncnimans hnrrcrrêr - r:ontni n.od rrrrnh ¡nhr¡rì-nii.a r.rhi nh i o --li ñh+'1 "'vv¡ruGf rlçu ll!u-(/jf or1¡rJt4 ruv, ù!¡lIUlt J_ù ò.uBf1U_Ly

solubl-e in rnrater, and rrsoluble in acidrr (Handbook of ChemisÌ;ry

and Physics, 1:53). At íirst it rras thought ihat the a:rhydrite

r^¡oul-d- be dissolved by the acicì, treatrnent, but it was found that,

in sarnples r'rhere anìrvdrite r{-as an abundant constituent of the

rock, the anhydrite r'¡as reì;ained in very considerable amounis in

the residue"

The l-oss in weight of the sample r,¡as thus due to i'nio

factors:

(f) soluiion of the carbonate"

(c\ +\L/ uotal or partial solution of the anhydrite,

depending on the amount present in the sample,

and the grain size of the fra¡gnents"

The second factor renders the resul-ts someldra',. unsatisfactory as

a means of determining the percenta-ge of carbonatee or the rock t)rpe,

frnm f.ho nannan*2çrc of qnlrrhl a m¿f g¡i¿f , Conseollenf,l rr_ -i,ì^c :r¡n'l .¿r v¡r¡ u¡rç ¡Jür r/srlusõv vr uvlqvru rrd.ucl--L¿l-o uujl¡jeLl*-.r-*./, -,-- *a,y*a-
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cation of the quantitative results of i;he insoluble residue

en¡lvses for eorrelaJ-,ion nìlrnôseS are somer^rhat restricted.

The insoluble residue l^ras divicled into fine, mediuin,

and coarse fractions by settling and decantation. The fine

fraction, consisting of clay to fine silt was exanj-ned bv X-ray

*onlrni nrrac 1"1-'e med_iU¡l SiZe ffaci,i on - crmnosed nf a'ì¿rrv ¡trvv_rqt! or4v rr @e urvr!, v vl¡l}Jvùçu ur v¿aJ @Ëüf ç-

gates and fine sil-t size particlesr r^ras not examined as it rr¡as

too fine tó be studilcl by petrographic methods, the coarse

size fraction composed of coarse sili, sand, and any other

coarse insoluble material was studi ed by severe.l different

niethods" The sLze, shape, roundness, sphericj-ty, and surface

textures of the Êrains r,rere observed under the binocul-ar micro-

scopej and, for a more detailecl sl,ud;r, the grains'r¡rere mounted

in balsam and stud-ied und.er the petrographic microscope, orhrere

ihin-sectioned using the plastic mounting technioue deseribed

previously"

The r^riter did not attenpt graín size analyses of the

residues because no satisfactory methoC for ùisaggregating the

c1a¡r f¡¿stion coulcl be devised" Hoi'rever, grain size esi;imates

were me.de from the thin sections using the petrographic micros-

n nna rrì t'lr ¡ mi nrnmoi.or orrani ana
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Hea-v-rr l"i-i neral i\nelwsi s -- Hearrv mi ner"el senare-figns were al-so

made on a -fel¡ of the sampfes sholring the highest percentage of

coarse ínsolubl-e resicì-ue, and the heavy mi¡.era.l fraction r,ras

examined under the petrographic micr"oscope " ,iromoform, density

2.9, was used in the separation follor¡ing the method outlined

by Twenhofel and Tyler (fpl+f). Unfortunately, when bromoform

r,r¡q rrqarì =nhrrdni *o lÄo-.ii-r 2 O/\lvv \svr¿urv.y -.16) r^ras reteined in the heavy

nineral fraction. It was generally verv much more abundant

thrn ânw of t,hc other he¡rrrr minprel q - p nrì rq nnlrr f.hnqa haqr¡rrcro, q frs, sù vtf¿J u¡¡voç ¡19@v J

minerals other than arùrydrite r'¡ere of interest, the separation

r¡Jas rather unsatisfactory" ConsequentlSr, onl1r a f ernr samples

l¡ere examineC in this way.

4-Ray Analysis The fine fractions from the insoluble resi-

due analyses TÌIere mounted on a fi-ne glass rodr and standard

-ìí-ray poT¡rder ctiffraction photographs were taken, Cameras of .1""i L "

centimeter radius r,rere used, r,rith Copper K-OX radiation and

and a nickel filter" This methode hoirever, Ï,Ês not too satis-

factory, as it was difficult io de'r,ermine some oí the larger

laitice spacings of the clay nii-nerals. The l-B Angstron line

for montmorillonite could not be read at all, as j-t lras cut out

by the direct-beam trap, Much better results r,rould have been

obtained using a largei' camera, Neverthel-ess, the resul-ts
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T{ere satisfactory, even though the pronounced darkenins in the low 6

region made identífication of the lines j:r this area quite diffi-
a'.'l *vq¿u ø
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CHAPTER T]

DESCRTPTIVE STRATIGRAPi]Y OF THf LY],ETO}I FOF}TATION

Definition -- The T'w'l ef,on f nrm¡*.'i nn ¡q rìofin=rl fn¡ *ho -o-'-'- -,1 øÙ qe¿ JJrsu a v¡ urlÇ l¡l4}J

area, is the assemblage of red io green dolomitic shales occur-

ring between the Mississinpian BakJ<en fornation, and the Devoni-

an Nisku for¡nation" To the south of the map area the Baklcen

pinches out and the Lyleton is directly overl-ain bJ'the I'h-ssis-

síppian Englewood or Lodgepole formation,.

Electrig _ancl Ra4ioac.tÍvitJ Log Charaeteris-b,þq_ -- The Lyleton

is characterized by unÍformi¡,'lowi¡alu-es of resisti-¡itv and

Spontaneous Potential (S.P.), wii;h only a few minor peaks on

both curves. The radlioac-uivit¡' Iog shorvs generally high read-

inrvs- hl¡t, iq o¡¡f.ramo]¡r rr¡rìrl-.'lo t-' ^ ' ì \!¡¡ÈiÐ, vuu rù sÀu-,.,,-+J \l l-9" ) anl. 4) ø

The base of the Lyteton is easiJ_y pickecl on electric

and radioactivity logs due to the markect contrast r¡ith the under-

lying Nishr fonnation, which shor,¡s high s" p. and. resistivity,
and loi¡ radioactivity values. The upper contact of the Lvreton

is usually ver¡r difficult to pick on the mechanical logs due to
'bhe simílari'by of the characteristics oí the Bakken formation,



UPPER BAKKEN

MIDDLE BAKKEN

LOWER EAKKEN

3700

CALIFORN IA STAruDA RD WASKADA NCI. 16 - I3

Tdeal development of Bakken and lyleton formations,
The section in Tfaskada is almost identical in character
to that f ound in the type Balrken section" Upper,
l.Ltddle, and T¡wer Bakken are al.l well developed" Tnl

such areas the top of the Lyleton is easily picked, at
the base of the lower bl-ack süra1e, but in the north
and east parts of the nap ar€a., such as the Max le.ke
area (Fig" ]+), the trower Bakken shale is not present,,
and the þleton top ís very difficult to pick.
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Correlation not yet certain, Lovrer T,odgepole apparently
shov'rs development of bl¿ck shale and siltstone facies
verv similar to the Bakken" The niliddle Bakken siltstone'--¿
i.c weyv we] ì flerro'lnnarì ?rrr* {-lra LOWef Ðakken blaCk
shal e is missing, The þletone as picked by the writer,
is very thin, and consists of gr€en dolomitic shale in
the upper part, þrading to red dolonritic shale in the
l-orver part" Tt is conforrnable ui th the Middle Bakken"
It is possible that the green shal-e underlying the
Middle Bakken is lor¡¡er Bakken equivalent*
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tdhen fì-r.lly developed, the Baid<en consis-bs of three

members, ån upper bl-ack shale, a middl-e sil-'i,stone, and a lower

bl-ack sha1e. Hot^rever, the lor¡er shal-e: may be rnissing ancl,

qc c racr.'l*. +hê T'.1 a*nn -orz L^ |ìr,o¡tlrr nr¡erlâi- r^"'/ n'i*-naz
ve4+vt -"-- IryIgUUfI Jlt¿"y Ue u-Lr uuuf,\¡ vvç! .lo!:¡

the }iid.dl-e or Lo'hier Bakken.

lrlone of the menbers of the Bal<ken are easily distinguish-

ed from the Lyleton on efectric logs" The MidC-le Bakken sholùs,

s'l'i ohtlrr hi oher rcsi st'irri f¡. ¡ncl S - P - r¡p'lr¡cs - ,end ihe blacku¿¿5rr u¿J ¡r+öarvr r ço!r urv ! uJ

shales tend to show slightly lower S" P. and resistivity values

*|:n *.ho T¡rl af.nn - The ton of ',he T;r¡l r=t,on i s ìl sll^r -l*' *--l-^l }-*'
-rl *v - --- o ¿lrti UUP Ur Ulltj ry -LE UUll IÐ *ÐudJIJ tlr@r Açu vJ

a small peak on :,he resistivity, and on the S. P. curve, but it

i e nn'l-. rrqrrl'l'lrr i¡^la l^--^1 ^-^l.JCiJ-L \jsv çJvP=uo

The Lyleion top is easily picked on the radioactivity

logs, hihere the Lyleton is overlein by black shale, as the

blaclc shale shot¡s extremely high valuese several times greater

than for the Lyleton (Fig. J+). Horuever, T^Ihere Lyleton is in

contact lù'ith i'liddl-e Bakken (pig" 3), ttre top is more di-fficult

to pick. The radioactivity value íor the Middle Bakken is less

than foz' ì;he Lyleton"

Tops for the Lyleton are best deterrnj¡ied from cored

sec-bions, but, even rniith the core, it is freo¡rently dj-fficult

to pick the contact, as there is no sharp break in lithology"

r.{el-t cu.ttings are sometimes useful, but the u-nits are thinr and
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*1-'a nrr¡"1 ìi-' nla *.ho r,rall nlrÌ.f.inoq 'i q 1ìqtl9-llrr nn*. ænnd annrrelTtJl.l.C LfLtd,IIUJ UI Urre !v urr vu u urrrSu rJ 4oúa¿rJ ¡rv u 6vvu ç1rvqórr

ln ninl¿ ì-hc nnnin¡*- ¡nnrr--ia"ì.¡uv PIçn utrv uvrrudu uù a^gvu! éuçrJ'ó

T,i thol oEr¡ -- There 'wâs - ììnf ôrtnn^+^ì*- *^ ;--r ^+rn core avail-ÐLUIrvLvãJ -- rrr€¡ç waÐt 4[vt uul@uçry, rIv ryJçuL

able at the time this study T¡ras und-ertaken" Several cores had

been taken in what was at that time believed to be L¡.leton,

but, on the basis of mol:e recent correl-ations, most of these

coÌ'es ldere actuallv taken i:r the Lo'n¡er or ylidd-l-e Bakken. sub-

seÕllen.l-, t,O the q *rrÄ", *,_,n nn*^'l ot,-l rr e ored scnf,i.g¡5 Of theu uYuerf u uv vrf u o uqs,v

T,r¡'leton rÀTêr.Ê er.zm'inerJ j-nr t,he:¡tL^- 1-'+ '^^ ¡^+'ìilerJ netroøranhi.c!JÆ UV:I Wç¿ g ç^érrrlrrçu uJ urru 4u ullvl , uu u llu uç u@r¿uu

exami-nation i'das made" These wells were the California Standard

Scall-ion 5-LL, (5-ff-ff-26 IdPM) e and the Royalite - Triad. Max

Lake No" 1 (l+-36-1-21 '/,1?l{).

The l-ithologr of the Lyleton j-s quite similar in both

r^re'll q- non.qi etinø of a çrøenish-mo¡r dn]nmi'f.in c]-^r^ ^+ +L^ +^*
WËIIÐ9 UwIlÞIùUIl-Þ -- -- c- - 'BI U-y uU-LUlltIUJ-U ùII4JE o U ultv uwP,

grading dor.¡'ri'¡ard into a red argillaceous dolomite, or dolornitic

shale. There is no appreciabl-e amount of silt or sand present

in the Lyleton of eii;her of the Çor€so

Serreral zones of verv coarse breccia are presen't, jj'l

the Lvleton ofl the Scaltion well" The breccia consists of largevtLv 
-.f

frar,'rnents of li r¡ht ore¡¡ dolnmi t,e ìn a dark Étrev shale matrix.ar qÊlrrrvrlvu

A number of thin beds of grey dolorn-ite are al-so present in the

Scallion rüell-e but none llere observed in the }lax Lake well'

Some minor anhydrite is present neer the base of the Lyleton in

the i'{a:r Lake wel}.
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The T,yleton is generally massive, except for the

breccia zones. Slickensídes are common in some bands, and some

bands also have a finely contorted to brecciated appearance' No

good shaly cleavage is developed. in any of the specimens examined"

Cores from the Daly anci Ei^;art wells (pig, 5) shot¡ finel;r banri.ecn

to cross-bed.ded crystalline dolomite with thin green shale inter-

bands, but it is uncertain nhether these sarnples ar"e from the

Lyleton or Middl-e Bakken"

Peirographic examination oí red fragments of Lyleton

fronl well cuttings j¡dicated, in al'l cases, a dolomj-tic shale

to argillaceous dolonlite, rndth only a trace of fine silt-size

quar]cz grains, fn the mot'e argillaceous bands, the dolomj-te

nn--n¡]r¡ ^^ô,,Þõ aS eUhed.ral rhomb Shaped cryStalS. The eUhedral

habit of the dolornite grains is characterisiic of all- specimens

examined.

. Binocul-ar examination of well cuttinqs showed a few

rounded, frosted, sand grains in the Lyleton Ínterval, but these

grains were ali,¡ays 1oose, and never seen directly associated with

Lyleton lithology. The r,rríter believes that they are primarily

carri-ngs from. the overlying MidcÌIe Bakken" Some sand and sil-t

Íla¡,r þs present in the Lyleton, l¡ut are ver)r minor in anount in

comoaríson with the clastic content of the Amaranth.

The red col-oration -borr¡a-r'd the base of the Lyleton



I'a8o Þt I¡rleton or Bakken ? Finely laninated or cross-bedded argill*
aceous dolor¿ite and shale, interbanded red, greenå and purplish
red to graÍ, Correlation is uncertain in this area but
speei-mens are froa either upperrnost þleton or fuliddle Balcken.
gamp'le (¡,) from Calstan Tfest Ða1y 8-29-10-28, at 29O3t, add
sample (g) fron Calstan E,qart Pro\., l+-fl+*B*28 at, 29O7t " (X f)



does not occur at i;he sarne stratiqraphic position irr a}l well-s "

The Lyleton top was ori-ginalì-y picked by some workers at the

first occurrence of red dolomitic shale, bu-t this was found not

to be a consistent marker horizon. The l-o'n¡er part of the Lyle-

ton shows rniell develcped red colorat,i-on in all wells exarúned,

but may grade upvrard i-nto green shale in sone areas, as in the

Scal-lion and Max Lake rnrells"

itTature of the Contacts -- Both the upper and lower contacts of

the L;,-leton appear to be conforma'nle on the basis of the

linited information avallabre" rn the cores exarined the lor¿¡er

contact r,¡ith the Nisku was sharp in the Seal1ion well, but did

not shor+ env e¡ri.dence Of breCciaiion or lreatherinø of t,he Nislcllvrvlr vt vru@ ur!çr a:¡€1 v¿ v¡rv ab!J¡lq

prior to deposition of ihe Lyleton red beds" fn the l"{ax Lake

welI, the contact appeared to be conformable, and is somewhat

gradational" The zones of breccia near the base of the Lr,-le-

ton are probably l-ocal intraformationa,l breccias, as the frag-

ments are not lithologically sinilar to the underlying Nisla-r,

and occur a considerabl-e di stance above the base of the unit"

Some thin dolomite bands in the Lyteton are verv sjmilar to

the dolomite fragments in the breccia ?lnee and are probably

the source rocks of the breccia"

The upper contact of ihe Lylet,on is conformable and

gra.dational in all- wel-Is examined" The gradational nature make
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it difficult to pick ihe contact il many wells. In the

Max J,e-ke well, for exampte (Fig.3)*the lrfississippian li:ne-

stones are underlain by a greenish grelr siltstone, 0n the

basis of el-ectric 1og correlations, the thick blecÞ; shal-e

ânne."rs f,o be eou'ivalent to ihe Lower Bakken. This would

place the silt underlying the bl-ack shale in the Lyleton

formation, The i.rriter, hoi+ever, does not believe that the

stratígraphic relationships of the Baklcen are well enough

knor'¡n to determine whether the silt is Bakken or upper Lyleton

eq_uivalent. Lithol-ogically it woulC seem to be more similar

i;o the Bakken"

/ìT ,(l\ote; I'lore recent subsurface stu-d-ies indicate that the upper
shal-es and. silstones in the Max Lake well are l,ol.¡er
LoCgepole, and- prot:ably equivalent to the Roui;led-ge
shale. Thus the silt zone is Middle Bakken, and Loi"rer
Bakken black shal-e is missing as the writer had sug-

¡r\gesre0s/

It r,,ras diff,icult to picic the ï,yleton top in all cores

ancl sanrnles examined- ¡nd t,he r.rriter bel-ieves that there is

so much varia'r,ion in thicleness and litltologr both l-aterally

¡nd r¡erf,icâ] 'ì r¡ +L^+ ^+ r^^^+ ^'r'lrr ennroxim¡te contacts can4llu v çt U!U@!!.y Uf 1é U, d. U Uçù U, WlIry op}Jr v^llllo. uç '

he nìekcd- nnf,il -further subsurface inforna-r,ion is available,

There was insufficient informa.tion, at the time of this

stud-y, to deteznine if there is any regi-onal variation j¡r

I i f,h nl oo¡¡ of ì-.ha T,rrl eton i n *,he rFL^-ê .tnnêer^q to hcrr uarv¿vó.), urrg !J!9 Uvll III UI¡ç lll@P-6r 5é ø ¿f IEa E cPFçor o uv vv

a slight j-ncrease in carbonate content to the r.rest, a s indica-
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*.arì hr¡ *ha Ânr^nite bancis in the Sca1l-ion rrell. To t,he.r.rê.q.,-vv vsrruÐ rr: urrç UW@.u.|] yJgII e a U Utlg l/JgÐ U9

in saskatchewane the Lyleton becomes increasingly evaporitic

and calacreolis, and grades into the Potlach evaporites of the
.lVnnqai¡r¡ 

Rr ei nJse¿¡a I

lsopacl -- Possible error in det,*-cr,rining the Lyleton top shoul-d

be taken i¡rto accou.nt when consicerj-ng ihe Lyreton isopach map

/n- | Át\rtar'e ¿). The map, however, shows a fairly uniform thickening

Of i,he T,rrlptnn f,O lhe r¡Têst- indi¡o*i¡c ilrcf J-1^a -l-nnq ni nl¡od ÌrrrV¡¿V 'VVUU, ITUJVGU¿II6 UII4U UIIç UUYÐ }/IUJ!ÇL! UJ

-uhe rnrri ter :re nro'bahll¡ f:i r'lr¡ nnnqi qi.ant f,hnroh qma nf *]rav vf ro !D uv¿!u, urrvuõ¡t w ¡[ç vr u¿rg

i rr^ecrr l:rl i l.i ps m¡rr ho drro t.n arrnnq i n ¡ì nÞi ¡e llra *nn Tlra¿! urv u lrra..y ue uus uv ç¡ f vt o JtI IJf vÃ.L1tó ulfç uv}J o r trç

thinnino of i.he T,rtl oi.on ì q eni.it-o"lr¡ rlannoì +i ^h1'l ovnanJ-. fnr *.haJ9 UVII Jù çII ÙY ÇL.Y Uç}JWùI UJUI]4I ç1!WçP U A VI UIIç

nAfrô1J ba.nfl ncrinlrorr'i ia l-ha ô-OSi Onâl edrre or" the i.,li ssissìnnianuuÊiu vf urrv rf!uD!uuIIrIr!q

ïihere the Lyleton is tnrncated by erosion. The Lyleton attains

a maximum thickness of one hundred- and fifty feet j-n the ma.p-

area, and, in }ianitoba, the secti6¡ ranges from about twenty

fi-ve feet to one hundred and- tltrentv feet in thickness"
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GHAPTER TTT

DBSCRIPTNTE STRATIGRAPEy OF THE LOI,'ER AI\'IARANTH

ÐefÍnition -- As defined. in this report, the r,ower Amaranth

is the basal red bed member of the ,A.maranth fozrnation" rt
consists of the assenblage of reci dolo¡ritic sandstones, shales

and siltstones overlying eroded paleozoic strata, and. under-

lr; -- +L^ ^'.^*^--LyIllgrJIieeVaporitesandcarbo.,"ffi"Mid.d}eandUpper

Àmaranth. The l,ower Amaranth is not restricted to the area

east of the limi'r,s of the llississippian as suggested by
'ldickenden (rilJí), as Ít overr-ies erodeci }{ississiopian through-

out the entjre southr,restern part of the mep-areaô

__ The Lor.¡er

Anaranth is usuall-y very sharpry defined by its characteristics

on the resistivity anci garuna ray logs, as shor^m in Fig" 6"

T.orr¡s¡ Amaranth beds show a very low resistivity j¡ marked con-

trast to the extremely hÍgh resistivity vafues shown by the

overlying Amaranth evaporites and" the unclerl].ing paleozoic

carbonates. The ganuna ray curve shows a very high radioactivity
level for the Lor^¡er *.maranth, in contrast to the low radio-
activity of the adjacent strata"
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The upper contact of the lor.¡er Amaranth is alr,rays well

rìnfined- pnri rrhere the Amaranthi is unCerlain by Paleozoic car-

bonates as i¡r the T,{askada ',¡ell- (pig" 6) tne lower contact is

also usua.J-}y r.,¡s]1 defj¡ed. However, in certain areas r+here the

red beds are underlain b¡r argillaceous strata such as the

Ch¡y'l ês ôr T,rrl et,^- Èha I nr^rar nn¡daet i .s noorl rr defined dUev¡rg-Mu vI

to the simil-arilty in electric, radioac-bivity, and lithologic

characteristic s .

Lithology -- The type section of the Amaranth is defined. by

ïlíckend-en from the lteepar'ra and Manitou wells, hor+ever, as the

term Arnaranth itas originally suggested Íor the red beds and

evaporites at Amaranth, the recent diamond dril1 core taken

near the tol¡n of Anaranth is probably the best section front

which to define the Lower Á¡raranth. .& detailed description

of the l\na.ranih fest hole and other selected well-s is given

in Appendjrc Iï "

The l,or^rer Amaranth, at -{maranth, is essentially one

lithologic unit r+ith only mi¡or variations in lithology"

It shows no visible bedding or prominent structures of any

sort, though it has the overall characteristics of a grad-ed

1^^r Tr.^,,**^*^^* *a** ^P +L^ unit is a dol_onrj-tic shal_e thatUç U-o rrrE ¿IJIJS! tllvù U IJ@r U vf utfç

grad.es donrni,¡ard into a silty dol-omitic shale, and final-ly to
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a sandy, silty, clolomitic shale to siltstone at the base,

There is a Ì,hin breccia zone at ì,he Devonian contact. Un-

f ^-+,, - -+ ^l ,- +ì^rv¡ u*rfcruç-J j urrê corê r,¡as obtajrted after the ärriter had com-

pleted the laboratory stucì_y, and no detailed petrographic

exarninati_on Ïras mad_e.

The color i-s a uni-florm to slightty mottr-ed moderate

brownish-red throughout, There is no interbandíng r¡¡itr¡ green

shales near the contact with the overlying anhydrite, al-
though, in some areasr Ower and others have reported. j-nter-

ba-nd-ed green shales near the top of the T,or,¡er Amaranth" There

are, hoLrevere a few small pa-tches of greenish gre¡, shale near

the top, due to local reduction of the recÌ pigment.

rn the Ämaranth aTee, where the upner part of the Amar-

anth has been subjected to erosion, the upper twenty feet

of the Lor'rer Amaranth red beds are profusely shot with vein-

lets of secondary fj_brous gy-psum.

The litholory at Lmaranth coresponcls cl-oselJr ,.uith the

tr,'ne seei-,i ons doqez.iì-rad lrrr TrIì¡l¡a-rì^- ¡l*r^^.,^r^ 1-uJuv ù\/v urvrrù uvÞul fuyu UJ1 udIUif-e¡rqvrr, q¿urlvqúr, ,Oth the lrlanitOU

and Neepawa sections are sand-ier towards the base, and several

dol-omite bands are present in i;he irreepai,.¡a r+ell . To .rhe south-

h'est¡ where }lississippian strata are presenf , the l-itholog¡ of

the f.or¡er Amaranth is also si-milar Ì;o the Amaranth, Neepawa,

and Manitou sections. There l,üeree however, no complete
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cored sectj-ons of ihe Lor.¡er Amarani;h in this arear and r.¡eIl

cuttings T,Íere ver)- poor. The cores that were available ar*,

basal- Lor¡er Amaranth, and consist cf medium broi.rnish-red to

reddish-broinr siliy shales and argillaceous siltsiones, lriith

minor sandsione l-enses. Anhydrite is also quite abuncLant.

Most sections show an increase in i;he conteni of coarse sand

and silt tor'rards the base of the unÍt, as at Amaranth, al-

though this increase is quite erratic, an.J some sancistone is

found even in the upper part of the unit" It is, however,

nmch more abundant near the base"

In general- the gra.in si ze of the T,ower Amaranth

i¡creases toi.ra::ds i;he southr¡trest, In the extreme sou+.hwest

of the Province the red beds are pri:narily a sand.y siltstone,
j-n contrast to the predomi¡ani;ly shale section at !.maranth"

Fari;her to the southr,.rest, in the Blanche Thompson well in
North Dakoia, ihe seciion becomes a medium-grained sand.stone.

To bhe ruest, in Saskatcher,rran, the Amaranth or lornier rdatrous

also coniai¡s more coarse clastic material than in l,ianiboba

/(̂0" R" Erancis, persone-l communication),

In I'fanitoba, the anhrrdrite con.Lent of the Loi,rer

Arnaranth also seems to increase to the southwest"

I'los'r, Loiver Lmaranth cores show ver.y striking qecii- ., ::.
al -'",''::,.

merrterv .strrretrrrçs, as shor"¡n in Figs, 7-1]-1 " The most "L"rrã,*. 
' -,"

e:rvyurr Jrt r !óù o | 
_¿r+ e aIiE r¡!_v

j

ill,n
"i,- 

'i!," 'it

È
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Fig* 7 o tower amara;nth, Typical irregular, mottled, swirled or
pseudo-breccia¡. structrire characten"istic of much of the
l,ower Amararrth siltstone" The d.arker bands and patches
are more argi-l1aceous , and the lighter patches generalry
more dolomitj-c, anh¡rdritic, and sandy. The white patchesin (¿) are inclusions or fragments, ol clean, cryställine
anhyd-rite. Both sa-rnples are f ron the Callfornia Sta,nda,rd
waekada 9*Lj-r-26 well at approximately JOlo feeto (x r¡
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teristic struciure is the erbremel¡r irregul-ar sirirl-ed or con-

+^F+ôd nn*ta¡n clrmm nn -l-ha nn]' ^ /- ' -\Lorreu pa0Lern l,-*Isired surlaces (Fa8" t ), -Ln a

f ew specimens srnall sections of 'u he c ore shor¡ed faint rennants

of cross-bedding, and sl-iclcensides are quite comrnon in the

more shaly bands,

Irregul¿r to wel-I-rounded patches and aggregates of

anhydrite, scaitered throughout the section, are common in

the Lower Amaranth¡ especiallJ¡ tor'rards the base of the unit

(¡'igs. 9-13). The anhvd.rite is coarsely cn'stalline, and does

nn* nnnialn .--, ClAStiC matef|al slelr n s nl:rr or qilt lFi o ^ 2Õ\Itvu vUIIUéII 4I1,y u!oùuIU lll4UçI JdI Ðuvlr a Ð vJaJ vl òlIU \r)-83ø Lvl o

The anhydrite also occrlrs as 'r,hin uniform bands that in places

show structures similar to mud cracks (¡'ig" B). In many places

anJrydrite constitutes the cement or matrjx in the sandy bands

/r¡¡^ rz\\r. ¿ó¿ rl / o

The most characteristic feature of the Lo-n¡er Amaranth

is the abundance of large, extremely well rounded, spherical

sand grains, with frosi;ed to verv highly pitted surfaces (Figs,

13-18) " These sand grains are the most distinctive characteris-

tic of the Lol'rer Amaranih¡ bu-t, they are al-so found in o-r,her

stratigraphic units. The.¡ occur in the llidCte Balcken, in the

Jurassic shales, anC possibly also in the Lyleton formation.

Thp rnrrnrìinc¡ .i'?.^^+i-- ^*,r --i+tino hnr^¡arrpr, .iq nnt eq n.l.ô_rtIç I w*11uJIrË, f 1 wù uI116, é1IU_ P_LLrutrrÈ;9 rrvuievç¿ 9 !e

nounced as in the Lor^¡er Amaranth. nor is the sand as abundant

in anrr of t,he 6fhor rrnitc r.¡i*lr thc exeention of the Bakken Sand,
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The sand grains found i:r the r,¡ell cuttilgs from the Lyleton

in-f,er.rr:'l mã¡r âet,rr¡llr¡ h:r¡c hcen eavinp's fro¡r the Bakken sand"sv vvaLLJ

Petrography of the Amaranlh Sand -- The conposition of the

Amaranth sand is extremely varied, bu-r,, in most specimens, feld-

spar grains constitute from l-5 to 35 per cent of the coarse

clastic fraction and quartz or chert the remainder. The feld-

spar content may be even higher, because the u¡alÌ;ered and un-

twinned feldspar is easily mistaken for quartz in the gz.ain coürtø

The Amaranth sand is consequently classified- as an arkose or a

feldspathic sandstone depending on the amouni; of feldspar present "

The silt sj-ze fraetion is too fine graixed to permit

petrographic distinction betr.,reen quartz and feldspar grains,

but, even in this size range, nunerous particles of finely
twinned afbite could be seen, and it is probable that feld_spar

is as coÌTl.mon in -r,he silt-size fraction as in the sand"

The types of feldspar found_ in the coarse sand frac-

tion of -uhe Lo'^¡er Amaranth are microcline, orihocl-ase, and

sodic plagiocì-ase. They occur as monominerallic grains or as

granitic aggregates of fel_dspar and quartz" potash feldspars

are the most abundant, forming sixty to seventy per cent of the

identifiable grairs" The remainder consj-sts of plagioclase of

albite to andesine composition. A few grai-ns of microperihite,

and micrographic or myrmekitic granlte were found.
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The feldspar grains show all stages of alteratione

from cl-ear unal-tered feÌdspar to grains that are completely

alNered- to kaol-inite and sericite and are barely recognizabl-e

as original feldspar.

The "trercer.-uâge of feldspar in the Ämaranth sarrd

appears to show an increase to the southr{est, although the data

r^rere insufficient to establish a definite trend" The sand i-n

the Manitou and Neepawa wells shol'rs a much lor,.rer feldspar con-

tent, appro>rirnail"Ly 5 per cent, than inl.ells to the sou-r,hi¡est

such as I'iaskada, j-n rn'hich approximately 30 per cent of the

s¡n. is fr.l 6sner rt*r-_ ^'^^ r^+^ir^r *-;* _^.,*+. l¡aS made fOfos!¡u ¿J r uluulJør e vIfJJ wlMU Ud]Içu rlf dJtl uvullu

the irraskada well and it is possi-ble that ì;he percentage of

feldspar recorded is unusuatly high in this particular sample"

lÌor.¡cr¡er - rri sna-ì eomnari son i;ri th severaf o-bher well-s in the

southwestern part of the map area indicated comparable feld-

entr nê7nên1..9 oêqÐ}JAf }Jçr uçr! uqóeÐ 6

The quartz gra)-ns are of trr¡o distinct types, one

shor^¡ino sharn ex+':'^^+':^.^ --r 'LLe other a marked llncllllatorvu:rvN¿rrö vr'U!]lV UJVII, é1tU UlIç V UIIçl 4 lllet [EU ---**-- - -- ¿

or strained extinction under crossed nicols. The former fþe-

nn cni,l rr eontai n errlremel rr ii ne - ori entcd - nperll e-like inclu-

sions, possÍbIy of rutile " The latter often àye agglegates of

^"¡-4- *ñj*- +Lat are ti øhtlv sutured and interlocksd. ThererLqaL va órellrù UIIUV (a u

are also large grains consisting of aggregates of very fine,

sutured qtarLz grains that are either fine-grained orrartzLLet
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or coarse chert frasments"

, Fine prates of muscovi.i;e and biotite are frequen't ly
very abu-ndant along bedding pla.nes, especia]ll. in the sou-thr¡¡esr

part oÍ the area r¡¡here the grain size is coarser. The n.ica

g"ives a poorl¡r developed, irre'-:u.lar, shaly parting to the rock.

Ifinor amounts of garnet, rnagnetite, quartzíLe, igneous

rock fragments, and limestone Í?a.gments are also present in the

coarse sand si ze fractj-on. Alsoe fine to coarse irregularly
rouncj-ed patches of clean crystalri-ne anhyclrite are present, most

of r,rhich show a sharp contact with the adjacent matrix.

Matrjë -- The composition of the matrix of the sand and silt
is ver-r¡ ùifficurt to d.etermine petrographically" rt is r.ed_ to
light brol^rnish gre,y¡ and is usually extremel;r finel¡, cr;rsl¿11irr"

to cryptocrystalJ-ine. ¡'to* ã-J"u" 
", the insoluble residues

tñ . - ^\\1a0re J) cavbonate, primarily dol0mite, is the pyincipal con-

stituent of the matrix" The carbonate content of the matrix

varies from about 20 per cent to Bo per cent, with large varia-
''ions present within the sane we1l, and between different wells"
The average carbonate content is about 2l per cent. (footnote)"

1,Not'e: The apparent per cent of carbonate in üre sarnples"as
determined from the Tabl_e oí Insoluble Residuãs, áay feslightly high. some of the ross in '.,¡eíght is a.ótuaity
ctue to solution cf anh;rC'ii;e rather thaã carbonate. ¡utthe ¡,*iter beu-eves ihat in most sarnpres the ross ín
iveight is essen'iiia"lly a measure of ihe carbonate contentof the specimen. )
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Tn ¡ fe'.r sneeinens oí siltstone the matrj_X i5 ¿ elean- flinelrrav!vg]]9r¿¡¡vlJ

ervstal -l ine rìol oni te contai nino no ars'i I I âceolrs material The

carbonate natrix appears to shor¡ slight replacement of a few

^¡ +r^^ ^,.^-+- ^-eins in SOme 6f t,t-,e snanimênq^vr uris yudr u ¿ år éJl¡Ð III ù v|iç u-L ur:ç ùlJuv j_.ltlu jlÞ e

The rest of i,he matrjx consists of extrernelr¡ fine-
..v¡i'na¡l ¡rronJ-u n'l rr¡ qnÀ rad ha-o*i*a -i 

---+ 
lI-¡n.¡ a*rr¡li^-

ðrolrrgu w-u-óL vag wLd,y t olru f,gLL llcillduIUU .v_LðltttrItuô t\-LdJ Þuuu-]-c;Þ

sl:oi.¡ed. that ihe cleJr mineral is illite, and that quartz is very

a'bunf1a...nt in 'i;Ìle clay-size fraction" itlo other clay mineral-s, fel-d-

cñe* n¡ 1r anc +i ic waS inii-cated i n )í-ra.v Ðh otosrt ^h e nf *.h- fi npvu W4ù lllufu4 UçV- rr- c-r!¡lù vI ulrg IlIfç

insol-ubl-e residues of Lhe Anaranth sceci-ïlens. The her:aiite r,¡as

losi; curing the insolubl-e resid.ue analysis, as all red color dis-

appea-red during the acid. treatment.

The results oÍ the j-nsolu-ble residue a-na]¡rsss (Table 3)

al'e too variabl-e to inclicate any regional- trends, or to be of

any u-se in correlation" The most notable feature is the rapid- /'

v¿.ria-tion in composi'Lion j¡ some i^rel-l-s, even for closely spaced.

two foot samples from the same cored section, In other weIls,

hol,lever, the þe::centage of insoluble residue varies as little

as one per cent betiueen samples from -Lhe same r,¡ell"

Nature of the Contacts -- The r.rrii;er -r,ras able to observe the

contact betr.'een tÌre Lor.rer ancì" Ì'lidd.le .ftmaranth in only''one r.iell,

the Amaranth test hole" In this l¡eIl the section srades from

nassive gJæsum to red dolomitic shale profusel¡r shoi uith stringers
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Fig* B* Iou¡er Anaræn-r,h. Thin band of anhydrite in dark reddish silt-
stone * The upper surface of the bed shows v'rhat appear to be
sLight erosional and desìccation structures" Calstan
Tilston 5-SZ-5-Z7 at 30Bh feet" (x r)

rL6a ,/ø tro¡¡er Avoararrtho' Fine fragrnents or iäclusions of anhydrite
irregularly scattered throughõut reddish bromn siltstone.
Calstan Tílston 542-5-29 at 3089 feet. (X f)

Fig, 10" T,ov¡er Amararrth" Ïens of irregularly rounded inclusions
or fragments of clean crX-stslline anhydrite in siltstone"
Can, Devonian Creekside Mitehell S1 aL Ðl+6 feet, (X f )
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Figo 11" Anhydrite inclusions in basal Lqo¡er ¡\naranth silt,stone*
"AJso several angular fragments of dense ¡¡hite cherb, one
of r¡hich shows a dark brovrn eenter" The white eolor
appears to be due to weatheríng of originalïy brcn¡nr
chert fragments, Calstan Hargrave Prov. I5-16-LL-27
at as{is feet" (X f)

Lower Ànraranth" Characterlstic irregular to rounded incl-
usions or fragments of crystalline anhydrite in dark reddish
brorn'n siltstone' The anhydrite fragnents tend to occur in
bancls and lenses" Calstan Tilston ProV. 5-lZ-5-Zg well at
.-.',ìì,i feet. (x f ¡

Fig" 12"



Fig* 13. Sandy band in T,ower Amaranth showing the assoclation of
coarse, relL roi:nded and frosted sand gra-ins, rornded
fragments of anhydrite, ard angula.r fragments of dolonrite.
The band shor¡¡s consid.erable inelination to the coreô
Pascar Hr:nt 10-9-I-2T rekl at 3208 feet. (X 1)

Sandy bsrd in lower Amaralth* Upper Llghter colored part
is anhydritic. Iower part is darker colored, fj-ner
grained, dolonitie¡ and n o*si:pronornced slump or flcrw-
age strrretureo Calstanr Waskada 9-13-A-26 well at 3013
feet. (x 1)

I age I4o



Fi-g, 15, Charaeteristle sandy bands in the lo,wer .Auarærth sholring
the good rounding and spherleit¡. of the larger sand grarins,
and the poor sorting. Sarnple (¿) fro¡r Calstan CreekiiAe
ntitehell ]O1lf-9{7 ; (e) frora CaLstan'i,Iaskada 9-13-l--26 :(C) fro¡n Calstan E¡ra¡t prov" h-f[-g-Zg" (X 1!, plaln lieÉt)

,.,-iii

,.,':.

fl.'
j



Fig" 16 Sandy band in Lower *naranth siltstone. The perfectly fresh,
rn¡eII rounded grain in the center is Albite-Oligoc1ase feld-
spar" To the left is an equally re11. rounded feldspar grain
that has been aLmost eompletely weathered to Kaolinite etc"
Calstan Tilston Provo 5-32*5-29 " (X 20, erossed nicols)

$andy Lower .&u¡aranth'rnith large well round.ed. quar-bz,
spar, and ehert, grains* Sand. and. silt are föJating
matrix of elEa¡r :er-yÈtàlline enhyd.rite* pascar Hunt
1o*g-l--2ï ., (r r5; ,plain liehr)

l ç -I-Lt-Fig" 17.
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Fig* 18" I,ov,rer Amareth siltstone shcming pronounced slunping or
flowage strr:.ctu:e. The darlc laninations are argillaceous
material, Note the variation i-n grain size from fine silt
to mediun sandn Grain in botton right is weathered" feldspar"
Calstan lffaskada 9-13-1-26. (X 1!, pla.in lieht)

Iswer Arnaraùth siltstone. The grain shape varies frcun an-
gu1_ar to subroi:nded, wfth some smal1 grains shovring very
good rounding. .The thi.n lath-like flakes are Museovite. The
matrix is argLl-Iåceous and. dolomitic. Calstan ifaskad.a
9.-13-A-26" [X 60r::p1ain light)

Fig" 19.
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(a) (n)

Fig" 20* T,ower Anaranth. ' Itrcl-usions or fragme@s of elean crystalline
arùryd.rite in coarse sitrtstone mat'rixo The siltstone is quite
elearr with littLe ássociated. argillaeeous materj-al-' The

eenent of the si-l-tsÈone is predominantþ anhydrite, 'with
sone dolomiteo ïtTote,:bhe fine banding of dark r¡:"1nerals and
argil.laeeous nateri.a-l in-(C). Sa.urples (a) and (c) rroro
Calstan Waskada 9-13*1-26 ; (B) from Calstan Creekside
Iûitchelt '1:0*32-9*2?" (X 1!, plain lieht)
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Fig. 21. Breccia barid near the base of the Lcftver Arnaranth* Iight
gray angular fragments of dolomite in a lnght greenísh-
gray to reddish matrjx of dolon:itic argilfaceous sil-tst,one.
Sampl-e from CanadÍan Ðevonian Creekside Mitchell l-0-32-9-27
well at ?3TA feei. (X t)

Breccia band nearthe base of the l,olver .Arrnaranth with large
splintery fragnents of f-ight grayto mottled dense dolomite
up to 3rr in diameter, and abundant large round.ed fragments
of anhydrite, Sanple from Calstan Hargrave Ðrov* 1ç-J:6-LL4.7
r¡eI1 at 2372 feet- (X f)

Fig, 22.



- 
L\t-ì 

-

of fibrous secondary g)¡psumr and final-Iy to massive r ed-

shale r,¡r'th no '¡L^ ^-^J'ttional zone of red shafe shoi;åJPÐ ull e rllv óI eqe

with gypsum is probably a secondary feature associated with the

hydlation of the anhydrite b)'surface solutions. Electric logs

indicate that the contact betr,¡een the Loirer and llidd.l-e Amaranth

in other rdells is sharp, though there may be a slight inter-

banding of red shal-e and anhydrite at the contact,

The basal contact of the l,ower Anaranth may be sharp

r¡ith litì;le or no eviclence of unconforrrrity, a s in the Pascar

Hunt r.¡ell and the Ârnaranth test holer r¡rhere there are few breccia

fraprnenis of the r:nderlvinø st,rata in ihe l.maranth. The con-

tact may al so be gradational through a breccia or detrital zone

consisting primarily of fragments of the underlying strata in a

r,æ.trix of siltstone and anhydrite, grading to l-imestone or dolo-

mite shot ro-ith anhycirite and. sj-ltstone along fractures" The

lfiniota we]-l sho¡^rs such a detrital zone at the base of the Lower

Amara.nth,

Distribution and Thickness -- The cÌistribution and thickness

of the Lower Amaranth are shor,rn on the isopach map (Plate 3),

The distribution pattern of the Lor,rer Amaranth is sjmilar to

that of the overlying Jurassic strata, except that it erbends some-

rihat farther to the northwest beíore it is tmncated by erosion*

There is also a north-south trending area along the Saskatchewan
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INSOLUB],E RESDUE AXIA],YSES #'

hle11

Calstan laly 15-18

Sample No. l-n2
lìa -ì 

^¿ ¡ * 't.I^ ^+ T\^ Iv@rÐuer¡ ,uoou uo.y B-2)

Sample No. I
,'¿
I3
tl lr\5

f¡(Sar,rple probably

Calstan Eward Provj¡ce J+-IL

Cored Interval- lnlei ohf. nez' noni.

(2q12-2q17\

l3

(2658-2668)

l^

3B
JÕ
LtT

from Middte Bakken)

(2899-2909)

Sanrple No " 1\2
ttâtr f

ll lr
t!5
il6
rtB
| 9'rl l-0
T11

(Sanple probably from Middle Bakken)

Note¡ Most of the samples originalty believed to be Lyleton
have subseeuently been proved to be Middle Bakken, but
they are nevertheless included Ín the above tab1e.

Sample numbers run from top to botton, and are evenl-y
spaced over the cored interval"

6T

"^li4I
JI

¿4
oÕ

1+B

¿o
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1r{e11

Cal-sÌ;an Cruickshank 1l+-)+

Sample No " l-\2
lt 3
ll )rn5
1'6
il7

Cored Intervaf !r"igþ!_ggl_"""t

( >zcn-ct>t\
'tLt/

ln

4)
lltttl

2v
rî5t

( Upper sarnples are probably from the }liddfe
Ba.kken, but the bottom two sanrples are either
Loruer BaÌ<ken or Upper T,yletòn)

Calstan t¡troodnorth Province 5-l-B Q662-2672)

t-(Sanpl-e

' ll¡
P2çr2T Hlrnl. ã I.+qLLV lT L

Srmnl a

t(̂Sanrples from Lor'¡er

Calstan E-nrar'ì; Province Ì+-ili

Sample No" 1

Sample No. 1

il2
tÎ 3
t! )r

11 5r1 6
il7

lA ¿(Sanrples 1 - 5 are lotüer
¡r-e TÏnnar. 1.'fì seÍ eqinni:n)

ü2
il3
tt )r

nrolrnh'lw frorn laiddle Bakken)

(]zoo-lzl-l)

Amaranth)

(z5zt -25s5)

rÁ
1ù
t^

Lz

?1

72

'7^tv

1r

No. I
,,¿

rrì, +,:>
ttL

66
7T
oo
1+B

\z
-LO
2ll

Amaranth. Samples 6 and
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f ^ . \ -¿ - /L;AISIAn riargrave (.t,rovt_nce/ l.)-Io

c^*--r^ No. 1uéltIP¿g n2
rl 3
ll Jr,r5
"o,r7
IB
,tg
l' 10

fa(Sample s from Upper or lfiddfe
zone" Only minor red shales
breccia throughout)

Ca.lsta:r Ell<horn 7-8.4.

Sample No, 1
r2
rr3

f^(Samples from iower Amaranth)

Anaranth Gypsum Mine, Amaranth Manitoba

Sarnple No. l-

(Sample from Lower Amaranth)

Canaùian Devon-ian Creekside Mitchell #1

Sample No" 1
a

)
1+

(Samples from Lor¡er Ämarani;h)

Calstan lrt-aslcada L6-I3

Sample No" 1\2

Corecl ïnterval l¡Iai sht no'r nont

(ùt92-25ro)

20
X

¿

l+r
R

ôOal)

ô1.

J'
?n

Ameranth - enri detrital
at base " Pronounced-

(zl:-t.:z-sll)

77
7Rrv
zAIv

78

(2993-3026)

oo

Bl+

22
/tl

(Samp1es from Lower Amaranth)
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border, in the northern part of the map area, where Lower

Amaranth beds are thj¡ or absen-r,. Throushout the rest of the

area, the l,or,¡er Amaranth ranges in thiclmess from a few feet

up to one hund:'ed and fifty feet. The thickness is surpri-sing-
'l¡¡ rrni f n¡- nnn5içlp¡i np' i,hat i,he LOr,¡ef A,mai"anth -,^ras denosi t,erìur ju !vrler 5r1t!4¿ @It ull taeJ uçIJwÐa uvu

on a profounC pre-Jurassic erosion surface"

There are ser,¡eral areas l,ihere the Lo.¡.¡er .{maranilr is
exceptionallv thj-n. One is a broad poor.ly defj-ned. area near

l,rlawanesa that appears to exteird to t,he nor.'bh-'rest, trending

approxima"tely paralrel to the erosi onal edge of the llississippian

strata" Along this trend ihe Lor,'er Amaranth is generally less

than'bwen'r,y feet thick, and Ís absent in some i^rell_s" This trend

cannot be traced acci::'atel-y to the southeastowirrg to the lack of

subsurface conirol"

The second unusu_ally thin area trends north-south through

the Daly - virden district. rt constitutes the southern exten-

sion of ihe previously mentioned area al-ong ihe saskatcher,ran bor-

der where the Lower Amaranth is nrissing"

The Lor+er Arnaranth thins tor.¡ard.s the north in the Grand-

'¡iew wells, and the entire Jurassic section pinches out betr,¡een

Grandvierv and the Slran River area, where cre'i;aceous strata rest

direc'i;}y on Ðevonian rocks. The r,,rríter noticed- a íew pieces of

red si lf,stone - rronf,:ininø rorln¡lprì frn-*-^ ---.1 ^rainq n¡¡o¡'ltr-i¡nv vrf uq¿jrlró a vqrrugu I¿ vù uçu ùdrtu 6r o.¿1¡Ð, v vEr IJ II1Ë

the Devonian in the Srnran River we]l, indicating that a few feet of

f,ower Amaranth may be pnesent ín this aTeaø
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No attenpt was maCe to indicate on the isopach

rep the thicianess of the Lolær Amaranth in the area of ihe

California Standard Hartney 16-T we1l, because it may be

either absent, or more than eight hundred feet thick, d.epen-

ding on the interp:"etation of the subsurface d.a'ba.

Hartney appears to be r,¡el-l within the area of lvlissis-

sippian suboutcropr as far as can be deternined fron the latest

subsurface data, and a thickness of about four hundred feet

of l{ississippian strata woul-d be expected in this r,¡e1l on the

basis of the isopach trends shor.¡n by Zaborniak (f9t5). Iiis-

sissippian strata, ho-,rever, are completely missing in 'bhis

we]l, as are appro¡Ímately four hundred feet of upper Devonian

beds, and in their place is seven to eight hundred feet of

variegated green and grey shal-e, with minor sandstone and

linestone, resting directly on Devonian rocks. These shales

have no lithologie sjmil-arity to the l,ower Amaranth red bed.s,

but their possible stratigraphie rel-ationships to the Arnaranth

i.¡ill be discussed in a later secti_on,

Paleogeolog-v - The Lower" -åfle.ranirh lj-es unconfonnably on a pre-

doninantl-y limestone ser.ruence, which ranges in age from middle

Mississippian Charles j¡r extreme southwestern lvianitoba to middle

Ðevonian at "i;he northeastern erosj-onal edge of the Ämara.nth

(Plate l+) " Beds of progressilrsl¡r younger age occur to the south-

iriest, ior¡ard.s the center of the -l^iil-ris'bon Bash, r¡here an essen-

tially complete stratigraphic section from Devonian to Jurassic

is present.
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9"ryp"rt@ogy of the þwel Amaranth T¡lith Underlying

Strata -- The Charl-es formation. from its occurrence in the

'lViaK¡-'a lTn 'ì r.ra'] "l i - a--^-f in-ì -ì r¡ r rad harì rrnì* nn-oi c{.ina aflrul\d6UU rlUo I trg-Lf,t JÞ çÞÞUlrUIéIr.Y é i çu uEu ul¡JU UvIlÐJù UI116 Uf

red to maroon shales, dolomitic shales, and massive bedded anhy-

drite, il contrast tc the red silstone, sandstones and- minore

patchy anhydrite of the Lor¡er Amaranth. The two are quite

easily distinguished in core and samples, but are quite diffi-

cult to distinguish in electric logs. The Charles in most

wells shows a higher resistivity value than does the Lolrer

Amaran'Uh because oí its higher conteni of a-nhydrite.(Pl-ate 6) .

The Charle s is of very J-imi-ued occurrence in Manitobau

and is found only in the extreme southr^restern part of the

provínce" The erosional eoge of the Cha::les is likely to be

irregular, asr it is believed to be in part a lateral or facies

equivalen'r, of the I{ission Canyon formation" The Char'les -

Mission Canyon contact thus appears to move up and dor¡n in the

sectj-on, and consequently the erosional edge of the Charles

ca.nnot be easily pred-icted"

Stru.ctures present in the l{ississippian strata also

cause irregularities j-n the erosional edge and in the thiclcness

of the Charles, as in the l,riaskacla area. These irregularities

cou-lc! cau-se coruelation diJficult'ies r,¡ith the Charles and the

l,or,ier Amaran'Lh l¡here the trEo a::e in erosional contact.
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Mission Can.yon beds are primarily liSht buff, oolitic,

fossil-ifer.ous-fragmental limestones, and with the exception of

the thin shal-e and anhvd¡ite band of the MG-2 could not be con-

fused with the red shale and sj-l-tstone of the Lower Amaranth"

The MC-2 is lithologically somewhat siniila.r to the Lor^rer

Amaranth, but lacks the characteristic red col-oration and

high silt content"

The l,o4gs!eþ formation is primarily a mottled reddish

to purplísh-grey, argillaceous, cherty limestone, containing

varvinp' amorrnts of crinoída]- debrÍs. It contains several beds

of red argillaceous U-mestone th¿.t are siniilar in appearance

to the f,oin¡er Amaranth and have been j¡correctly id-entified as

Amaranth in areas where the tr^lo are in erosional conta.ct "

T'he Lodgepole red beds, hor¡ret¡er: are much more calcareous and

rmrch less silty tha.n the Lower Ama.ranth, and do not contain

appreciable anhydrite "

The Mississippian Bakken fornation consists of three

memberse an upper bl-ack shale, a middl-e ¡pa¡,' síltstone or

sands-bone, æd a lor^rer black shale" The silt member frequent-

"lr¡ nnn*.ri nq r1-rlrn j¡¡nt rollnjr.fl - froste j senfl ørai ns - :s dnrrs the!7 vvr¡ua!:IÐ svu¡lUGll: vqlluçu, I¿ vouvu UarIv Ëjt

Lower Amaranth, but it can usually be distinguished froni the

Ama-ranth by its grey color, and b.-,' the presence of ';''. ,-, ' .'

The L¡wer Amaranth d-i:'ectl:f overlies the Lt¡leton red
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bed.s in a narrow band peripheral to ihe erosional edge of the

Mississippian. This is ïreII shor,,rn in the Imperial 3irtle 'dell,

and ì;he Dome Algalhlell. In the lat-ter, a neårl-y complete

section of Lyleton is plesent directly belor^r the Amarairth, but,

in the Birtle t^rell, all- but a fel'r feet of the Llrleton have been

eroded. It is not possible to distinguish betr,¡een the J,o1'rer

Amaranth and. the Lyleton in electric logs, but the approxjmate

coniact can be picked from the well cutti-ngs in both r¡ells.

Tha most innortent character'Ístic in distinguishing bett^leen ì;he

two units is the l-ack of sand and sitt in the Lvleton formation"

(For a detaiLed comparison of the Lotver Amaranth and L¡rlst6n

-^ Á,R \ùsc P4äE vw / o

The ol-dest strata knornm to be overlain by ihe }¡raranth

are Devonian limestones and dolostones, rrith minor shales and

evaporites" There are at least two wel-l defined beds of red

argill-aceous l-imestone in the Ðevonian, the rFjrst Redr¡ and

the rsecond. Redt , that could be confused with the Lor'rer Ámar-

anth r,¡here the two are in erosional contact" The Devonian red

beds, honever, are argillaceous limestones in contrast to the

d.olomitic siltstcnes and sandstones of the Lo'.¡er Amaranth" A

reddish, argillaceous hmestone occurs a felü feet belot+ the

Amaranth-Devonian contac'u in the Amaranth test hole, and may

correspond to one of the Devonian red beds"
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The Amaranth may have rested on Ordo.¡ician or Silur-

ian strata to the east, but subsequent erosion has reduced the

areal extent of the lower Amaranth to its present limits"
The Amaranth undoubtedly extended much farther to the east at
one time, as the Lor^ier Amaranth isopach sho.¡.rs only a slight
thinning in this d.irection" The anhydrite deposit at G¡rpsum-

vil-l-e may possibly be an outl_ier oí Amaranth lying directly
on Si-lurian stra-ra"

The pareogeographic map (eta-te l+) shows the formations

direcily underllring the .&maranth ancl ind.icates those conÌ;aini¡g

red beds that might be confused r,¡ith the Lower Amaranth rrhere

the tr¡¡o are in contact.
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CIJAPTER IV

CO'YIPARISON OF THE A}{ARANTH Ai{D T,YLETON FOP.MATTONS

Both the l,ower Amaranth and the Lyleton are pre-

dorninanÌ,ly red beds, but they differ considerably Ín litholory,
and can generally be di stinguished in i^rell cuttinss and. core

samples "

The r,or^¡er Amaranth contaíns abundant silt and medium

to coarse, well rounded, frosted, and pitted sand grains¡ es-

pecially towards the base of the unit. rn contrast the Lrrfeton

consists of shale and argill-aceous d.oronrite, and contains no

appreciable sand or silt in any of the specimens examined.

The T,Srleton is considerably more dolomitic in general

than the Lorrcr .A,maranth, The Lyreton grad.es to an only slightly
argillaceous dolomite in some bands, whereas the Lolrer Amaranthr in
almost all samples analysed, consists predomi-irantly of sand, silt,

shale, and anhvdrite.

The Lyleton contajns more green colored sediments to-
r.rards the top than does the T,or^¡er Amaranth. l,II cored. sections

of Lyleton examined by ',,he -'¡¡:riter shor¿ some green shale overrying

the red beds, but none of the f,ower Amarani;h cores show signi-

ficant amounts of green shale, although awer (t953) and others

have reported minor green shales in the upper part of the l,ower
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Amaranth. the green shale in the upper L)'leton is conrmonly

Pyritic "

No anhyC.rite was found ll any of the Lyleton samples

examined b)r the l,rri-ter, whereas the Lower Amaranth contaj¡s

abundanì; associated- anhydrite in the southrrest part of the map

area. The anhydrite content of the Lolær Anarani;h however de-

creases tol,rards the northeast, and no adrydrite was found in the

lorver nart of l,he red bed sectj-on in the Amaranth test hol-e"

No breccia zone is present at the base of the Lyleton,

bu'u the basal Lower Amaranth in many places shows a very pro-

nounced breccia zone, as j:r the Creekside }Íj-tchel-l and Hargrave

- f- . 
^a\Province wel-l-s (Figs. 2I and 22) " Honever, in some wefls such

as Pascar ilunt there is no breccia zone at the base of the Amar-

anth"

Tha nrlsilion in sequence of the T,yleton and Lor.'rer

Anaranth is al-so very different. In the map area both are under-

l¡in hr¡ dn'lnmiLin nr ¡nhr¡¡lritin lìmeqfnnaq Ìrri i.ha T¡rlof.n'n iqUlIv !J

overlain by the blaek shales and siltstones of the Bakken forma-

tion, whereas the Loirer Amaranth is af'¡ays overlain by rhe upper

Ámaranth evaporites and carbonates, except along ihe erosiona]

edge.

Though the Lyleton and the Lor'rer Amaranth are quite

easily distinguished from each oiher by the above characteristics,
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the Lor'ler ,,{maranth does s}ror'¡ some phases ihat are almos+, id-en-

tical to the L¡rletoir, The upper part of the I,oi.¡er Amaranth is

predominantly a red shale wÍth littl-e associated sand or silt"

and is lithologically similar. to the Lyleton, though usual-Iy

less dolomitic" Also¡ the sand and silt content of the Lor¡er

Amaranth apparently decreases in the northeastern part of the

map arear a s in the Amaranth test hole, r,ihere the sancl and

silt content is relativel;r low and the lithology of the l,ower

Amaranth differs l-ittIe from the typical L;¡leton I ithologye

though even here it is less dolomitic, and more silty,
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CT],APTER V

TNTERPRBTATI\¡E STNATIGRAPI]T OF TFIE LT].ETCI\I F'OR}{ATIC}I

Envjronment of Deposition -- \rery rittle informatj-on is avail-

abl-e for use j¡ deterrni¡ring the conditions under which the l,yle-

ton was deposited, therefore the folJ-owing interpretations are

only tentative"

The i,,rriter l¡eIi_eves that the Lvleton in Manitoba is
probably primarily of shal-low water marine origín, though the

lower part of the unit rnay be in part non-marine terrestrial.
especially to',¡ards the east" The cores from the scallion and

I'fax Lake rr,iells, and cuttings from other i^rells shor^r thai; the car-

bonate content ís ccnsiderably greater in ihe rnrestern part of the

map area, and the dolomite bands in the Scal-l-ion core are definite

indicai;ionthai at least a part of the Lyleton is of marine origin"

The shal-l-or'r water nature of the s eùiments is shor^m by

the presence of ùhe coarse intraformational breccias. as in ihe

scallion core, and possibly by the very finely band.ed and cross-

bedded shales and. dolomites found inthe j,rrèst Daly g-zg, ß-zg^
10-28 I"lH{)e and Er,¡art province )+-il+, (l+-fL-A-ZB l,ætt¡, wel1s

(¡'ig" 5) " No simi-lar finely l-aminated, stru-ctures Ì{ere observed

in either the scallion or i'tax Lake wells, and it is possibfe that

the Daly and Er¡rart cores are actual-l-y from the Balçken rather than

fnnn *ho T¡r'la*nn!.y !v v vrf e
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The red colo'ation of th.e sediments in the lor^rer. part

^¡ !L^ r*-r ^+^* inclicetes ripi¡osition in an oxidizins environmrrntur Ulrç !,V_L\i UUtI lruru@ uçÐ uçpvùa iJIO-tl lfl an OXJ-O].!_--o

or at l-east removal before d-eposition of all reducing materj-al

such as organic matter. Preservation of red coloration j-n such

a thin uniform sheet of sediments woul-d most easily occur in a

terrestrial- or transitional- environment, and some of the red

shales especia'lly in the east,ern part of the are¿. may have

been deposited under such conditions, but r,¡here the Lyreton is
in part a dolomite or highry dolomitic shale, as in the i,¡estern

part of the map area, it must be of marine origin"

The gradation from red shales and dolomites at the base,

to purplish-gre¡', drab, and greenish grey sedi_rnents with con-

siderable pyrite in the upper part of the Lyleton j-ndicates a

alrq--a i- na*'ì'i+,ions from sha.llor,¡ marine oxidizinø to nroheb'lrr¿¡r vv¡¡ur urvrrÐ J¡ vlu Ð¡te.f,Ivt¡J ltLdf -LIIc: \J¡.ILL-LZl_--ö -_ r^ _**-*.)

marine, partly restricted or stagnant red-ucing conc,:i-r,ions"

Thc nolnr'is nrnh¡h-ì rr c.nni-.rn-i lod hrr t,hp lnn¡l anrri¡nnmanf r¡hi¡lrvvcrvrJ vv¡r ur v¿rçu v.y urru !vuG! çl1v !r vlllttçltu, wIrJw¡r

would accor-r-ni for the erratic occurrence of the red-sreen shale

contact in the section"

The presence of consj_derable pyrite in the green shale

is somel"¡hat unusual, as p¡'rite is most commonly associated hrith

black shales rich 1n organic natter (fetti¡oiin, Ig\g). The

appearence of ihe green p;yritic shale in ¿he section appear.s to

foreshador,r the l,iidespread estabU-shmeni; of marine euxinic cond.i-

tions at i;he start of ltlississippian iime, driring r.rhich the highly
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radioactive, conodont-bearing black shal-es of

Exshal¡ nere deposited.

Bakken or

S.ource Area - The increase in arsill-aceous content to the

east indicates an eastern source for the clastic materiat (as

suggested b)'Bail-lieu L953), and the fairly pronounced thin-

ning of the Lyleton to the east suggests that the depositional

edge of the Lyleton 'h¡as not too far east of the present ero-

sional edge.

The scarcity of coarse cl-astíc material, such as

sand or silt inrlicates a 1or.¡ lying source area for the Lyleton

sediments. The l,ocks of the source area lrere probably seclimen-

tary, in contrast to the predominantly ígneous-metarnorphic

solrrce area for the Lo¡rer .{maranth sedjments (p"g" 93 ) " The

uriter does not believe that the Precambrian Shield was exposed

to the east during Lyleton time, hor,;ever, the sand ancl- sil-t zones

of the Bakken inoicate an influx of coarse cl-astic detritus irnmedi-

atel¡r after Lyleton time. The r^rriter r^ras not able to do anv

detailed l.iork to deterrni¡e the nature or the source area of these

sands and silts,

It is possible that the relaiionships between the

T,t¡let,on rnrì l-.ha R¡ì¡Þan mçr¡ Ìra m^Fê ^mn1 in¡*aÄ *l-r¡n ¡t ^¡o-^-isrrg urre !a!!n-9r¡ illc.y vv Illvl ç vvllIPlJUdUçu Ulldlf éU pa çÞc;I1tr

believed, and the two fornations may bear in part a lateral- or

facies relationship to each other, however, the writer was not
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able to find any dírect evidence to s'-rppo:"t this idea. Because

af *.'na h?^h^rr-ñ^ed VafiatiOn in l.i*.hnì nm- in *tra Bekl<en_Lwlef,onv qr !s u!v¡t Jrl aJUIIvfvxv Jll ullc _*----_

i-nterval, and the difficul-ty in picking the contact between

the t¡ro uni-bs, except in local areas where the Bakken shor,¡s the

ideal- three fold development, it mav eventuarly become neces-

sary to re-defi:re the units or to combine both units into one

stra'uigraphic unit of varÍable lithology"

Recent l4ississippian cor'elations indicate that the

lov¡er part of the Lodgepole formation d-eve1ops, in some areas

such as Routled"ge and lfax Iake, a bfack shale and siltstone
facÍes very simi-Iar to the black shares of the Bakken. As the

Balrlcen and Lyletcn are also cl-osely related, with no erosional

break between ihem, it seems possibre that the upper Lyleton

could a] so shor^¡ a partial facies rel_ai; j-onship with the Bakken"

The l4iddre Bald<en siltsbone is und-erlain either bv

rlower Bakkenf bLack shale, rlyletont red. shal-e, or rlyletcnt

green p¡a'itic shale, and it may be that al-l- three are facies

equivarents of the same unit" The Micldle and upper Bakken,

however, seem to be s eparate, relativel¡, continuou-s stratigraphic

uaits "

Lyleton time iias appareirtly one of tectonic euiesence,

as the Lyleton isopach shows no pronounced variations aside fronr

the more or less uniform thj_ckening i;o the west"
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CHITPTER VÏ

AGE ANTD CONRE],ATICN OF TI{E T,Yï-ETON TOR}'iATION

The Lyleton formation is easily correlated through-

out the southrvestern part of the map-area b]' efectric and radio-

6^+.r-.; +-- r ^^^ ^--r '^-- -.^r'r ^ô*'*r es. f i, consisis of an assem-dl; UIV I L/J JUBÞ 9 dILu' tJ.y wsJI ù4rrilr¿

blage of green and red shales, dolomitic shales, and dolomite

occurring between knol¡n Mississippian and knol¡n Devonian strata.

The Lyleton occurs only in the area i^¡here it has been protected

ftnm nro-Am:¡r'¡nf.h orosion 'l-x¡ Ìti'ì ssissinnian strat^ --i ¿L Lr^^
e v- * -d t l\J I Ull Ullç

cx,cepiion of a thin peripheral band imrnediately to ihe east of

the erosional edge of i;he l'Íississip'oian .'rhere the Lyleton is

direetlrr overlein hrr Lhe T,or^rer Anaranth beds.ullçvv¡J vvvrtG!r vJ

The Lyleton occupi-es a stratigraphic position similar

to tf,re red bed.s of the Three Forks formation in l'iontana-, and

has been correlated r,J-ith this unit by some workers. However,

accord.ing 'r,o W. ti. l,aird (personal communication) the Three

Forks is onJ¡r partiatty equivalent 'r,o the Lyleton. The Three

Forks is also the íacies equ-ivalent of some of the Upper Devonian

carbonates that underlie the Lyleton in the idiltiston Basin areAo

ancl consequently ihe T,yleton is equiva.lent only -uo '¿he uoper part

of the Three Forks forrnation. The l-atter is bel-ieved to be Upper

Devonian in age.

No fossils have vet been recovered from the Lyleì;on

formation, so i'bs age cannoi; be determined- directly. Horiever,
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recent paleontologic erridence indicates that the Lor.rer Bakken

contains a fauna sho-,..dng both }fissi ssippian a.ncl Devonian

affinibies, and is either lai;est Devonian or earliest ìlississi-
pPian in age. The unCerlying L)'feton formation would hence

probabry be upper Devonian i-n age as i¡cLicated. by Baillie (rgfi) 
"

To the south and west of tìre map-area, the Lyleton

shows pronounced l-ateral- facj-es changes. Carbonaies are abi:¡rclant

to the south in North Dako-r,a, anc grade to predoninantly anh¡r-

drite in the Potlach evaporiie basin in southern saska'bchewan

lBaill¡"- lq(?1. These r¡nid li*.hnlnr:in ¡tr¡n-oq måkr- recrinn¡'lt L/ )J / 6 r¡ruùu r o!/lu J-L UIiUIUij_Lç UI1dll8e:L

c ori'el-ations erbre¡1sf.¡ dj_fficult 
"

The rn¡riter believes that the ternr Lyleton should be

retained, at l-east in the map-area where ihe unit maintains

essentj-ally the sa¡re lithologic cha.ra.cteristics, To the south

and r,¡est of the map-areae r,¡here the Lyleton equi-valenis shol¡

markedly different tithologic characteristics and thicknessc

different formationar names such as the pottach Evapori.bes.

ancl the Three Forks should be applied, and an er.bitrary cutoff

made betireen the partially time equivalent bu-t lithologically
different units 

"
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CIIAPTER I/II

IJ\TTIIF-PRE?ATIVB STRATTGRAFTIY OF THE I,OT.,JER A}ARANTH

Isopach - The Amaranth formation

pre-Amarairth erosion surface" A¡

deposited on a profound

northeaster.n l_imit of the

Amaranth outcrop a thousand feet or more of Ðevonian and. j'lissis-

Sinnien I imcsi.nne h:r¡r. nroh:hl:r lroan o¡adorl ]-,,lÐlyrv¿q¡¡ ¿!!trçÈ vvlre ¡rsv u yr vvavrJ vvv¡r vuü â neaf pene_

plain surface must have been devetroped because the thin Lor,^¡er

Amaranth deposits are almost everynihere present on this erosion

surface' The maximum rocal relief could noi have exceeded about

three hundred feet, and throughout r,rost of the area Tras verrr

¡mch less, as shor"rn by the thin and fair}./ uniforrn Lower.A.mara¡th

isopach (Pb.te 3)"

One factor that may possibly result in emphasizing the

vaz'iation in thickness of the T,ov¡er Amaranth is +,hat most oi1

wel-ls are drilfed on seismic anomaries" The principal horizon

that is studied in seismic explorabion is-i;he top of the l'lissis-

sippian strata, thai is, the pre-Amaranth erosion sirrface, con-

sequently an]¡ ranomariesl on thi-s erosion si-irface wil_l be associa-

ted with ranomaliesr in the Lower,A.maranth red beds rvhich were

deposited on this zurface, Thus it is to be expected that inforrna*

tion obtained from such oil lvell-s will not be truly representative

of the Lorver Amaranth, either for isopach or lithoì-ogic data.

+1^^UIIE



The thj-clcress of the Lorver Amar.anth may be even more uniforrn

l.h:n qrroryooi,ed in i;he iSOpaCh map"Ébbvv v¡rv frvyev¡r ¡¡le.lJo

The variations in thicicness shor¡m in the isopach

fiìê-Ð are nroh¡h-l w â rcsrrlf, nf t.onocr:nhin ir..r.oør l¡r.i*.ioq nn .l-L^s I 9u !,é U vI s_vif r\/ !¿ ¡ vqqrqr ! UlU J vr¡ UlLe

pre-Á.maranth erosion surface conirol-led by one or more of the

followirrg faciors:
/ã \(1) Normal erosion fea'r,ures.

/^\l2) Stratigraphicall.¡ control-led erosional features,

/el a+\) ) DUructu.rall;r or tectonicalh- controlled topographic

features.
/t \(¿+) local_ environrnent of deposition,

' Nornal- Erosional Features '- such features includ,e stream val-

J-eys and monadnocks" In areas where the strata underlying the

f,or,Jer Amaranth are fi-thologically uniform and show no unusual-

structural- features, the Lower llmaranth shows a very unlform

thickness i,¡ith l-ittre inciication of stream val-leys or monadnoei.s

on ihe erosion surface"

stratigrapþically control-l-ed Erosj-onar Feaiures -- such features

include cuestas and hogbaeks caused by differences in resistance

to weathering of adjacent strata"

The thinnine of the l,ower Âmaranth in a broad area

parallel to the erosional edge of the i'tississippian strata seems
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to have been stratigraphicalll' ss.¿roU-ed" The iviississippian

edge p::obably existed" as a broad, low, ri-dge-like area on the

pre-Amaranth erosi on sr:rface. f,ower Amaranth sedj¡nents are very

thin or absen'u over this ridge, and in a fen areas such as

I'¡Iawanesa t}:e relief of the ridge was sufficient to prevent de-

position of the Þliddle and Upper Amaranth as welI" In general,

however, the upper -åmaranth evaporites and carbonates are con-

tinuous across this ridge. -{s ihe Amaranth is missing at

1¡iar.ranesa and atiains a thickness of approximately 300 feet

jmmediately to the northeast of this area (flate 6) ttre rnaxi-

num rel-ief across this ridge must have been at }east, 300 feet"

This ridge-like feature is probably an erosional escarp-

ment or cuesta, It is asyrnmetrical as the red beds thin gradu-

ally towards erosional edge of the Ìvlississippian, and thicken

rapidly to a normal 100 to 150 feet j-m¡rediatety outside of the

area of l'fississippian rocks. The as¡rrnmetry is probably due to

undercu'"thg and erosion of the underl-¡-inE, wealcly resistant

Bakken and Lyleton forrnations,

Strqcturally or Tec-tonical-ly Controlled TopograA@ Jgatgfgg --

The structure of the underlying strata Ïras an important factor

in conbrollìng the thickness of the Lol.¡er -Àmaranl,h, especially

in the Dal¡r-t/i¡¿en area r,.¡hich is locaied on a nor-bh-south 'r,rend-

ing coniplex an'biclinal- structure along i+'nich the I'iississippian
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strata shor.'r consiolerable thinning, as sllo',rn by Ì;he liississippian
.i-^*^^t 

-^^ lq^t .^/1\!ùvycurr rrdlr \¿¿oorlliâk, L955) " The area musi have exisied as

: *.nnnæ¡nhio rjClp.e on t,he nrc-Ama1"anth efOSiOn .srlrf¡ee flllr.inrrp¡ u _f r¡tlqI st:ujj çI vùIvlt Ður I avw uut l¡tó

Amaran-bh time, as l,or,üer AmarantÌr beds are thin to absent,

The dating of ihe Dal). structure is quite difficuli;"

The r,'rriter believes thai; the structure is possibly a composite

of tectonism during lfississippian l,ime, and la'r,er limaranth or

immcdi pi.c'l r¡ nro-A-rrr n*h f ¡'l ¡li nr- -r' Ì,= "**-,,¿ .

According to Flening (personal cornmunication) the

erosional surface of the l'{ississippian is approxirnately parallel

to i,he crinoidal marker horizon in the iriississippian. If -rhe

TJa lr¡ sf,rlel'¡rre hed ex'ì siad nri or f,o eros-i nn - t,he l,Ti ssi ssi irni nr,

strata overlyjxg -,he marker horizon should show erosional thinn-

i:rg but -r,hey do not" Therefore, the folding must have taken

place subsequent to the major part of Ì;he pre-Arnaranth erosion

and is probably of Lor,rer Amaranth or Ímmediately pre-Lower

Amaranth age. Also, if the íolding had taken pla.ce beÍore the

nerìocl oi nr,¡-Am¡r¡nth apnqinir the erosion wou].d har¡e destrow-

ed or at least greatly reduced the topographie ex'oression of the

structu-re, and a normal- thiclaness of Lor,rer Anaranth red beds

Írould be present in the Dalv area"

The 'r,hinning of the l,lississippian strata in the DaIy

area, and bhe abundance of c.ri:oidal l-imestone ind-icaie ihe pos-
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sibility of milcj, relativel-y posiii_ve tectonism of ihis area

d'rri no l\'Ti cqi ccì¡¡j ân ',ìme - in rg]¿.r,iOn tO m6f e nep.aliVC t,,anrj-, lrr : ufs u¿vrr uv lllvf ç :!v€fu ur v v uvrru-

ancies of ihe surrou.ndinq areas.

1'. detailed stud-,r of more recent data, especi-ally of

the structure contou-r's of the overlying strata -ril] be neces-

sary before the structure can be more accurately ctated.

The area north of Daly, along the Saslcatchewan bord.er,

'"¡here no Lor.¡er Amara-nth sediments at arl- are present (elate 3) is
probably 'r,he north-T¡Iard extension of the ¡¿fr¡ anticl-j¡a1 stru-ctu-re.

Several ot,her small areas such as Tilston, l,,taskada,

Pierson, and irihiter.ra.ter shor¡ a stight thinn-ìn!: of ì;he Lorver

Amaranth over struciu::es in the underlyirrg iriississippian stra,ta,
Thoca hnr,rar¡arrrrÇÞs, rluwEvr:r', âIe Vefy minOf StfUCtUfal dOmeS in COmpari-SOn

to the Daly anticline.

Locp-l Llnvjronneni of Ðeposition variaiion in the environment

of depositíon ma;' also ha.¡e caused minor variat'ìons in ihe Ì;hick-

ness o.Í l,he Loi.rcr Amaranth but was probably important primarity

in clef,erminino f.ha eizp qnr*inn cn,ì n^hh^^i+-"'^r-t uçu'tr,MlrË L--- ---v, --- -',,i,, aflu- composrrl-olt of the secli-

monf.q donaqì f aÁ__* t_n a gl-ven area.

By t,he end- of Lor..¡s¡ Anaranth time most of the irregu-

larities on the Pre-Amara.nth erosion surface had been fill_ed in.
with the exception oÍ the area norih of Ðat1;, âfld a- few ísolated

areas such as 'riar.ranesa, r,¡hich pers'i sted_ as topograPhic highs
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*1¡¡n" ñÌ. ^ìì+ ^ 
*^,rr111 uu¡311uur, i{maranth time, and did noii undergo sedimentation

uniril_ l_ater Jurassic (Reston) tine.
Thp H¡rÈ.-ar¡ .Q*.'rrs 'r¿r urrcy or,r'r1 ciuf^ê -- one of the inost puzzling features of
the subsr:rface strai;igraphy of Manitoba is the s trai;igraprric

successÍon on the Hart'ey struct..:re" The tal_iiornia stanclard

Hartney L6-33 wer-r- was drifred on a pronounced- seisnic anomaly,

and passed directl-y frorn Jurassic shale inio l-levonian limestone

in an area where a four to fi'e hundred foot thiclmess of Mi ssÍs-
sippian strata 'hras expected on the basis of Mississippi-an iso-
pach trends" The pre-Creiaceous shales overl;rf¡g the Derronian

hmesi;ones âre about 9oo feet thicker than usual in this r,.ell,
and some upper Ðevonian bed.s as r^rell as the entire l,lississippian

section are missing. No bed.s r-ithologicalry similar to the

Amaranth are present.

seismic evidence indicates that the anomaly is confined

to an oval-shaped area less than one tornmsÌrip in extent, as shor¡rn

by Zabornialc (L955), and tirat the l{ississippian strata shor¡ a

slight dip anay from the Hartney area on alr sides. The nearby

East Hartnelr r¿sff shows what appears to be a normal sedimentary

sequence (ptate 6) 
"

The sedj-ments in the Hartney hole are primarily grey

to green varlegated share r^rith minor sandstone, anhydriie, and

limestone. The most unusual feature of the sediments is the extreme

contortion, folding, and brecciation" rncfinations of 1's¡f,,r¡ to
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fifty degrees are colnmon, slickensides are abunda.nt, and much of

the section appears to have undergone much disturbance and

brecciation" The Cal-stan Hartney 15-33 (16-Sl-5-2L t{pl,i),

Royal-ite-Triad East Hartney /11 (2-27-5-Zl+ rrnU; r arro Íadison

Lauder 1-19 (r-r9-5-2Lr hMP) i,relfs are at-l associated. i.rith the

Hartney structure though the latter two are peripheral- to the

structure 
"

In the Hartney r,reÌl, the only one with any cored section,

the brecciation and fol-ding appear to be confined to 'r,he strati-
graphic interval from Lower cretaceous to Lor.nrer Devonian, The

ilpper cretacæus strata correrate werl- across the riar"tney siruc-

ture, a:rd show no sign of deformation in any of the cored sec-

tions ' The basal cretaceous swan River sandstone al-so correla-

ted across the structure, but cores in this jnterval indicaì,e

some minor d-isturbance, ruhich may be either tectonic (faultfug),

or depositional (srumping)" The sediments below the cretaceous"

and, abo'¡e the .{shern cannot be correlated across the structure.

as is shor,m in the cross-seclion 1+-Ar. PÞte ó" IIo correl-a-

tion li-nes Ì,rere shornrn in the cross-section for those well_s in
t.hr. H:rf.nêrr erêe

There is definite evid-ence o.f faultins in the Laud-er

irell as the lower part of the þleton and upper part of the hÏisku

are renêâted- pt l-east Once and nos,sihlv three t,imes- ¡s shnr^rnqru pvuurvr./v uru çs UII!çÈ, 4Ð ùIMl!

in Plate ó, The thickness of the first repeated, section is
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â.l.ìnrôyimr+.êl 1r ÁÔt -i nrli no*i-- +1-- , ¿rruru@u'ró "rlat if ¿he oeds are ass'Jmed to

lra n¡i æi n¡'l -l -' É.1 ^.f l--* .^ - +L^ J-uË u1'rgrrlarry _réu rJ-Lrrói r,rrc uisplaCement along the fifSt

fault is at least 6ot, and since beds a:"e repeated. the faurt-

ing is of the reverse t)'lpe. The Bakken íorniaiion in the East

i{artne;' wel-} also appears to shor,¡ slirht faul-bing and repetition"

fn i;he more or less uniform carbonazes of the l,fississippian and

j)evonian it is impossible to pick out any faulting from Ì,he

al on*¡i n -l nao l^rut the lack of cof.f el-ation bettn'eon np:rhr' ¡.rel 'l s .vrrv asv¡r v! vvr r graulull us utrvçll tLçdL Ð.:J vüEJ¿ù,

and ihe brecci-ated appearance ancl minor faulting shoT,.n in ihe

cores indicate that the carbonate units are al-so probablv faulted.

The structure a-ncl associaied. faulting appea.r to clie out

at depth, a.s 'r,he Ashern forrnation correl-ates verlr well from Hart-

ne]¡ to East Hartney" In the cross secrion (ptate 6) tne tr,io

lOpS have been lhrrnal fF^ñ *1ra rlicl-' Sn¡'lo znno and gXCe]-leniIt vttl utlu .- !r)r_ uv@¿9 avlrç,

mår"ker horizon at the base of ihe üpper Cretaceous. (Some sec-

-Ì,ion has been d-el-eted -from both i,¡ells due to the lack of space,

but the Ashern formation cÌoes actually correl-ate as sho'nrn, be-

ca-use the same arnount of section t.ras Celeted fronr both i,re lk ) "

Even the Ashern does not shoi.r quite the same ele ctric 1og

characteristics in l:oth rrrelfsr as i+ould be erçected for srrch

nearby locations, so the Ashern mev also be invofved- in ihe de-

forrnation l-rut, to a much lesser d.egree bhan the overlying strata.

It is possitrle that the decrease in deforrnation to¡uard.s i;he base

of the Devonian is only anparent, and is d-ue to the stru-ctu-re
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being inclineC to i;he direction of the bore ho1e, hornrever,

frorn the limited information available, the d-eformation appears

i;o be confined to i;he stratisraphic interval- from Lol,ær Cretace-

ous to Lolier Der¡onÍan"

/- number of unpublished- ideas have been proposecl to

explain the Hartney Hole" These ideas fall- into two types,

erosional, and iectonic" The most prevalent explanation at the

nresent time is nroh¡hlrr t,h:t, -t',þa Trrrtno¡r r.ra"l'l'.IaS dfilled neaf

the erosional edge of the iviississippia.n, and happened. to hit an

old ri'r¡er cânvcln in bhe }iississjr.nipn ocnrrnmonlo Thís inter-

nret,¡i,i on is shoi¡,rn in ihe l-oCati on of ihe edøe of the Ìíì ssi ssin-qre ¡rruùrorru

pian strata in Owerts report (L953), anC also in Sproulets map

(fg5l+), where the erosional edge of the i,iississippian is drar^¡n

f,hr.nroh 'j-,hp H:rf.narr r^rpl-l ^

The r,niter does not believe that this Ídea is correct.

I{ore recent subsurface d-ata give no jrrdication that Hartney is

near the erosional edge of the Mississippia.n stratae and no other

-niel I s hâ-¿e nenetraterj anv si mi I ar nÊ n\rôn - Sai stliC eVidenCe j-n-

dicates that the Hartney stru-ctu-re is confined to a limited

area as indicated by Zabornialc (f955), and is not a linear,

channel-like featu-re" Also, the rn'riter believes that, because

t,he nre-Ameranth surfa.ce was redrlr:cd to â nêâr nenen'ì¡in- t,he

entj-re area must have been close to erosion base level, and,

und-er such conditions a nine hundred foot deep river channel

coul-d not possibly have been fornled. The channel theory
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does not explain the comple>r structures shor,rn by i;he sedi-

nents in the Hartney i,,¡el_l_"

Tt has also been zu-ggested i;hat the l{artney struc-
i're is a solution phenomenon, a buried karst or sor.r_tion

cave, but, if i;he area,¡ras at erosion base l-evel as the rnrriier

believes, such a kars'r, topography could not have been d.ever-

oped, and moreover, sorution phenomena could not, accoun'r, for
the remor¡al of the iiakken a:rd Lyle'r,on shaly formations. irlo

othe' evidence for a. buried karst topogr.aprry has been found

an¡nvher:e in the area.

Fau-l'bing has arso been proposed to explain the Hart-

ney structure" The r^rriter, however, does not believe that
faulting alone is a satisfactorv exnlanetion_ ,

J e^ylslL@urvrlo lhe roughly

circula:: shape, the localized nature of ì;he phenomenon, and the

apparent lack of disturbance of the overlying and uncrerlying

strata do not seem to support this id.ea. Fautting r^roulcr-,

hor,rever, explain 'r,he conLprex structure and the brecciation j¡.

the Hartney section, and, as some far-rlting is definitely indica-
ted in the Lauder wefl_ this idea cannot be comptetely rejected"
Minor Pafeoz.oic or i,iesozoic faulting does occur in sone areas

of Manitoba such as the vir"den-Roselea field., ancl l{anrmen-l(aye

(T95Ð indicatecl considerable post-l.fississippian faulì;ing in
souihern saskatchewan, but no faulting of s,ch magnitud.e and

complexity has previously been found in south¡vestern l\ianitoba"
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The ',rriter beli.:ves that the Hartney structure may be

similar to the so-called cr'¡,rcto-volcanic structures ,r,hat are

found in the rn-idwestern united states, as shor"rir on the Tectonic

Ilap oÍ the united states, These structures are characterized.

l-¡¡¡ thc fol I nr,ri ns florl.rrnac o
",1 Iç4ULLf 9ù.

(1) compl-ex s:tructure ancÌ faultine j¡ the center of the

stru_cture, i.iith the sediments shor,¡ing steep dips"

These strnctures appar.ently die out at dep.r,h.

;¡a\(2.) adjacent strata d-ip gently ar.ra.¡ from the structure

on all- sides.
/a\(f ) the structu-re is roughly circular to oval-shaped,

and slightly asymmetrieal.

/t \(tr,) overlying strata may shol.r consid_erabl_e thickening

over the stru,cture"

The Hartney Strri cture shov¡s all of the above charac-

teristicso Ho"Jever, if it is a crlpto-r¡olcanic structu.re,

the origin of the structure is still uncertain.r âs., accorCing

to current hypothesesi crJæto-volcanic structures may have been

formed either b]'neteor impact or bv gaseous volcanic explosions,

h^+ ^ââ^-^¡*-i ^J 1--- *^^*^+.: ^*t¡vu évvvlllyallIçu U-v l{l4Èj1lléUIÞl¡Lo

The age of the pre-Cretaceous shales in the líartnev

16-33 well- is r,',ncertaj¡, and different ages can be proposed

depending on the presuned age and origil of the structure,.

The writer bel-ieves that the sed.iments are probably Jurassic
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in ora ¡n.i -n-r hp st.z'¡1-.i oy.rnhi¡c1l-' an.'ì:¡o'lan* -in nr7+. i.n l-.hoJll êós9 4rru llI4J/ cu!ór u!¡rlvdI-]-.Y (t\-ìL1MJr-1It/ !r¡ lJqr u uv ur¡u

T,ower !-maranth, even though there is no lithologic sirnilarity, Due

to the u.ncertainty in col:relaìtion the Âma:'anth section in the

Harinev r6-3i Lre'll ï..,rås di.sreparded in cJrar,rinr' uï) the Lol+er },maranth
-" ¿J

isopach map.

lecondary Evaporite Zone Associated i¡Iith The Pre-Amaranth Erosion

Surface -- A tr,renty i;o fifty foot zone of tight anhydritic

dolomite or dolomitic limestone is found in l'{ississippian rocks

directl¡r underlying the Lower Anaranth red beds, This unit Ís

not a straiigraphic member of the I'iississippian system, but is

ra-bher a zone of secondary alteraiion rel-ated to the unconform-

ity surface and the overlying red beds and evaporites" It is

probably the result of l-eaching of anhydrite from the red beds

end dcnosif,i on in t.h¡. lrnder-lrrino nn¡nrre Ìrfi qqi ssin^i ¡n -1 ima<*nnoo¡rruu!uull:,rv+srt !¿tttvO Uv¡¡çÐ,

with sqne associ-ated dolomitization and anhydritization of the

limestones (nig, 23) " A dense, non-porous zone is thus forrned

at the erosion surface of the Mississippian, which acts as an

impervious cap rock over some oil reservoirs,

This zone of anh..drite was mistakenly identified as

Charles formaiion in some earl-ier s'bratigraphic work" In the

area around- Downey r+here Charles sediments are present, the

llhrnlaq i c r¡orrr h¡rd in riict.ìnmr.igþ ffOnf this altefatiOn ZOneow¿:róq

The presence of shale and massive bed-ded anhydrite are chayacter-
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Fig, 23, A¡Wdritic - Dolonitic zone in the upper Mississippian
inmediately below the pre-Anarærth i:neonfo:mity" Shows
replacenent of calcarenite by eoarse crystalline anhydrite,
The replaced oolites (?) are rj¡med by fine crystalline
dolomite" Calstan'Ttaskada 9*13*1-26 at approxirnately
3030 feet, (X 15, plein light)
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isì;ic of Charles sediments.

No anh,-rdritic zone was noted below 'bhe pre-Amaranth

u¡conforrnit¡r in i,he noriheastern part of the area, where Loi+er

Åmaranth rests directlv on Devonian strata. This is probably

due to one or both oí the fotlowing factors. First, the und-er-

"ì rrino Tìar¡nni:n I imesi.ônes mâv 'Oe I css 1ìôrôlts than f,hc Ì"ii ssi s.cin-
ry !IË !9 v uiffqrt llllluÙ uv1¡vu ¡lluy ve JvÐÐ

pian limestones, and hence less susceptible to anhydritization;

and second, there is practically no anh'¡drite associated r^¡ith

the red beds in this area to cause anhvdrifi zeti on.

f,ower Anaranth Detrital Zone -- The writer believes that the

thickness of the detrital zone at the base of the l,ower Amaranth

is controlled primarily bv the topography of the erosion surfacee

^h^ -ìndiran*"ìr¡ l¡r¡ i-.Ìra qi.nrrnf.rrno nìa'l-.h¡- rrnrìer'lrrin- -!-^^+^ mL^-^
allLf IIlI..LI-[ gU UJ-J UJ urrç Ður uuuqt u v! *¿ --lÚ Þ UI 4 Ué ê lrrçr ç

was insufficient data at the time of study to deterrnine definite-

1-y, but it appears that those areas that were topographic and/ot

structural highs on the l,oL'er f'maranth depositíonal- su.rface, and

r"rhi¡h .^haênrtêhf.lrr qhnr¡ rol¡f.ir¡a-l-' +h;- T.n'.'ar Ar^-^*+L J^-^^;+^vvrrevysv¡¡-JJ/ Ðrrv!! r çra u!v cIy t/]IIIL !ut!ça laill4l drrul1 uçIJwÐ!uù

also show the thickest detrital zones"

f n areas that rorere not topogra-ohic highs on ihe pre-

Amaranbh erosíon surface, and r+hich show a relatively thick

Lo¡rer I'maranth section, the d-etrital zone is thin or absent"

Thc seeond¡rv er¡¡nori ti e zone i n t,he 'r'Íi ssi ssi nni-an i s also:frv uvvvi,

nsl:IIv thinner in these areas.
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Environmen'r, of ÐepositÍon -- The unusual conditions under which

the Amaranth i¡as deposited are shornrn by 'rhe conplex nature oÍ

the sediments 'bhemselves' The reci hematitic coloring matter

indicates -r,hat the l,ower Anaranth was deposited under oxodizing

conditionse or at ]east that all- reducing material such as

nnæ¡-ni ¡ *c**or r.Tåq rêmô1rerì nri or +^ r^*^-;*i nn SUCh COnditiOnSOl'galll.U lllct U Uel' Wd.:' f 'eIlL(JV ULt pl J u-i- t/(J USIJUÞJ ulvrro

would most likefv occur under a terresiria-l- rafher than a marine

envirorunent "

The very irregular sl'rirl-ed or contorted structures

chnr.m ìn T1-i^. 7 wiih ir.rerrylar naiches of fine bedded and cross-

1ìôÄ^êd aarliman*õ ih^ al'i nl¡^n-i ¡laq rnp :l eo nrohehlrr i ndie.at'i rrpUUUUgU ùçU-LllIglI Uò9 4llLt ù.uUSgl1Ðlusù, aI v clov

of a terrestrial or transition¿rl- enviromneni. lfa.rine sediments

idould- probablv shoT.,I more uniform bedding'

The nearly perfect roundness and sphericity of ihe

}¡raranth sa.nd grains ind-icates that the sand has undergone much

transport ancl abrasion, probab}' in an aeoliall envirorullentr a s

it is believed- that sediments of verv hi.h ro'ìlndil:ss and spìreri-

cit;r are more conmon in aeolian sed.iments.

The pronounced frostinq and pitting of most of the

sand gra.ins probably also indicates a terrestrial origì n for the

sand. The cause of these surfa-ce textures is not clearly known

(p"tti iohn- -l 9Lq) - hut ther¡ are eommonlv at,tribrrted to aeolian\ ¡ e v vrJ \/rr¡r, L/ +/ J

actj-on" There is also a possibility that these textures are

par-biaIly i,he resu-lt of surface sofution or of incipienb secondar'¡z
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enlargemeni of the grains" Petrographic exarnination sho',red_

rvhat apceared to be slight reolacernent of the sand grains by

the carbona.te and anhyd.r'íte matri;c in a fer,¡ specirnens, but such

evid-ence tnras no'b conclusive"

The different modes of occurrence of anh.-rdrite in the

Lor'rer Ämara-nth are probabl)' the most diagnosiic features in de-

termining the environment of deposi-tion, The anhydriie occur"s

re t.hin nrim¡¡-' becls that sometjmes shor.r. nn f.he .¡rrnêr srirf:novlrau gvj¡tçuflrsÐ ÐrrvrrJ WtI UIIL __fr___

'*hat appear to be desiccation structures (nig" B) " /inhvdr"ite

also occurs as iruegurar to rounded patches scattered throughout

ihe red siltstone and is especiall-y abunda-nì; in the sandv bands

/ñ. --\(t"igs. L3 & l-7) " The ',iriter believes that this anfrvd_r"ite is
cl-astic in origin, and is probabry derived fron'r,he breaking up

of the nrimlz'r¡ ¡nhrrrlrì*.a 'l rrra'¡<
"*."},.Jvvtq./vruo

such occurrences of anhr¡drite probabrl. itr6.t"ate per.i-

odic marine irrundatÍons of the area al-ternating r^lith dr¡' periods

',rhen evaj:orite pans were forrned in the lorr l¡ring a reas . some of

these pans hrere subsequentl-v broken up by wind and/or water action

to forn the clastic anìr;rd¡ff,s. In i.he southwestern part of Uhe

area r,ihere the evapoi:ites are rnore abundani, the periodic marj_ne

inundaiiorls ¡¡r€rÊ more prominent, and cufminated. in the cornplete

inundation arrd establ-ishment of marine evaporitic concli tions of

the Iiiddle Amaranth.
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The presence oí evaporites, esTleciall;' in the ltiid.cÌle

Amaranth, probabl;. indicates deposiiion i-n a r.,ia-r.rn arj-cl environ-

menir and- 'uhe preserva.tion of clastic anhvdrite in the Lo',"rer

,{maranth probab}r,r ext,:'er're ai:idity" The cornp'l e-ue lac}c of any

fossj-l z'ernains also inclicaies ex-i,reme enr¡ironmental conditions

r:nfar¡orable for plant or animal life, or i,he preservation of

anv ô?"r'ânir: romains.

Tha nrpqênr,ê nf qnmo lerÍeCtl-.r Clea.r Unaltered feÌCl-*'-- -v-

snar r=rai ns - hi ohl v rollnriofl pnd frrlstr=cl h¡' er:J-.ranrr"lrr I onr f.r¡¡q-f vurruçu altu lr vo uçu u.), g1! ur Çr Lvry uf qf rr_

porù and abrasion, indicates that the environment of ir.ansporta-

i,ion and of deposition musi have been such that chemical- i,¡eaiher-

ing tra.s virtuall;r absenl, arrd. nnder -i;hese concU_tions the ielcÌ-

spar rras able to persist as an essentiâllv stabl-e minera.l-" such

conditions r.rould probabll¡ occur j-n an arid aeolian envir.onmeni,

althou.gh ì,here is little published informatÍon a s to the stabili-

t]t of feldsnar under different environmental- conC.itions 
"

The nresence of itl-ite e.s thc onlrr elp-' -'r ¡n¡^l ì n .l.l,.-Eùs1rLiç lJl- II-l-I Ue aÈ ur!Ç vrr!_v urdV Ifi-L.tLcI'¿iI -Lll iJI-Le

red beds is not diagnostic accordinl to Crirn (1951), who ind.ica-

tes that illii;e is universalty present in alr argillaceous sedi-

ments, especially in the olcler sedjments, luhere it forrns a dia-

genetic mineral"

Na-ture and Locai,ion of the Sou-rce Area of the Louer Amaranth

Sa.nC. -- The Amaranth sand consisis of quartz anct feldspar
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grainse rock fragments of granil,ic and metamorphic origin, and

ninor chert, garnet, carbonate, and quartzite grains. The souïce

area for this material was primarily an igneous-metamorphic

terrâne with some associated cherty carbonateso There are no

nre-Amaranth sprj-imentS j-n the ma.n are¡ thet co¡'lrì harre srrnnl'ierìv¡rv ¡tray q! ú@ vr¡@ u uvu!v- ¡ro v ç ouyylJgu

arkosic detritus during .åma.ranth time, because the only formation

containi-ng any signifigant amount of clastÍc material is the

I^linnipeg formation, which does not contain appreciabre ferd.spar
| 

^ 
- ^/a 

\\uenl.Kr lyr¿ ) "

The sancì.y strata of the post-Ifission Canyon-pre-Ama.rani;h

sediments such as the l.i'obey, Opeche, and Spearfish formations

na¡r possibly have been the soì.rce of the Amaranth sand." These

strata are not present in the map area, and are confined to the

central part of the ÏIilliston Basin. Thev have however been s;b-

jected to some d-egree of pre-Amaranth erosion, and could possibl;r

have supplied the sand that occurs scattered throughout the

Lo¡uer Amaranth. The Amaran'bh sand could- thus be a second. cycle

sa.nd r,,:l:i-ch would a ceount f or the excellent rounding and sphericity.

It is clifficul-t however to see hor^r a second crrcle sand could retain

such a high feldspar confent with a consiCerable percentage of

the fel-dspar still perfectly fresh"

Tlle Lrriter was not able to d-etermine the rnineralog¡

of the Kibbey and other sands, and it woulcÌ be necessary to

know the comparative petrography of thre variou_s sands to ascertain

if they could have been the source of the arkosic sand- of the

Lor+er "Amaranth"
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other possible source areas for the arkosic detrÍtal

materi-al are the Pr"ecambrian shier-d to ihe east of the map-area,

or an igneous-metanorphic terrane to the west in the cordil_l-eran

orogenic belt"

The different degrees of alteration shown by the fel-d-

spar grains in the Amara.nth sand can be explaine¿ by Kryniners

theory as to the origi-n of red beds. The source ¿.rea for arkosic

red beds as descri-bed by Krvnine (rqi+ç) is one of consid,era_ble

relief, rnoderate ra-infall, and r,¡arm climate, with resulting rapicÌ

erosion and strong chenieal weathering, IIaterral erod_ed from the

interfluves r^riI1 be highly weathered, and will contaÍn abundant

red hematitíc material, whereas the material eroded íyom the stream

channels will be conparatively fresh and unaltered.

such conditions of erosion probably could not have been

attai¡red in the tectoni-cally stable precambrian area to the ea-st,

if the Precambrian was ever exposed in this area duriag Amaranth

time. The only other possj_bIe source area would thus apþear to

be the Cordilleran orogenic belt to the west.

A western source area is also indicated by the increase

in grain size of the crastie material in the Loler Âmaranth to

the uest, and in saskatchei,ran (0. R, Francis, personal communÍca-

tion). However, Francis (rq5h) also i¡rdicated that the Lor¡er

-{maranth equiva.lent, the lower part of the J-h-B, pinches out in
western saskatchewan, which suggests that the sou-rce area coul-d

not have been directlv to the west. As the sand content al_so
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increases to the south, as shor.n bv the Bl-a.nche Thompson welr
(Ilorth Dakota 31-160N-811,; ) the source area may have been to

the southwest rather than to 'i,he west. Further detailed resion-

al correlation of the Lor,¡er Anaranth wil} be necessary, however,

to prove or disprove the cordilleran source area sr.rggested bv

the author"

Some quartz sand may possibly have been derived from

an eastern Precambrian area, though erridence for srich a source

i-s very meagre" The Neepalra well located. near the northea.stern

edge of the Amaranth shows an unusu.ally well developed. sandstone

near the base (t¡Iickenden, L9L5), but it is a quartøose sandstone

rather than an arkosic sandstone as to the i,trest, whjch suggests

an eastern source area for the Neepawa sand" However, the Amaranth

test hole located even farther to the northr¡est, almost at the

erosional ed-ge of the A¡naranth, shornrs a verv lol¡ sand content

'¡ith no indication of an eastern source area. The lack of sa-nd

in the n¡raranth test hole might be clue to local environmental-

conirol, as the Hart Green l,tlakely wel1, al_so located near the

erosional edge of the Amaranth, shor.¡s a o¡ite high sanci content"

rt is also possíble that in the eastern part of the area,

sone of the quartz sand in the Amaranth was derived from erosion

of the Winnipeg sandstone rather than from the Precainbrian Shie.l-d,
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sr:-nmary of the Paleogeography of i;he llmaranth Formation -- The

writer believes that during Amaranth time the map-area was a very

low-lying, uniform, peneplaj¡ed surface r,rith a few minor ridees

and lrnobs controll-ed primarily b.v the structure and stratigraphy

of the underlyinq strata" A thin sheet oÍ red., sandy and sit.by

dolomitic shal-e or siltstone was laid do¡',:m over this surface with

the thiclcress of the red beds controlled by the topography, and

possibly also by minor tectonic acì;ivity during.A.maranth tirne,

The coarser clastj-c, arkosic material was probably de-

rived priniarily from a strongh' uplifted., highly clissected base-

ment cornplex of granitoid igneous and- metamorphic rocks, located

to the sou'bhwest in 'r,he cordilleran orogeníc bert, some quart-

zose sand may have been derived from an eastern grailiiric or secli-

mant¡rr¡ c^ì1 Þñô Tha ¡od r¡oi'ì laceoUs matefial r^¡es nrohah'lrr./ e v4r vv o eu, et 6r!¿eu9 vuÐ l[é uÇt Jél_ w4ù |,a wu4u-Ly

derived from the western source area as we1l, or j_t mâ¡r þs i,
part a resiCual soil on erosion s.urface.

The sedi:nents were deposited in an extrernely arid climate

Lrith al-Lernatíng marine evaporitic, and terrestriar oxidizing

condi-bions" Marine im:¡daiions Ïrere appai:ent1y rrrore nujïÌerous in

the southi^¡estern part of the area, as fs j_ndicated bv the increase

i n ¡nlrr¡Ä¡ita annf a¡1 , Thg lOCaf efn¡i f Onmeni,_ c¡1nlr o o ^n-.1 a*.to rrrs ruv@! errv tr v¡¡lrelr u, ÐUUII d. ö IJUIILI- all(-L

stream channel, probably controlled the size d,istribution of the

sediinents "
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The amount of coarse cl¿stic inaterial being deposited

decreased r'¡ith time, probably due to decreased tectonism in the

source area, and the upper red beds becorne predominantly shate.

variegated green and red shales reported from the upper part of

the recl beds probabry indicate the first stages of marine trans-

gression, whieh was cufminated by the widespread marine evapori-

tic deposits of the Middle Âmaranth. The interbedded. antr)¡drite

and shale of the Middle Amaranth i¡rdicate d-eposition und.er re-

st::icted marine environment, much as in the Lower Amaranth, but

lrrith marine rather than temestrial condj_tions predominant. A few

thin red beds also occur Ínterbedd-ed with the evaporites"

The chertJr and oolitic fjmestones and d.olomites of the

upper Amaranth ind-icate d.eposition under normal marine condi-

tions, probably shall-ol+ 'rrater with a verv slow rate of sedjmenta-

tion and littte influx of clastic maierial" The Amaranth probab-

ly eepresents a cycle of marine trairspression from non-marine

red beds, to marine evapor.ites, ancr finally to normal marine l_ime-

stones" By the end of Amaranth time, afmost all of the topo-

graphic relief on the pre-ê.maranth erosj-on surface had. apparently

been buried, and the depositional surface r*¡as flat as indicated

bJ' the thin, persistent, shallow water marine limestones of the

upper Amaranth. The area around" hlar.¡anesa and north of Daly re-
ma-ined above the depositional surface until later Jurassic tjme"
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CHAPTEF" VIIT

AGE AND CORP,ELATIO}I OF THE IOÌfiR AMA¡.ANTII

The Lower Arnaranth is easily correlated throughout the

southwestern part of the map-area, where it forms an al¡nost con-

tinuous blanket of sediments overlying erod.ed. Devonian and. Missis-

sippian strata' trfickenden (r9\5, coryigenda L9fi) stated. that
rrno beds of red dolomitic silt similar to the Amaranth occur

above the Mississippian.tt rt is true that the Lolver Amaranth

red bed.s do thin toward.s the erosional edge of the l,iississippian

and are abseni j:r a few areas such as wawanesa, but on the basís

of more recent subsurface information red si-l-tstones of the l,ower

Amaranth definitel¡' are present above Mississippian strata south-

'¡iest of the erosional edge of the Mississíppian and. attaj_n a

ma>¡imum thickness of about one hundred and. fifty feet in .r,he map-

ril ç4 o

No fossil_s have yet been found. in the Lower Amaranthp

so it cannoi be dated definitely" The T,ower, ivliddle, and. upper

Amaranth members are gradational ¡,¡j-th no indication of uncon-

formity between the units, and the entire Amaranth is berieved

to be of the same age. Because the Âmaranth slrows only a slight
disconformity with the overlying Jurassic strata, and because

the distribution pattern of the Amaranth is very sjmilar to ilrat
of the overlying Jurassic strata the writer berieves that the

entire Amaranth formation is Jurassic in ase.
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To the south of the map-area, correlation of the 1,o¡rer

Amaranth becomes increasingly difficult, The pre-.4.maranih un-

conforrnitJr tmncates proþessively younger strata toward-s the

center of the llilliston Basin area, and some of these strata such

as the Kibbey, Amsdeir., opeche, and. spearfish formations contain

red beds sjmilar jl lithology to the Lower Amaranth"

This unconformable superposition of red beds has caused consider-

able difficulty in ].ocaI correl-ations in North Dakota and east-

ern Montana"

In the central pari of the l,rtilliston Basin, Towse (l:g|)t)

inclicated that Jurassic red beds equivalent to the Lower ,{maranth

overlie Triassic red beds of the Spearfish fornation, however the

Spearfish formation is beLieved to pinch out to ihe north, and

probably is not present in Manitoba,

The Amaranth appears to be correl-ative with the Jr:rassic

Gypsum springr formation of Montana and. the basal piper of North

Dakota. The Lower and Ivlidd.le Amaranth eorrelate with the hlatrous

forrnation of Saskatehewan.

ii:r'eil accurate regi-onal correla*uions ar.e worked out the

term Amararrth would appear to be the preferabre for:n¿tional- name

to use in the map-area, especially as the age of the unit in

Manitoba is uncer-r,ain.
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CH.A.PTEfr TX

ECOIIOI{Iq GEOLOGY

49.!""-g,orrßation -- The r,vreton formation is of no d-jrect

economic irnportance at presentu and its primary usefulness is
as a marker horizon in subsurface studies, and structure con-

tour workè

Amaranth Formation -- The Uppei- Ama::an-bh is commercially impor-

üant as a source of g.ypsum, and is bei,g i,¡orked at the present

time in the mlne at Anaranth" Further produc-bion should be pos-

sibre along the erosional edge of the Amaranth, where the anhy-

drite has been subjected io surface alteration to g11psum, and,

r¡here the glacial drift is sufficientry thj¡r to permit profit-
able mining,

The gypsum rd_ne at Gypsunwille may also be producing

from the llmaranth formation" According to the geologicar map

of Manitoba (G, s, c" lfap B5oA) G;¡psunrvirle is located west

of the erosional ed-ge of the Amaranth, and occurs in an area of

Silurían outcrop* As the l,ower Amaranih does not show anv oro-

nounced thiming to the east it is possibre that the g,rpsum mined.

at G¡psumville is actually from the Anaranth fornation and the

Amaranth is resting directly on sirurian rocks as an outl_ier. rt
is also possible that the gJæsum is of Sifurian age, although

- /- ^r- \Baii-l-ie \L95L) also believes that it is more likely Arnaranth in age.
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rn the subsurface the Lower Amaranth has no direct

economic importance at present" rn some r^¡elrs considerable

black, asphaltic looking rnateriar occurs at the base of the

lor,rer f.rnaranth. This material is probably the result of an oj_l

seep on the pre-Amaranth erosion surface" Such occurrences of
asphaltic material should be favoi.able indicators of oil in the

underlying formations.

No evidence of oil has been found. in the r,or,¡er .A.maranth

in lYianitoba, except for this basar bitumi¡ous zone. However,

a rrel-l drilled in Bottineau county, North Dakota, near the

Manitoba border (sec, 2r-161N-z9w) r¿as completed, as a pi.od.ucer

in July 1955, r,rith production apparently conin.- fro¡r the 1oi,¡er

part of the spearfish, or Lower }¡raranth equi-valent. The possibi-
lity of oiI production from the Lo'nJer a,mara'th in southwestern

l'ianitoba thus cannot be overlooked, especiarly i¡r the extreme

southwest where the Lower Anaranth becomes more sandyand. porousø

TÌre relationship of the thickness of the T,ower Arnaranbh

to the erosional edge of the IvÍíssissippian ís also very useful in
determi¡g if }lississippian strata are present ín a we11, even

before sueh strata are drilr--^cl. llear i;he erosional ed.ge of the
Mississippian the T,or¡er Amaranth red beds are thin or absent

when }lississippian strata are present, but j-mmediately to i;he

northeast of the erosional edge of the l"lississippian, where the

Lower Amaranth rests on Ðevonian rocks, the red beds are from
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100 to 200 feet thick" Thus if a. thick red bed section is

present in any l.¡ell- dril_'l ed near i;he erosional ed.ge of the

MissÍssippian, this well wilr not show any Flississippian sirata,

conversery, if the Lower Amaranth red beds are thin or absent in

the same area, Iviississippian strata i,rirl be þresent in the sectíon*

This rel-ationship has been found to hold true in all we]rs

examined by the ioriter to dar.e, although the Ínterpretation can

be complicated bv si;ructure, as in the area north of Daly, rrhere

thinning of the Lol,rer "Amara.nth over }fississj-ppian structures and

thiruring due to the topographic effect of the l.tississippian es-

C¿rpment are superimposed.

The relatj-onship of T,ower ,{maranth thickness to struc-

tures in the underlying Mississippian strata may also prove to

be useful in l-ocating potential oi1 reservoirs. Any local area

of unusually thin Lorær Amaranth, except along the erosional

edge of the l,lississippian, indicates the possibility of anti-

clinal or domal structures in the underlying strata that might

possibly act as oiI reservoi¡s. Á.11 oiI fields in Manitoba

shor,i sone thirurin¿ of the Lower Amaranth in the producing area,

and in some instances the producing area may be outlined by

l,ower .funaranth isopachs, as in -bhe case of the 1¡,lhitel"¡ater field"

The ,{maranth is indirectly important because of the

secondary tight, evaporitic zane at the top of the Mississippian,
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irnmadi¡*.o'lr¡ rrnrìa¡fv-i¡g the Lor..re. Lma.ranth. In lì.lanv areâs_ srrchv:rv !v u!ç¿ ¡-l[õ-r dl L t t1 à III llL--- -J

as Dal¡r, ihe evaporitic zone acts as an impermeable cap rock over

the oil reserr¡oir" l4ost oil fÍelds in }tani.t,oba are related. to
f,hì q ovrnnni *i nurrru evéyurru-LL; zone rather than to any stratigraphic hor.izon in
the Mississicoian.
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CHAFT'ER X

General Concl-usions

i/r \(J.l I'he Lower Amaranth red beds wereèposited on a profound

erosion surface, and overlíe Paleozoic rocks of Mississip-

pian, Devonian, anci possibly silurian age in southr¡estern

Manitoba.

(2) The Lower Amaranth forrns a thi:r relativery uniform bÞ. nket

of sediments deposited under stable to slightry unstabre

shel-f conditions, in an arid-, terrestrial- to transifional

environment" The thiclcress of the sediments is controlled

by the topography of the pre-Amaranth erosion surface, and

possibly by minor contemporaneous tectonism,

(3) The age of the lower Amaranth is indetermina-te, but general

considerations indicate a Jurassic or at earliest a Triassic

age for the red beds"

//l \t4j Loluer Amaranth red beds are predomÍnately an anhydritic

^ia¿^+^"^^ sandr¡ at t.he hrqa ¡nrì honnnin." i-a-^¡-.i --ì-.Ð.t.I trù vvlLv I uurruJ q u urrç ueùv *¡rg _nCf easlngly

argilÌaceous, and dolonirtic tor^rards the topn The avera_ge

grain size decreases towards the top of the section. The

grain size al-so appears to decrease .i;o the northeast in the

IIAU-AL çAø
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The l,vl ef,on f orm¡ti on i s nrim:ri lrr
--¿v 4J

green dolomitic shales, contalning

mlf.ari r'l

¡¡ o\t7) the contact between the l,yleton

a,,'r4 4^ --*^k in most .r"re'jls- andvu¿u uv yJvMrr ltrvJu wv!rÐ,

nre in nert, fleeies eollìvelerltS,

â seotlencc of rr.fl ¿1fl\^ vva4v¡¿v

nn'ìr¡ r¡orr¡ minnrvtLLJ v s¡ y ItarIUr u va ùc

and the Baklcen is very diffi-

it Ís nossihì c Lhat the twoyvue fvlv

(6\ Tho T¡r'lal-nn i- ^-^^*+.1 ^r'r--\-/

Bakken forrnation and the underlying Nisku formation, and

is believed to be Upper Devonían in age, although no

definite fossil evi-d,ence is available"

(B) The Lyleton and Lower Amaranth are separa.te, distinctive,

stratigraphic and lithologic units of markedly different

age, They can easily be correl-ated throug'hout the map-

area, and can generally be distinguished in core and r¡elL

ârr++.i*^^vu uuall<ù o
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No" Comp-a4y

8B Cvai"rford !1, Smith
69 Cals'ban
90 Ïlpe:'ial
u ¡ H I ulîh_.
/t l¿ê!€¡tsi¡u

92 Cal-stan
93 Dome Harri s Co:ç

9/, Tìome Ha rri s to:c/+
95 Calstan
96 Sapphíre
97 Calstan
98 ImperíaIqq Ðome Harri s Cox//

100 sapphire
101 Sapphire
l.OZ Bautn FieI
103 }leepawa Salt Com-r'r.

104 Can. 0i1 and Gas Res.
105 Sapphire
106 J "P,Or,¡en
LO7 Pathfinder and Assoc.
108 Petcal
109 Calstan
110 J"P,Owen
.l-11 J "F.Ot'en7I2 fmperial
1 'l ? Å m-a'¡o n*.þ Gtr- o,rnl Ct'. .'d rUùUJu uG

111þ .å.nglo American
115 frnperial
116 Imperial
11? rilayi"rasekaporu 0i1 Co"

1i8 BritÍsh Arnerican
LL9 British AmerÍean
120 Trnperial
:2L British Âmerícan

L22 British American
L5O Calstan
L5j- Calstan
L52 Sou-rís ValleY
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Kì-41¡êil. '-...-.rl
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r@reg,b-Leqt-irsk
ZãrElì?J?:i-ñr,ip.îl-

General-: ThÍs test hole r.r¿¡,s drilled by the i:nar"ahth QlrpsuÍr Co*
approximaiely -i- mile east of the nrÍne shaft" The corplete

red bed seetion underl;ri¡g the glTsu-rù l¡eds wes cored, as riell- e-s
ánnl.attainn¡f,clr¡ 2?t nfl ."ho llrtrìar.'j¡rino llcr¡nnien 'j'i¡,.-+nna rTtlnn rr--_Ì.!_- ____-_- _ _ _¿ *_-nrÌstone o lIle Llpper
3t - /r1 ccnsisti-ng of red beCs profusel-y shoi; lrith strìngers and
ba.nds of g¡rpsurn r.ra.s r"etained by the company. /-lbove the reC beds &he
s'¿re.ta consist essenti¿'.lly of ¡ûassi.;e relati-¡el-y pr,lre g;'psu.m., wi-bh
â î.¡'r t,hin shplr¡ l¡ands" orier'l ain bv cyla-eial drÍft^ The llnne- nart
of the core 1,Jas rets-ined by the corxÞarrJ- ancl is not described in
this 1og.

The r"¡hole red bed section can be considered as essentially
orre lighologic unii shoi+ing a g:'sdalional change in te>:ture end
ccllllrosÍiion tor'¡ards the base" The t^¡hole urrit Ís t¡.oderate reddish
o*,q.rr* to -qd¿l'i sh bf ot¡n ',;ith ¿ fcr., o'n;w r.n ot"prrnish orav natehesvr q¿i5e uv r ç\(v J,)-r vr vlri¡ ir ¿ u¡r L{ r \r w ir crJ v.) L3t çE¿:¿urr uvarv ú

r,¡hi-ch are lil'-e'lJ'due i;o lcical redr-Lction of the pigmentu No ba.nds of
âr'eenshal-e r,.r?,-re noted. ¡'-n the core e

The r-rpper fe-v¡ feet of core ar"e dolomi-tic red shalle, massiveu
denseu anc'l tÍght, sho'.iine abuncant sl,ícicenside sur"faces and are
-rr.ofluselv shof. ì.'Íth sf,rínoprs of fihroris õrl-nsurll and banCls Of ne.sSÍVe5r PUqsL

puree ore.ngee coarsely cr;rsf3lliile gypsum" The gfpsu-nl Ís probablS'
an alteration produc'r, froj'n original anhydritee and most of the bands
and strjngers eppear to have been introduced irit,o the red beds along
secondary fractures" The grcsufil occurs scattered th::oughoi-r.t the
r+hole red bed sec|ion but becones much l-ess abi-rndant tor.Ial:ds the bese.

The dolotnÍtic shele gra.cles dor.rnward into a dolomÍtic silt¡r
shale i^Ihich in tu.rn gr¿rCes into a sand.y argiilaceorrs dolornitÍc
siltstone containíng scatiered rotmded frosteC q.uertz (?) gr"aines"
Fine flakes of nÍea¡ prol:ably mlrscovibe.' aîe qu.ite abundant towards
the base of the red lred sectionu

The ::ed beds shcru' no stru.etures whatsoever, anC a1:peai"
completely mes,sj-ve throughou'c" i\Jo bedC j-ng or clross bedding could
be seenu unless the,¡hole z'ed beC seetion can be clir"ssed as a
graded bed.

The rerl beds are underlai:r b)r linnesi;()ne, preslrrrlbly of
Devonian age" Moderate sized breccía fragmen'ts of the l-imestone
are fourd. Ín the boitoil fei.r inches of the red bed.s" The limes'i:one
itself ti-s yel-loirish to slightl-;v orangy gray at Lhe top, shor.ring
qu:ì te numerous solution cc.vi'r,iese sone of r+hich are filled r+ilh red
bed material" .i. fer.i'bhin banis of veinlets of Ð¡psrtrû a'r'e also
*-ne.-¡-l- onrì *t-'ayp n"t,Þ. 2 fp¡.r rrôt)ì-ra? r1.ì.âsêñJed f oSsi]_s " SeVefalLJ IJ:. çq !v

feei bel-or.¡ the base of 'lhe:rma.r'anih the l-imestone gru.cles into a
-'"adriish cr¡r¡- r¡erv arcri.llaceot:s limestone i.']ilch trL4r/ eôrrêsnondo"'-J 9

to one of the Ðevonian red beds, holrever there lres not su-fficient
cora t¡kerr to -rel'rlit dei;ernination of' the ¡ãc o'r' straiirranhÍc
posibion of the l-iniesione*
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Amar¿.nth Tes! llqle (Cont r0.)

I3L" Reco',rered 10 ! ,
Dolomitic sha.Ie, reddish br"or,rn, abundantly shot with
sl-,r.ingers of Íi-brcus g)?st"t_rlrå

Gypsufii, rnassive, pale orange, eoar.se1y crystal_l_Íneu
ccrntains a fer¡ breccia fragrnents of sha1e"
Predoninantly red dolomític sha1e, several bands of
messive gypsu-m up to 31r in diametere also several
patches of greenish shale, c'lue i:o loca1 redtrctj_on,

LÇL, Recovered 6îLu,
lìed shale, gradlng to greenish shale"
]¡,t^^^¡'-.^ 

--^,l''.iassl_r/e g]¡psumo
R,ed shaie ef ;-1-,+ìt. ',:^r{r ^r 'r!ór¡ u¿J ,,\r v u!çu u ieels sligittly s Ílty.
(eni,ire section is sÍlty from he:re to-base.)
G¡¡pst-m, massive, 1e'"¡ J:reccÍa fragments,
ShaIe, fine silt;r, sJ.igtrtl-y Colorritic, slightl-y nottleC:
a fer,¡ patches anC stringe::s of gypsrTût contains a fer¡
rounded frosted qu"artz (?) grains, lnedium to coarse
grained, The sand occurîes as pa.tches anrL l-enses,
Gypsum.

L5L" Recovered ]0ro
ReC shaly dolomÍtÍc síltstone, From 1l r,o 2î qu-ite
sandy, ,t fe',¡ grayish reduction patchese and patches
snd ef.rílrõêrq ^f d\¡ñe11rn êr¡-v¡ *-rÞu¿ e ur gJjrÞL¿u¿o tlJIJSUffi 1S A Vefy mì-nOf
constituent from he:,:e to the base of the red beds,
forming only about 5/. of the core *

161" Recovered lOt u

Silts'i;one as above.

L7L. Recovered 10 r "SÍltstone, as abo.re but slightly more sandy" present
at I r and becoming prorninent a.t 61 are sm¿ll rcunC.ed
sand size fragments of dolomÍtic línestone or doloilite
associated r+j-th the so"ndy patches. These c¿_lca.renite
griLÍns occur from here 't,o the ba.se. of the red bed
section, an<l becone progressivel;" coet Eeï. ín size"

Recovered J0 s 
"Siltstone as above, but slightly rnore sandy" ,tt 6g

there is the starb of a breccia zone, r+ith largee L1p
f.n 'l 11 on,rr'l nv f7¡ rmeirt.e nf dn'lnn¡.ìt_in 'l irnocf nnot..-r ¡ g o.lry_4I4¡ rr 4;r:rv¡:uJ vr v.vlvrt¡,1 uJ9 t_L!!tçÐ vv!:wg
n-nnlul¡ltr rlopir¡a¿i fr.om bhe u-nderlvino erode..l Dcrrnnierrf ?)v-¡¡vçr rJ J-rró ç¡ vvsq yvv ujt¿-¿fl\ ¿ /
limestone.
Breccia conta-et betr+een limestone anri red beds" Â
rnozaic of lj-mestone fragnents in a matrix of red
s Íltstone,

11

2n
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Core #7 181
3x 10îl

1f t\l

* r91" Recovered 10r.
Dolomitic ljmestone, qrÍte argiiiaceous, dense, aitd
tight, shows irregular mottling, mostJ-;r shaðes of
-*^'i't ^--r -L !^ ^1 ; ¡hf,''ì \¡ ñrân.Ir orÊrr -u¡itlr some nllrnlishJ Ë!¿v?JrÞl¿ uu Þ"Lri;j¡ u¿)' ur a¡róJ, úL aJ 4.t-ú!r Þuirrs PU- F
red patches" Sômei^rhat fraciured and the frac'¿u:'es fÍil-ed
ivith gypsum" Also e fei.i irregtr-lar patcÌ':es of pale orange
crysta'i line secondar), glrpsLltca
Gypsun, massive, cr¡¡stalline, pale orange6
Dolomi:bic iirnestone, siraCes of ;zs]]ei¡ish gr"a-;r to slightly
purplish, nassive, f:inely cryste"11.íne.' to slightly dense,
Shor¿s n fair r/11l^ar *^."^^ j4"' -..'^t at leasi of l¡hích Ís due,¡rv!rù a :qÅr v*¡ÉJ IJUTLTùÀvJ9 P.iÅ
to fossil solu.'t,ion ca.¡ities of ct-ip cor'als, br'}'ozoc and
crj-noids" Sone of the cavÍNies a¡'e fil-led t,¡ith qrosurn*

zil G5rpsutrt"
?l fìll 1ì^'l¿'mi+i^ lima-*nna -þñ\r'l-n ryal-l^"i-h ñFôrr -'l'i^1"*'it¡) W lu¿ur:¡IUf,U ¿4rr¡çÞuui¡g9 ó:GJ Uv J=-¿UtTLÊr! ìlLa-Y I è:¿ól:u¡¿y

brecciat,ed by gypsurí]e massi-re, dense, tight, grades
in-l,o -

6n Red beds , Yery argiilaceou.s doloraitic I írrrestoneu
mc1,tled shades of pale reds and yellot,rs, ma,:sivey dense,
U¿É]]UE

-tr )n*

ererlLåeq-! Ila]e ( ccnt rc 
)

Ðoloioitic li.mestonee u.pper Brr shor,.y irregular solution
eavities" Líght yello"lish Sral¡ massil'es and Cense.

- 201" Recovered 10s "
R.ed beds as above, t.fottling slightly' Iess prominent and
color rnore uniforrn 3r'ayish red,
DolomitÍc Iinestone, argilla-ceou$e unj-forln r,ioderale gray
+ ^ ^'ì ; -L+ 1-- -^r.l i ch ,) nÂ o1raeriísþ.ULJ Þ¿4óTIU¿J ¡ VUq¡Þ¡T C-:IçT ÉI çEIIAÐ

caiå!.elll:a-Þla¡d ard *l'ja s kad a 9-l3
-_._f EîãiTãÃl¡Ë;fiî1--

\ / *r e Èv r..''l

r-qrsr*@iq4!¡

llot eoz'eé.
Cannot be subiivided ini;o any definate lithologic units"
Section is u¡iforro i-n general- but c1uÍte variable in detaíl,
Predo¡lj na:rtl¡' s6¿1'se siistorre to ver-;r f i.ire gr"ai.ned sancstone,
moderate reddish broi.¡n to slightly greenish gray in paiches 

"Contains abunCant irregula.r, rclr-ncìed inclu,sions or f:ra.gments
of nnhr¡rlrìte- triotÍte and muscovÍte flaltc,s a.re ver¡¡ Rhllnrì-
ent along rcugh beoding plafres. Shor¡s ver¡r irregula-r con-
torteC or pseu.rio*brecci¿. structu-re l¡ith a few bancls shol'iing

añ¿'

Core #8 191
qr Êir

/, rlÌ, 1

2an4-)aa?
*3C2/+
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so¡re fj-rre bedcì íng and cross-'bedciing"
Grades to nioierately ooi-onitic in scme banCs" and. patchew
of mediun t,o coarse weJ-l rou,ndeC, frostede ånd pi.bted
sand gra:.lis are a.bu-ndant" I.lan,rr sancl s-uone bands shor,r a
marleed inclinaiion to the core. The sand coirtent in*
er"eases to,uiârds i;he ba"se of the uni'b"
The core sa-mpl:s are solre\..'hat mixed up nea.r the i'iississ-
ippian contactu but the contact aÌrpears i;c be very abru-pt
uith no eviclence of a breccia zcne.

It'ii s gi s s inp ian_Ç*haf lqs_ ?

Doloni-te, dense to fine clystalline, light gra¡' to brol.rnish,
tight,

G e eg l.gl-$q t :: ogg e=pþy :
The I"!ississippian sediments immeciia.t,ely

underl;rÍng the ;lmer'anih shor+ consederaJ:le repi:.cement by
anhyclrite" l'{ost specimens shovr intirnate intertrrixl.lr¡ss e¡
anhyd:'Ítc and dolonite, and one specÍr.en (f.'ig" Z3) shows
per"fectl;- rou.nCed single crystals of anþ¡'¡ì¡5te rinr,red by
finely crystalJ-ine dolonite , in a crvstalline anhSrdrite
matrix" This is probably the resuit of r.epia.cement b¡r
qnht¡rlrì're nf rn nr{ oi nq'1 ne1 nrrqnlte Of OO1Ítie ii::eStOne"".. 

;;;";;;;i;;;'ãr tr,u rec beds in r askada
is t;rpi.cal of the lor.¡er Amaranth and Ís discussed j.n con*
sider"able detaÍl" The follouing is a detaÍled petrographi-c
descrj-pticn of a t;'pical so.ndy bed in the Lor,¡er Amara_nth"
A g-raÍn coun'r, was made of the coarse sand size fraetíon
nf 'l-.h ì c qnaai t'nan{rlfv¡: o

Coarse sand size fraction (SOifl
Quart,z
Feldspar. (tt71

Orthoclase L1;5/"

Plagioclase (lLt¡ite*Oligocla-seJ 6%j.iicrocline trace
Quartzite -!o1

Limestone #"
Rock frag;nents (igneous, metarnorphic) Xi,
I{agnetite and [rnenite 2/"
Garnet trace
I{emåtii;e r,Tace
TourmalÍne trace

ilfa.tri-x or cement {5O7"7

¿Yi'o

A nhr¡ri ri t.e-"---¿ - - - --
i\^l 

^mi 
*^v vI v¡¡rr vç

l: I q1r lçll hêrô | ôv¡r4J

)ñ-?(p1.

20/"
lnreseirt, htrt na n¡.6{,
estinate)
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Sorne felCspar g-r.ains are corçletely al-terei or
r+eathered 'r,o Kao'l inite ( ?) anci sonle e.ïe perf ec+,ly fr.-^sh and
urra"l'ber=ed" All gradations between fresh and conpletely
altered ere present. The degree of '.+eatherirrg shcirs no
relation to the degree of rcunCness or sphe'z'i.cÍty, as some
^'@ +ì^^ 'ì^"^^^^+ rrcl t orlnrì øçt. ot > ine nf faldcnnr rr-a nanfcn{-'lr¡uI u]lç JGf, ¿içü U d¿jq r \/utu çÞ U 5I órare vr r ç!u ryclr d] Ë pçl- f çU U¿y
IiçÐtfê

Some cluartz graÍns shoi'¡ slr.arp extinc't ion and fei¿
inclusions, sone of v¡hich are or"Íented needle-Iike Ínclust,Íons
of F-utile (?) " Otl:er qu-artz graÍns shor+ pronou.i:ced ur:dulatory
ar:1-.-ì nn*.ì nn on.1 rä¡¡1¡ of f,hese :,Tè A õ-;14êcrâ.1..êq nl. qm¡'l'l ar" nrr¡rl:zvr: s4:ru u¡v¿¿t 4¡ru _-&¡r: urrvrf v ar ç agÉl c34 uvÞ uI rr.-r¿¡er L{u_ar v¿
grains forrning a (meta-) quartzite"

Magne'bÍte :¡.ni, garnet g::ains are associated in thin
banC s,

/rnhydrit,e oecu-rs as a matrixu esnecial-l)' Ín the sandy
bandsu or as irregul-ar to rorinded incl-usiol1s or. fragmenì,s of
clean c:"ys te.ll-ine anhr¡cirite 

"
The earbonatä-anhr¡Crite netrix shor,rs Ín plaees r+ha.t

ânneFÌrs to Ì¡e ^ttite str'ono renlrapman*. n1' t.ho nr1¿¡l,z and
felclspar grainsu though r:nost greins il-re not renlaced. This
renl¡nernent mârr T'eSUit Ín the ffosf.Írro:nd nitl',i_no shor.¡n}rvorr!rv;rl uJ

sand graÍns" The fjne clastic fi:actÍorr of the liaskada sectÍorr
consi.sts of coarse silt to fine sand rri-'bh ihe graÍns angu.lar
to slightJ-y' subr-outrc.ed" SodÍc plagioclase is a qrrite corirmori
constituent of the silt síze fyaction* It4agnetite and Dmenåie
qreins :-re z1 s.) eommc)rl . .âs âre l'luscovite and Biotite laths in
the finer grained bandsu

The matríx for the si-l-t"tnno ic nrarrnrní¡¿¡1l,fy
.r -*:':-:.""" ":-':"

dolomite and/or anhydrite, anC. is only slightly argi1la.ceousu
The matrix is predoninantl¡r anhydrite in the coarser grained
bandrs t

The sorting in rnost specimens tras ver]¡ poor riith
coarse sande silt, and clay al1 present ín most specimensn

_+4ffis#h#[Ê*_kå
\a*

i,.,owgl;\gg.feqtL

2954 * 3047ltot Cored
3078 ,Síltstonee micaceous, argll-,1.a.ceous and dolornitic, r+ith

sandy patches " Fragments or irreguiar inciusÍons of
enhyCrj-te occur in scattered p:r.tches thi.q,ughout" The
color ranges fron grayÍsh brown to moierately Cark reddish
brol¿n, The LmÍt i-s generally r'.rassive but shovrs irregui-ar
banding and pseudo-br"eccÍa. or sr,¡irled sirueture character*
istic of ihe red bedsu



Cont Îd

* 3a78

*L23^

The lor.¡er 7î becone c-uite sancly, anC ir¡:,ecliately
¡l'rn¡¡o *ha toco the unit ¡-noroaches a sandstone" thouøh, -___ __o__

the sanC. cccurs as patches rather than uniforrll-y
distribuLt'ed thr.ughout the rocl(. The gra.ins themse-rves
are mediu¡n to coarse sanc size, shor,ring gooci to excellent
rouniinq and spheri_city" They also shor,r varying degrees
of surface fros'cing" The sand is probably quite fet¿-
spath-i-c 

"
The basal cont act is rnarked b¡' a band of slightiy

-"loly anhydrite, and passes sharpl¡' intc the wrderiyÍn!.
lnlÍssissippían" No brecciated inclusÍons of lufissis"íoolun
r.uere found in the base of the i:ed bed unit*

l{l.ssiss ippian (Charle s)

Sandstoneu shades of pale Sre¡r¡ massive tight ani fiire
grainede Ì'ia.irj-x is dolcmitic. Unit sho.'.'s some fine
irreguiar colol banding and sorne ir:'t:¿uiar nio.utling
near the top"
DoJ-oni'ce, argÍlla.ceous, shows iryezuj_ar banC jrns in
shades of red, bror,in, anc gray; veri¡ fine crystal_line"

Lithology

?ascar Hug! _l,iq"_ 1.
--rî^j:-l--ãFr,ìñì¡ñ--q\J-v*'i-L-¿ I vtYl't)

Ls!pr-.gre$b
ItJot cored
Siltstone, dolomÍtic, argillaceous, rrocjerate reCdish*
bror,,¡n" Contains var¡ring anounts of anhyCrite as rcunded
ine'll:sinns irlertll¡r,1 rr e ¡ei 'i c-ta{ *l-'*^r, -'hnr:* +r^^¿lruluÞÅuflÐ J.f, ¿\tó*-*.*r./ vvsv,vf, vq urrr artirrvuru urrç SilÍ;-
sione natri>1. tTo visible bandin. or. hedrl .ino c

nnraha< ehn¡.r .i'-':ii:i"::^:31"*:6 ur uËuu¿tr*;o sorse
!uo-uuiivÞ ¡r¡ww r¿regular pseudo*breccLa. structu,re. Large
rounded frosted sand grains becone connlon toi,¡arcjs the
base" AL 32II grades sharply to 1íght, slightly greenish
gray ver]¡ dol-omitic siltstone, lrith ¿rbunCant large
inclusiorrs of anhydrite, and some àngì-liar fragmen-bs of
dense grâ)r dolomite up io ftt in diameter" GraCes ro
dolomitic argillaceous sandstone in part,,

The contact r+ith the u¡cerlying
Mississippiair is sharp ai:d irregular" Tlie breccie_

fragmenis ere probably from'che underlying unitu but the

?î,1Å- ?nÊl

* 3082

¡lânT_n lh Hâôf

310C * 3200
3200 * 32L3
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breccia zone is o.uiie tîinoro

Iuf is s is sír:pia"n Char'Ies

Anhydriteu rnassívee associated trith some gray
liroestone,

Samples consíst of sandy sil-tstone sjnlilar
to sanrples from the Waskada -r.¡e11u The sand Ís feldspathica
bu.t stightly less so tha-n Ín I,iaslcacla, and the feldspar is
somern'hat less r^¡ea-bhered" The sand is predominantly
stra-Íned quartz rrith sone rrnstrained rutil-ated qua-rtzu
ch.ert,u garnet, and magnetite" Tn sone specinens the
sand grains l,.rere tfloatingt Ín a nÍcrocryst¡¡.1-1.Íne dolomite
rnatrix. The matrix fo:: the siltstorre is pr"edoniinantly
dolomitic +.o anh]¡drític, btr-t appears somer^¡hat more
argíl-l-aceous than in T¡iaskada.

J.P" Ot¡en Brociie 1-11

\L-ll-*4*291'JPl'Ð

Lo',¡er Anaranth

liot cored,
Argilla.ceou.s sil-tst,one to silty sLtaleu dolomí-tic. sandy,
anhydritic, noderate bror.rnislt red. Shor,rs extremel¡r
irregular becid.ing or l:anding¡ to quÍte thin irreglilar
bedded in places " ltnh;rdrite occurs as small scattered
Í-rregu.lar to rounded incli-rsions " Anhydrite inclus*ions
increase irr size tor,¡ards the base t'rl:ere tirey are 4*5r¡ in
d ia-nreter.
$and grains are mecliurn to co¿,rse graineC, iuell rouirded
and frosted. The sand occurs in patches and lensest
oqneninl'lrz in h¡nrlrc eonteíninr" nhttnrJ¡nt, enhvdri.te" ThevÞijuvÅêr+

sand eontenrl increases to',,aro the base of the unit*
The contact vith the u.nderl)"ing li{ississippian is o,uite
sharp. .1 fei+ b::eccÍa fragnents of light gray dense
dolonite ale present near the base, bu-t are ver"y minor*
lire contact l¡ith the u-rrcerlying l"iississippian is ve:'y
sher::p "
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iJlInoIogy

i{isp_ågqip-pi qg._

Ìln"l ¡mi * c r.o.1 i trr.1 m¡rr f.n l-rrnr,ln'i <Ì" mc o. i""o f i ñ3lJ(JI\Jllr-LUU¡ rXJrìrLUr_ c_ *J .;-119 ltkrSsJ-ve9 r J.ilg
erJ"stalline. ConsiCe::able airh¡'ir"ite as fracture

^a 
/^ e 

^1 
/^ Ffrllings " 3L6:¿"5-3!æ"5*-Sevaral- breccj-a zonese

i:ith fragaenis of dolomite end anh¡rd¡i'¿s, anC scne
reci shal-e anC sil-Lstone.

Ç¿lg.þ;1 T il u i o g-Pgg-u i qge-j,13-?
4-32*5_rql.iPMt JÉ ) t- /

!.qqË*åæt+t3å
ldot cored
Siltstone, noCerrte z"ed argillaceor-..s¡ dolomitie
-nr -nhrrdrif,ie- Rou.nded frosteC s¡.nri rvr":rins
4¿¿q 4il,-1.I

present belov 3078" irnirydri'be occurs es ir"regular
rounded j-ncl-usions up to several- iirches in diameter
scettereC throughoui the section, and so¡retimes
concentrateci in baircls or lenses" Also sorne thín
hcrfs nf nnhrrr] rita s or'rincr ryr¡dofional ]-owef coni;ac't
¡nd shn.rn nnrleï! contaci r.¡ith êesicca.tion structures"v-l'¡ vvr

The darkãr ãôlored bands are more argillaceous, and
tne lighter bands are tnore dolonitic, sandye ¿nc
enhrr¡:lr-if,i¡r - The siftstone shor.rs rTtâssive to irre::ular
rìr nqê1ld n-Ïr'nanni r q*.r.trnf.trroq - \'ti l-.h snma sl i rhf.
lledding anC È.re-ees of erôss beddÍng in places.
Anh:rdrÍte becones more abundant j-n the botton óî"
Ti:e s¿LnC content also seems to increase in the
lor^rer part of the section, and the sand and anhydrite
seea to be associated"
r¡l!he contac-r, r.¡ith the i-lnderlyi-ng l.{ississinpian is
quÍ-te sharp r¡ith no noticeabl-e brecci.'..

l"fig¡is s-lpgþg
Anhydr'íte and dolo¡:ite.?nory _

Q"n'¿rsr_-BgfgE¡gp$,s
Sarnples consist of sandstone to sil_ts.cone,
l"íineralog)' of the sanC Ís the same as for' '¡he idasl<arla
lrellp consisting qu,artz, feldspar, garnet, magnetite,
cherl and clolomÍte in a natrí:c of anhydrj-te or Colornite
i,rÍth only rninor argillaceous rnat--riel_ø

lfuscovite laths are abu_ndant in the fÍner Erained
ba.nd s "
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Calstan ü"ar.i Fr"ovince å-1l,r_:rll$-.rÌ!ffif_
{,/+:'14-c' -- '"-'-t

Lo¡'gr;IÆggen;Lh

Shal-e, dark reddish broun, massiven s]Íckensides
conilon, cruables on i+etting, gracìes predominantl-y
anhvdrite r.ri'l-,h ¡lrtlnd¡nt snhr¡r'lr.ito irio'lr:s inno nr"v¡ !ev 4r¡v¿¿r) .Lvtjo vJ

fragnents, Shar.p conilacL l¡ith -
Red shale as abo-/e,
Anh;rd::ite, rnassive, tiith few shrly and sÍlty bands
and stringers6
Dolotni'ue argillaceous, mot'bled recldish, sl_ightlS'
È 41tu^y ô

I'iissigsÍppiqå
,/inlrrrj,-'ite anfl jnl nni.l- .¿ -nma .-'l ial¡arrcì,'lco ¡-¡,1¿ue e.riq qv¿vrr¡¡ugg ùvllru _Þ¿Iv¡!ç¡tùfJ{çÐ5 arru

sorne oil staÍn, Also sone silts'r,one" This unit
is a breccia zone consistíng Ìrïedomine.ntly of
fragmenLs of liississÍppian doloml-te r,rith ninor
petches of Amaranth siJistone.

C¡npr"nl Fo*.nn^r.c-hr¡.v¡ v jÀ¿ +ts?f¿-y o

Coiaposition of sa.ncl aìÐpears to be 'uhe sane as Ín
the ilaskaCe i,'elJ_, iuith the L"_atrÍx predomínantly
rnicrocrystalline :tgillrceous d o'l omite. Some
specínrens shou fine +.o ¡lediun sends-uone Ín an
anh;rd.ritic ¡natríx i,¡Í-r,h most grains angular, u.nlike
most á.fnaranth sand grains of this size r+hich are
very r.iell rrunded. Siitstone ì,rca-s a nj_nor
constituent jn reost samples exai-n'ïnedo

g'-s_*ÊJgq
t1^
1 -Q- J l^'J * ! / -t; lI.'t)

23LL-2322 (rore rnay be r,r-t#ffiffi#gitlaceous si.lrstone
-2325 Anhyd::ite air.f do.l omiie,
*2367 Si'lstoirer rnode::a.te redCish-bt"o1ún eTgill-aceousn

dolonitic, and. micaceorrs, r"rÍth J_arge Írregrilar
r.-,unded inclusions or fragnents of anh;rdrite
scattered throughout" thoivs srr,rong nottling in
pla-ces. !'er.¡ patches of light greeirish gray co1or"
due to Jccal redu-c''uion of r.ed pigment, Shor^¡s con-
torted or pseudo-breccía_ struciure. Anhydrite
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con'Uent decreases toi,¡ard the base of the unit"
2J/ç2 sone rounded, frotted sand grains associated
r,rith 'uhe J-igh-uer colored anlÐ'dritic bands"
2356-?-358 becones very slndy gr.ading to silty
doloniitic sandstcne" Seciion beccn:es lighter
col-ored v¡Íth inc:r:ease in sanri content"
Predor:rÍnanily anhydr'ite, ineluding rnarkeC bl:eccia
fragnents of dense dolor:iite and che::t,
!.ed siltstone as above,
Rrenni¡^ nhor.'f,.nri do'l nmifc fTrc¡manf.e rrn t.n 2llr! ¿:q !¡. vÀ v¡:jJ_ L r i ¡ rl:, vv r-

in dia.Lrreter ¿Tay t,o z'edclÍsh nottl-ed, in siltstone
nratrixas above.
ReC síItstone as aboveø
Breeeia as above, vel:y sandy"
Tlo'l omi f,e " I i ryhi ¡rrr\¡^ f ina ai.rrqJ'.nl I'î¡o *.n danqa-v 

-1 
r¿ vt J a r4LLL:!. vv u9 jlù99

gracies to ciuiite salndS'" Shot:s faint t'edd.ing or
'-^ h^ i -æu(Lj¡u r frx P

Breeciãu fz'agments of dense light g::ay dolonitee
anhyC.rite, and chert, irp to 3r{ or noï"e in díametèr'.
I'ragments are vet-y angql¿¡ anC slabblr, ..nC a:"e in a
red síltstone niatr.ix"

r,r{s-giqp-ie!.åeg
Doloinite, dense, J-Íght gra¡" to reddisir, cü-'r, by
anh¡rdrite stringe::s" Some red to maroon shale,

^ )2'7fi
^^Ê^ ^6 ) 1 lt \ t<

-237L"5

2375

llon¡ro'l Þo*¡næq^l¡t¡nvr vÁ¡ ÉtJ¡¡-y .

luÍine::aIogy of the sand appears to be the sanre as
in ihe t,laslr¿lda 1^reli" The felcl.spar content appears
to be a-u, least as high as in the,¡iaskada sarnpl_esg
i.¡íth fresh roicrocrine .rery abundan-t,. The matríx
is prinarily dolotnitic" Sone sarnples sho,.+ a
mixture of quartz, feldsparu and sand eize doloniite
grains in an argillaceous dolomite matrix, The
matrjr for the siltstone is consÍC.erablJ¡ rnore
argillaceous than in ihe Tdaskada r,reJ-lq

Dome ila;¡'ris Cox },Íiniof"a l2-28

^ 
;Iñuore ;î /

(I2-28-I3-26*üPi'{)

ÞPsr.Æarsn!þ
L760-1785Ë P"ecove::ed 22r n

38 Þol-omiie, argillaceous, sligh-uly caicareous,
neditrtn light gra;,r-buff " Contains considerable
ccarse crysiali-ine gypsuln and sho¡,rs sorne good
coarse vuggy porosity. Grades to -

18 ÐolomÍteu light hrown, earihy to fine saecheroicìaI,
verlr gooC fine pin point porosity,

0t 6rr $hale¡ medium graya clolonÍiic to s15-gh-b1y
calc¿rreous.

0 r 6n AnÌ:;rCri-te ¡-nC C olonrite 
"91 6n Shale, I-ight to medÍum g-ray*buÍf, dol_onitic,



:l-28-

IlrasËivee very ci:uldtly ani fr¿rctured, 'irace of anh¡rCri'Le
in so¡:e bancis, -Ln per"i shor.ls goocl f issility" Con'ueins
one thÍn 4'r banq of fine cz'ysta11-ine, light gray
doloriiiie shoi,:ing .fine pån point porosit¡'"

3E I"iassÍve anh;rdrite ',iith sor::e associated tight triiff
d oloroite.

38 Ðolomiteu light gra1ry fine crystalline to mícro*
gro.nul-er'e fai:: pin point porosity, argii_leceou_s in
part 

"

Legeq A!æsTå:
LE 6n Shalee bright r.ed, abundand CicÈensicies. Rcunded

fros'bed sand grains are corotÌìon. Some dark br.or.+nish
angular quartz (?) grains up to å" ir, Ciameter,"

Ð.e!9.Í- å ql "-Z9tg.*:*Si*."¿:s-tpsiae
^ 

t¡A rÊÁè r A'Core lÉB 1785-181C Recovez'ed 8s
B8 Freccia zone" l'1ix-,,ure of dolontíte anC dolonítíc

l-imestone and chert fragments r.rith red shale and
anh;rrclri'r,e" Pronounced b¡:eccÍa in lrlaees, otherr,:ise
red shale and anhydrite occur as fracture fillings"
Dolor.rite and doloniitie l-iniestone shor,r Q'pical
mottling of Lcdgepol_e limestone. Amoun'L of red
shale and anh;.cirite, and degree of tr:reccia.tion
decrease scnei+hat tor,rards the base" Thís rznit is
a basal Amaran'r,h detrÍtal zonee grading dor,¡n into
r'¡eathered, doloinitized 1'{issis sinÞian"

soir-r*g_Slgf È_ercl-I¿sglg¿_¿l
--(T6:TË6;zti.ãi**

i\ioLee This r.rell Ís loca.ted a consiilerabie dis'r,ance to the west of
the rnap areee but is Ínciuded to shor,¡ the sj_mila-rit'y of the
sectíon,

Lor,¡er Anaranth
L61.0 - /+69B l'iot cored

Shale, ;oale to moclerate red, siliy, micaceous, dolomi.tic"
Contains abu.ndant rotr.ndsfl :'-ncl-usions of a.nhSrdrite, anc
also a fer"¡ sÍmÍlar Ínclusions of medium crystal_líne
dolomiteu The i:op Jt are ligirter ::ed, anci qrrite sí1ty
anri sandy" Slickensides a.re coirr0oir in the noz'e
ai'oilIaec^ns seetíons* Greenish sr¿v rcduction nntchesvrv¿¡ 1uq u{.,1¡vÈ

are also cÕmtllonø
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Floa.ting sand grains become very abundani tor,rard
the base* shoi'¡s irregular pseudo-bï"eccia st:.ucturreu
The sectÍon is almost identÍcal to that of 1,,laskaclau
Snrartu and othez. r,rells in southr,¡estern l,.ianitoba,
f;hough the section is slÍghtly niore dol_omiiic a;ad
sandy, anC considerably thicj<er" The con.bact r,¡ith
i;he ]"lissÍssippian i_s rnissing ín the coï:e but must, be
ex'Lremely sharp, There l.ras no breccia zone' at the
MÍ s sis s ippÍan contac'b 

"

l'ÍÍs s issinoÍan
Ðolomíte, meãïñn-@ffiine 'r,o dense, par.i;ly
argi-llaceous, some anhyclrite.

'llnnaz'
-rÌ-"-

rri..cd irro
markings

coarser grained
light greenish-

green ar"gil laceous

grained sand stoneu argillaceollee
calc¿reousu dark gray to recidish,

eå4erH
( E*rr-u-26 'rllu 

)

IJpner Bakken
2228-2239 sha.le, bla.ck, rrÏgltüì;G"ïeouse Gr.ades to r,e¡y

dark gra.yo fossilifez'ous at tire top (conodon.bs,
anC brachiopods) " l,{assive, conchoi-dal fracturð"

zz:¡g -22/,9 õittsto"-, u"r"T"ffff*#ffi"ce,rus, mas sir¡e 
"part pale to moderate gray to reddish gray,

dor¡n"r+ards to moderate red" Black haÍr*IÍke
abiri:dant in the upper part*

*2253 Silstone to fj.ne sandstone, slightly
than aJ¡ove, calcareous t,o clolomitie,
gray6 Severa"l ba.nds of deirse l-isht
dolomite are pr.esento

-2262 Silsione to vã::y f ine
dolomitíc to sl:lghtly
f inel¡r le-minated *

Lower Bakken?
22/o2*2267 $hale, dark g'a/E-AFtfy purplfsh, massiveu non-

calcareous.

Lr¡leton?
2267-227I Dolonite, o"r¡' ffiÏlÏã"eous, goderate gray to r.eddish,r,¡iih soae green shal¡.. bands, þlassive t,o slightl-y

brecciaied 
^
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- 2275 Breccia, fraginents of lÍ.ght gr.ay dolomj.te in darh gray
shal-e matrix" Sor:re b:.igirt green shale, and sorûe very
proyrou-ncefl s'l ickensides. Pyritic,

* ?-n6 Dolonite, light to noder.aie gray, contaíning rÞny small_
ff¿l.SnnentS n.p rtrrt¡ crarr o\¿¡fg. GfaCles thfouøh breeciaua alrv,l

zone into*
- 2280 Shale, dark gr.ay to reCclÍsh 3ray, ¡r'¿.ssirre, non-

calcareouse Shoi,¡s greenish reduction paf,ches especia.lly
near the top" Thin breccia zone in the middle of the
unit consis'r,s of dolomite and darlc gray and green shale
as above" Grades to-

* 2294 Shale, dolomitic to argÍl1âceous dolomite, bright red"
Struetr:-re varies frorn massive to very' fi-ne contorted oz'
i¡reccÍated appearance, Several thin be.nds of gra.yÍsh
dol-oniie end several g::een sh¡.ile parì;ingsu A fe¡.ur bands
sho'.¡ fine l-anination" Passes sharply into underlying
unít r¿ith no br:eccia zone" I¡eu patches of anhvdrj.te
ai; the con'Lact,

-,U.ås.\s-LÍmestone, lrhÍte to crearn colorede nlassive, dense, some
l-lnnd s of :lnhr"¡ìrff,g,

RoJal_Íte !fÞ{.-l&;:._i"ekç_&,. t-
--.-?Ë?ÆÎffTr-Ëî'rl..-.-.

\Y / -

3590-3609 share, black r" u#Ëi;#fffiu"r*.e1¡r ¡i**ile, becomes
slightly lishter eololed to'¡arCs the basen Some
conoConts* Grades sharply i;o *

t6og-3$a siltsionee coarse äffiä,&ffir,ne sandstone, medium
light gray.r argillaceor.r.su dolomitic, ancì slightly
pyritie" Grain síze incr.eases towar"ds the l:ase and sone
banCs of nedit-m grained sandstone are pr.esent. Slightly
nottled, rvith e- fel¡ dark hairl-ine markings, Some bands
are very finely lar:iínated. Grad.es sharply to :

!x.le-ts38A46Ð Shale, slightiy dolomiticu light gray to sligh'biy
greenish massíve, slightly mottied and sfreaked"
AbunCa.ni; pyrite alorrg fraetu-res, Grades to *
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Ped shale, sli3htl]' dolorrÍtic, Sone breccÍe-
fragnrents e
Shp'1 a^ Jíoh1-. ryrq'¿ --Þ--- o- Jo
tìed sh¿rl-e, slightly dolornitícu aassiveu Bottom
lå't contain some fine by'eceia fragm;nts of doloi:rite.
Passes sira:'pl-y bu-t ,..'ith no no'uiceabl-e unconfor.init¡'
to*

Iüislcu
ÐoIomite, light #aïs Cense, lrgill-aceouse ScattereC
natches of ¡nhvririte" Gracles to -l----:."-

Dolocrite, buff, fragmenta-I fossj-liferou.s 
"

c al-i{g3n¿å;!!aldard.- !.i9¡nçÉ.-ë:¿7
----%:îËA-2-Fî,iÞ¡ñ\ö--.

Upper_þlgleJ?
Black shale, non-cû-lcareou.se fissil-e. Passes sharpl-¡'
'tO *

i'iÍù{}e. B_akireE
(ir o*n".a .,^^, aolornÍtic et ihe +^.. --^^i--. +^vv¿J qv¿v¡:¡¿vrv üu v¡re uvlJr 6rdll¿IIB uu

silt¡' dolomite, grey ínassive, sli3hily argillaceou-s"
Beconl;s incre¿Lsingly coarser gt"ained towards the
base, where it grades to a fine sands-r,one. ¡er.k
ha.ir*like n'rarkings ar.e quite coiürrono i.t 2808,
beeornes fÍnely laninated and fiss j-le" FÍne bandine
con-binues to the base but fissl1_íty decreases,
and becc¡res clarke:: gray to slÍ-ghtly purpl-ish, r+ith
soae fine reCciish bands* Gracles to *

t-Éçtq¡1
Dolor¿Ítie shale to argii-laceoils dolonite, very
finel¡' lamÍnated to slightl¡l cross bedCeC" Some
bright ¡3reen dolonitic shaleu
Dolotnitic shale to argilleeeous dolor.nite, light
gr¿L]¡e massÍve, denseo
Shal-eu cr.olornitic, fine irregular bairded, mediula
dafk o.:far.risif-feC f n lvì ryh* ^¡aan^ sl jr"ht'l r¡ nvi" j.f,iC,uÁvy !/J r ¿u
Some banCs flnely brecciated.
Ðolonnitic sha.le to ar.gillaceous clolor':iite, light
Bra¡r¡ massir¡ep pyri't,i-c (as above)"
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_9e,qegign.Eì+.p_erÅoq-QryåSkåbelli-..-*lá:4-_.*ÏÏFãðÕ:zäf,r'rn-*

Uppe"r Bek]lee
,Shal-eu ¡nediun Cark gra¡', to slightly brorvnishu
Slíghtly fissile to subconchoidal- fra.cture"
Con'ì;ains abundani, conodonts" Beco¡tes nore
bror,mish tor+ards the base ancl grades to *

jr{iddl_e Bakken
DoJ-onite, argillaceou.s, slightly calcareouse massir,rs,
dense to mícrogranulå.r, pale to rLoderate grayish-
rsd I'ith Í-::r.egular light greenÍsh graJ/ reduction
patches * Abundant fíne black threacl-l_ike mar"kinEs.
Slight1y sllty" G.racles to -
Dolo.nrÍte, ealcareousu argilla-ceouse nnassive, tight,
pale greenish gray, fine saccharoidal- to mÍcro*
granltlâ-r.
Si1';y argiJla-ceous dolonite t,o dolomitic sÍltsioneu
finely laminated" Predoninantly pa1-e yeilor+isl:-
gray to brorvn at top, gra.dj_ng to reCclish to
prt-:'plish ¿ray ín the niCdle, ancì. 1Íght gra.y st baseo
Becomes slightly nricaceouse and sli-ghtly less silty
at the basen Graies to *

lor¡er Êakken?
Shale, darlc purplish to redciish grryc dolomitic,
very fÍneIy bu-t, Írreguiarly- bandedu físsile, mor:e
massive towa,rds the base"
Finely Íni;erbanded pale yellowÍsh bror,in firre
saccha.roÍdal dolc'mÍtie l_imestone, and smooth green
sha1e. Slíghtly silty"
ShaJ-e, slightly cloloniÍtic, grayish red*prirple,
fitassive, fer¡ round pale greenísh gra¡r r.eduòtion
patches *

L¿letoe-?
Banded and mot-r,Ied, mirture of green shal_e to
dol-omitic shale, anri. brownj-sh t,o slightly reodish
dolonitic l-imestone with nodular bancls of purplish
to reddi"sh gz'a¡. dolo¡ritic shale as åor¡e. Èecãrnuu
more aassive tol¡ards the base anc] sra_des to *
Shale, sl5-'rhtiy cìol-or:ític, ma.ssirre, moderaì;e gra,yish
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PLATE 6.

STRATIGRAPHIC CROSS SECTION

LEG EN D

LIMESTONE
dolorn i t ic

orgilloceous

DOLOSTONE

SII.TSTONE
orgílloceous
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SHALE
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NOTE : WELLS NO. 34, 35, 36 ARE LOCAÎED ON OR

PERIPH€RAL TO THE HARTNEY STRUCTURE

. AND NO CORRELATION IS POSSIELE EETWEEN

ÎHESE WELLS IN TI.IE AMARANTH INTERVAL.
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