








INTRODUCTION

L O C A T IO N  A N D  ACCESS

The area discussed in this rep o rt includes T ow nships 44-53  
and  extends westwards from  the Saskatchewan -M an ito b a  b o r 
d er to  R ange 1 1, W 2, an area o f  approx im ate ly  4 ,7 0 0  square 
m iles.

H ighways bound  the periphery  o f  the area  but the central 
p o rtio n , occupied  by the Pasquia H ills, is d ifficu lt to  traverse. 
O n ly  one  ro ad  crosses the hills, the so -called  F ir R iver road  
which extends n orthw ards from  V e illa rdv ille  to  jo in  Highway 
163 ju st south of the R ed E arth  Ind ian  Reserve. A t the tim e of 
the survey (1967), th is ro ad  was not navigable  by 4-wheel 
vehicles because of num erous “ wash o u ts” and  steep grades.

Access to  the n o rth ern  flank  o f  the h ills, which was ex 
trem ely d ifficu lt at the tim e o f  the field w ork , has im proved 
considerab ly  w ith the extension o f  H ighway 163 to  the east to 
jo in  the O tosquen ro ad  at M ile 5 4 .4 .1

P articu la rly  in the western part o f  the hills, lim ited access is 
prov ided  by logging tra ils  but these are  generally  im passable 
by 4-w heel vehicles. Suzuki tra il b ikes (80  c.c.) were used in 
the present survey and  p roved invaluable; they are  recom m en
ded as a cheap, re liab le  means o f  tran sp o rta tio n  for anyone 
con tem plating  field w ork in th is type o f  terra in .

F IE L D  W O R K  A N D  A C K N O W L E D G E M E N T S  
F ield  w ork was carried  out d u ring  the sum m er o f  1967 and 

was designed to  investigate the surface econom ic geology of 
the area , p a rticu la rly  the oil shale and silica  sand deposits. At 
the sam e tim e, the area  was p rospected  for o th e r  deposits  and 
an attem pt was m ade to p ro d u ce  a geological map.

A s o u tcro p  is alm ost exclusively restric ted  to cu t-banks o f 
rivers and  stream s alm ost all o f  the waterw ays were traversed 
and  all o u tcrops were p lo tted  on  a ir  pho tographs on  a  scale of 
approx im ate ly  3 ,0 0 0  feet to  one  inch. D ata  were then tra n s
ferred  to  a con to u red  base m ap on  a scale o f  1 :250 ,000 . It 
shou ld  be no ted  th at all stream s were not traversed  fo r their 
e n tire  length. It was generally  found  th at if  C retaceous 
d e tritu s  was not ev ident in the first m ile o f  traverse  along  a 
stream  bed then the chances of d iscovering  o u tcro p  up-stream  
were v irtu a lly  nil.

T he w rite r was assisted in the field  by D. V. M cL ain . Local 
officers o f  the D epartm ent o f  N atural R esources were helpful, 
in p a rticu la r  M r. Bill C ro thers, C onservation  O fficer at 
C a rro t R iver who gave m uch valuab le  assistance in connec
tion  with the field  w ork in the western p a rt o f  the hills. T he 
w rite r is gratefu l to M r. John H udson o f  the Saskatchewan 
Research C ouncil for carry ing  ou t X -ra y  w ork on  the 
m anganese nodules.

P H Y S IO G R A P H Y

T he d o m in an t physical fea tu re  o f  the area  is the Pasquia 
H ills, a no rth east- tren d in g  escarpm ent that rises steeply from  
the C arro t R iver on  its no rth  side and  from  the M anitoba  
p lain  to the east, to  elevations o f  2 ,6 0 0  feet and  g rea te r, above 
sea-level. T he sum m it level o f  the eastern p art o f  the hills  is 
ap prox im ately  1,600 - 1 ,700 feet above the ad jacent low lands.

The ab ru p t scarp  face o f  the h ills, a con tin u a tio n  o f the 
M an ito b a  escarpm ent and  part o f  the first p ra ir ie  steppe, is 
d ire c tly  r e la te d  to  th e  p rese n c e  o f  re la tiv e ly  re s is ta n t 
C retaceous shales that o verlie  m ore easily  ero d ed  psam m itic 
and calcareous rocks o f  C retaceous and  ea rlie r  ages. These 
s tra ta  d ip  gen tly  to  the southw est and , in consequence, an 
escarpm ent was form ed. It is likely that in preglacial times the 
escarpm ent was m ore p ron o u n ced  in rela tion  to  the lowland 
to  the east but glacial deposits, in p a rticu la r  those o f  Lake 
Agassiz, have filled in the low lands and  b u ried  the lower 
C retaceous and  ea rlie r  form ations.

T he d eposition  o t a m antle  of glacial deposits  presum ably 
rejuvenated the erosion  cycle and  m ost o f  the stream s and 
rivers a re  in a youthfu l stage. Steep V -shaped valleys are p a r
ticu larly  com m on on  the n o rth  flank  o f  the h ills and , in this 
a rea , th ey  a re  refe rred  to  by the local in h ab itan ts  as 
“can y o n s” .

M ost o f  the g lacial deposits covering the h ills are  tran sp o r
ted tills  o r  b o u ld er clay that range from  a few feet to several 
tens o t feet in thickness. Sandy tills  a re  com m on on the north  
flank  o f  the  hills  in the vicin ity  o f  the C arro t R iver, 
presum ably  resu lting  from  glacial sm earing o f  the underlying 
B lairm ore sands. Hum m ocky till is ev ident in a few places on 
the sum m it o f  the h ills and  may represent deposition  from  
stagnant ice at the end o f  the g lacial perio d . T ransverse ridges, 
generally  tren d in g  northw esterly , a re  fairly  com m on on both 
the northw est and  southeast Hanks o f  the hills.

Evidence o f  the latest stages o f  g lac ia tion  is provided  by 
s trand  lines, which represent beach levels o f  glacial Lake 
Agassiz. They are  p a rticu la rly  com m on on the northw est flank 
o f  the h ills betw een the C racking  R iver (Tp 50 R 7 W>) and 
M ountain  C reek (Tp 53, R 2, W 2) and on the southeast flank 
betw een H udson Bay and the northeast edge o f  the hills. M ost 
of the beach deposits  occur at elevations betw een 95 0  feet and 
1,300 feet above sea-level and  ind icate  that the part o f  the 
h ills above the 1 ,3 0 0 -fo o t-co n to u r was an island d u rin g  the 
final stages o f g lac ia tio n , whilst m ost o f  the su rround ing  
low land was covered by melt waters.

P R E V IO U S  W O R K

T he earliest recorded  geological work was by W illiam  
M clnnes who traversed  part o f  the area  d u rin g  his survey of 

I913b)aSmS ° f the NelS° n 3nd Churctlil1 R ivers (M clnnes,

The southeast part o f  the area  (Tp 4 4 -4 6  and  from  the 
Prov incial B oundary  to  R 7 , W 2) was included  in W icken- 
d e n ’s study o f  the M esozoic s tra tig raphy  o f  the Eastern Plains 
(W ickenden, 1945).

The o n ly  o th er geological w ork in the area has been in c o n 
nection with b ro ad e r surveys o f  which the Pasquia  H ills has 
form ed o n ly  a  p a rt (E lls 1923, M cLearn  and  W ickenden 
1936, Jo hnston  1946).

T h e  S askatchew an  D ep artm en t o f  M in era l R esources 
p reviously  carried  o u t an investigation  o f  the Red D eer silica 
sand (Babey, 1955).

'Mileages on the Otosquen road are measured northwards from Hud
son Bay.
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STRATIGRAPHY

G E N E R A L

M uch o f  the area  is covered by glacial deposits  and  o u tcrop  
is restric ted  to the low er slopes o f  the h ills where a few o f  the 
stream s have cut through  surficial m aterial to  bedrock  E x
cellent C l i f t  exposures are  found  on  the W askw ei, M an and 
C racking  R ivers and  on  M ountain  C reek. In the southern  part 
of the area , scattered  exposures occur a lo n g  the Red Deer 
K iver an d  som e o f  its tribu ta ries.

A part from  an ou tcro p  o f  p o o rly  co n so lid a ted  sands on the 
M an R iver which may be T ertia ry , a ll o f  the exposed bedrock

f  ‘°  u6 C re ta c e o u s - T h e  g e n e ra l su ccessio n  
estab lished  from  the geological m apping  is shown in T ab le  I

Table 1 -  Table of Formations

Formation Unit No. Thickness 
30' +Tertiary (?) 

sands Unconsolidated sands with 
calcareous sandstone 
concretions.

Riding
Mountain

4 450' + Soft, greenish-grey shales 
and clays in ter bedded with 
siliceous shales and clay 
ironstone bands near to 
the base.

Boyne Member
os
g Morden Member

i
>

3

Oj
 O

o 
o

 
° 

1

Calcareous speckled shale

Impersistent, black non- 
calcareous shales. May be 
interbedded with speckled 
shales.

Favel Calcareous speckled shale.
Lower
Colorado 2 150' + Dark grey to black, non- 

calcareous shale.
Blairmore 1 150' + Poorly consolidated sands, 

silts, clays, lignites. Some 
calcareous sandstone lenses.

T he base o f  the R id in g  M ounta in  F orm ation  is well ex
posed at several localities aro u n d  the escarpm ent and  is 
draw n on  the accom panying  geological m ap w ith reasonab le  
accuracy. S im ilarly  the to p  o f  the B lairm ore was defined  in 
the field  with confidence. T he m iddle  p a rt o f  the s tra tig raph ic  
section , com prising  the Low er C o lo rad o , Favel and  V er 

i°n  ^ lver P °ses problem s, however. F irstly , o u tcrops  are  
scattered  and  bo u n d aries  canno t be defined  accurately  and  
secondly, a com plete  s tra tig rap h ic  section is no t exposed in 
any  o f  the stream s m aking co rre la tio n  from  stream  section to 
stream  section som ew hat tenuous.

T he p rob lem  is fu rth e r com pounded  by the litho logical 
s im ila rities o f  ( I )  the Boyne M em ber and  the Favel F o r 
m ation , both  calcareous shales, the First and  Second "Specks" 
o f  the sub-surface, respectively, and  (2) the M orden  M em ber 
and he L ow er C o lo rad o  shales, bo th  o f  which a re  d ark  brown 
to b lack non -ca lcareo u s shales. Thus if  o n ly  o ne  calcareous 
o r  one  n on-ca lcareous shale  is exposed in a  p a rticu la r  stream  
section, the s tra tig rap h ic  position  o f  the u n its  is in d oub t. For 
exam ple on  the W askwei, B ainbridge, and  M an R ivers a

m -m  “ ™ f eOUS Sha' e (occurrin8 at elevations between 
iu z u  - 1080 feet) is overla in  by a th ick  (2 5 0  - 30 0  feen  
sequence o f  speckled calcareous shales w ith m inor in te rb ed 
ded no n -ca lcareo u s shale w hich, in tu rn , is overla in  by the 
R id ing  M ou n ta in  F orm ation .

T his m ight be in te rp re ted  as a th ick  Boyne M em ber 
overly ing  the M orden  M em ber but th is in te rp re ta tion  w ould 
assum e a th icken ing  o t the Boyne from  abou t 4 0  feet at the 
n o rth  end  o f  the Porcup ine H ills to  alm ost 30 0  feet at B a in 
bridge R iver. It w ould  also place the base o f  the Verm ilion 
R iver F orm ation  at B ainbridge R iver about 250 feet lower 
than on  the north  slope o f  the Porcup ine H ills, east o f Hudson 
Bay, which is n o t likely in view o f  the west to  southw esterly 
reg ional d ip  o f  the beds.

In view o f  this, an a lte rn a tiv e  in te rp re ta tio n  that the M o r
den M em ber is e ith e r m issing o r  is on ly  in term itten tly  
developed n o rth  o f  H udson Bay, is favoured , thereby implying 
th at the thick sequence of speckled shales represents both the 
Favel F orm ation  and  Boyne M em ber o f the V erm ilion R iver 
F o rm atio n . On this basis, the base o f  the V erm ilion R iver 
F o rm at'o n  and  Favel are  at roughly  the same elevations at 
both H udson Bay and the n orth  end o f  the Pasquia Hills 
which is in better accord  with the know n regional s tru c tu re’ 
D isappearance o f  the M orden M em ber and  the m erging o f  the 
Favel F orm ation  and  Boyne M em ber in central Saskatchewan 
was confirm ed  by stud ies o f  fo ram in ife rs (P a rk , 1965).

A s the  M orden  is o n ly  in te rm itten tly  developed, and 
because the Favel and  Boyne are  not d iv isib le  on the basis o f  
litho logy, the two units o f  speckled shales were m apped as a 
single  un it in  the  cu rren t study.

In th is  re p o r t ,  th e  s tr a tig r a p h ic  te rm in o lo g y  o f  the  
s tra tig rap h ic  co rre la tio n  ch art (1 9 6 3 ) o f  the Saskatchewan 
D epartm ent o f  M ineral Resources is fo llow ed. Some o f  the 
p roblem s arising  o u t o f  the stra tig rap h ic  nom enclatu re  used 
by various w orkers is discussed by W ickenden (1945 , pp. 2-

B L A IR M O R E  f o r m a t i o n

T he B lairm ore is exposed in cu t-banks o f  the Red Deer 
R iver n o rth  of A rm it. The most westerly exposures, and the 
s tra tig rap h ica lly  highest, are  in the NE I /4-1 3-46-31 -W1 and 
consist o f  iro n -s ta in ed  clays and in d u ra ted  m edium -grained 
sandstones. Dow n stream  at several places in sections 19 20 
. 1 ,  and  22 o f  Tp. 46 , R 30 , W1 are  cu t-banks o f  u ncon
so lida ted  and  p artly  co nso lida ted  sands com m only cross b ed
ded  and  co n ta in in g  th in  lignites (P late  1). W ithin this suc
cession o f  sands there  is a bed o f  well sorted  silica  sand o f  
possib le com m ercial im portance  th at is discussed fu rther in 
tne chap ter on  “ E conom ic G eo logy” .

T he o n ly  o th er exposure o f  B lairm ore found  in the area was 
on  the n o rth  bank o f  the C arro t R iver in N W 1/4 -6 -5 2 -7 -W 2 
k , oca | l t y’ near to the w ater’s edge, 4 feet o f  cross
bedded, partly  co nso lida ted  iro n -s ta in ed  sandstone overlies 
16 inches o f  u n conso lida ted , well sorted  sand co n ta in in g  ca r
bonaceous fragm ents.

L O W E R  C O L O R A D O  SH A LES 

L ow er C o lo rad o  Shales a re  exposed on  the Red D eer R iver 
southeast o f  E rw ood , on  W askwei R iver east o f  the O tosquen 
ro ad , and  on  the  B ainbridge and  M an Rivers.

O n the n o rth  side  o f  the R ed D eer R iver in Sec 3 3 -4 4 -2 -W 2

I h T  a^D,SeVer- f ' CUt banks exP °sir,g finely  bedded, d ark  grey 
sha es (P late  2) overla in  by a  b lack, p lastic  m udstone. The 
shales a re  iro n -s ta in ed  and  have a b u n d an t se len ite  crystals

















P la te  12. ■ 'U pstream " s il ic a  s a n d  d e p o s it .  R ed  D e e r  R iv e r.
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P a r t ic le - size distribution, Red Deer River silica sand deposits

Sample No

U P ST R EA M  deposit

DO W NSTREAM  deposit

Armit test hole 110 feet

Armit test hole 120 feet

PARTICLE -  S IZ E  

12





Table 6 -  Comparative chemical data for the Waskwei

S tu rg eo n  L ake m arl.

F e 2 0 3 A1 2 O 3 CaO MgO

1 2 .48 5 .67 35 .3 7 0 .76

! N D 5 .40 38.9 2 .7 2

> 2.31 3.48 30 .7 8 2.11

S i0 2 

A 17.32

B 19.82

C 26 .0 9

A: S peck led  shales, W askw ei R iver sectio n .
B: T y p ica l ce m e n t ro c k ; L eh igh  V alley  lim esto n e .

F ro m  W. M. M yers, C em ent M ateria ls, In d . Mins, 
and  R o ck s, 2 n d . Ed.

C: S tu rg eo n  L ake m arl, average ch em ical c o m p o s itio n .

T he best exposure found  d u rin g  ‘he course  o f  field 
is a n ear-vertical c liff  section on  the  B am b n d g e  R iver (P to e  
15) abou t 1.7 m iles upstream  from  the O tosquen road . A t tha 
locality  the fo llow ing section was m easured:

Thickness

6 - 2 5 '

5 0 ' (estim ated)

2 - o "

4 ' 8 "

3 ’ 0 "

3 ' O'

5 ' 6 "

0 - 2 3 '

Lithology  

B oulder clay.

Flaggy d ark  shale w ith lenses and  layers 
and  scattered  clay ironstone  n odu les..

Flaggy iron  sta ined  d a rk  shale.

F issile d a rk  shale  w ith a  few scattered 
ironstone  concretions.

Flaggy iron  sta ined  d ark  shale.

G rey shale  with four th in  persisten t 
co n cre tio n ary  layers.

G rey  fissile shale; no  nodules.

Scree slope.

M anganese-bearing  nodu les occur scattered  o r m ore com 
m only. in layers a lo n g  bedd ing  p lanes. L ayers as; ong; as2CHo 
30 feet a re  com m on and layers are  never greate 
n o d u le  th ick .

At the B ainbridge section , the vo lum etric  ra tio  o f  n odu le  to 
shale  w a s  estim ated visually  to  be a b o u t 1 to  40 . Assum ing a 
specific gravity  o f  3 .4  fo r the nodules, 1 ton  o f n odu les could 
be^recovered from  4 0 0  - 4 5 0  cu. ft. o f  shale. T h .s shou ld  be 
considered  a  m axim um , ra th er than  average co n cen tra tio n  of 
nodu les as at all o th er exposures o f  the  m angam ferous 
ho rizo n  the p ro p o rtio n  o f  no d u les  to  shale  appears to  be less 
than  a t the B ainbridge R iver section.

Ind iv idual n odu les are  sub-ro u n d ed , egg-shapeel o r d isc
shaped and  lie with th eir longest d im ension  pa r a l l | ' 1 to  ™  
bedd ing  p lanes. M ost o f  the nodu les are  1 to  4 inches th ick  
but a few  are  as much as 6  inches th ick . D iam eters are  
generally  betw een 2  and  6  inches a lthough  a few n odu les as 
m uch as 20  inches in  d iam eter were observed  (P late  16). The 
co lo u r o f  the nodu les ranges from  light grey to  green ' i>h 
and  m ost o f  them  are  covered by a  th in  (5 mm o r  less) b lack 
light b row n sk in . A few nodu les have an in n er b row n skin 
covered by an o u ter  b lack  crust and  o ccasiona lly  th is sequence 
may be reversed.

Chem istry and  M ineralogy
In hand specim ens the nodu les a re  extrem ely fin e  g rained

Plate 16. —  Manganese nodules.

and  hom ogeneous. In th in  section they consist o f  a g ran u lar 
m osaic o f  greyish brow n to light brow n, slightly  p leochro ic  
carbonate. Judg ing  from  op tica l c rite ria  only  o ne  “ A o riate  
is present in the groundm ass. Ind iv idua l g ^ n s  r n g e  f r ° m 
0 .02  to  0 .07  mm in d iam eter and  average about 0 .05  mm.

Irregu larly -shaped  areas and ram ifying veinlets w ithin the 
n odu les are  m ore heavily  iron  sta ined  to  a  m id o r d a rk b ro w n  
co lo u r, and  are  a lm ost massive in tex ture; only  w ith d it 
ficu lty  can a  vague g ran u la r  tex tu re  and  p o lariza tio n  colours 
o f  carb o n ate  be discerned . W ith in  these d a rk e r patches a lew  
vague ro u n d ed  and  egg-shaped form s r a n g i n g  i n  diam eter 
from  0 . 3  to  0 . 7  mm may be o o lith s  n o t destroyed  y 
recrysta llization . A  few com posite  g rains (1 mm o r  less in 
d iam eter) o f  c lear carbonate, p robab ly  calcite, are; scattered 
th rough  the nodu les as are th in  vein lets o f c lear calcite. Alsi 
included  are  a  few small du ll b lack g rains (p robab ly  o rganic) 
and  scattered  g rains o f  quartz.

An opaque  b lack  skin (1 mm o r  less) coats the nodu les and 
also lines fractures w ith in  the nodules. C lear carb o n ate  o c 
cupies the centre  o f  some o f the frac tu re  fillings and  also 
form s th in  vein le ts cu tting  the o p aq u e  m ineral. In po ished 
section the opaque  m ineral is m edium  grey massive .so trop ic  
to  very w eakly an iso tro p ic , and  is ten tatively  id en tified  on  o p 
tical c rite r ia  as bixbyite - (M n F e ) ,0 ;1.

Six representative  sam ples o f  the n o d u les  were assayed for 
iron  and  m anganese and  gave the fo llow ing  results.

Total 
Iron Manganese % 

22.45  
12.66 
12 .54  
17.58  
17 .14  
17.44

Field No. Location
21-6-7 B ainbridge  R iver 18 .92

4-4-1 B ainbridge R iver 18.72
4-4-3 B ainbridge  R iver 21 .95
4 .4 - 4  B a inbridge  R iver 20 .1 9
4-4-5 B ainbridge  R iver 17 .54

30-8-1 U n -n am ed  2 1 .07
can y o n
15 m iles S.W. o f
B ainbridge
ex p o su re

Note: Analyses by Technical Service Laboratories.

S e m i - q u a n t i t a t i v e  spectrograph ic  analysis o f  tw o o f the 
above sam ples (21 -6 -7  and  3 0 -8 -1 ) show ed in a d d itio n  to 
m an g a n e se  a n d  th e  ro c k - fo rm in g  e le m e n ts  a lu m in u m  
calcium , iro n , m agnesium , s ilicon , and  sod ium , the presence 
o f m in o r o r  trace  am ounts o f  the fo llow ing elem ents; barium , 
chrom ium , coba lt, copper, go ld , lead , m olybdenum , nickel, 
silver, t itan iu m , vanad ium , zinc, and  zirconium .

O ne sam ple o f  b edrock  shale from  the B ainbridge  R iver



locality  assayed 1.32 p er cent m anganese and 4 .02  per cent 
iron and  a  sem i-quan tita tive  spectrograph ic  analysis disclosed 
m inor o r  trace  am ounts o f  barium , b o ro n , chrom ium , copper, 
ead , n ickel, silver, s tro n tiu m , titan iu m , vanad ium , yttrium , 

and  zircon ium , in ad d itio n  to  the com m on rock-fo rm ing  
elem ents.

X -ray  d iffrac tion  exam ination  o f  unox id ized  portio n s  o f  
sam ples 4 - 4 - 1, 4 -4 -3 , 4 -4 -4 , and 4 -4 -5  and  the o x id ized  crust 
o f  sam ple 4 -4 -4  was carried  ou t by M r. J. H. H udson o f  the 
S a s k a tc h e w a n  R e se a rc h  C o u n c i l .  H e fo u n d  th a t  th e  
unox id ized  sam ples consisted  essentia lly  o f  a m ixture o f  
FeC Q , and  MnCO..,. p robab ly  a so lid  so lu tio n , as any given 
peak is o f  d-spacing  in te rm ed iate  betw een the two members. 
O th er m inerals iden tified  were qu artz  and  o pa l. T he oxid ized  
crust proved to  be essentia lly  am orphous with m inor am ounts 
of quartz , calcite, rh odochrosite , and  an u n iden tified  oxide o f 
m anganese.

In view o f  the p e trograph ic  and  spectrograph ic  evidence 
the nodu les consist essentia lly  o f  mix crystals o f  rhodochrosite  
and  s iderite  and  as M n =a= Fe, the term  “ m an g an o sid erite” is 
ap p licab le  (D eer, How ie, and  Z ussm an, 1962, p .265).

A m ineralogical study o f  four rep resen tative  sam ples from  
the B ainbridge R iver locality  was ca rr ied  ou t by S. K aim an of 
the M ines B ranch, D epartm ent o f  Energy, M ines and R eso u r
ces, O ttaw a (E x trac tion  M etallurgy  D ivision , In ternal R eport 
E M T  69 -1 4 , N ovem ber 1969).

R esults o f  th is investigation confirm ed  th at the nodules 
consist essentia lly  o f  a  com pound  o f  iron  and  m anganese c a r
bonate  in w hich the m etal ions su bstitu te  fo r each o ther. The 
b lack coating  was found  to  be am orphous. Chem ical analysis 
of two of the specim ens yielded  the fo llow ing  results:

Specimen No. Mn % Fe % Ca % C02 (evoll %
2 14.9 19.5 5 .8 3  30 .4
3 17.3 18.9 3 .5 6  30 .4

From  these d a ta  it was calcu lated  th at the com bined 
d ivalen t oxides to ta l 52 .5  per cent and 5 1 .6  per cent respec
tively. Thus assum ing that a ll o f  the M n, Fe, and  C a occurs as 
c arb o n ate  th is w ould  accoun t for 82 per cent o f  both samples.

T he specific gravity  o f  the n odu les was determ ined on 

from  3 T t o 3  ° f  ' 5 '  20  gram s each and  8ave v a |ues ranging

G enesis

Sedim entary  deposits  o f  m anganese a re  w idespread in the 
geological co lum n, from  Precam brian  to  R ecent, and  these in 
c lude n odu les found  on  presen t-day  ocean flo o rs  and  lake 
beds. C onsid erab le  con troversy  rages as to the o rig in  o f  
m anganese deposits; o p in io n  being sharp ly  d iv ided  between 
two schools o f  though t, o n e  advocating  a  vo lcan ic  o rig in , and 
the o th er a  no n -v o lcan ic  o rig in .

T he Pasqu ia  H ills d eposit consists o f  single layers o f 
m anganosiderite  n odu les along  bedding  p lanes separated  by 
several feet, o r several tens o f  feet, o f  nodu le-free  shale. T here  
is no  reason to  invoke an ep igenetic o rig in  fo r  the nodu les so 
the m ost likely  exp lana tion  is th at they form ed during  
s e d im e n ta t io n  w hen p h y s ic o -c h em ica l c o n d it io n s  w ere  
favourab le  fo r  p rec ip ita tio n  o f  m anganese and iro n . M nCO. is 
a  p rim ary  p rec ip ita te  in m oderately  low Eh and pH  con d itio n s  
and  as the s tab ility  fields o f  iron  and  m anganese p artly  
o verlap , the association  sid e rite -rh o d o ch ro site  as a prim ary  
p rec ip ita te  is n o t uncom m on. O nly  low con cen tratio n s  o f

m anganese and  o th er elem ents occur in surface waters and 
a lthough the nodu le-free  shales a re  anom alously  rich in 
m anganese (a representative  sam ple assayed 1.32 per cent 
M n), ind ica ting  the presence o f  abnorm al am ounts o f  the 
metal d u rin g  sed im en ta tion , it is d ifficu lt to  explain the co n 
cen tra tio n  o f  m anganosiderite  layers w ithout resorting  to  ex
p lan a tio n s  involving massive, p e rio d ic  influxes o f  the m etals 
rela tive  to  terrigenous m aterial in to  the sedim entary  basin.

T he ro le  o f  diagenesis in form ing m anganese deposits has 
been p o in te d  o u t by several w orkers. S trak h o v  (1 9 6 6 ) 
suggested th at in lacustrine and certa in  m arine environm ents, 
iron and  m anganese p rec ip ita te  and  settle to  the lake o r  sea 
bottom  together w ith clastic  m aterial. W hen the iron and  
m anganese com pounds reach a certa in  dep th  o f  burial where 
reducing  co n d itio n s  exist, they a re  taken in to  so lu tion  and  
m igrate  upw ards through the overlying sedim ent and are  re
oxid ized  and  re-deposited  at the sedim ent-w ater interface. 
T his process appears to o ffer a m ore p lausib le  exp lanation  for 
the co n cen tra tio n  o f  m anganosiderite  in d iscrete  layers than 
any o th er theory  involving spasm odic and  massive influx o f 
the m etals in to  the d epositiona l basin.

T he foregoing  h y ^ th e s is  must be regarded  as speculative in 
view of the fragm entary  chem ical d a ta  ava ilab le  and much 
m ore in fo rm atio n  is requ ired  on the geochem istry o f  the 
w hole o f  the m anganese-bearing  sequence at the base o f the 
R id in g  M ounta in  F orm ation . Such a study m ight well prove 
to  be o th er than o f  purely  academ ic in terest because if  on  a 
reg ional basis, m anganese-bearing  nodu les are  found  to occur 
on ly  w here the bedrock  shales them selves a re  anom alously  
rich in m anganese, a  useful prospecting  guide will have been 
p rovided .

E conom ic  C onsid era tio n s

0 )  Reserves. T he m anganiferous horizon  is exposed at 
various localities on  the east flank o f the hills  n o rth  o f  the 
W askwei R iver and  on  the n o rth  slope o f  the h ills as far west 
as the M an R iver. Assum ing co n tin u ity  o f  the deposit between 
these localities, the horizon  may have an areal extent o f  150 
square  miles. O ver much o f  th is area , however, the m anganese- 
bearing  shales are  covered by a considerab le  thickness o f  later 
sedim ents and  glacial deposits. O n ly  the p art o f  the deposit at 
o r  near to , the surface that can be m ined  by s tripp ing  will be 
of any  econom ic significance in the foreseeable  fu ture  If  the 
m anganiferous horizon  is 30 feet th ick  and  con tin u o u s a round 
the scarp  edge o f  the h ills betw een W askwei and  M an Rivers 
a  m axim um  p o ten tial tonnage can be calcu lated  fo r the p o r 
tion  o f  the  d eposit m ineable at a strip p in g  ratio  o f  0 .5  (waste) 
to  (ore) o r  better. D im ensions used in the ca lcu lation  are  as 
follows:

,  „  * _  . , Scarp Horizontal
Length Thickness Slope mining width

B o ck  A 9 m iles 30  fee t 170 f t.  1000  f t
(W askw ei R .)  p e r '

‘° . ? a in - m ile
bridge  R .)
B lock B 25 m iles 30  fee t 2 6 0  f t  7 0 0  ft
(B ain b rid g e  De '

£ ■ to  m ile
M an R .)

‘ Straight line distance; actual strike length will 
be greater because of sinuosity o f the scarp edge.

Using these figures and  assum ing an average cover o f  ten 
feet o f  glacial o verburden  and  an average concen tra tion  o f 1 
ton o f  n odu les per 4 0 0  cu. ft. o f  shale , a  m axim um  potential 
tonnage  o f  5 to  6 m illion  tons o f nodu les is inferred



As it is possib le that the m anganiferous horizon  is n o t c o n 
t inuous and  the average concen tration  o f n odu les is low er, the 
actual tonnage m ight be less and  can be o n ly  estim ated with 
confidence after a  th o rough  d rillin g  and  sam pling  program m e 
has been carried  out.

(ii) Beneficiation. In view o f  the suspected high tonnage 
p o ten tial o f  the Pasquia  H ills d eposit, an investigation into 
the u tiliza tio n  o f  the nodu les fo r ferrom anganese p roduction  
was carried  ou t at the M etals R eduction  and  Energy C en tre  o f  
the Federal M ines B ranch. The m ain findings o f  th is study 
(C am pbell and  S iriann i, 1971) were, as follow s:

(a) F o r the p ro d u ctio n  o f s tan d ard  h igh-carbon  fe rro 
m anganese by conven tiona l m ethods it is necessary to  have an 
o re  with a M n:F e  ratio  o f  at least 4 : 1 .  T he Pasquia  H ills
nodu les have a  ra tio  o f  on ly  0.7  : I.

(b) As the  m anganese m ineral is evenly  d is tr ib u te d  
th ro u g h o u t the nodu les, there seems to  be little  chance o f  u p 
g rad ing  the m aterial by o re-dressing  techniques.

(c) E xperim ents involving roasting  fo llow ed  by m agnetic 
separation  were attem pted  but fa iled  to im prove the M n:Fe
ratio . .

(d) D irect sm elting w ill n o t increase the M n:F e  ra tio  but 
w ork  carried  ou t at the M ines B ranch several years ago on 
sim ilar m aterial show ed th at it is technically  feasib le  to 
p ro d u ce  ferrom anganese (abou t 75 per cent M n) by the Udy 
Process. Briefly th is process involves ca lc in a tio n  of the 
nodu les to  convert carbonates to  oxides fo llow ed  by a  tw o- or 
th ree-stage sm elting process. In  the first stage, the  o re  is 
sm elted w ith a carbonaceous reduc tan t to  p ro d u ce  m etallic  
iron . M anganese rem ains in the slag th at has a  M n : Fe ratio  
o f  4 : 1 o r  greater. The slag is then resm elted with a c a r
bonaceous reductan t to  p roduce h igh-carbon  ferrom anganese. 
A lternatively  som e o f  the slag from  the first stage can be 
re s m e lte d  w ith  a c a rb o n a c e o u s  r e d u c t a n t  to  fo rm  
silicom anganese and  the silicom anganese is u tilized  as a 
reduc tan t for the rem ainder o f  the slag from  the first stage to 
p roduce m edium -carbon ferrom anganese.

( iii)  Sim ilar Deposits. A vast d eposit o f  m anganese nodules 
occurs n ea r C ham berla in , South D ak o ta , and is sim ilar 
geologically  and  m ineralogically  to  the Pasquia  deposit. The 
nodules, consisting  o f  m anganese and  iron  carbonates occur 
in the Sully M em ber o f  the P ierre  F orm ation  th at ou tcrops 
along  the sides o f the M issouri V alley  and  its trib u ta rie s  to r  a 
lineal d istance o f 523 miles. D rill-in d ica ted  reserves th at can 
be recovered by surface m ining at a  strip p in g  ra tio  o f 0 .5  : 1 
o r  better are  77 .7  m illion  tons o f  n odu les g rad ing  15.51 per 
cent M n and 9 .13  per cfcnt Fe (Pesonen , T u llis , and  Z in n e r, 
1945 p. 85).

Any investigation  into the econom ic p o ten tial o f  the 
Pasquia  H ills deposit shou ld  take  in to  accoun t the vast 
am oun t o f  in fo rm ation  availab le  on  the geology, m ining, co n 
cen tra tio n , and  b enefic ia tion  o f the M issouri V alley  nodules. 
M uch o f th is in fo rm ation  has been pub lished  by the U nited 
States Bureau o f M ines as a result o f  th eir investigation  o f  the 
deposit d u rin g  the Second W orld  W ar. A  few o f the m ore im 
p o rtan t papers a re  listed in the references to  this report.

U R A N IU M
Since the p rin tin g  o f this rep o rt com m enced, considerable  

in terest has been shown in the u ran ium  po ten tia l o f the 
western flank  o f  the Pasquia  H ills. A lthough it was possib le to 
add  a  b rie f  accoun t o f the u ran ium  situa tion  in the text o f  the 
report, p rin tin g  had  advanced  to  the stage w here add itio n s  
cou ld  no t be m ade to  the geological m ap.

The cu rren t in terest in u ran ium  was sparked  by the results
o f  a F e d e ra l -S a s k a tc h e w a n  r e c o n n a i s s a n c e  a i r b o r n e
rad io m etric  survey, which was carried  ou t in 1973 in the n o r 
thern  p a rt o f  the province, along  east-w est flight lines spaced 
50 km. apart. The results are  o n  O pen F ile  169 o f  the 
G eological Survey o f  C an ad a , released on  N ovem ber 8, 1973. 
Copies o f  the o pen-file  m aterial are ava ilab le  from  the 
P u b lic a tio n s  O ffice , D ep artm en t o f  M in e ra l R esources, 
Regina.

F light line  no. 1 o f the a irb o rn e  survey crossed  the Pasquia 
H ills a t approx im ate ly  53 °1 5 'N  and  d isclosed  a three-m ile- 
wide u ran iu m  anom aly  across sections 21 , 22 , and  23 of 
Tow nsh ip  49 , R ange  7, W 2. At the tim e o f  the field  work 
carried  ou t for th is  report (1 9 6 7 ), the nearest recorded  
b edrock  to  the anom aly  was approx im ately  five m iles to  the 
n o rtheast, where several cu t-banks on  the C rack in g  R iver ex 
pose b lack , non-ca lcareous shales o f  the V erm ilion  R iver F o r
m ation . T hese shales are  a t abou t the sam e topograph ic  
elevation  as the anom alous area.

Since 1967, m uch o f  the forest cover in this p a rt ot the 
Pasquia  H ills  has been cleared  fo r  ag ricu ltu ral purposes and  
as the till cover is generally  th in , fu rth e r exposures o f  the 
bedrock  may be present n earer to  the anom aly  than  the 
C rack ing  R iver outcrops.

T he anom aly  has a  peak o f abou t 22 0  coun ts in the 
u ran ium  channel at a  2.5 second coun t rate. A ccording  to  in 
fo rm ation  supplied  in the legend o f  the O p en -F ile  m aps, this 
is equivalent to  a  g round  concen tra tion  o f  approx im ately  8 
ppm  uranium .

Ten  sam ples collected  from  various localities on  the M an 
and C rack ing  R ivers d u rin g  the 1967 fie ld  season, were 
analyzed  fo r u ran ium  by R . M ode o f the R egina C am pus 
G eochem ical L ab o rato ry  in 1974. R esults a re  tabu lated
below:

Sample
No. Location

8-6-1 Cracking River

9-6-1 Cracking River
9-6-2 Cracking River

28-7-1 Cracking River
16-8-1 Man River

16-8-3 Man River

16-8-5 Man River

17-8-2 Man River
18-8-1 Man River
18-8-2 Man River

D escrip tion

Non-calcareous shale of the 
Vermilion River Formation

Non-calcareous shale,
Lower Colorado 
Poorly consolidated 
sand (Tertiary?)
Calcareous speckled shale of 
the Vermilion River 
Formation

Non-calcareous shale of the 
Vermilion River Formation

U. (ppm )

0.57
0.71
5.00
9.28

1.33

0.39
1.81
3.15

T he highest values (5 .0 0  and  9 .28  ppm ) represent samples 
o f  the non -ca lcareo u s V erm ilion  R iver F orm ation  from  o u t
crops o n  the C rack in g  R iver abou t five m iles n ortheast o f  the 
anom alous area.

A lthough these con cen tra tio n s  o f  u ran ium  in the bedrock  
are  high enough to  explain  the a irb o rn e  anom aly , it is possible 
th at the sam ples are  leached as they were co llected  from  the 
surface. In view o f  this, any th o ro u g h  eva lua tion  o f  the 
u ran ium  po ten tia l o f  the area  m ust involve test-p ittin g  and 
d rilling .


