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GEOLOGY OF THE MANIGOTAGAN AREA, MANITOBA 

Abstract 

Arkoses that lie stratigraphically above rhyodacite (U-Pb zircon age 2732 Ma) of the Black 
Island succe ssion unconformably overlie metatonalite (U-Pb zircon age 2999 Ma) at Hol e River . 
Metagreywackes and aluminous sch ists at Manigotagan were metasomatized during intrusion of later 
tonalite and granodiorite about 2690 Ma ago but the contact with ear ly metatonalite, thought to be 
unconformable, is not exposed. Hole River arkose and Manigotagan metasediments were derived 
from a granitic source and are corre lated with the San Antonio Formation at Bisse tt, Manitoba. 

Metavolcanic rocks, hornblende gneiss and layered tonalite gneiss may predate the 2999 Ma old 
metatonalite. Mafic schist s, metagabbro, and serpentinized ultramafic rocks occur as small bodies in 
metatonalite . 

Manigotagan metasedim ents were metamorphosed to lower amphibolite facies and re trogressed 
to greenschist facie s in loca li zed shear zones . Early metavolcanics and tonalites record at least two 
periods of regional metamorphism in the amphibolite facies and retrogress ion to greenschist in shear 
zones. 

Resume 

Les arkoses qui recouvrent stratigraphiquement les rhyodacites (273 2 mi lli ons d'annees selon le 
rapport U-Pb dans le z ircon) de la succe ss ion de Black Tsland ant e t e deposees en discordanc e sur les 
metatonalite s (2999 millions d'annees se lon le rapport U-Pb dans le sircon) a Hol e River. Il y a eu 
meta somatose des metagrauwackes e t des schist es a lumineux lors de l'intrusion, il y a environ 
2690 millions d'annees, de tonalite s et de granodiorites plus r ecente s, mais le contact avec la 
metatonalite ancienne, vraise mblablement une disc ordance, n'est pas expose. Les arkoses de Hol e 
river et les metasediments de Manigotagan proviennent d'une source granitique et ant ete associees 
avec la formation de San Antonio a Bisse t (Manitoba). 

Des roches metavolcanique s, de s gneiss a hornblende et des gneiss rubanes a tonalite ant peut
e tre e te deposes avant la metatonalile qui date de 2999 millions d'annees. Des schistes 
f erromagnesiens, de s metagabbros et des roches ultramafiques serpentinisees se r etrouvent sous 
f orm e de petites masses dans la metatonalite. 

Les sediments de Manigotagan ant ete metamorphises dans le f acies amphibolite inferieure et 
ant re trograde dans le fa c ies schist es verts, dans les zones de cisai llement separees . Les roches 
metavo lcaniques e t les tonalites anciennes ant enregist r e au mains deux periodes de metamorphisme 
r egional dans le facies amphibolite et ant re trograde vers le facies schistes verts dans les zones de 
cisa ill ement. 

INTRODU CTION 

This re port reviews and adds informa tion to work by 
Davies (1950, 1951) and Ru sse ll (1949) in the Manigotagan
English Brook area and extends work by Brown 
(in preparation) in the Black Is land a rea (Fig. l ). Emphas is 
is given to the grade of metamorphism, the extreme 
complexi ty of age relationships of the many varieties of 
rocks of tonalitic c ompositions, and the relationship of the 
tonalit ic roc ks to gneissic bodies and metasediments. It is 
suggested that some of the granitic gneiss and meta-igneous 
rocks, such as those of map unit 2 a nd 3, a re o lde r than the 
metasedimenta ry rocks (4 ,5 )1

• Furthermore, there may be 
unconformities between suprac rusta l units, for example, 
between mafic volcanic rocks (1) and metasediments (4), 
which a re difficult to see because of a strong penetrative 
fabric developed during the last deformation . 

The San Antonio Formation overlies tonalite 
unconforma bly at Rice Lake 38 km east of the area and 
Mc Ritc hie (197 lb, p. 33) reported that a c onglomerate 
c ontaining trondhj e mitic clasts forms the basa l pa rt of a 
supracrustal succession at Wallace Lake 64 km to the east. 
Within the map area, ea r Iy tonali tes a re not observed to 
intrude metased iments of units 4 a nd 5 a nd rocks of unit 5 in 
contact with tonalite do not display any effects of contac t 
metamorphism. 
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Figure 1. Index map to Manigotagan map area ( 1) and Black 
Island map area (2), Brown in preparation. 

1 Numbers in parentheses refer to map units on Figure 8. 



Table 1. Chemical ana lyses (weight per ce nt) of 
ultr amafic rocks (2U, C langu la Lake a rea) a nd mafic 
sch ists (la, Yirrs Point) 

Ultr amaf1c Rocks (2U) Maf ic Schis t s (la) 

325 327 412 41 0 411 326 387 

Si02 42 . 4 40 . 8 40 . 5 45 . 5 46 . 9 46 . 6 49. I 

Al 2 0 , 0 . 76 I . 5 2 . 4 13 . 0 13 . 2 8. 5 I 0 . 7 

Ti0 2 0 . 01 0 . 05 o. 12 0 . 85 0 . 70 0. 37 0 . 73 

Fe201 I . 2 2 . 7 4 . 7 3 . 4 3. 0 4. 4 3. 6 

FeO 3 . 4 5. 3 5 . 4 8 . 0 11. 2 9. 3 7 . 0 

M nO O. 11 0 . 25 o. 12 0 . 19 0 . 22 0 . 20 0 . 20 

MgO 40 . 0 38 . I 34 .6 9.1 9.6 7 . 5 11. 9 

Cao 0 . 2 0 . 16 0 . 08 12 . 0 8. 9 8 . 6 10. 2 

Na20 o. 02 0 . 01 o. 02 I. 4 1. 6 0 . 91 I. 3 

K,O 0 . 01 0 . 01 0 . 0 1 0. 57 o. 31 I . 4 I. 6 

P20s o. 03 0 . 0 1 0 . 02 0 . 08 o. 08 o. 07 o. 34 

co, 0 . 0 1 nf nf 2. I o. 06 6 . 5 0 . 03 

H,OT 12 . 0 I 0 . 8 11. 4 3 . 6 3 . 3 5 . 6 2 . 2 

s o. 04 0 . 23 o. 02 0 . 0 1 0 . 07 0 . 02 o. 02 

Cr03 0 . 44 o. 36 o. 57 0 . 09 o. 02 0.03 0 . 12 

Mafic schis ts are tholeiiti c basalt (norma tive c lassif ica tion of Irvine and Baragar, 1971). 

Previous and Present Work 

Studies before 1951, including those of Russell (1949) 
a nd Davies (1950, 1951) have been reviewed by Ermanovics 
(1 970). McRi tchie (197 lc) comp il ed the geo logy of the 
Wanipigow - Winnipeg r ivers area and separated 
metasediments in Manigotagan Bay (on Lake Winnipeg) from 
simi lar rocks west of Wanipigow Lake . Lying between these 
areas is his unit 7b, lower amphiboli te facies paragneiss. The 
present report, based on fou r weeks of invest igation duri ng 
1972 of outcrops mapped by Russell and Davies, shows that 
the Manigotagan met asediments (4) from Manigotagan Bay 
eastward to Wanipigow Lake are similar in composition and 
metamorph ic g rade . 

Outcrop in the map area is sparse, especially in c ritica l 
areas. However, interpretation of the geological history of 
these rocks is atte mpted because U-Pb radiomet r ic studies 
(K rogh et a l. , 1974) suggest the fresence of ve ry o ld zi rcons 
in tona lite of un it 2 (3.0 x JO yea rs old) and in tonalit ic 
gneiss of unit 3 (2. 9 x 10 9 years old ). 

Nomenclature 

Hole River and Manigotagan metasediments are given 
informa l names because neither tops nor bottoms are 
exposed. Rocks a re named according to the 
recommendations of the JUGS Subcommission on the 
Systematics of Igneous Rocks. 

All isotopic age calcu la tions are based on 25 t h !GC 
const ants (67 Rb decay constant= 1.4 2 x 10 - 11 a- 1 ) . Chemica l 
a nalyses were perfomed by staff of the Ana lytical Chemist ry 
Section of the Geological Su rvey of Canada. Analysis was by 
XRF (not fused) 1rapid methods 1 ex tant in 1974 . 

GENERAL GEOLOGY 

Metav olcanic Rocks and Hornblende Gneiss ( 1) 

Intermediate to bas ic volcan ic rocks comp r ise 
greenschist and amygda loidal to porphyritic gree nstone . Only 
three a reas of outcrop of this unit were found in t he map 
area and these occur at Virrs Point on the northwest side of 
the Manigotagan metasediments. Elsewhe re, highly schistose 
lenses of probable volcanic origin (lb,l a) occu r on the 
southeast side of the Manigotagan metasediments (4) in the 

2 

southeaste rn part of the map area. The rocks consist of 
quartz, ep idote, calci t e, c h lorite, a lbi te and co lour less to 
gree n cummingtonite and hornblende . 'Porphyries' are 
agg regates of epidotized albite, and 'amygdu les' are ca lc ite 
a nd quartz . Norms (Tab le 1) show that the schists have 
compositions of tholeiitic basalt. 

No fels ic volcanic rocks were recognized, although the y 
were reported by Ru ssel l (1949) . On the basi s of my lonitic 
fabric and its occurrence in shear zones Russell's (1949) 
rhyolitic rock is interpreted as a sheared quartzofeldspathic 
rock (4b) . Rhyodac ite, however, occurs in the upper Black 
Is land succession in a reas to the east and north, as desc ribed 
by Davies (1950) and Brown (in preparation) . 

TA BLE. OF MAP UNITS 

un it 6: Late tonalite and granodiorite; undiv ided; 
metamorphosed , coa rse gra ined, generally 
leucocratic, gneisses, mixed with alkali mobilizate 
and gneissose rocks of unit 3; 6a, massive granite to 
oligoc lase granod ior i te . 

Not in con tact with unit 5, but unit 6a in trud es a ll other rock 
types. May be intrusive into units 1, 2 a nd 3. 

uni t 5: Hole Rive r metasedi ments ; arkosi c sediments 
corre la t ive with San Antonio Formation; this is map 
unit 47 in Black Is land a rea (B rown, in preparation) . 

Not in contact with unit 4 but may be corr elative w ith it . 
Contact with unit 2 is not exposed , but arkoses probably lie 
unconformably on meta tona lite of unit 2. 

unit 4: Manigotagan metasediments; undivided, fine 
grained , pe litic spotted mica sc hist and grey, thin 
bedded, micaceous quartzofe ldspathic rocks and 
rare in ter laminat ed quartzite (85 % quartz) . 
4a: c hlorite -garnet - muscovite -biotite schist (quartz 
+ al bite); stauro li te-ch lor i te-ga rnet-biot ite 
muscov i te sch is t (quartz + a lbite/o li goc lase) 
4b: domina ntly qua rtzofeldspathic rocks (mica + 
garnet) with a common range of 40% to 60% quartz . 

Contact remobilized but probably unconfor mable 

unit 3: Tonalitic and trondhjemi tic gneiss ; subdivided in 
Brown (in preparation) as "laye red tonalite"; medium 
gra ined , granoblastic, locally layered, fe ldspathic 
gne iss, and coa rse grained biot ite -hornblende gne iss ; 
locally intruded by up to 35% late tona lite (unit 6) 
and pink g ranit ic mobilizate (u ni t 6a); may be 
intruded by tonalite of unit 2. 

Contact part ly intrusive and partly gradational 

unit 2: Early metatonalite, metagabbro, and meta-
ultramafi c rocks ; subdivided in Brown 
(in preparation) as "tonalite "; undivided, meta
morphosed, porphyroblastic tonalite and mafic 
tonalite of dacitic and andesitic composition ; loca ll y 
intruded by possib ly late tonalite (uni t 6) and pink 
granit ic mobi lizate 6a, 2U, se rpentinized dunite and 
pyroxeni te . 

Contact not exposed, but may be intrusive 

un it l : Metavolcanic rock s and hornblende gne iss; undivided 
me tamo rphosed volcanic rocks and gne iss of 
intermediate to basic co mposition . la : greenschist, 
amygda loida l greenstone and interca lated fine- t o 
medium-grained metagabbro; probab ly younger than 
lb. lb : hybrid, granob lastic hornb lende-oligoc lase 
gneiss, amphibolite and small lenses of la ; becomes 
dom inantly gabb roic east of map area. 



The or ig in of linea t ed, medi um - t o coa rse -gra ined , 
lay ere d hornbl ende-oligoc lase gnei ss (lb) present s a prob le m. 
It gene ra ll y show s a highe r gra de of metamorphism 
(oligoc lase -hornbl e nde with a seconda ry ove rpr int of a lbite 
c hlor ite-biot it e -e pidote ) tha n do othe r rocks in the a rea but 
occup ies a stratigra phic level sim ila r t o vo lcani c rocks of 
unit l a (i .e . basal) . It is comm onl y sepa ra t ed from ove rl ying 
rocks by a mphi boliti c or gra nit ic mate ri a l. Russell (I 949) 
int e rpre te d such gn e iss ( l b) as a met amorphosed equ iva le nt 
of the Rice Lake suprac rust a l roc ks a nd re cognized t he m as 
fa r north as English La ke (5 km northeas t of map a rea ). 
Er manov ics (I 970 ) re moved thi s gneiss fr om t he su pra c rusta l 
sequence because it s de r ivation from nearby supracrustal 
roc ks is not obv ious a nd it is ra re ly in contact with t hem . 
Horn blende -bearin g gne iss (lb ) occu rs as discontin uous 
re mnant s a long th e northern contact of ton alit e (6) in th e 
southeast corne r of the map a rea. Here it appea rs t o be 
inte rca la t ed wi th volca nic sc hi st (l b, I a ) a nd 
qua rt zofe ldspa th ic me t asedi ments (4b ) and grades t hrough a 
zone of shea r ing into ton ali te . It fo rms gra nit ized inc lusions 
in t ona lite (6) a nd di scernible laye rs in tona litic gne iss (3 ). 

As these rocks lack volcani c t ex tures a nd ha ve suffe red 
met a morphi sm of highe r grade t han vo lcani c rocks ( l a ) it is 
suggest e d t ha t unit lb is olde r tha n the volca nic roc ks . 

Metatonalite, Metagabbro and Meta-ultramafic Rocks (2) 

This un it is a n ea rl y tona lit e , dis t inguished fr om 
younger tona lit es in t he a rea by its pe rvasive cat aclastic 
t ext ure (Fi g . 2c ), met a morphic minera logy a nd assoc iat ion 
with gabbroic and ultramafi c rocks . The rock is most 
com mo nly po rphyroblas t ic (6 to 25 mm e longated aggregat es 
of epidoti zed a lbite a nd quart z ) with a sc histose mat ri x 
consisting of a bou t l 0 to 20 pe r cent c hl or it e , e pidote , 
calcite and pa le green hornble nde . Recrys t a llized qua rt z 
appears as blue quar t z eyes a nd c onstit ut es 25 t o 35 per cent 
of t he roc k a nd is loca ll y or ie nted and fol ded in to mi c ro
c hev ron a nd ki nk fo lds wi th da rk, pla t y matri x. Loca ll y, t he 
rock is layered (25 to 7 5 mm wide ), whic h may be the result 
of met a mo rphic differe ntia tion . At C la ngu la La ke and 
loca ll y east of the Wanipigow Ri ve r, it is less sheared and 
may represent a younger suit e of int rus ions. The rela tionship 
betwee n gabbro ic phases , se rpen tin ized ultr a maf ic rocks (2U ) 
a nd tonalit e co uld not be ascert ai ne d; it is like ly, however, 
tha t ·: hey a re c omagmati c . Although most ly se rpent in ized , 
a nd d. stinc tl y sc histose , some ultr a maf ic rocks show ske le t a l 
ort hopy roxene a nd ser pentine pseudomor phs af t e r o li vi ne . 
Wo rk has suggest e d th a t th ese small bodies a re lenticu la r 
s t ee p. y plunging syntec t onic pipes (Scoa t es , 197 I) a nd tha t 
so me a re concent rat ed a long fa ult s, in partic ul a r a long th e 
west ward extension of t he Wa llace La ke Fa ult (M c Ritch ie, 
l 97l c ; Scoates , I 97 1 ). Anothe r hy poth esis t o cons ider , 
howe 11e r , is t hat t he y a re rem nant s of ea rl y, e xt e nsive 
Mg- r i: h shee t s st ope d a nd di s rupted by la t e r dioriti c 
int rusion . Scoat es (1971 ) fav ou red a n a ll ochthonous origin , 
inc luc ing t he hypot hesis of a n int rus ive e ve nt re la t e d t o the 
evo lu :iona ry cyc le of the lowe r greenstone success ion . 
Ultr a naf ic rocks a re most common on the north side of t he 
Rice Lake vo lcani c be lt in earl y metat ona li t ic rocks a nd re
mapp ng of these roc ks north of th e Ric e Lake volca ni c be lt 
fr om Wanipi gow La ke to Cle ment s Poi nt on La ke Winnipeg, 
as well a s the east s ide of Engli sh Lake , should revea l othe r 
ul t rarnafi c bodies . 

The contact between meta tonalite (2 ) and Hol e River 
Forma tion (5) a lthough not e xposed, is probab ly a br upt a nd 
most likely displaced by tight vertica l fo ld move me nts 
(Brow n, in prepa ra tion). No contac t me tam orphism is evid e nt 
and wit hin the tona lite nea r the contac t , sma ll s lice s of 
meta~ edime nta ry roc ks with pri mary t ex tures show no 
ther rr a l effec ts grea ter tha n those produced e lsewhe re 
by reg ional metam orphi sm within t he Ho le Rive r 

metased iments (5). This suggests an unconfo rm ab le 
rela tionship . The in c lusions we re structurall y inte rleaved 
with tona lit e in a zone of cat ac las ti c shear (Brown , in 
pre pa ra tion ). 

The or igin of t his met a tona lit e is unce rtain be cause it 
has undergone such seve re me t amo rph ism a nd cat aclasis that 
a ll pr ima ry igneous tex t ures have been e rased . The rocks 
have a n 'a nd esitic ' com position and less commonl y a 'dac itic' 
compos ition; gabbro ic phases a re 'basa ltic ' (Fig. 4, 
Erma novics et a l., 1979). 

Tonalitic and Trondhjemitic Gne iss (3) 

Two mai n tex t ura l phases of in ti mately m ixed 
leucocra ti c t onal itic gne iss a re inc luded in t hi s grou p of 
roc ks. One is a med ium gra in ed , gran oblas ti c , l ine ated 
qua rtz -oli goclase gneiss (F ig . 2b) with biot ite a nd horn ble nde 
streaks compri s ing up to 10 pe r cent; these streaks ma y ha ve 
been de r ived from sedi me nta ry roc ks . The other is a coa rse 
gra ined auge n (qua rt z + oligoc lase ) gnei ss in whi c h biotite, 
epidote and re lict poik ili tic ho rn ble nde (Fig . 2d ) a re wrapped 
a round the augen; t hi s may be orthogne iss , bu t t he orig in of 
t he gneiss ic phases remains unce rtai n. Both types we re 
intruded by late kinemat ic gra niti c mat eria l but the ir or ig in a l 
composition was simi lar t o me tatonalite of unit 2 (Fig . 4. 
Erma novics e t al., 1979 ). The t ona li ti c and t rondh jem iti c 
gne isses of unit 3 a re in contact wi t h Manigotagan 
metasedi me nt s (4 b) in Manigot agan Bay . The roc ks a re 
int e rfo lded but no intr us ive relati onship was de monstra t ed . 
Both uni t s a re intruded by massive grani te a nd o li goclase 
gra nodio rite (6a ). The conta c t bet ween t ona li te (2) and 
gneiss (3) is not ex posed in t he map a rea; howeve r , Brow n 
(in prepa ration) reports t hem t o be inte rca la t ed in th e Black 
Isla nd a rea . 

Manigotagan Metasediments ( 4) 

Wi thi n the map a rea these fi ne grained roc ks constitute 
a we ll defined uni t of grey to si lve r , garn eti fero us, spot t ed 
m ica sc his t (4a) a nd a qua rt zofeldspa th ic , ga rnetife rous , mica 
greywacke sandstone (4b ). Qua rt z ite , re ported by Russel l 
( 1949), was fo und as t hin da rk grey lami nae . Beds a re 
reg ul a r , east war d-thic ke ning la minae of greywacke sands t one 
in sc hi st (Fi g . 3). Th in beds consisti ng of ep idote (55% ), 
a libite and qua rt z , a re fou nd in sc hist in a few localities; 
these may have been t uff of dac iti c com pos iti on. Such rocks 
a re more ple nt if ul east of t he ma p a rea . 

Me mbe rs c on ta in ing an av erage of 80 pe r cent qua rt z 
plus a lbit e appea r t o have bee n de ri ved fro m a si liceous 
t e rra ne . Thus t he Ma nigotagan (4) a nd Ho le River (5) 
metasedi ments may be c orre lative wi t h the San Ant on io 
For ma tion (38 km east of the map area). 

Albite fo rms sma ll poi ki lit ic idiob las ti c grai ns (Fi g. 4); 
poikiliti c biotite form s black spots in ha nd spec imens of 
silve ry spotte d mica schis t; garne t is usua lly vis ibl e onl y in 
t hin sect ion . Muscov it e idioblas t s t e nd t o lie a t a n a ngle to 
the ma in foliat ion . St a ur olit e for ms large po iki loblas t ic 
c rysta ls but is ra re . The idioblas t s a ppea r to be sy nki ne ma t ic 
(Fi g. 5) a nd grow in a layere d f ibroblas t ic ma tte va riously 
c ompr isi ng m ica + c hl or ite, and qua rt z + a lb ite . The grade of 
met a mo rphism is es t imat ed t o be lowe r a mphiboli t e fac ies 
(st a urolit e zone , Fig. 7) . Ma nigotagan me t asedi ments 
obse rved in broa d fold s a re estima t ed t o have a mi ni mu m 
thi c kness of 900 m. 

o prim a ry sedi menta ry feat ures re mai n except fo r 
bed ding, and ra re gra nit ic le nse s tha t might be stre t ched 
pebbles , whi ch occur in qua rt zofeldspath ic me t asediments 
(4b ). Gra ded bedding is recognizable but is a n unre lia ble 
c r it e r ion for 't ops' because at th is grade of me t amorphism 
or igin all y fin e gra ined ma t e ria l is coarsely c ryst a ll ine . 
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biotite 
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+ Albite / oligoclase 
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Figure 7. Schematic pre sentation of mineral asse mblages 
(coexisting with quartz, plagioclase and muscovite) of 
the Manigotagan metasediments (4) in the syste m Si02-
Al2 03 -MgO-FeO-K2 O-H2 O. The assemb lage is interpreted 
to be lower amphibolite facies and M2 metamorphism 
for the area . 

Three top determinations based on cross-bedd ing, and graded 
bedding in Manigotagan Bay indicate overturning of north e rl y 
dipping beds towa rd the sou th (Fi g. 8). The attitude of 
bedding in the area su rrounding Wood Fa lls suggests that the 
struc ture is a sync linorium. 

The contac t of metasediments with volcanic rocks 
(la) is not exposed, but it is likely that the volcanic 
rocks li e beneath. Similarly, t he re lationship between 
qua rtzofe ld spa th ic metasediments (4b) and hornblende
bear ing gneiss (I b) cou ld not be determined . Unit I b exhibits 
a higher g rade of me tamorph ism and is thought to be o ld e r 
and to lie beneath the metasediments. The contac t between 
metasediments (4) and tonalite (2) is not exposed, but again 
on metamorphic c riteria, the relationship is thought to be 
disconformab!e. Howeve r, Manigotagan metasediments (4) 
appear to be inter folded with tona li te and trondh jemi te 
gneiss (3) a long the southern contact on lake Winnipeg. Here, 
granitic mobilizate (albite-oligoclase) has pervaded 
metasediments to produce dents -de-cheva l and strings of 
tourmaline crystals parallel to bedding (Fig . 3c, 3d). 
Unstra ined a lbite, microc line, and perthite enc lose 
poikiloblastic albite grains (Fig. 6). The granitic component 
is not strained and therefore postdates the metamorphism of 
the Manigotagan metasediments. 

Chemical compositions of schists (4 a) a nd 
quartzofeldspathic members (4b) overlap (Table 2). Schists 
(pe litic fac ies, Table 2) a re unusua lly rich in K20 (5.0 to 
8.5%) in the range 17 to 23 per cent A1 2 0 3 • These values are 
compa tible with a derivation of the sch ist s from illite- and 
montmorillonite-rich argillites (Fig. 8 .4, Garrels and 
Mackenzie, 197 I). High Al2 0 3 (18 to 23%) and K2 O (5.0 to 
6.5%) have been reported by Cui tard (1970) from schists in 
si llim anite zone of the eastern Pyrenees. Although Guitard 
discussed evidence for potassium metasomatism in silliman ite 
zone his observat ion s are confined to the schist-intrusive 
granite contact . Alkali metasomatism (Fi g. 3d, 6) in 
Manigotagan a rea is confined to the quartzofeldspathic fac ies 
a long the southe rn contact . Thus the composition of the 
sch ists is probably original. 
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~ calcareous and locally containing minor greenstone, 

granite and quartzite pebbles and granules 

~ Manigotagan Metasediments: undivided , fine grained, 
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micaceous quartzo teldspathic rocks and rare inter
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Chemical compositions of quartzofeldspathic members 
(psammi ti c facies, Table 2) are simi lar to the 'average of 20 
Archean greywackes' of Yellowknife Supergroup (Tab le 5, 
Henderson, 197 5). East of Wood Falls beds become thicker 
and micaceous schists have lower K20 content. 

H ole River Metasediments (5) 

This group of rocks is fully described by Brown 
(in preparation) and in the Manigotagan map a rea lies in 
contact with metatona!ite (2) . Hole River metased imen t s a re 
locally calcareous arkosic sandstones which locall y contain 
minor quantities of greenstone, granite, and quartzite pebbles 
and granules . Metamorphism has produced chlorite, 
muscovite a nd recrystallized quartz-albite mosaics. These 
rocks resemble the San Antonio Formation which 
unconformably overlies volcanic rocks and tona lite at Bissett 
38 km to the east (Stockwell, 1938). The chemical 
com position of arkose a t Bissett is given in Tab le 2. 

Compositions of Hol e River a rkose, San Antonio arkose 
and Manigotagan metasediments suggest that these rocks 
were der ived mainly from a granitic sou rce. Manigotagan 
metasediments may be a mudstone facies equivalent of the 
a rkoses. Sporadic c!asts of microc!ine have su rvived 
metamorphism both in Hole River metasediments and 
San Antonio Formation and may be represented by muscovite 
at the higher metamorphic grade in Manigotagan 
metasedi ments. 

La te Tonalite and Granod iori le (6) 

This is a group of undivided, dominantly igneous rocks 
that are light grey, coarse gra ined , generally leucocrati c 
gne isses . Oligoclase is the domina nt fe ldspa r; biotite or 
hornblende and epidote constitute 10 to 15 per cent of the 
rock; locally, chlor ite at t ains 5 per cent . The rocks a re 
mixed with hybrid gneiss of unit 3 and with amphibolite . 
They a re pervaded by small bodies a nd segregations of 
massive granite and gra nodiorite (6a). The primary 
composition of these plutonic rocks was probably tonalite but 
in vasion by alkali material has a ltered the bulk compos ition 
to a n undete rmined extent. 

In the area south of the Rice Lake volcanic belt 
McRitc hie and Webe r (1971) have suggested th a t the intrusive 
material was anatectically derived from rocks of upper 
amphibolite facies. 

M ET AMOR PHISM 

Metamorphism ranges from middle am phibolite to lower 
greenschist facies . Greenschist metamo rphism in rocks 
thought to be older or to be underlying Manigotagan and Hole 
Ri ve r metasediments is retrograde. 

Minerals in the Manigotagan metasediment s define M2 
metamorphism (Fig . 7) and the following synkinematic 
mineral associations a re present : 

I . st auro lite + biotite + muscovite + tou rmal ine 

2. garnet+ biotite + muscovite 

3. garnet + biotite + muscovite + ch lorite 

4. garnet + stauro lite + biotite + muscovite + chlori t e + 
tourmaline 

Quartz and albite/oligoclase a re a lways present, and 
these assemblages, indicative of lower amphibolite facies, 
are uniformly distributed within the Manigotagan 
metasediments. The rocks show no retrogression except 
along localized shear zones. 
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Hole River metasediments re present a s lightl y lower 
grade (lower to upper greenschist?) than the Manigotagan 
metasediments. Neither staurolite nor garnet was found, 
primary features are still preserved, and the grain size is 
smaller . Chlorite, biotite, muscovi te, a lbite and quartz are 
present as 'matrix'. 

The tonaliti c rocks of unit 2 show two periods of 
metamorphism . M2 meta morphism is sy nki nematic (Fig. 2c) 
a nd is indicated by ch lorite a nd muscovite with quartz a nd 
highly epidotized albite and calcite; locally, pale green 
amphibole has developed. These minerals developed together 
with kink and chev ron folds in rocks that had already been 
metamorphosed, probably to amphibolit e facies . The earlier 
Mi metamorphism is ev ident in tonalite which has escaped 
severe cataclasis generally associated with M2 
metamorphism . Such rocks show reli cts of zoned epidotized 
obigoclase and aligned a ltered poikilitic hornblende. The 
imprint of M2 metamorphism is characte rized by ep idoti zed 
rim s of a lbite about more calcic feldspar centres overgrown 
by muscovite, development of c lea n epidote, and by 
a lteration of metamorphic hornblende to biotite and chlo rite. 
The grade of M2 metamorphism in tonalite (2) is similar to 
that affecting Hol e River metasediments. A simila r 
sequence of metamorphism is shown by tonal iti c gneiss 
(Fig . 2d) except that where gneiss is interca lated with 
metasediments, M 2 metamorphism of gneiss is comparable in 
grade to that of the Manigotagan metasediments (Fi g. 2b). 

The evidence for M 1 metamorphi sm for the volcanic 
rocks is meagre because only three a reas of outcrops (at Virrs 
Point) a re avai lab le for study . The evidence rests on what is 
interpreted as M 1 plagioclase and hornblende porphyroblasts 
breaking down into M2 ma ttes of epidote, chlorite and pale 
green amphibo le . Just east of the map area amph ibolitized 
gabbroi c rocks associated with mafic volcanics also show 
s imil a r evidence of M2 retrogress ion. 

Late tonalite and granodiorite (6) show only M2 
metamorphism, a lthough this is not ce rtain owing to the 
hybrid nature of the rocks in the map a rea . Foliation in 
these rocks is produced by recrystallized quart z, muscovite 
and c hlorite folia and a ltered hornblende . Zones of abundant 
muscovite and tourmaline in ton a lite (6) are associated with 
contact metasomatism in areas of alkali mobilizate (Fi g . 6). 
Coarse grained muscovite, tourmaline and zoned oligoclase 
(Fig. 4a, and 4b) are developed in paragneiss (3) or 
metasediment (4) adjacent to massive granite (6a ). 

The M2 metamorphism described here is correlated 
with the M 2 of McRitchie a nd Weber ( 1971) in the Rice Lake 
region. M 1 metamo rphi sm is also likel y co rrelative except 
that in this repo rt the ev idence rests on early M 1 

poikilob last ic hornblende, whereas Mc Ritchie and Weber's 
evidence relies on "inc lusion trai ls in M 1 porphyroblasts" 
(op. c it., p. 239). 

In sum ma ry, it appears that the Hole River and 
Manigotagan metasediments (5 a nd 4) a nd the late granitoids 
(6), show no evidence for M 1 metamorphism, whereas units 
considered older show both M 1 and M 2. It is therefore 
suggested that the metasediments lie unconformably on 
volcanic rocks (I), tonalite (2) and tonalitic gneiss (3) and 
that the late granitoids (6) are related to late or 
sy nkinemat ic M 2 metamorphism. Absolute ages of these 
metamorphic events are not known. 

GEOCHRONOLOGY 

Two plutono-volcanic episodes separated by about 
300 Ma have been established in the area (Krogh et al., 1974, 
Ermanovics and Wanless, in preparation). A sample of 
porphyroc lastic tonalite (2) collected 3 km west of Hole 
River settlement yielded a U-Pb zircon age of 2999 ± 10 Ma. 



Opposite Black Island this tonalite intrudes (7) or is in 
gradational contact with layered, leucoc ratic tonalite gneiss 
(3) whose U-Pb z irc on age of 2900 ± l 0 Ma is interpreted to 
reflect a time of metamorphism (Krogh et al., 1974). 
Togethe r, these ages were used by Stockwell (in preparation) 
to define the Wanipigowan Orogeny . It was suggested earlier 
that metatonalite and vo lcani c rocks (2) may be comagmatic 
and thus may represent a plutono-volcanic event a t 3.0 Ga. 

Three U-Pb z ircon ages of late granitoid rocks, two of 
which cut tonalite gneiss (3) opposite Black Island, a re in the 
range 2715-2737 Ma. Together with a 2732± JO Ma old U-Pb 
zircon age from rhyodacite (Brown, in preparation) at Blac k 
Island , these represent the youngest primary ages of igneous 
rocks in the area . Hole Ri ve r arkose overlies the 2732 Ma old 
rhyodac ite and the age of a rkose is thus bracketed by this age 
and a minimum age of ea . 2670 Ma obtained from the 
San Antonio arkose a t Bissett (Turek and Peterman, 1971 ). 
Metamorphism fo llowing the igneous activity is indicated by 
a Rb-Sr who le rock isochron age of 2674 ± 136 Ma 
(GSC Project 121) in layered tonalite gneiss (3) at Rice Ri ve r 
and by a U- Pb zircon age of 2690 ± J 0 Ma (Krogh et al., 1974) 
obtained from a granitized paragneiss (4b) collected 1.2 km 
south of Wood Falls . Thi s plutono-volcanic episode 
represents Laurentian Orogeny (Stockwell, in preparation). 
Argon-loss blocking temperatures in biotites were attained 
ea. 2430 Ma ago in the area (GSC 61-128 and 61-129, 
Lowdon et a l., 1963) and thi s age probably represents the 
time of complete cratonization and crustal stability nearly 
300 Ma after Laurentian Orogeny and about 600 Ma afte r 
Wanipigowan Orogeny. 

SUMMARY 

M 2 metamorphism is prograde for the Manigotaga n a nd 
Hole River metasediments (4 and 5) and possibly late tonalite 
(6), and it is retrograde for vo lcani c rocks (1), tonalite (2) a nd 
tonalite gneiss (3) . Hole River a nd Manigotagan 
metasediments (4,5) show no pervasive retrogression and 
therefore record only M2 metamorphism. The metasediments 
represent detritus derived in part from a granitic landmass . 
These facts make it highl y likel y that the metasediments a re 
significantly younger than mafi c greywacke and volcanic 
rocks of Ri ce Lake volcanic belt. 

The Hole River metasediments and the San Antonio 
Formation are very simi lar in lithology a nd metamorphic 
grade . Man igotagan metasediments, particu larly and pelitic 
schist (4a), cou ld represent a deeper water facies of the 
San Antonio Formation. The beds of the Manigotagan 
metasediments thicken consider ab ly, from lam inat ions 
cent imetres thick in the west to several metres eastward in 
the di rection of the San Antonio Formation, which is a 
proximal facies comp rising thickly bedded coa rse arenites 
(Stockwell, 1938, p. 19; Davies , 1950, p. 17). 

The c rystalline terrane is described as highly complex 
by Davies (1950), Russell (1949) and Ermanovics (1970, 1971). 
The complexity resulted from an involved sequence of 
plutonism which produced widespread metasomatism and 
anatexis in the metamorphic terrane (M c Ritc hie, 1971 a; 
McRitchie and Weber, 1971; Ermanovics, 1971 ). At the 
southern contact of the Ri ce Lake belt, the rocks appea r to 
have been progressive ly melted and mobilized . Thi s produced 
discrete igneous bodies as well as gneiss units which make up 
English Rive r subprovince. Thus a ny evident of 'basement', 
'craton ' or 'older rocks' that might have existed is oblitered 
a nd must be inferred from isotope ages . In the Manigotagan 
a rea, however, metamorphism has not produced melts in 
sediments a lthough post-M 2 mobilizate in adjacent granitic 

rocks was hot enough to produce limited contact 
metamo rphi sm in re lativel y cooler host rocks . Therefore the 
disconformable relationships described above can still be 
inferred. 

It is c oncluded that igneous and metamorphic act ivity 
took place 3000 Ma (W a nipigowan) and 2700 Ma (Laurentian) 
ago in the map areas (Ermanovics and Wanless, in 
prepara tion). A period of widespread metamorphism and 
possibly loca l granite intrusion ea . 2500 Ma ago (Kenoran 
Orogeny7 ) affected rocks of the eastern Rice Lake 
greenstone belt (Turek and Peterman, 1971) a nd may have 
a lso affected rocks in the map area . 
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