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ABSTRACT

The cross r,ake Group, consisting of basal-t, congr-onerate,

and sandstone, lies unconformably on the basement biotite granodiorile

gneiss. The area ,probabl¡r u¡1¿srv¡enb two Ìreriocls of folcling and these

likel¡r corresponci to Lhe Kenoran and Hudsonian orogen-ies, The onl¡r

recognj-zabfe effects of the Kenoran orogeny are the north north-

easterly and north northlnresterly - trending cross folds. The cross

Lake Group was folded, me-bamorplrosed, and granitized during the Hudson-

ian orogeny. The nrajor sti:uctural- features were producecl during i,he

I-ludsonian orogeny. These consj-st of a southr^resierly-trending syncline
and a northwesterly-trendj-ng syncline which merge and continue as one to
-bhe southwest ancl a najor ant,icfine situated bet,r,reen the tr.uo arms of
the synclines. lürmerous smalf-scales fol-ds and lineations are present.

structrires, ì-n general, plunge steeply. Gabbro and. a¡orthosite in the

form of a siff at Pipestone Lake a,nd a bat,holith souilr of the Ì,4inago

River i.ntrude the Cross Lake Group. These bodj_es i.rere emplaced. before

or during the earl;' stages of the ]lu_dsonian foÌding"

The grade of meLamorphism aù Cross Lake increases from the

l-ower par1, of Lhe alniand.ine-amphibolite facies in the souLheast to the

hornbl-end"e .granulite subfacies of the granufite facies in the norLhwest
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Garnet, cì-inop¡rroxene, and hypers'r,hene progressiver¡r develoþ irr

basaft r,nt,h increasír¡g rnetamorphic grade. Horni¡rend.e in basaft de-

creases in amounf, becornes darker in co]or, and shows an increase

in the content of AI in lhe tetraheclral- site ancl (i{a-lx) r,¡ith i_ncreasing

meì;amorl:hic grade. Rocks of the Cross Lal<e group were 1ocaì-ly

granitized ì:¡r post-metamorphic intrusions of quartz-feldspathic

material. This produced nr-igmatites and most of the rocks of the

gneiss complex.

Northwesterl¡r-l¡e¡ding linear features rnrere formed by ten-

sionaf forces. These, together with mafic cl]¡kes and joints, are all
post-lìudsonian in age.

kevious wriLers suggest that the churchir-r and superl-or

provinces in northern lianitoba are separated by a gneissic zone. This

stud¡r indicates that the contact between the Cross Lake sedimenl,ary -
Volcanic belt (rrsuperiorrt province) and the gneissic zone is a gradation-

al one. Rocks south of the contact consist of those of the Cross ]_ake

Sroup and migmaÙites and rocks north of the contact are migmati-tes and

those of the gneiss complex. Evj-d.ence is presented r^ùich suggesNs

that l,he Cross Lake area lies within the Churchill provi-nce and that

the Churchill-Superior bou¡dary lies south of Cross Lake. The contact

is lj-kely a. gradational one where effects of the Hudsoni_an orogeny

fade into ihe Superior province.
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CI{Á.PTER I

I}IIRODUCTIOÌ{

LO-CÂTION.& sIzE, AND pHySIOGRnpHy 0F AREA

The geographic centre of the Cross Lake area lies 44 niles

north of Nori+ay llouse and 37 miles southeast of trrlabouden. The area

is bounded by latitudes 51+o3}t north Lo 5l+olç5t nor.th and longitude

97%01 east to 98o15r east and. conrprises a total of 510 square miLes

(see geological map)"

The area is one of l-ow relief with numerous swamps and

rrrrrskegs" sedimentary roclcs are topographically low and. outcrops

rise only a few feet above lake level. Granodiorite and gabbro

rocks locally form cliffs some J0 feet high. The greatest relief,

in the order of 100 feet, is made by glacial rid.ges east and south-

east of cross Lake settl-ement. The area is drained entirely by the

Nel-son River system" Drainage is controlled by bedrock rather than

glacial deposits"

FR,EIrIOUS WORK

kior to 191-9, geological investigations in the area Íiere

in the naLure of track or exploratory surveys. These consisted

largely of isolated geological observalions along major water

routes, The first r,¡ork was done by BeIt (ßZg, 188I) and TFrrell
(fgoo) in 1890 and 1896. Existi4g information of the region ïras

compiled by i"fclnnes (fgf3)"



Alcock (fgeO) did the first sysienatic mapping of the area

at a scale of 2 rni-les to I inch" Thi-s co,mprised the v¡estern part of

Cross and Pipestone I akes and encompassed the entire area consj-dered

in this report" The main areas underlain by sed,imentary and vol-

canic rocks were outlined" 0n1y three rock types, granj_tes, sed.i-

mentary rocks, and volcanic rocks are shov¡n on Alcockl s georogical

map and no attitudes are girren. He bel-ieved that the gneiss complex

(9) intruded the sedimentary-votcanic sequence (Zt 3, h). No evi-

dence was found to suggest that conglonerales (3) unconformably

overlie volcanic rocks (2) an¿ no volcanic pebbles were found in

conglomerates.

Horwood (f%Ð did recoruraissance mapping at a scal,e of 4

mil-es to I inch in L93I-32 and this included the eastern tr,¡o-thirds

of the area" He belíeved that the sedimentary-volca¡ic sequence

(2, 31 4) lay unccnformably on the gneiss complex (ç) ,na that the

conglornerates (3) overlie the volcanic rocks (2) unconrormably.

Evi-dence presented for the latter is an unconforrnity and the presence

of vol-canic pebbles in conglomerate,

In 19ó0 Bel-1 (19ó2) remapped. t,he eastern two-thirds of the

area at a scal-e of 4 miles to I inch and compiled and. rer¡ised the

previous work' His naap ùiffers little from that of the r,riter. rn

7962 BelL comnenced reconnaissance mapping of the Wekusko sheet which

i-ncl-udes ihe western one-third of the area. This work is stil-l in
progress,



various roining companies and prospeetors have exanrined

showings in the area a¡d some drilli-ng has been done. rn L959 Lhe

Noranda Exploration company did detailed napping, ground magnetometer

work, and dril-ling in the vicinity of Ì;he gabbro sil_l at pipestone

Lake"

Aero[ragnetic maps ltlorf 25 and 2ó cover most of the area,

Copies may be obtained at the lvlanitoba Mines Branch,

PRESEI\II WORK AND NATURE OF TI{E PROBLEIVi

Three f5-minute sheets, comprising JIO square miles, were

mapped driring the course of three field seasons from 1960 to Lg62,

Field data were ploi;ted on vertical aeriaJ- photographs at a scare of

4 inches to 1 nLile and transferred in the field to maps at a scale

of 2 i-nches to I mi-Ie, The final- map is at a scale of l- inch to

1 niile"

shorelines eonsist largely of rock exposures and virtualry
all- were exarnined" Outcrops inland. are srnall and few can be

recognized on aerial photographs i-n th-is heaviry bush-covered

terrain" Pace-and-compass traverses assisted by aerial photographs

as a location guide Ïrere run at l20o to l_500-foot j-ntervals over

most of the area. where swamps a¡cl muskeg ÏJere exbensive, rather

r¡'ider spacing was used., Representative samples were col_rected for
thin sections, chenrical analyses, and age deterr¡rinati-ons,

The pnimary purpose of the project was to map in detail_

the broad cross Lake ttgreenstoner¡ belt and suryound.irg gneisses,
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Previous mapping had been li¡nited io cursory 'brack and reconnais-

sance surveys, mainly confined to shorelines" A close exarninaLiorr

inas made of the gneiss complex (g) i" order to attempt separabion

of it into more than one rock type, ^A,ttention rn¡as given to the

stra-i;igraphy of i;he sedimeni,ary-volcanic sequence (2, 3, d) and

its relationship to the gneiss complex (9). This v,ras to test the

validity of prevj-ous rock groups established, thei-r correlation

r'¡ith other areas, and the contention that the gneiss complex (9)

represented the basenent upon which the sedimentary-volcanic

sequ.ence (2, 3r 4) was deposited. Nurnerou-s struetural- elements

were recorded and analyzed in order to deterraine the confi-guration

and origin of tLr-is structurally complex area.

lulore than 3O0 t,hin sections were exanrined. Point counts

were made on a number of specimens to provide sound quantitative

data as to the mineralogical content of the various rock types"

Total- rock analyses were made on 2d specimens" Nine nrineral

analyses v¡ere made together with 13 partial analyses of plagioclase"

Age determinations were obtained. from J specimens,

A rather detail-ed laboratory i_nvestigation was made on

basalts (Z) a¡rA comprised. point counts, total rock analyses, n-ineral

analyses, and optical determinations. The purpose vras to determine

the chemical conrposition of the basaf-ts t,ogether with changes in

nrineral content and nrineral composition under progressive regional

metamorphism"



In norihern iL{anit,oba ì;he Churchill- and Sunerioi. prorrinces

of the ltecambrì a¡ shlel-d are considered to be sefaraled bJ¡ a

gneissic zone, Com¡nercial nickel deposi'r,s along ùhe Thonrpson-ii,ioalc

Lake befi,, near the northern edge of the gneissic zone, has focused

a greaL deal of attent'i on on this region" This has also generaLed

interest as lo the nature of the contact betl.¡een the churchil-l

province and the gneissic zone and the Superior province and the

gneissic zone, The cross Lal<e area straddles ihe contacl between

the superior province and the gneissic zone. This study has clari-

fied the natu-re of the contact and suggests that the cross Lake

area and the gneissic zone were effected by bhe Ï-ludsonian orogeny.
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The Precambrian rocks of the erea are outlined schema-

ti-catly in the Tabre of Forrnations (pag. g). These rocks are grorrped

according to rock ty¡:es and described in su_bsequeni chapters.

chapter ffr describes'r,he basatts (z) ano basart nrigmatites (6) and

chapter rv sedimentary rocks (1, lr) and sedimentary nri,gmatites (2, B)"

Àcid and inte::rnedi.ai,e rocks are discussed. in Chapter TV anct ihese

incfude the basement bioi;iie granod-iorite gneiss (l) an¿ rocks of

ihe gneiss coniplex (p). Gabtrro-anor.thosj-te (¡) ana nafic oykes (lo)

are deal-t irith in Chapter VI"

STRATIGFJ^Pi-IY AND C0RREL,{TI0I,I 0F TrrE sEpF'iElrIAlìy-voIc,4¡EC SEQUENCE_

Previous Int elp.retation

Horwood (tglÐ divided the sed.j_mentary-volcanic sequence

into the Hayes River ,series and an overrying cross Lake series. The

Hayes River series consisted lar"gely of basart wiilr ur-inor con-

glomerate and Ì;he Cross Lakes Series of sandstone, soae corrglomerate,

and minor basal-t.

ijorruood (f%4) correlated the Ha¡'ss Ri"ver Series rrrith

Keerr¡atin volcanic rocks of 'bhe Lake of the ìdoocls area, ont,ario.

This ms based on sLruciural and ri-thological similarities. The

Hayes River series of the cross Lake a::ea r,¡as cl-jrectly correfated
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(9) Gneiss complex: biotite granodiorile gneiss,
hornbl-ende tonafite gneiss, aclanet lite¡
feJ-dspar porph;n-y gnej-ss, h:ypersthene gneiss;
apfite, pegmal,ile, o,uartz veins.

G]ì¿.DATIONAL C OI,,ITÄCT

(8)

Q)

(6)

Sandstone Ì,iigmatite: (4-) r^nth more L,han
2o/, (9) and l-ess than go/, (g)
Conglomerai e migmatit e: (3 ) vrit h rnor e
than 2C% (ç) and l-ess ì;han 9Ø" (g)
Basalt Ì'{igrnatite: (2.) with lnore Lhan ?_O% (g)
and fess Lhan gØ (9)

GRADATTONAL CONI.AC,I t,IrTil (2), (s), (4).

(5) Biotii;e gabbro, hornblende gabbro,
anorthosi_te, ovoid gabbro

IÀTIRUSIVE COÌTIACT

A

R

C

¡t

A

E

A

(d) Sanastones and associaLes rocks: arkose,
subgre¡rwacke, ndnor fetdspathic and lithic
gre¡,'r';acke, siltstone, grit, conglomerate;
rare protoquartzil,e, lirney shale.
i"fetarnorphic equlvalents: quartz-plagioclase-
biotite--(garne'u ) paragneiss, sittimãnite
Þaragneiss, slaurolibe schist, nreta-argilfite"

(3) conglomerate

(Z) Basatt: hornblende
schist, hypersthene

schisL, garnet-ciiopside
schist, breccia, gaÌ:bro.

(t) nasement biotite granodiorite gneiss.
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r"r-lh the Ha¡,'es iìj-¡¡er of the aï"ea arou,ncl oxfoy"cì Lake" I'{e applj_ed

i;he lerm cross Lake serì.es for geographica]- reasons a-l-one- ancl

correlatecl, this series r^¡ij;h the Oxforcl, se¡r'ies on the basis of

f-i1,hoJ-o,ß;,' and steep dins.

i:lo::r,¡oocl ¡s (f934) senarali,on of .bhe sedinrentary-volca.nic

sequence in the Cross I-,al<e area into ü,.¡o serj-es r+as based on tr,.¿o

crj-ieria" The fj-rst r¡as the Þresence of a su-pposed, u,nconfor.nri_ty

beil'¡een the l{ar¡es River ancl Cross ]-ake Series l-ocatect at the r¿estern

end of the second largest island betr.¡een Pipest,one and Cross l,a¡es.

The second criterion, considerecl the most important, was that basalt

pebbl-es at lhe base of the Cross Lake Ser1es were derivecL from the

Ha¡res Rj-ver" l-.asalt ruhereas tona.l-ite fragnrents nredoninate higher:

in the serj-es, The sugges'Lion r,!¡as Lhat erosion cu.t through the

Ha¡,.es River Seri.es and exnosecl. the lonaì_ite basernent.

Horr^¡ood (lIÆL) considerecl lhat the Fia,;res River Series la;r

unconforrnabl;r e¡ tonal-ite gneiss and tira{, the l-atter rock cover"ecl_

much of the area. Although no unconforr.rit¡z r^ras observed- b¡z Hon,.roocl,

this r^¡as based on the contention t,hat tonalite did not i_ntrude

Hayes Ri-ver rocks and all 'ì ntrusj-ons cu.tting the Harres River v¡ere

-ì ater gTanite. Bec¿,use the Hayes River Series l.,ras correfated v¡jth
'l,he i(eer,¡atin: Horv¡ood su-ggesNed thai lhe tonaliì;e rrnclerl-ying the

Ha¡¡es lìiver (tris t+e-Keewatin tonal_ite) na)¡ represent the ol_desi roclts

in lJorth Anreri-ca"
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P{esent Int erpre ba'r, ion

D-^^^'^+ ^t^tr^ir -r¡-resent detailecl napping suggests a differen-r, interpre-
'i,aiion frorn that of Horv¡oocl . The rrunconforrnii;yrr used as a cr.j-terion

for subdividing the sedirnentary-volcanic sequ.ence in.bo two series

r,,'as exarrined and fater re-examined (located at g7o46xi,I, 5t,o3l+tlr).

An unconfor¡nabre rera'r,ionship irras nol evid-ent beLween basalt (2)

(Hori,¡oodts ilayes River) ancl congrornerate (J) (i{orwoodrs cross Lake)

to the south. A sinri-lar concl-usion was reached independeni;ly by

BerL (L962).

The second criterion, thaL basali, pebbles of liayes River

origin occr.lr ab the base of the cross Lake series ard. tonafite
pebbles further up cannot be substaniiated eüher. The conglomerate

overlying the rrunconforrrr-ity* consists of pebbles of quartz,

o.u-arLzite.. and si-lt¡r shal-e. six hunclred feet further sou_th pebbres

are 75 Þer cent sil'r,y share and 25 per cent quarLz, quari;zite, and

granodlorite. The congromerate ís j-nterbedded urith arkosic sand-

stone and followed by a thick succession of basalt. The section is
apparently repeated b)¡ folding.

Because of intense fording characteri-zed by numerou-s

reversal-s and repetition of beds, ilre rnrriùer bel_ieves the only

location where the stratigraphic succession can be d.edu.ced vrith

certainty is that above the uncomformit;' on Cross fsland. There

coilglomerate (J) inmediately abo.re basalt (2) consists of pebbles

quart"zo quartzii;e, and granodiorite. The r,,riter has specificall¡,

recorded in his field notes the absence of basalt pebbres. south

of

UI
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the channel to Bbb-and-Frow rapids conglomerate (:) i" exposed

immediatery to the sou.i;h of basart (2)" pebbl_es are mainty grano-

diorite. I'l-rmercus contacts observed betr,reen sed.ímentary and volcarr1c

rocks on islands in Cross I¿ke northeast of the settlement, the v,rest

end of Pipestone Lahe, and the r.¡esi end of cross Lake, are al-l

con-formable. lùevertheless there appears to I:e some local erosion

of basalt" Greywacke (4 ) overries basalt (2) unconrornrably in an

e)q)osure along the Minago River. 0n the south shore of pipestone

lake, ¡ninor beds containing basalt fragrnents and. so¡ne qua:.tz pebbles

{Ze) are enclcsed in basalt.

rn sununary, erosion of basar-t (e) appears rocar rather

than general. Erosion did not cut th-z'ough basalt in order to

expose basement granodiorite gneiss (l) (Horv,rcodbtonarite), E:çosed

areas of the basement were present and supplied. sediments throughout

the deposition of sedimentary and vol_carric rocks.

The r,rriter agrees r,rith l{ori^¡oodts contentj-on that the

sedimentary-volcar:-ic sequence lay unconfor¡nably upon basement rocks

(r). An unconformi-ty discovered at the north end of cross rsl-and

shows conglonreraLe (j) overlying basement biotite granod.iorite gneiss

(r) (prate 1, page g). Horwood berieved t,he basement was tonalite
and assurned an unconfor¡nab1e relationship because tonalite was never

observed cutting the sedimentary vorcanic sequence, kesent mapping

and chenrical analyses indicate hornbl-ende tonalite gneiss (9b)

r,ras produced by the granitization of basalt (e) ¡v injected

quartzo-feldspatÌ^r-ic ¡mierial. Horv,roodss correlatj-on of the basalts
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PL,A.TB 1. Unconforrnity between basement biotite

gneiss and conglorneraie - norlh shore

Isfand.

granodiorite

of Cross
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(2) of the area rtrith Keewatin volcarri-c rocks has no real- basis" Thus

his coniention that the basemeni granodiorite gneisu (r) (tonarite

of Hori¡¡ood) is pre-Keewatin is a nratter of conjecture"

The Hayes River Series of the Cross Lake area rnay be

roughly the time equivalent of the Hayes River of the oxford. Lake -
Knee Lake region. There the Hayes River Group is unconformably over-

l-ain by the O>Cord Group (narry l-|g5gr 19óO)" The lact< of a positive

unconfornrity in the cross Lake area casts some d.oubt as to the

coruelation of i{orwoodr s cross Lake series and the oxford Group"

The Cross La-ke fleries however is lithologically more sj-¡nilar to the

Oxford Group than to the upper u.ni-t of the Hayes River Group, The

cross Lake 'series Íray be the equivalent of the upper unit of the

Hayes River Qroup, the Oxford Group, or both.

Beeause of the confusion that has arisen in the past due

to the practi-ce of equating Þecanrbrian units, separated. by great

dj-stances, on a lithotogic basis and for reasons cited above, the

rnrriter prefers to abandon Horrrcodt s two-fold subdivi-sion. The name

cross Lake Group is assigned to the entire sedimeni;ary--volcanic

sequence. Above the unconformity on Cross Island. the stratigraphic

succession and approximate thicknesses are: basal conglornerate

(2OOO to 3OOO feet); basatt (ZOOO to 3O0O feet); cong'le¡¡s¡ate (1OOO

to 3000 feet,); and sandstone (greater than 5O0O feet?). hecise

thiclaeesses cannot be accurately given because of folding" Else-

td:ere, the stratigraphic succession could not be precisely deternrined

because of folding and rapid facies changes and because the basal
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coniract, l^ras never found. Ììocks of the Cross Lake Gr.oup vrere n-raÌrpeci

accordÍng to roclr types rather than stratigraphic units. Rock Lyoes

are basalt (2), conglomerai-e (3), and" sandstone (4).

Tecboqics and SedimeËaLio,n

The seclirirentar"y-volcanic sequence a'o cross Lake has 'Lhe

folloi"dng characteristics: rnainly arkosic sandstones; conglome-

rates; cross-bedding and scour; local diastems i-n conglo¡aerates and

basalts; ancl inlerbedding of sed-iments a.nd. basalts. ThÍs associatj_on

suggests a continental orcgenic envi-ronment vrj-th rapicl erosion and.

deposition under shal-low-water deftaic cond-itions. Pettijohn (L9L3)

suggested i;hat graded-bedcled greyuracires form the bu-Lk of Archaean

sedimentary rocks and that the ravas are ofLen spilitic. cross-

bedded arkoses (4) are the main sedj_mentarlr rock t]..oe at Cross Lake,

and the basalts (2) n"u not spilitic.

Pettijohn (tg+l) betie.'red... rrThat the major. belts of

sediments traceable across the shield are in part fringed r,rith

conglomerates and that the present boundaries of these belts are,

therefore, nearÌy the originaf linLitsr'. The Cross Lalce sedimentary-

volcanic beft is not fringecl by conglomerates" ft is fringed ancl

su-::rounded by nLigmat,ites (6, 7, 8) an¿ gnej-sses (Ç) prod_uced ìr¡r fþs

granitization of the cross Lake group (2,3, h). This su-ggests that

the depositional basin 
'..,ras more extensive than the rennant struct-

ural basi-n.



I6

CHAPTER TII

T}M BASALTS

GENER.AL CHÁRACTERTS TTCS

The basal-ts (2) connprise approxinrat el:y L5% of the exposed

rocks of the area" They have all undergone recrystallization and

deformation so that although the term rneta-basalt may be more ap-

propriate, they are hereafter referred to as basal-ts as a matter of

convenience. Mesoscopic features vary but they are not sufficiently

distinctive or consistent to justify d.ividing basal-t (2) into ¡*or.

tha.n one u¡r-it on the geologic map,

The distribution of basalt (Z) is shown in Figure 3-1

{page 1?). Basalt occurs mainly along the southeast-trending arm

of the Cross Lake sedimentary-volcanic belt, Ín the vicinity of

Pipestone Lake. It also occÌrs as bards along the norlheast-trending

arm of the belt and as narrow ba-Txàr^rithin the gneiss complex (9).

Single basaJ-t units a few tens of feet thick and

encl-osed. by sedimentary rocks (5, lr) occur in island.s in the north-

eastern part of C¡oss Lake, The thickest sections of basaft uhich

appear to be relatively undeforned occur 5 nLiles south of the

Hudsonls Bay Post and at the east end of Fipestone l¿ke" At the

former locality, the thickness is approximately /e000 feet and at

the latter it i-s 9000 feet or more, The thicicness of the total

basalt section is unknov¡n"
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Pillo'¡¡s eï'e comrÍon (Plate 2, page Ig) and e:lcellent exarnnles

occu"r on i;he shoreline of Pipestone La]<e and the west side of

Cross Island. Top deierrninations based on pillor^is ¡u.st be used r"rilh

cauiion because of distortion; for some e)cposures, Lhe nLojfn coul-d

be interpreted in either. dj-rection.

Basarbs are afmosl i-nvariabJ-y foriat,ed. The foriation is
considered to be a cornbination of a second.ary foliation imprinted

upon and in the saine direction as prinary banding or layering. The

degree of foliaiion m.ay range fro¡n a rnoderately foliated. rock to a

plat¡r-h.s¿¿hering schist. Fofiated basalts sometimes enclose

medium-i;o-coarse-Srained gabbroic bodies. Conbacts are gradati-onal.

These bodies represent either" conduits or recrystafl_ized. basalts.

i3anding, due to variations in proportions of right and

dark nrinerals, was mainl-y prociuced by the introduction of quarLzo-

f eldspathic material along fol-iation pranes. The r^ridth of ,che

quartzo-feldspathic layers range from ¡nicroscopic size to sifl_s

severaf feet across. some of ùhe banding rûay be the resul-t of prim-

ary flow or metamorphic segregçation. The grade of metamorphisrn is
sufficientl-y high to cause segregation.

Fy::oclastic rocks are not present in the area. þlinor bands

consisting of angu-lar bfocks of basaft set in a coarser matrix of

simil-ar conipositlon are considered to represent flov¡ breccia (zd).

Ilarrcw bands enclosed in basalt, and consisting of elongabed basaft

fragments (average lengùh 3 inches) are consiciered to be sedimentary

breccia (2e) ¡ecause they contai-n a few rounded. quai.tz pebbles.
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PLaLe 2. Pil-towed Basal-t on norùh shore of Pipestone Lake.
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CHEI'trSTRY A}]D TETEOLOGY OF TI-IE B-ASÁ,LTS

Total- rock analyses of lJ specimens of basalt (2) fron the

area were made and *" *r,r"r, in Tabfe 3-f (page 21)" The mod-al

analyses for these specimens are set out in Tabte 3-2 (pa1e 2) " For

conparative purposesra number of analyses representative of various

basic exLrusive rocks r^¡ere selected from the literatrrre and these

are given in Tab1e 3-3 (page?)"

The composition of the Cross Lake basalts and those fro¡n

the literature are plotted on triangular diagrams in Figr:re 3-2

(page24). The l-ower,cluster of points represents plots r,¡here weight

percent of Fþ0, CaO, and ( FeC s Fe2O3 ) *" end members; the upper

cluster of points represent plots hrith Si02, IIL2O3, æd (wa2O I KZO)

as end members"

The average NarO and K20 contents of Cross Lake basalts

is 2"63 weight percent and O"!8 r,ueight percent respectively. The

al-kal-i conterrb of Cross I¿ke basalts is decidedly less than that of

spi1-i-tes and potash-rich vol-canic rocks and Less than most of the

tholeiitic a¡d olivine basalts plotted. Several of the Cross Lake

specimens have a (¡'eO + Fe2O3) content that is distinctl-y hi-gher

than 'r,hat of any of the tholeiitic or olivine basalts sel-ected frorn

the literature; other specimens are sirailarl.y hrigh in CaO. The

l"þ0 content of Cross Lake basafts j"s generally for^¡ and in several

Cross Lake speci-tnens, the l'þ0 content is lower than any of the

volcanic types plotted.
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Sio2 48.18
iJ2% 16.10

Fe2O3 6.02

FeO 8.?1
MsO 3.9o
Cao 9.89
Na20 3,48
Kzo I.56
Hz01

caz

Tioz 2.3t
Pzoj 0.36
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TABLE 3-3

CHEMICAI, ANALYSES OF BAS.AITS SELECTED FROM TI{E LIIERAruHE IN I¡ilEIGI{T PERCENT OF OXIDES
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Table lJ+-ll
Table 14-32
Table 1/1-l+z
Table l4-7 z

Table 15-91
Tab1e 18-1:
Table 18-3:
Table t6-tO:

ö

l+.29

o.57

o.L5

1-1J from Turner & Verhoogen

East Obago, N.2., average of 19.
Victoria, Aust., average of 27.
Carboniferous of Scotland, average af 27.
Tutuila, Sånoa, average oî 5.
Olivine basalt magma t¡rye.
Koo1au series, Oahu, average of 10.
Mauna Loa, Hawaii, average of 2/ç.
Average Deccan basalt.

50.6r
L3 "58
3.r9
g.g2
5.46
I "45
2.6A
o.72
2.L3

1.91
o.39
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t+.73 5
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2.92 2.8
4.29 I.2
I.22

100

POTASH-
RTCH

ÌIôT.NÂITTÊE

93
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5L.O7 t+4.7t+

9.93 11.82
2.72 3.89
r.19 7.06

10"3r u.28
4.87 9.6r
0.82 2.L6
9.92 2.5t
4.23 0.50

o.2I
2.I3 2.rO
r.53 a"66

0.04 o.1g

lrr''*
AV"

\NDESIlE

L3

2.87
0.78

o.2t+

5r.22
l-3.66

2.84

9.20
h.55
6"89
t+.93

o"75
1.88
O.9l+

3 "32
o.2g

o.25

r4

(rs¿o);

å$2"
BAS"

59 "59
L7 3a
t ")J
3"r3
2"75

5"8o
3 "58
2.Ot+

r"26

o "77
o.26

0.r8

L5

o

10.
r1.
12.
L3.
14.
L5.

14,f5 fron

Table L5-4:
Table 15-8:
Tab1e 2l-32
Table 2l-7:
'Tbble 25-l:
Tab1e 33 :
Table 33 :

95

55.46
1ó.8¡
¿,.r)

4.86
6"lt
7.86
3 "30
1.40
o.5e

0"88
0.15

4"22

98.76 99.73

Barth (tgSz).

Average of 6 Oregon basalts.
Thol-eiitic magma type.
Leucite Hi-lls, Wyoming,
Murambite, Uganda.
Average spilite, lt analyses.
Average andesi-te.
Average quartz basalt"

LCÐ.72 100 100
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The inberyelationships betr,reen CaO, i.þ0, and (peO + l,e2}3)

are nore cJ-early irlustrated in Figure 3-3 belov¡. Figure 3-3a

i.ndicates 't,hat the caO content of cross Lake basafts is inverseþ
proportional to the (FeO + Fe2O3) cont,ent. Irigure 3-3b and 34c
shor^¡ the 1'þ0 content is not particul-arly sensitive to changes in caO

or (FerO + FeeO3).

4

{ Fet'
Fe ^O-)L3

arì

zu 5u 4íJ þu lo 20 30
i FeO +Fe2O3) MSO

{o) (b)
FIGURE 3-3 - PLOTS R[LAT jNG Coo, Mgo, ATJÜ (Fe o + Fe,o=) co¡ITEI,JTS ÇF

BASÂLTS; WETGHT pERCENT CcO+ MgO+(FeO+FerOU) = tOO

)20
Mso
(c)

CRCSS LAKË

The petrologic nanes of cross Lake basal-ts according to

Nockoldr s cl-assification (nru) are given in Tabfe 3-l (paee 2Ì).
These are based on l{iggli norns calculated by means of a computer

progrårn (H. 0. S. Wilson - personal communication).

Figure 3-4 (page 26) is a standard variation diagrarn for
cross Lake J:asafts. The regutar trend. of a magina series is not
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apparent" There is some increase tn La2o3 lrith ari increase in siO2

conient, The trend of the lrla2o and K2O curves is iryegular and they

do no'b increase with an increase in sio2" The sha^r'p break in the

FeO curve núght suggest tvro series. pfots of cao and ( Na2o r Kzo )

do not interseci so that the atkal-i--lime index cannot be deter-

nined" The series is decidedly calcic.

Volcanic serj-es are classified accordi-ng to their tectonic

setting and ihe various series possess certain chendcal attributes,
spilitic l-avas together with some normal basalts are associated

rrrith the geosyncrinal phase of a tectonic cycIe. The al_kaline

olivine basalts are typical of oceanic basÍns, Tholeiitic or flood

i:asalts occur in a non-orogenic continentar setting" The basaft-

andesite-rhyolite association is characteristic of orogenic belts

and is typically developed during and following elevation of fol_ded

nasses; that i-s, during the final stages of orogeny,

volcani-c rocks of the l{uzi province, Japan ( Turner and

verhoogen, L96o, p, 280) are associated with an orogeni-c beLt" They

contain a pigeonj-tic series i,lnich chenrically resemble cross l,ake

basalts. The pigeonitic series has a row þo : Feo+ Fe2o3 raiio,
and a low alkali content. ItTholeiitictt types in the series resemble

normaJ- tholeiites but are higher in Alror, as are basarts at

Cross Lake.

fn suumary, Cross Lake basalts have a generally 1ow

alkalj- content, a high L]-2o3 content, æd are high in either (peo + Fe2c!)

or:'CaO" The series is strongly calcic. They belorrg to the basaft-anrjesjte-

rhlrol-te asscciation tJ¡pical_ of continental orogenlc volcanism,
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In'¿r.'oduc!ion

Basal-ts (2) of the area consi-st of seve::al mineral

assemÌrlages, six specimens, each representabj-ve of a pa_rtj,cu.lar

assemblaget '¿rere chosen for detaited siucly, The mineral content of

these specj,rnens is seL out in Ta.bte 3-4 belor.r in order of increasing

meta¡norphic gr.ade. il,Iineral-s ana1J¡zed chenricalll.' ar.e indi cated"

Analyses of plagiocl-ase from six additional speci_rnens r.¡ere nacle

(ta¡te 3-5, page 3f),

TAÌILE 3-4

}']IIWÌìAL I\SSE,T{BLAGI¡,S OF CRO,S:J LAIü] BÄSALTS

SPEC]NJEN NO. J.SSBMtsL¡.G:i'

1 R811

2 B"l\87

3 RE2].4

l+ tt563

52We

ó H1r30

l---rra¡ql_oclas_q,

Pla,qioclase.

Plagloclase,

Pl.agiocl-ase,

Plagioclase,

Pl-agioclase,

hornblendq.

hoJnbl.endg,

hornbl-en!,e,

hornblende,

hornbl-ende,

hornblencì-e,

qarnet.

diopside, garnet"

rLior;sLde"

epidote.

diopside, h]'persLhene.

l'luli ner al s uncl erf in ed- anaì-yz ed ch enri c a-i-Iy.

21lhe order" of nretarnorphic grade is rnainly basecì on the cher.d-cal-
composition of hornblend,e. Although epidote i s not a common con-
stii;uent of Cross Lalce basalts, this assembJ-age (5) v¡as del-jberatel¡r
chosen for stud.1'. Epidote 'js apparentl;r a seconcl-ary iaineral v/ni_ch
developeci after meNa¡¡orphism,
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Specinens rr¡ere chosen 1'¡irich ì/.rould yield good rnineral

separaiions" Samples were crushed and sieved i,hrough the ]OO-mesh

size screen arrd retained on the 200-niesh screeno Separations

¡¡ere made v¡ith fhe Franz Isodynanic separator and with Clerici

solution" The re¡nai-ning impuri-ti ss were removed by hand.-

picking"

The specj-fic gravíties of the raineraJ_s were determined by

suspend-ing grains in Clerici solution and calculating the specifie

gravity of the solution by means of a cal_ibra-r,ed pycnometer.

Theoreticall¡ the rrineral has the sa¡ne specific gravity as the

clerici solution" Although the accuracy of ì;he clerici solution

specific gravit¡r is the order of t 0,001, that of the nrineral is

approximately 3 O"OO3. Data are given to the second d.eci-mal.

An attempt was made to eval-uate changes in kind, quarrtity,

and composition of nri-nerals in terms of rock composition a-rtd nreta-

morphisrn. The metamorphic intensi'by increases ín the area from

southeast to northwest.

Plasioclase

Plagioclase usually occu.rs as ari untr¡u'inned- rnosaic

(dia¡le'uer < 0.1 mm. ) in basalts (ea) ttrat have undergone low-grade

regional metamorphism ruhereas grains are larger (¿ia¡reters O" 5 - I

mnr.) and twinning is more prevaì-ent jn the higher-grade basal-ts (Z¡),

Vírtually all grains are tr¡¡inned and diffuse zoning is common in

basalts (Zc) of the granulite facies,
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I'fethods of determiuing plagioclase cornposition based on

nreasuring exLinction angles of the universal stage and refractive

indices on grai-ns lying on cleavage faces (Tsuboils curves)

proved unsatisfactory. The CaO, Na20, and K20 contents of plagio-

clase frorn twelve basaJ-t specimens were determined chenLically" The

results are given in Tabte 3-5 (paee 31), Nine are aJrdesine, two

are l-abrodori-te, and one is bybownite" kain cou¡ts on the least

pure sample gave less than I percent impuritÍes"

The plots of Figure J-J (p"g* 32) rela5e the plagioclase

composition in terms of percent anorthite, albite, a¡d orthoclase

molecules to the rock composition in terms of atom percent, calcium,

sodium, and potassium respectively. The nurnbers adjacent to the

plots are in order of increasing nretamorphic grade of the specÍmen

and correspond to the assemblages of Table 3-4 (page 2S)"

A dírect relationship between the calcium content of the

rock and the calcium content of plagioclase is not evident on the

p1ot" There is some suggestion that the sodium content of plagio-

clase increases v¡ith an increase in sodium in the rock but this is

not positive" Eight of the points are clustered within a snrall-

range of plagioclase and rock composition"

Sen (1959) believed that the amount of potassium in

plagioclase is independent of the potassium content of the rock"

There is sorne indication in Figure 3-5L that the potassiunr content

of plagioclase increases with an increase in potassium in the rock"

The three specirnens with the highest total rock potassi-um contenf all
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TABTE 3-5

CI{EMICAL ATTALYSES OF PIAGTOCI,ÂSE

SFECTMEI1I }$0"

?,ilÐIGl{T ø

7 "go 6.6h

6.18 4"37

10"86 4.29

8.54 6 "æ

6 "t+6 ? "t6

7 "64 L.t+3

7.35 6"2

7 "20 5 "99

ro"g5 3 "95

8 "35 6.5t+

6.i 5.h

6"6 5.3

PTAGIOCLASE COMPOSTTTON

+$REL30

++RÀ.78

x-nnz14

xnj63

-FB8]JL

Y'BA8?

{.8R8139-1

*^+w53

{-x-RA6Z8-1

-x'Áa558

x"^-Rs51+

-x-FRA82

o "l+3

0.41

0.10

o.14

0.15

0"10

o.36

o.75

0.30

o "36

o "5h,

o"2

38"7

42"4

57 "7

40"3

32"7

73,6

38"7

38.0

58"5

40.5

37.7

ha "2

58"8

5t+"3

l+I"7

58"9

66 "t+

25.2

59,"r

57 "3

39 "5

57 "l+

58"5

58.4

2"5

3"3

0"6

0"8

0.9

1"2

r) ¿)
4 .4.

l+"7

2.O

2"I

3.8

1"4

-F D.F. Brorøn, I4anit,oba Mi:res Branch: CarKrlla - Sta:sdard cheniceJ-

-xJ+K.Rå¡nlal, Dept. of Geolog¡r, Univ. 0f Manitoba:
hrK - X-Ray Fluoreseence Spectroneter
l$a - Sta¡¡dard che¡tica]-

CaO }üarO KZO fi ta %aa i6 or
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contain I to 4"5 percent biotite by volume, The others contain

littIe or no bi-otite. Biotite forms by the alteratÍon of hornblencie

brought about by the introduction of potassium, Some of this

potassj-um may have entered the plagiocl-ase molecule. The potas-

sium content of plagioclase in terms of percent orthoclase nple-

cule varies between 0"ó and 4"? percent. The average is 2"1

percent, This is in good agreernent with Emmons (f953) 
"¿^,o 

found

for a variety of rock types a ma:cimum of 4-.2 percent and an

average of 1,9 percent. Emmons (L953) found sericíte in the

specimens with a high potassium content and bel-j-eved 1 percent for

the orthoclase content of plagioclase would be more normal.

The lrrriter dÍd not observe any sericite in plagioclase"

The analyses do not take into account the possibility

that some of the potassiurn ma¡r be present as second-phase anti-

perthite ' K-feldspar detecüab1e only by X-ray pouder photo8raphs

(R" B" Ferguson - personal communication)"

l'{etamorphism in the area ranges from the l-ower part of

the al-mandine-arophibol-ite facies to the hornblende-granulite

subfacies of the granulite facies, A progressive rel-ationship

between the ¡retamorphie grade and plagioclase composition is not

evident on the plots of Figure 3-5" The composition of nine of the

12 specimens are betv¡een An 37 and An 43. Sen (L959) reported an

increase i-n potassium content of plagioclase r,¡ith increased meta-

morphic grade but this cannot be demonstrated here"
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Hornblende is the only mineral that coexists with plagi-o-

clase in alJ- assemblages" Virtually all the sodiurn is distributed

beil,reen these two ¡rinerals" Figrrre 3-6 (page 35) relates the calcium

and sodiurn content of plagi-oclase in terms of the percent anorthite

and aJ-bite nrolecules to the ca1ciun and sodium content of coexisting

hornblende in terms of atom percent calciunr and sodi-um, The plots

do not show a posi-ti-ve relationskr-ip. TÌre relationshíp of plagio-

clase composition to that of coexisting niinerals is further di-scussed

in the section on cation distribution"

Figure 3-? (paee Jf ) relates the sodium and. potassi-utn

content of plagioclase in terms of percent aJ-bite and orthoclase

molecules. There is sone indicatj-on that the potassium content

increases r,¡ithar increase in sod.ium content. Emmons (tgSl)

concl-uded that the potassium content does not increase with an

increase in sodium although his Figure I suggests this trend.

In conclusion, 9 out of 12 plagioclase specimens have a

composition near An 40" The composj-tion does not appear to be

controlled by rock conrposition nor does progressive metanrorphism

appear to cause systematic changes in plagioclase conrposition"

Hornblende

Composition

conposition

obtained by

Refractive i¡dices were meesured on hornblende

fragments lying on the (ffO) cleavage faceo The

of hornbl-endes in terms of the ratio given bel-ow was

applyrng the refractive indices to Parkerls curves (fg¿f)"
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This is compared to the raiio calcul-ated from chenrical analyses"

Fe+þln+Ti ¡lOQ )
l{g+Fe+}.f¡:+Ti )

The agreement is

makes refractive

Sample i'Io: RJ+78 R811 Rq87

Parker 2 55 2B? l+5
Analyses z l+6"7 38.5 Ì+6"6

nE2r4 R563 REl3o

65M6r
58"8 55.3

generaJly poor, The strong color of hornbl_ende

indice deternrinations difficult.

Optic and exbinctj-on angles were ,measured on thin section

grains using a 3-a;cis universal stage" strong absorption caused

orientation difficufties for the former measurement; for the latter,
cleavage traces on grains cut parallel to the optic plane are

barely visibre and are often irregular" Buddington and Leonard

{]:953) d.iscuss sinilar difficulties and point out that there appears

to be no reliabre method for determining z¡ c in hornblende,

Five hornbl-endes were analyzed by standard. cheniical method.s,

They are from the assemblages shor^¡n in Table 3-4 (page 28). Horn-

bl ende from specimen RE130 could not be separated d.espite repeated

attempts to do so, The volume percent of impurities was obtained

by perfonrring 100o grain counts per specimen, usj-ng a mechanical

stage" The volu¡re percent of inclusions in gz'ains was estimated an¿

recorded, The vol-ume percent impurities for the various samples are3

R563- I /,
RA 87 _ 2.2 /,
R 4ZS - 4"r9"
R8214 _ 3 "77%
R 8l-1 - 7.45/,

The chenrical compositions and- specific gravities for most

of the impurities ldere knovm so that corrections on hornblende



coaposiiions r,lrere made vrith a reasonable degree of confidence, Table

3-ó (page 38) sets out the chernical- compositions and physical pro-

perties of hornbl-endes. The corrections for impr:rities necessj-tated.

calculating totals to 100 percent. The vuriter j-s aware of the

shortco¡nings of applying standard technÍques of rock analysis to

rcineral-s "

Classif-icaLion The chenricaì- complexity of arnphiboles has led to

a classification in terms of various end-

members that is complex and often confusing. Cross take amphiboles

cannot be assigned nrineral- naaes simply by glancing at standard

end-member for¡rmlas nor is thís practice very enlightening, The

¡rrj-ter has adopted the structural forn¡rla proposed by Berman (f%7)

and used by contemporary authors such as trngel and Enge1 (tg6Z).

This is t^¡z-:(xI)¡ Q4on)z(OHrFrC12) rvhere trI = CarNarK, (¡u),

T = þrFe+zrlhn, Y = AlrFe+3rTi, and Z = SirAl. (See Table 3-6.)

In order to classify Cross Lake hornblendes, i;he classifi-

cation outlined by Deer, Howie, and Zussman (tg63, Vol. II) is used,

They employ the type formula X24I5Z1O22(OH)2" Their X is W in

Bermanls formula and Y is Bermants X*Y. The subdivision of Y into

two parts is based solely on valence arrd as Deer et aJ- (L963) point

out has no structural significa¡ce" Cross Lake amphiboles are

r¡rithin the calcium amphibole sub-group, r,rhere Ca is the dorninant ion

in the K position"

The cal-ciunr amphibole sub-group is fi.rther subdivided on

the basis of several- end-members each i,¡ith a specÍfic name"
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Ci1lll'fiCÂt Ai{D PirrySICAt DAT.¡r FOR ijOiìNËIEIlDil

Rsrl tìAß7 iìEzr¿L j].)oJ w78 Rrr130

Si02
l',I203
l'e.0"
tr'oô -

I'{90
Ca0
Na20
K)o
Hãot
Ti02
Pe0c
I'iño'
Ba0

t+6.03 Lþ5 .77
IT.7Z II.67

a Qa a 1a
-.)- ). La

LL.59 11.83
10.90 IO.8
u.69 tL.6
o.74 0.7 50.r3 0" t4
1. 17 1. 16
o. 50 0.57
Q.06 0. 06
0. f5 0.15

43.69 tß.r9
14.00 U.I7

a r^ a dd),)¿ )"ctó
L3.L2 L3.38

B "97 8.8
12.18 Lz.O
o.Bg 0.88
o.42 0.41
2.24 2.LB
o.92 0.90
o.12 0.L2
0.14 0. 13

h2.62 t+2"43
11. ó6 11.61
4" 52 L+.5

L6.O7 16.0
ñ .\t - .1ì{.Ò) i.Õl-

1r. óg 11.64
L.62 1. ó1
o.66 0.66
L.75 r.74
0.81 0.81
0.17 0. u0.58 0.58

42.32 t+2.36
LL.96 L2,oL,
6.lg 6.36

14.19 u.o6
ol,roÃO
/ . vL / . )a

Il"oo 1I.03
1.18 L.zI
r.34 L.36
0.88 0.88
o.7l o.7s
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o.23 0.23

4¿. ¿O

1r.61
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Z^ 
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nl
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Formrfa Y

0.02
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^')<. a-)
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r.3B 3.7L
0.o2
o.50
o.25 O.8O
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7.651r,
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OFôôN
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o"3Lþ 2"35
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L. 16
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r.77
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2.06 3.7L
0.0t_
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0.5r 1.32
0.28
6.ll+ E" 00
L.56
2.26 2.27
0.01
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Hornblende is assigned a general formui-a and this is further d.ivid.ed

into more specific end-raembers, or¿e of wl:ich is called cornmon horn-

blende" Tremolite, ferro-actinofite, basaltic hornblend.e, kaersutit,e,

and barkevite are excluded from this ttfamifytr" Thj-s is rather

different frorn older classifications such as that of winchell and

l{inchell (rg¿r) where hornblende is used as a general terrn for all-

amphibores except the anthophyllite-cummingtonite sub-group. Ttre

ierm common hornblende is applied to all menbers of the calcium-

amphibole sub-group except o>ry- or basaltic hornblende, The

restrÍction of the nanie hornblende is desirable ali;hough v,iorkers are

likely to continue to use it in the general sense. Anrphiboles from

cross r¿ke basarts (2) are hornblendes in the sense of Deer et aI.

{tg?) "

The conposition of hornblendes is best represented by the

scheme presented by Hallirnond (1943) and elaborated by Sundius

(l:ç+C). Hallimond considered hornblendes as derived from substi-

tution in the tremolite structure" Apart from cornplete Fe+2-I,k

diadochy, the edenite-ferroedenite series is regarded as derived fronr

the trernolite structure by ltTa entering the otherwise vacant A. site

and th-is balanced by one A1 replacing one Si. The tschermakite-

ferrotschermalcite series is derived from the replacenent of Si by

41, balanced by A1 replacing lilg. sundius (lgUA) suggesi,ed. that the

pargasite-feruohastingsite series is a con:.bination of the ti,¡o

substitutions. Comnron hornbl-ende rnight be considered as a com-

bination of the two substi-tutions, cl-oser to tremolite than pargasite,

but r'¡ith a fornula of greater latitude than the other nnenrbers" This

scheme and the relatj-onship of Cross Lake hornbl_endes to it is given
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beloi,r,

Ca2t"fs5Si*ozzßH)z

tremolÍte

.4.14= TIgZSíz

IilaAl-'. Si

cornnon hornblende

'.. Cross Lake

NaC a2l'fs4AJA12Si6O2 2@tt),

Pargasite

C a2iþ3 A:¿LJ'2S L 50 22( 0 H ) z

tschernakite

Deer e'L al-. (t963, Vol" II) have adopted and clarified this

scheme, Their Figures 71 and 72 show plots of þfl4 "gai-nst 
(Àta+K)

and [ar]4 us"inst (fU]6+r'u+3+Ti): a1t in terms of atoms per ur:-it

fornmla, They are reprod.uceci herein as Figures 3-8 (p"g" 4f) and

3-9 (paee 4e), and Cross Lake hornblendes are p].otted- on them. The

r1L
[41j 

' content of Cross Lake hornblendes j_s ]_ess than t,hat of theo-

retical tschermakite but is sinrilar to sone ro* þrlA tschermalcites,

Tne (IIa+K) conNent, #1 excepted, is greater than that of most

tschermakites" The ( fm] ó*p"*3+Ti) content however is decidedly tess

than tscher¡nakites, The ( [Af]ó+nu+3+fi) plot of Cross Lake horn-

bl-endes is generally within the paragasite fiel-d., lictually ht]U t"
less ihan in pargasite and (iUa+f) is nlrch less" The conposi-tion of

( c a, trra, K ) 24(w,F "n2 r¡"+3, A1 )5 Sió ( Si, A 7) 
zO zz ( OHrn ),

-,- 11."1I/"'I
hornblendes I

,tt I
s' NaCa2}4e.AtSiZ022(0i{)z)

edenite

I

I
NaAl: Si

I
J

Na2 C a2I'85 Ã:rS i 60 22( On ),
f_l ^'¡ 1d
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Cross Lalçe hornblendes resemble most closeJ-y the cornpositi on of , couunon

hornbl-endes in that ( [nf]ó+n*-3+Ti) and (f'¡a+f<) are approximately t,he

same, Cross Lake hornblendes have a higher fAf]A content and a cor-

respond-i ngl-]' lor^¡er Sj- content than cornnron hornblend.e"

Nineteen anal¡'sss of common hornblend-e r\¡ere se]ecte¿ at

random from Deer et aI. (t963, Vol, II pp" 271j. ) in order to

compare the hr]A *¿ þrJe contents v¡ith hornblendes from cross r,ake

basarts. This dataar:eplotted on Flgure 3-10 in ter¡ns of atoms per

unit fornrr.:la. The [ni,]¿ conteni of cross L.ake hornblendes is higher

than alnrost all of those taken from the riterature. The [nr] ó

content of cross Lalte hornblendes is al-so generally higher than

those serected frorn the h-terature, The average [nrl6 content of

J8 specimens from Deer et aI. (1963, Vo1. II) ís Ag5 atoms per

unit formula; it is 0.51 atoms per unit formula for cross Lake

hornblendes.

o.g

EAI36

ô,?

, ¡.s
f Atl'+

FIçURE 3-IO, PLOTS BELATING CÊOSS LAKE HORNBLENÐES

{*) AND PUBLISHED COMMON HORNBLENDES (.) I,N

TERMS oF AToMS pER uNrr FoRMULA oF tAn4ANo r¿r:6
l,2,ETC. tN ORDER OF tNCREAStNc METAMOpHIC GRADE.'

l.o
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The Fe+3 content of Cross Lake hornbl-endes is small- so

that they do not approach orry-hornblendes in composition" T?re

el-ements K, i\'fil, Ti, P and Ba are present in onJ.y ¡¿inor amounts.

ttre ¡'e+2/i{g ratios (taUte 3-ó) in¿icate these hornblend.es are

intermediate between Ì49 and Fe-rich end members.

Hornblende Compositiqn and Rock CoJqposition Hal]imond (I9l+3)

related the com-

position of hornblende to rock type, A plot of Si versus (ma+f)

in terms of atoms per unit formula was rnade for Ig6 published horn-

lrlende analyses (ttallimond, Lgt+3, Figrre 3 ). General fields of

rock types r^rere delineated" i-la^llimond (L9h3) suggested that there

is an increased subtitution in the tremol-ite structure with a

higher ternperature of formation. Figure 3-ú, (Page 45) is modi-

fied after l{al-Iímondts (1943) diagram, HornbJ-endes from Cross

Lake basalts plot in the amphibolite field. The numbers adjacent

to the plots are in ord.er of increasing nretarnorphic grad.e (see

Table 3-4) and progressive (trta+f) subtitution is evident.

Figure 3-U (pase 46) shows plots of hornblende compo-

sitíon versus rock compositj-on in terms of weight percent of

oxides for Cross Lake basalts" A direct control of the hornblende

composition by the rock composition is not apparent.

Other writers suggest hornblende composition is related

to rock eonposition" Larsen and Draisen (fg5O) demonstrate that

for a variety of rocks ranging from calcic gabbro to granite, the

ratio Fe0*I"h0+FerO3/FeO+ltr0+Fea0r+I'fgO is aboul the same for the rocli
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as for i;he enclosed hornblende" These ratios for Cross Lake are:

R478 R811 RA87 RE2L4 R563 RE13O

Hornblend e o"73 o "56 0"65 o "TZ O.?z

Rock o"7o 0"62 0,6g a.83 0"66 0"66

The spread for the hornblende and enclosing rock is about the

same as that of Larsen ard Draisen, They find that the ratio for

hornblende is always somei^¡hat less than for the enclosing rock.

Two of the hornblendes from Cross Lake have a higher rati_o.

Engel and Engel (L963) attribute chemical changes in

hornbl-endes from northwesù Adirondack amphibolites to changes in

rock compositj-on, Changes in rock composition are due to pro-

gressive met amorphism.

Hor,nbf ende and l,Ieta¡norphism Constituent hornblendes of Cross

Lake basafts (2) show variabions

in chemical and physical properties and these are considered to

be largely a functi-on of metamorphic grade"

Engel and Engel (tg6Z) record the foll-ovring changes in

hornblendes from atnphibolites of the northl^¡est Adirondacks during

metamorphism from the almandine-ar,rphibolite to the hornblend.e

granulite facies:

(f) Decrease in amount;

{Z) Colour change fro¡r bluish green to bror,nrish green;

{3) lncrease in density fron3.260 to 3.278,
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Chenrical changes are:

/: \(U Increase in Ti, Na, and K corr^bent;

{z)

ß)

Decrease in (OH), F, }.fi:r, a-nd. Fe2O3/neO anA F*/MS;

Si, 41, and Ca rernain nearly constant.

shidõ and I'tiyashiro (1958) have i-nvestigaied progressive

regi-onal metarorphisn of basic rocks of i;he Abulmma plateau, Japan.

Three zones r¡¡ere delineated using hornblende as an index nrineral,

rn the lowest grade the anrphì-bol-e is actinorite, ín the inter-

mediate grade a brue-green hornblend.e (x) 
"rr¿ 

in the highest zone

hornbfende is green, greenish broio¡n or brov¡n (,8)" The atkari con-

tent is rel-ated to the host rock and. maximum possible alkali

content increases r,'rith increasÍng grade" They find hornbl-end.es

from the tr,ro u.pper zones are high in /rl but a progressive relation-

shi-p betrrreen the repracement of si by Al and grade is not apparent.

tr'üisenran (tçSt,) on 't,he other hand reports progressive replacement

of si by Al during progressive metarnorphism of epidiorites from the

Scottish I{ighlands"

l{ork by many authors such as Dodge (tgl+Z) Ín the Bl_ack

I{i}ls, South Dakota, Eskola (tgSZ) in Finland, and Milljgan (fg6O)

in Þfanitoba report increase in col-our intensity of hornblende r,¡ith

increasing netamorphic intensity"

Hornblendes from the area selected for analysis are from

basalt specimens each of r^fnich represents a distinct nrinerar-

assemblage (TaUle 3-Ð" There is a progressive increase in the

amount of (Na+K) anO lnf]a in hornbl-endes with increasíng
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Figrire 3-& (pase 52) iI}:.strates the rel-ationship between

l,he chemical composition of hornblende and rnetaraorphi-c grade. The

oxides FeO, Fe2O3, Na20, and. I{20 (witn the exception of K20 in No"

4) aII show a sinrilar variatÍon" Ttre oxides Si02, i'fgO, and CaO also

shol,¡ a sinrilar variation but it is opposite to the fjrst groupo

Engel and Engel (lg6Z) found little variation for Si02, IvfgO, and CaO"

For Cross Lake hornblendes elements of the first group largely

replace those of the second during progressive netamorphism.

Light green to bluish green retrograde hornblende occurs

i-n minor amounts in pyroxene-bearing rocks and replaces darker

hornblende and pJ¡roxenes. It vras not chenrically analyzed.

In summary, hornblendes from Cross Lake basafts are clas-

sified as alurainous common hornblendes. Hornblendes are related

to rock composition in so far as they plot within the amphi-bolite

field and approach the basalt field. in llallimondts (f943) diagram"

A more intima'i;e relationship between total rock a¡d hornbl-ende

composition is not apparent" Variations in mode, colour,

specific gravity, texbure and chemical- composition of hornblendes

are attributed nrainly to changes in metamorpiric intensity" Not all

changes are systematic for al-l- para-meters or even for a single

paraneter.

Garnet

The d.istribution of garnet-bearing basalts (Z¡) is shoi.rn

in Figure 7-1 (page 128)" Garnet is l-ocally concentrated in bands

and may comprise as much as 50 percent of tire rock by volu-rne'
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Garnet is inv¿riably sei-ved with quartz and hornblende" Quartz is

evidentJ-y a product of garnet formaiion because it occu¡s as

inclusions v¡here liti:l-e or no quartz is present in Nhe rock.

Tr'ro garnet specimens Ìrere arral-yzed by standard chernical

methods. The relatively high manganese content caused some dif-

ficulty in the analyses. Chenical analyses, structr:raJ- formulas,

compositions in terms of end mernbers and the refractive indices are

al-l set out in Tab1e 3-7 (paee 5l+). Specirnen RA87 is garnet fron

l,he assemblage hornblende-plagioclase-garnet a¡td RE2l4 from the

assernblage hornblende-plagioclase-garnet-diopside" The latter

represents a higher metamorphic grade than the former" Impurities

'were: RA87 - 2,99 volume percent hornblende; Rtr214 - l+"78 volume

percent hornblende. The chenrical compositions of both hornbl-endes

lrere knol'¡n and both garnet analyses were corrected,

An attempt is made to evaluate changes in arnount and eorn-

position of garnet in terrns of rock composition and composition and

anount of coexisting rninerals. This nay not be entirely valid

because onJ-y tr,ic analyses are avaiJ-abl-e and differences in composition

are r'¡ithin the linrits of analybical- error"

Figure 3-I5l\ (pag" 55) shows that from RAST to REzlh weight

percent of FeO in garnet decreases somer,¡hat. There j-s an increase

in the FeO content of hornblende and a greater increase in FeO j-n

the i;otal- rock" Clinopyroxene appears in RE214 a¡rd t'his nri-neral

takes up some FeO. Garnet increases in volurne percent frorn 8.{ per-

cent in RA87 to 32"A percent in HEZIâ, In the section on Cation
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TAÌ]I-E

Lriafl-L'1.û I

)-(

D.ETA

S TRUC TURÁ.L FORÌ"IIJI,A
tsAsEÐ_ 0r¡ 12 _O,nlmrr ¿Tgl,L1

RABT RE2I4D I c|',-)lH(J /

sj.o2 37 "2L 37 "82

r\.Lzo3 ù+"16 2h"21+

Fe2o3 L.63 1-"7

FeO 26"98 27.Or

I'igO t+,23 f*.fr L"

Cao 3.54 3.8 1'

N%0 Õ.oz 0.04

KzO O"2O 0.21

Ti02 4.27 a"zg

Pzo5 0"09 0"09

i'{no r.67 !,65
Looz' LoL.2):

RNzl-¿,

36,t7 37 "29

23.57 23"23

2"1+6 2.57

26"23 25 "9e

2.A8 2"3L'

7.22 7 "L]'"

0" 03

o"o2

0.04 0" l4

0.07 0"07

L"45 t,&0
.>2

LOO'" 1OO.t+3-"

2.rol 2.:-Il

o"rclz.zz o. i5f

o"o2l - j"""*)

r" zól r "7zl
o./,e i 0"251

,]rf"'::;l
o"o2l - 

|o.orl I

Si

,qT

A1

Fe

Ti

.11 e

ìiñ,,õ

Ca

i'in

K

P

2. eol
lr

o"lo.l

z.tol
tcf)

o. roj

2"67

Ðl
lL.l 1.800 L"792

VoI" % 8"4 ?)î

l-. Possibl-r¡ high due to i'ur ínterference.

2" Correcterl for impurities

J" Uncorrected anal;.'ses

Änaf;¡st,: D" Bror,m, l"lanítoba i,tìines Branch

A-l-mandine

lyrope

Grossularite

.Andradite

Spessarti-te

66"2

18.4

4"5

4,r
IOO

6h.l+

q/,

l*l+"2

Õ"o

-3.1t
100



Distribution Figure 3-l:g (page 70 )

in RA87 is taken up by nragnetite,

not appear to be controlled by the

coexisting rninerals" An increase

in the amount of garnet formed..

shows that rnuch of the Fe+2

The FeO content of garnet does

FeO content of i;he total rock or

in total FeO resulbs Ín an íncrease

..9
w
ë zo-
i,.gM.-n-/
t to- tt'/
"L '/
Feûo -

RA87 RE2I4

!= SO rneT
h= hornblende
c =clínoplroxene
p= plo gio close
tr=tolol rock

w
Â- ,o-
i
g

h
+ t-
t

O//o

MoO

p

th=-\

-Ét.r
g

ç_-\_t_

tr
---=_g

w
e

i
g

h
t
D//o

Co

2ê-

l"-

Ê487 REzI4

Oo-

RA87 REzI4

RELATIONSHIP BETWEEN FeO, MgO, AND CoO CONTENT OF GARNET

TO COEXISTING MINERALS AND TOTAL ROCK

FIGURE 3-I5

The differenee in the l4gO content of the total rock between

RA87 an¿ AE2i4 i-s negU-gib1e" (nigure 3-158) Both garnet and horn-

blende decrease in lvlgO content and this appears to be due to the

formation of clinopyr.oxene in R8214"

The CaO content of garnet and total rock increases from

RABT to Ril2ll vdril-e that in hornbl-ende and plagioclase d.ecreases

(r:-grre 3-r5Ç). c1j-nopyroxene i-s developed. in R8214 and nore totar-
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Ca is talcen up in this nrineral than any other (nigr:re 3-2L, page 71)"

As shor^;n in the section on clinop¡rroxene, the devel-opmenÌ; of this

nrineral does not depend on a high Ca con|ent of basalt" The Ca con-

tent of garnet varies inversely r^dth the I.þ content" An increase

in CaO in garnet may be due to an increase in total CaO in the rock

or a corilplex rel-ationship with coexisting nrineral-s"

Cl-inop¡rro¡=ene

The dístributj-on of clinop¡roxene-bearing basalts (2A,

Zc) is shortm i-n Figure ?-1 (page 129. Clinop¡nro:cene occurs in

three raineral assenrblages irùrich are in order of increasi-ng meta-

morph-ic grade: clinopyroxene-gsrnet-hornblend.e plagioclase;

clino pyroxene-hornblend e-plagi o clo s e ; and clino p],Toxene-hyper sth en e-

hornbl-ende-p1agioc1ase" The metantorphic grade increases from

southeast to northr,¡est across the area, Clinopyroxene is Ìight

green in color and consists of subhedral grains from 0,5 to l- mm.

i-n diameter.

Tabl-e l-8 (page 5?) sets out sone physical and optical

properties for three clinopyroxenes representative of the three

assemblages described above" One of these vras analyzed chenrically.

Refractive indice deterndnatiors on grains lyrng on their cleavage

faces tlere made on the other two specilrÌens. The percent heden-

bergite was obtained. by applying this data '¿o Parl<erss (1961)

curves, Opbic angle and Z^ c aeasufements were nrade i.¡'ith a 3-axis

Universal- stage"
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ìrsi02

A_L^U-

Fe20q

Fe0

t"lgO

Ca0

IrTar0

Kzo

HO+2-
Tio2

Proc

j'ln0

50.L6

) 4t^

2.43

10.4
ro.73
2L.37

o.h7

0.05

o.go

w. ¿ó

0.10

o.7z

I00.1ó

PROP]ìRTY

}iineral Assemblaoo
a:Pi;s rilã.".'"i""ãnI

\toI. /"

Density

¿u

ZxC

nz

nr-

Col-our

S Hedenbergite

REl3Q

hypersthene

17.4

3.1+3

59

1.7f8

r.696
pale green pale green
35 (safii,e) lú (salite)

rlì ¡, "Dì T;r '-) cl]õUÜ -)-'J

C IJ NOFRYOXBI'üi ]]AT.4.

11)oJ

Rd?14

garnet

15.0

a It).++
qe1)u2

zt+!z

L.724

1.700

pale green

48 (salite)

íJtructural Formul_a
Based on ó Ox\¡gen At,oas

ll'
si L.g3

Á,1 0.07

Al- 0.04
J-/)

Fe'' o.33
Fe 0.0ó
i'rg u. b_L

fr^ 
^ 

ód
ud. \J. óÕ

I\ja 0.0&

Ti 0.02

iUn 0.03

2.OL

R563

25.2

t tr-) . )/:,

5eÈ
-Lo_l ¡.¡

;i;inalyst: D. Bror,rn, iuÍanitoba iuiines Branch

i'{et amorphj-sm Increases



58

The ratio Fe*Z x lOO for clinopyro)íene and total- rock
l'4g+Fe+2

are con'pared below:

PE¿y+ R563 R8130

Clinopyroxene l+8 35 l+3

Total Rock 63"5 40.1 38,8

Ân obvious relationship does not exist,

The average CaO content of 15 analyzed Cross Lake basalts

is 10"47 weight percent. The average for the three clinop¡n'oxene-

bearing rocks of this group is 10.óó; two are below average. Thus

basalts containi-ng clinopyroxene are no rj-cher in CaO than those

r^rithout clinopyroxene.

. The formation of clinopyroxene in basal-ts at Cross Lake

seems largely controlled b¡r ¡is¡¿morphic grade. Specinens in

Table 3-8 are arranged so 'bhat metamorphism increases from left to

right" Systernatic changes in clinopJtroxene eomposition as a

function of metamorphic grade cannot be demonstrated. The composition

of clinopyroxene appears to be a complex function of kinds and

a¡nounts of coexisting mine::a1s.

Hypersthene

Hynersthene-bearing basalts (2c) occur only in the north-

west part of the area. Plagioclase, brornrt hornblende, ard. clino-

pyroxene are coexisting r¡rinerals. Hypersthene consists of nearly

round anhedral- grains averaging 0.4 nm. in diameter"
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One specinen was analyzed chemically and the d.ata to-

gether r,rith some physicaÌ Þroperties are grven in Tab1e 3-9 (page

60), The composition detennrined from chenricaJ- analysis is in elose

agreement r'¡ith that obtained by applying r.efractive indices to

Parkerts cr:ïves (fgef). Hypersthene contains a higher percentage

of the iron end-rne¡nber than does coexisting clínopyr.oxene and this

conforms i;o the relationship found by Binns (J962), Basalts con-

taj-ning hypersthene are r¡ithin the hornblend,e-granulite facies of

metamorphism.

l-{inor þänerals

Basalts (Z) contain smal-l aaounts of quarLz, epi-dote,

biotite, chlorite, calcite, magnetite, sphene, and tremolite (see

modal analyses, Table 2-2) " None of these rninerals i¡iere analyzed

chenrically"

CATTON DISTRIBUTTON

Introduction

A new method of evaluating changes in ]dnd, conpositi-on,

and amount of coexis'i;ing niinerals developed by progressive meta-

morphism of basal-t (Z) i-s presented in ternrs of cation distribution"

The devel-opment of this method rnras prompted by the Íact that most

studies consider only changes i-n kinds and conrpositj-on of nrinerals

and neglect the important factor of quantity. Si-x specimens of

basal-t from the area'hrere selected for this study (taUte 3-4, p, 28).

Each possesses a distinct m-ineral- assemblage that formed under
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TABLE 3.9

HÏ?ERSTT{MTE DATA

EEL30

Wej.eht %

xSi0Z 49.56

r.79

3.6t

27.6r

15.72

o.9e

o"13

o.10

o.h6

0"10

o.69

AlrO"

Læ.7 5

N2 : I.729

Nl : L.72O

2v : 5go?)

Density: 3.58

Colour : pink

J+Analyst: D. Broum, Hanitoba l{ines Branch.

Structural Formula
Based on 3 ftqrgen Atoms

si o"s6 LA1 o"o4 
l

Feo0c-)
Fe0

Mgo

Ca0

ItIa20

Kza

froe

Pza5

M10

!')

Fe '' o.o5
r.)

Fe '' o.t+5

Hg O.l+5

Ca O.O2

ri 0.005

Mn 0.01

o"985

Composition

Chenical Analysi.s: Fs56En5g

Parkerfs Currre: Fs52En4g
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dj.fferent conditions of metamorphic intensity. Varj-ations in bul-k

composition betv¡een specimens are rea], bu-t rel-ative]-¡r smal-I"

l'[çthod of Calcul-ation

Ideally, the volurne percent, chernical cornposition, and

specific gravity for each rrrineral in all- assemblages shoul-d be

Irnown. Tabl-e 3-10 (page 62) outlines the kind of data available

for the calcul-ation. Most major rn-inerals 'r^rere analyzed chenrically.

Specific gravity deternrinations were made on al-l hornblende, garneù,

clinopyroxene, and hypersthene specimens. The specific gravities of

plagioclase were obtained from standard curves using 'r,he chenrical

analysis.

The 2V of epidote v\r,as deterrnined on the unlversal stage

and the composition obtained frorn Figr:re 3lp3 of tr'/inchel-l- and hlinchel-l

(fç6f)" The ny of biotite was d.eternrined and Figure 257 of

Winchel-l and tr'r/j-nche[ (19ó1) employed to obtain the chemical com-

position and specific gravity. Although this composition is only

an appro>imation, biotite occurs in negligible amou¡its. Sphene,

calcite, and magnetite never exceeded 2 percent by volune and 'u¡ere

assigned standard compositions and specific gravities" The opaque

nrineral appeared to be magnetite and r,,ras considered as such in aIL

cas es 
"

The volurne percent was determined by the ar/-erage of point

counts on tr¡,ro thin sections per speci-men w'ith 1000 counts on eacho

Sections r,¡ere cu-t perpendicular to foliation.
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rABm 3-10

DÁ.TA AYÁ,ÏIÂBI,E FOR OJ,TTO¡ü DTSTRTBTTIOff CAICIILATÏOI{S

RSLL EA87 nE2u R563 BLz8 RE"L3O

CorP"
Quartz

S"G"

CouP"
Plagioclase

S.G"

cory"
Itro¡nb].ende

S"G.

Comp"
Gartret

S"G.

ConP"
Clinopyroxene

S.G"

Comp"
Ilypersthene

S"G.

ConP"
Biotíte

Epidote

S"G"

Comp.

S"G.

Co¡np"

S.G.

Cornp.

S.G"

Comp.

S"G.

Sphene

Magnetite

Ca]-ciüe

si02

2"65

õhem"Analysis

Calculated from Analysis

Chem. Anaþsis

Detemined

Chem" Ana-Iysis

Deterrni¡ed
Ctlem.

Ref.Index Analysis

Deterni¡ed

gase¿

on R.ï.

Graphsx'

Based
on 2V

GraPhs*

I{egligible

il

2y-

Graphs-x-

3.48

nr"l¿
on R.ï"

GraphsÈ

Based
on 2V

Same as
Ræ14

Bef. ïndex

Deter"mined
Chem.

Ánaþsis

Ðeüe¡'uri¡ed

Fe^0^.)
4.96

CaTiSi0,

3.1+8

CaTiSiO,

Fe2O,

t+"96

CaC03

2.7

- Mi¡eÐal. not present
-F S"G" obtai¡ed from graphs relating S"G, to composition
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Tabte 3-11 (pages 64 and. 65) outlines the calcula',,ions

involved for specinen R563 and this serves to íllustrate the pro-

cedure. Constituent, nrineral-s a.re l-isted, The pnoduct of specific

gravity and volume percent for a given nrineral gives ihe rnass whj-ch

is convert,ed to weight percent. The chemical- conrposition in terms

of oxide weighi; percent for each mineral is l-isted in col-umn 7.

The oxide weight percent is rnultiplied by the weight percent of

the nrineral in the total- rock, This product is show:: in column

9. and represents the bulk weight percent of each oxide in each

¡nineral and is a function of ¡nlneral composition and r,veight percent

of the nrineral in the total rock"

The figures in col-u-mn 9 are converied to cation molecular

proportion in column :LOand red.uced in column J-lto bulk catj-on

percent, This later figure means that there are 100 cat,ions in the

total- roclc of idrich 47"1 percent are Si cations. 0f this 47"1_

percent, tot,al plagioclase contains 23"ó percent, total hornblende

10"1 percent, total clinopyroxene l2,J percent, and so on,

sumrning Lo l+7.1 percent.

This inforrnation is sunrrnarized for each of the six

specimens in Tables 3-12 Lo 3-U (pagus 66, 67, and. ó8 inclusive)

The ror¡ for each catÍon gives the bulk caiion percent for each

nrineral (i."" col-umnllabove)" The summation of each row, shovm

in the third col-umn of the tables, gives the perceni; of eaeh cation

in the total rock deternrined from'Lhe above cal-culaiions" The

second column of ihe tables gives the percent of each cation

debernrined fronr total roclr analysis" Discrepancies occur but they



64

TABTE 3-11 (eontçd on nexb page)

OIIrLÏ]TE OF ]'IETT{OD FOB CAÏ,CUI,ATTO$ OF CATTOTI DTSTRTBUTIOßT

r
tc- d
t¡ll¿ ø lO

l
Ï4i¡reral

Suartz
Plagioclase
IIo¡nblende
Clinopyroxene
Epidote
Calcite
l.fagnetite
Spbene

R5ó?
2

Specific Graviüy

a /r¿.o)
^ /ñ¿.o I
3.25
3 "52
3 -l+8
2"7
4"96
3.1+8

.})
VoL" %

o"5
50 "CI
2Lþ"O
23.O
0.3
0.4
0.1
r.7

100.0

L
I{ass

r"325
B3 "5oa
78"000
80 "960
1"o44
1"080
a.496
5.9l:6

3O2.32L

o.M
44.16
25 "æ
26.78
o.34
o.36
0.16
1.96

100.00

IOo

Ctrem.Anal¡rsis
Mineral Itfu. %

Bulk Wb. Cation MsI. Bulk
% Prop x 1O00 CaLíon %

W" % or
Mi¡leral

Quartz
si02

Plagioclase
si02
aJz%

CaO

1r%0
Kzo

o.0o4J+

o./r416

o "258
t1

7 "32

l+29.92

228"9r
63.59
99.o5
1"27

L$.a6
59.O4
u"53
57 "62
50"09
53 "67
13 "55

3 "6t
2l+"98
2"63
o.85
2"LI

Hornblende
si0,
AL"ó"
Fúd
Feö'
trgo
CaO
Na20
Kzo
Hzo
Ti02
Pc0"
¡frlo-

l_00

58.La
26.h2
g.0g
6.95
o.13

t+2.62
n.66
l+.52

]-:6.o7
7.85

1J.69
L"62
0.66
r"75
0"81
0"17
0"58

0.44

25.79

JJ.67
3.57
3.O7
0.06

l+l+.16

11,00
3 "01
T"L5
l+.U
2.O2
3.o1
o.42
0"17
o.45
o.2l
o.06
o.15

0"4

23,6

12.6

3,5
5 "l+
0.1

10"1
3"2
0"8
)"¿
2"8
3.o
o"7
o.2

(1.4)
0"1

0
"1

25"80
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TABT.E 3-I1

l'tineral
Chem" Analysis

r.rr d!ttrâ /Ð

\:[t, " "/" of
Mineral

Bulk i',ft"
ú

Cation l,lol-. Bulk
h'op x 1000 Cation Íi

Clinopyroxene
(:ì núLv2_

l+I2o3
Fer0a

fuJ

Fe0
ï"{90

Ca0
lùa20

Kzo
llotì*
T1o2
P2O5
j',Ín0

50.08
2"51+

?-./+3

10'34
10.7r
2r.3h

o. l+7

o.o5
0.90
w.<L)

0, t-0
o.7z

o"2678
ll

0" 0034
fl

0.0016
n

0,0196
ft

a.0036
It

"t3"1,L

0. óB

o"65
.nÒ
.a-.4) (

5 "7L
0.13
0.01
o.2h
0.08
0.03
0.19

^L nò/-¡J. {o

0.11
o"o5

0.16

0.60
u. )o
0"80

L.96

o"20
o.l_ó

223 "32
L3 "34

8" 14

38"69
71" r8

10t_" 82
l+.19
o.2L

l-3.2.9
. i_.00
o"l+2
)Aa

2.L6
r.37
o"63
L"l+3
o.5e

'r 2ô
-Lø )o

o.70

9.98
qaq

I0"0f

1 Er7
)o)[

3 "61+

L4.)

o.7
o.Ì+

2"r
3"9
5.6
o"2

0
(0.7 )
0.1

0

v"¿
.EE

0"1-
o.l-

0

0"I

0"1
0

u.b
0.b
0.6

o.2
(-) )

l_00. o

Epidote
Si02
LI2o3
Te2O3

Ca0
Heo

i'{agnetii; e
Fer0a*)
l'e0

Sphene
Si02
CaO
Ti02

Calciie
Ca0

caz

36.97
22.28
Ll+"25
?3.or
3.!+9

69.0
3L.O

30.6
.dL

40.8

0.13
0"07
0.05
0.08
nnt
o j,4

,6
U+

u. to

100 1819.50 100
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TABLE 3-12

SUMMÁTY OF CATTON DTSTRTBUTIO¡I DATA FOR RSLI

CATTON ø CATTON ø

si
A1

Fu+3
L.Fe''

Mg

Ca

Na
K
Hzo
Ti
P

l{::I

1+7.5

18.6
'ì1
L.)

6.1
8.4

r0.5
5.8
o.3
o.6
0.ó
0.1
o.2

45 "8
L7.4
¿.¿
6.0
9.r

11.1
5.8
0.1
)t
o.2

0
0.1

(r) ¡ (n) w.t
$a) e.T

(zr) 2.3
(s6) 5.o
3t) o

$6) zs.t
(trt ) 7 .7
(tnS) t-.0
(ro¡ 5.4

(roo) 9.1
Qg) 8.8
(r¿) o.B
(67) o.I

(roo) z.z
(roo) o.z

0
(roo) 0.1

$s) t.z
(ro) o.ó

0

0

100.0 100"0

ÎABLE 3-13

SU}MART OF CATION DTSTRTBT'TTON DATA FOR EA87

CATTON i6 CATTON
TOTAI ROCK MODE PIAGTOCLASE ITORNBI,ENDE GA.RTüET MAGNETTTT

Si
ÁL

Fe')
L.Fe''

ÞE

Ca

Na

52.7
r7.8
¿.J
5.t
o.¿
9.6
2.1+

o.l+
¿.o

o.5
o.2
o"2

5l-.4
18.8

t.7
8.0
5.9
8.7
10

o.3
¿.o
o.3

0.4

K
Hzo

Ti
P
Ifn

(:z)rg.o (zr)ro.e
(4Ð e-z

(u) s.s
(6e) r.¡
(:¡ ) o.r

ßo) :-S.tr
(¡r) i.e
$s) o.9
(trg) 3.9
(er) 4.s
(¡g) t+.6

ßz) o. ó

(62) o.2
(roo) 2.6
(roo) o.3

(25) o.l-

(:rz) 6.2
(zs) t+.2

(tÐ Q.z (ls) o.a
(tnt) t.s ( +) o.¡
(rp) r.r
( z) o.¿

Qs) o.s

100.0 100.0
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T.ABLE 3_14

ST]MMARY OF CATTON DISTRÏBUTION DATA FOR R8214

CATTON U CATTON ø
C.¿iTTOIü TOTAI BOCK MODE QUARTZ PLAGIOCLASE HORNBLMüDE CLINOPT.GAMTET MAG$TETIIE

si
A1

Fer-3rôFe''
¡{g
Ca
Na
J!

HzF.
Ti
P

Mn

BaO

4a.9
L8.3
l+.9

10.1
5.8

12.2
¿.o
o.5
2.5
o.6
0.1
0.5

42.4
19 "7
1.8

L2.g
ó.0

IL.7
¿.)
o.3
1.9
o.5

0
0.4
o.'1

(e)o.e (U) to"l
3s) 6-6

r.6
o

(zs) to.t
(rB) 3.5
(io1 o.9
(26) 3.h

ÍL:,1 3 g
(3o) o.7
(çz) o.3

(roo¡ r.9
(roo) o. j

0
0

(roo) o.l-

(r9)z"s ßo):-z"T
(tng) g.e
ßg) o.t

(r¿)r.e (sg) t.e
ßZ)z.z (re) r.r
ßs)t.e Q3) z.t

(n)o. z
(r)o.r

(rg)
(zo¡
(s)

0

o
(roo) o.¿

100.0 100.0

T.AJI,E 3-15

SUMMARY OF CATTON DISTBIBUTTON DATA FOR 8563

CATION ø CATÏON %

CATION TOTAL BOCK_ MODE QTZ. PLAG. HORN. CLINOPY. EPT. CÁIC. I,ÍJ.g: SPITEIfE

Si
A1

J-2
Fe ''
Fe'-
Ms
Ca

Ma

K
I

Hzç
Ti
P

I'la
cêz

t+6.6

18.g
r.9
l+.I
6.r

a3.L
5.7
o.3
z.)
o.7

0
o.3

b7.r
L6"6
L.3
5.3
7.O

L2.7
o.)
o.3
2.L
o.8

o
o.3
o.2

(r)0.¿ (so)zt.o (zz)to.t (zo)tz.t
0o)t2.6 (r9) 3.2 (¿) o.z

(61) o.B (¡r) o.+
(oo) : .z (ho) z.t
(¿o) e.e (so) s.g

(zt) 3.5 Qu) 3.o (LÐ 5.6
(s6) 5.h (u) o.z ß) o.z
(::) o.r (fi) o.z o

(6?) L.t+ (sl) o.z
(rzå) o.r(rzå) o.r

00
(:¡) o.r (oz) o.z

(o)o.r (r)o.e
(r)o.r

o (e)o.r
U

(r)o. t(l)o.z (e)0. ¿
(5)0.6

Qs)o.e

{roo)o"z

r_00.0 100.0



TABru 3-Tó

SUI,T,ÍART OF CÄTIO]'] DISTRIBUTTOI\] DA,T¡, lìOR RI'130

CÅTION % CATION ø
CATIO}] TOT,A.L ROOK i{ODtr qTZ" PLAG. HoR¡i" BIOT. EPIDOTE CARB. SPh]d}JE

si 5o.3 ug.T Ql)tt"z ß7)rs"6 (si)ts"z (r)0.6 (7)3.6 (r)0"¡

68

Är_ 19. l. rB 
" 
0

_Lal"e'-, 2"7 2.7
Fe*2 3 J h.6
I'E l+"9 5 "5Ca 9 "l+ IO"2
iïa 5 .5 4.8
K 0"9 f.0
H2oI 3.r z.t+
Ti o "5 o.7
P o.2 0.1
}'fn 0" I 0.1

o.2coz

$z)to"z (28) j.t (r)o.z (w)z.s
Gs) t.z (tz)t.o
$s) h.t 0)o.t
(ss) s.z (¡)o"t

(ze) 2.9 Q+z) t+"2 (zs)z"t+ (z)o.z (i)0.5
(s3) t+"0 (12) o.a
(eo) o.z (6o) 0"6 (zo)o"z

(¿uó) r"r (s)0"2 (¿e)r.r
Go) o"z
(roo)0. r
(roo)0. r

( roo)0. z

Qo)o.s

IOO" 0 l_00.0

TABLE 3-17

SU]VI¡4ARY OF CATION DISTRIBUTIOIü DAT,å FOR RE13O

CAT]ON ø cATION ø
C.A,TTON TOTAL ROCK ]"ÍODE QU/.!RTZ PLÁ.GTOCLASE FIORNBIEIüDE CT,INOPY" ORTHOFY" I,ÍA,G"

si h7 "9 48"1 (r)o.e (rt*)ze .t (v)e "u Qt)g.g (rr)5.5
Ar :.6"T L5"7 (et)v"e (e)r.¡ (4)0.6 (L)o.z
Fe+3 3 J 2.6 (rg)0. S eÐo"t+ (re)0"¡ (fÐ:.tr
Fe+2 5 "o 7 "t+ (z.s)z.t (zr)z.o (ts)2.6 (ro)0. zI'E 7 "9 7.3 (n)t"z U*t)l"o ßa)z.e
ca 11"0 10.3 oA) g.l (rz)r.e Q+c)to"z (r)o.r
Na 5.6 6.6 (çr) ¿.0 (6)0.4 3)o.z oK o"T 0.4 $o) o.z (so)o.z o
H2ot rJ r.1 (roo)r.r
ri o.h o.3 (roo)0.: o o
POO
l'tn a"2 o.2 (¡O)O"r (¡O)O.r

100" 0 t_00" 0
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are not a1a"r"mingly great. I4ost specimens are banded and greatesi

differences are j-n assemblages containing garne'b"

A fínal calculaiion taires variations in the total roclr

composition inio account so that the various specimens rnay be

conpared. Thus for specinen R563 (Tabl-e 3-L5) there are 47.1 Si

atoms of which total plagÍoclase contains 23.6" TotaI plagioclase

contains: 236/l+71 x 100 = JO percent of total Si atoms" Horn-

lrlende contains 22 percení of 'Lotal Si, clinopyroxene 26 percent,

ei;c" These numbers are shown in brackets in Tables 3-32 Lo j-Lf

and are the ones plotted on the graphs showing cation distribution.

Discussion of Results

Figrre 3*L6 Lo 3-25 (pages 70,7L,72) present the cation

distributions for Si, 41, Fe+3, Fe*2, i€, Ca, Na, K, Ti, and Ì'(rr

respectively" The upper curve inùicates i;he relative amount of

the particular cation j:l the total- rock in terms of catj-on percent

(colunur 3 in Tables 3-12 to 3-L7). The lov¿er series of curves show

the bulk distributions of the cations between coexisting mlnerals"

Throughout the discussion bul-k distributi-ons are referred to as

bulk Si in hornblende, bulk Ca in garnet, etc, in order to avoj,d

confusion v¡ith actual ¡nineral conpositions"

The reader should refer to Figure 3-26 (pa.ge 73) and

3-27 Gaee 7l+) in conjunction with the cation distribution graphs.

Figirre 3-26 gives the nineral content as volurne percent and lrreight

percent. Figure 3-27 sunmarizes the composition of the major

ninerals as cation percent"
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Silico-n Si distribution (nigure 3-L6) fol_l-or,¡s the weight percent

cu:'ve rather closely" Plagioclase has a higher Si

content ihan hornblende, For this reason bulk Si in plagiocl-ase

may exceed that in hornbl-ende, even though horr:blende has the higher

r,æight percent (Mu?g).

Aluminum Most of the A1 is distributed. betr¡een plagioclase,

hornblende, and garnet. Bu.lk Ar in plagiocrase exceeds that in
hornblende even v¡here the weight percent of hornblende is nearly

ti.rrice that of plagioclase (ngfl) because pragioclase has a higher

AI content than hornblende, The Al content of garnet is approxi_-

mately the same as plagioclase between An33 an¿ Anl+z" The more

calcic the plagioclase, the higher the Al content. Bulk AI

relationshi-ps betvreen plagioclase and. garnet are sirnilar to the

weight percent curveso rn the hornblende granurite facies (REl3o)

8J percent of the A1 ís concentrated in plagiocrase. T-his is
because of the 1ow A1 content of hypersthene and. clinopJËoxene

and the 1ow v,iei-ght percent of hornblend.e, The high buJ.k AJ-

content oí plagioclase is due to the high weight percenb of plagio-

clase and not, as might be e>qgected, because of a high A1 content

due to a Ìnore cal-cic plagiocJ-ase, Thus in the hornblende granulite

facies, characterized by the devel-opment of Al-poor rninerals, a

high r.reight percent of plagioclase rnight be expected.

Ferric rron fhe most remarkable feature of Figure 3-t8 is the bulk

Fe*3 conLenl of magnetite, Specinen RBII contains onJ.y

2"6J percent magnetite by r,rreight (1.ó vol-" percent) ¡ut due to its
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high fs+3 content (ó9 atom percent) trre bulk Fe+3 contenù is 55

percent,' specirnen RE$O sho'r^¡s a sirailar rerationship. idhere the

nagnetite content is low, bulk hornblende contains most of the

F"+3 "

Ferrous Ïron Most of the Fe+2 is concentrated in hornblend.e

and only a littl_e in biotite a¡d magnetite uhere

hornblende is the dorninant mafic ¡nineraJ-" Garnet has a hrigher

Fe*2 content than hornblend.e. rn asse¡nblages with garnet arrd

hornblende, i;he bulk Fe+2 content of garnet will approach or

exceed that of hornblende, even lrrhen the weight percent of garnet

is less than hornblende.

The rel-ationship betin¡een the bulk Fe*2 content of horn-

blende and cl-inopyroxene depend.s on r,reight percent and cornpositions.

The rveigh'L percent of hornblende is greater than clinopyroxene in
RE2l4 and slightly less in R563, However the bul-k Fe+Z contents of

hornblende and clinopyz'oxene maj-ntain about the same proportions

between REÐJ+ and R563 with more bul-k Fe+2 in hornblende than

c]Ínopyz'oxeneo This j-s because ctinopyr.oxene fronr RE2l4 is more

Fer2-ri-ch than clinop),æoxene fron R563" rn specimen jìEr3o the

rreight percent of clinopJtroxene exceeds hornblende bui the bulk l-e+2

contents are nearly equal. H¡¡persthene has a higher bulk Fe+2

content than any other coexisting nrineral, even r¿ùren the weight

percent of hypersthene is less.



l.{aRne.sigm H¡rpersthene contains i:he highest cation percent I.þ

and garnet, the J-east; hornblende a¡rd clinopyroxene

are ini,ermediate" The bul-k i4g distribution is shown in Figure 3-ZO.

The high bulk l'þ content for cljnopyroxene of R563 is due to the

hish I'lg conLent of this specinien.

Cal-cium Clinopyroxene and epidote contain abou-t the same atom

percent Ca and this is higher than in other coexisting

¡ninerals. Hornbl-ende contains rnore calcium than plagioclase up

to a plagioclase composition of caJ-cic labradorite. Garnet is low

in Ca and the Ca content of hypersihene is negllgible. Thus the

bulk Ca content of epidote and diopside is high even when the

weight percent of these minerals is relatively low. Figure 3-21

shows the bull< Ca content for plagioclase of specimen RA87 is Iarge,

although the weight percent is eonparativelylow. This is a reflec-

tion of the high Ca content of this plagioclase.

The calciunr distributÍon curves may shed some light on

eomposition changes of plagioclase with progressive metarnorphism,

New nrinerafs are developed and these appear to govern the composition

and quantity of plagioclase, The developrnent of garnet from an

assenblage consisting of hornblende and plagioclase (nBU) is

largely through the destruction of hornbl-ende" Because the Ca con-

tent of garnet is relatively less than hornblende, a more Ca-rich

pl-agioclase devel-ops (RA8?), When epidote or clinopyroxene is

present (Iü78, R563), plagioclase is fess calcic because Ca is ta*ken

up by these nrinerals. Plagioclase increases in arrrount in
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assenblâges containing clinopJ¡roxene ancl h;rpersthene ßSeS, RE13O)

'oecause these niinerals are Al-poor (see section on Af disLribution).

Weight percent clinopyroxene decreases betr,¡een R563 Lo R8130,

The plagioclase does not become rnore calcic; the amount of plagio-

clase increases and hence the bu-lk Ca content of plagiocl-ase"

An assemblage representing the hornblende granulite facies consis-

ting esseniiall;r of plagioclase and hypersthene núght be expected

to contain a nore calcic plagioclase and a greater amount of

plagioclase tha:r in any of the lov¡er grades"

Sodium Figure 3-22 shows that Na is
*r ^-:oclase and hornbl-ende.rurd,år

clase i-s larger than hornbfende and 1,he

inrage.

Potassiu¡n

K content

Iargely disi,ribui;ed between

The buJ-l< Na content of plagio--

tr+o curves are a rnirror

Like Na, I{ is largely confined Lo hornbl-ende and plagio-

clase (pigure 3-23). Hornbl-ende contains a higher bullr

than plagioclase.

Titaniunr Titanium is distributed rnainly betlrreen hornbl-ende and

sphene (nigure 3-2\). Sphene, uhen present even in

smal-l arnounts, may contain a large proportion of the total amount

of Ti in a rock"

lulanganese The total IuIn content i-s very l-or,¡ and does not exceed 0.5

cation percent. Fiost }in is concentrated in garnet if

present or in clinopyroxene and h¡rpersihene.
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BASALT- ì,f,ci,LdT1Tll (6)

The terrn migmatite is applierL 'i;o a megascopicall¡r composite

roclc that once consi sted of a geochenri calry rnol:ire marr,erial and

irunobile materi.ar (lietricn ancl i,reirnert in s/rrensen , L96o), Basalt

(e) i" the im¡robile phase and i-ntroduced qu-ari;zo-feldspabhic

maLerial- is the rnobile phase, Basaft migrnatite" (lr) are exLensivel;r

developed in the area and represent a transition phase in the chan¡¡e

from basalt (2) to roclcs of the sneiss cornplex (9).

A band.ed núgmatite (ó) i* Þrod.u-ced as shor,¡n jn ptate 3

(pug" BO) r,¡here quartzo-felcLspathi,c material i s injected_ in
Iit-par-lit fashion along schis'bosity planes" l,tigmat:Lte (ó) nost,

coninonl¡r occìrJs as agmatì-te (s/rrensen, 1960) or, using a rnore

d"escriptive tern, injection br.eccia (Goodspeed, l94B). plaì,e /eA

and 4B (page 81) are photographs of this ì;ype. Angu.J-ar blocks of

basalt (2), a fe-¡¡ feet wide, ale set in a rnabrix of pegmatite,

biot,ite granocliori-r,e gneiss (9a), or hornblende tonafite gneiss

(lr¡" Blocl<s shov¡ roj;at-ion at a large angle to the dominant

foliation suggesting 1,he encfosing rocks ÏIere once mobi-le.

Basalt inclusions in nrismatite (6) vrere rrgranitizedr¡ du-e

to a metasomatic reaction r.¡ith the injected quartzo-feldspathic

material-" The term gr:anitization is used for this process afthough the

end-produ_ct is biotii;e granodiorite gneiss (9a) (trondjemite). This is
because sodium is the dorúnani; alkal-i el-emeni of the injecteci qua::tzo-

feldspa-thj-c mai;erial and- potassi-u-rn j-s subordj-nate" Petrologic studi_es

índicate i;haL the grani-tiz,abj-on of basali, produces i;he folrowing
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nrineralogical chang;es in basall,: a replacernent of hornbl-ende by biotii;e;

a d-ecrease in i;he conteni of nafic ärineral-s; an increase in the pla¿;-

ioclase conient; å. ncre sod"ic plag--ìss1¿r*i and an increase in fhe

c¡,s-arLz content"

Three samples r.¡ere selectecl to illustrate i;he rnineraloqical

ancl chenrical- changes procluced by the progressive gi:ani-ti-zaLion of

basalt incl.usions. These data are sholm graphicalf]' in Figu-re J-28

(page B2). The vol-ume Þercenl, js based on 1OOO point counts per

speci,men. Each specimen was ana-l y7,çd chemicalJ-y. The corurosition of

plagiesltse from R434-1 r.¡as delerrdned b)¡ chernical anal¡isis and i;hal

of ì;he other tr,ro b¡r rneasi-ring extinc1 ion angles on the universal

stage. The samples were collected. across an outcrop r'ridth of approx-

i-mately l-O feet. The basalt satnple, Wh-7, r.,¡as col-lectecl from an j-nclus-

ion that aÞpeared unaffected by the quartzo-feldspathic naÌ;erial-.

Sample Rl34-Z is frorn a partialÌ;r granitized inclusion and R"l+31+-L i s from

a more cornpletely granitized inclusion,

The progressive granitization of basal-t (Z) ¿rr" to the intro-

duction of quartzo-feldspathic material produces a marked increase in

Si02 and a Inore modest increase in 4.1203 and I'1a20. There is an

i-ncrease in K20 in tonaljte (9b), then a decrease in granodiorite (çu).

Äl-1 the other oxides shor'¡ a progressive d-ecrease in arnounL.

The rnain mineralogical changes åre an increase in quartz and

plagioclase and a decrease j-n hornblende, Plagioclase sho'v¡s a pro-

gressive decrease in calciu-m content and the cory:osition changes from
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Pfate 3. tsanded Basal-t Migmatile.
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Plate 4. Basalt i'fJ,gnratite - Ágmatite or Injection Breccia.



ó¿,

quorlz

oto
L

U

MO
eL- 70

QI/o

W

E

I

\t

H

T

ôt/o

50

17

t3

4
o

t2
I
+
o
4
o

lo

4

Mgo

- CoO

Noe0

KrO

sphene

TiÕa
K feldspor

MnO e pidot e

opoque

R4434-3 RA434-2 R4434-l
EASALÏ TONALITE GRANODIORITE

Anolysis - D. F.Brown Mon. Mines Brcnch

RA434- R4434'2 RA434-3
TONALITE GRANODIORITE

CHEMICAL AND MINERALOGIC,AL CHANGES

GRANITIZATION

FIGU RE 3-28'

o
2

2

a
ö

H"O

plogÍoclose composition -

biotite

pl0gioclo se

BASALT

ACCOM PANYING BASALT



ôco)

Anl¡J io AnJO to Ì\nzl" The increase in biotile conLeni from basalt (Z)

to tonalii" (g¡) is l¡ecause biotite replaces hornbl ende. The decline

in i;he bioiiie conten'L frorn i;onafite (9b) to granocliorite (9a.) ls ctue

to the removal of basíc el-enents. Some of lhe liberated KrO forrns I(

feldspar as su-ggest,ed by ihe s1íghL i-ncrease in lhis nd_neraÌ _from

tonaliì,e (ç¡) to granodiorit,e (9a). some K2o is apparentl;r rernoved

becausethe ioì;a1 K20 content decreases froa ionalite (9¡) t,o grano-
/^ \dforl_Ìle (9a1.

fiany of the basalt incfusions in núgrnatite, neaï the contact

beti,¡een ruigma-i;ite and basalt, shor,^¡ li'utfe or no effects of graniti-

zation. .A's the distance from the contact increases, the incluslons

shoi^¡ a greater degree of granitizal,ion and migmatil,e grades inbo

hornbl-ende tonalite gneiss (ç¡). Tonalite contains scattered incl-usions

of partiaily granitized basatt. Stil-l further from the contaci tonalite
grades into biotite granodiorj-te gneiss (9"). The granodiorite locally
contains ghost,-like remnant incl-usions.
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SEDII"DI'ìTAIIY ROCI$

INTRODUCTÏON

Sedimentary rocks, consisting of congloaerates (:) a¡a

sandstones (4) comprise 20 percent of the exposed rocks of the area.

Their ciis'bribution is shov¡n in Figure 4-l (page 85). Metamorphisn

has recrys'ball-ized sediments into pa:'agneisses and local-ly schists

consisting essentially of quartz, plagioclase, and biotite. The

general terrns sandstone and conglomerate however are used through-

out the discussion rather than paragneiss, schi-st, rneta-sandstone

or rneta-conglomerate. Sediments of the western tr¡o-thirds of the

area were locally injected by pegmatite and granite and these rocl<s

are Jnâpped as sedimentary nr-igmatites (?, 8)"

Although sedimentary rocks are intensely folded, re-

crysÌ,allized, and injected by pegmatite, prirnary structures are

Iocally well preserved.. Cross-bed.ding%s common and provides a

useful- criterion for deternr-ining tops of beds. Graded beddiqg is

locally present and was used. for top determinations where there is

an obvious change fro¡n fine sedirnents to coarse sa¡rdstone and grit.

+r Cross-bedding appears to be rnainly ¡¡" ttplanarrr t;tpe; see
l'[cDor^re1]- (L957, page 14).
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Recrystallization can produce anaaolous tops especially in shales and

sil-ts, Scor.ir-and-fill- and cha¡nelling al-so occur. Plate JA (page

S7) j-s a pho-bograph showing an unconforn-úty located on an isl-and

betv¡een Cross I-ake and Pipestone Lake" Features such as this do

not, represent major tj-me breaks.but rather a l-ocal interruption in

sedimentat'i on. Prirnary bedding, due to variaiions in the propor-

tion of light and dark minerals is illustrated by Plate JB (page

S7). This e4posure, near the west end of Cross Lake, is one of the

rare e)ianples in the area of shall-ow dipping beds"

coNGLoÞrERArE (3)

Conglomerates (3) ln tfre area vary from massive beds

greater than f00 feet in thickness to thin lenses enclosed by

sandstone (/+), The kind and size of pebbles and the nature of the

matri.x were recorded in detail- in the field but only the major

features are descrj-bed here. Conglomerates (3) ut" characterized.

by pebbles tectonically elongated into the shapes of triaxial-

ellipsoids. This phenomenon is described further in the section

in Chapter VIïI on lineations.

bould.er conglomerate (3a) unconformably overlies

basement biotite granodiorii:e gneiss (f) at the north end of

Cross Island (etate 1, page l3). Most of the boulders consist of

granod.iorite gneiss l,¡hich appear identical- in the fiefd and in thin

section to ',,he und.erlying basement bi-otite granod-iorite gnei ss (1).

The intermediate axes of the boulders are as much as 2 feet in

length. Pebbl-es of greenish grey schist are present' The matrix
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is dark grey schist and consists oÍ mica, garnet, quartz and

plagioclase"

A conglornerate (3a) consisì,ing of granodiorite boul-ders

of e¡cbraordi-nary size occurs at the east end of Pipestone Lake,

ir,¡here the easternmost arm of the Nelson River enters the lake. The

Iargest boulder recorded rr¡as 6 feet by 4 feet and the unerposed

axis is probably the longest. Sorne diorite pebbles are present

together r.¡ith unusu-al liglrt green chloriiic pebbles.

The most extensive exposures of conglomerat,e (Ja)

occur along islands j-n Cross Lake north of Cross fsland. I'lassive

beds consist of 75 percent granodiorite pebbles and boulders

together t:nLh 25 percent pebbles of quartz, quartzite, basalt,

diorite and siltstone. The ¡naximum size is approximately one fooì;

in di-arneter. The nratri-x is a dark schist consisting of biotite,

plagioclase, quartz, garnet and hornblende"

Pebbl-es of quartz and quartzite are proni^i-nent in con-

glomerates (:¡) l-ocated at the west end of Cross Lake and along

the Fänago River.

Lenticular beds of conglomerate (3¡) interbedded with

coârse sandstones (4) ancl basalt (Z) occur on the islands beiween

Pipestone and Cross l-alces. Boulders average 6 inches and. are as

much as one foot in diameter" The pebble content is variabl-e and

consists of basaft, quartz, quartzite, granodiorite, siltstone,

and bror,r: and black argillite" The maLrix is arkosic and-
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associa't,ed sandstones have a composition sirnilar to that of the

conglomerate,

SA¡ÐSTONE (4)

Rocks mapped as sandstones (4) contain rn-inor beds of

argillite, siltstone, grit, conglomerate a¡d limey sediments.

Sandstones are recrystallized to buff to bror^,m paragneisses e¡d

rn¡here the nrica content is relatively high, to schists, kaniti-

zati-on has resulted in the addition: and subtraction of material

which is not always obvious in outcrop or in thin section.

The nrineral content of a selected suite of sandstones

(4) i" set out in Tabfe 4-1 (paee 9O)" Quartz, plagioclase,

biotite and rnirscovite are the principal minerals and are present

in most sandstones (4a). Quartz usually possesses undulatory

exLinction and is banded and embays and replaces plagioclase"

Plagioclase may be twinned or untwinned and is anhedral-. The

composition j-s variabl-e and ranges from sodic oligoclase to cal-cic

andesine with sodic andesine the commonest composition. Biotit,e

is dark brown and is IocaIIy replaced by rmrscovi-te. Both these

minerals occur as idioblastic graJ-ns up to several mm. in length.

Garnet is a common constituent of sandstone (4). ft consi-sts of

irregular or euhedral porphyroblasts poikilitÍcally enclosing

quartz. The fobation both uraps around and abuts against garnet.

Cl-inozoisite, rnagnetite, hornblende, chlorite, iourmafine and

calcite are afl tn-i-nor constituents of sarrdstone" Potash felcispar
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is locally present in smal-l amounts and it rnay have been introduced

in part, Tire graín size of mosl sandstones is I - 2 mn. ín dia-

met,er; some are as fine-grained as 0.2 nm.

Sil-limanite gneiss (4¡) occurs i,¡est of Cross Isl-and,

Plate 6 (page 92) shows sill-imanite knots concentrated along what

are apparenily al-u¡ninum-rich beds" Sillimanite may 1ocaIly corn-

prise as much as 50 pereent of the rock by vofume"

.4, band of staurolite schj-st (4c) occurs at the north end

of Cross Is]-and." I-iorwood (l:gll*) reported staurol-ite schist from a

bay on Cross Island southwest of the Hudsonts Bay Post" The

urriter v¡as unable to locate this e)æosure.

An uncommon and distinctive roclt type consists of r,¡hite

plagioclase phenocrysLs set in a tough, fine-grained matrix of

quartz and bi-otite" The rocl< is probably a metamorphosed argillite

(4¿) ari¿ the plagioclase phenocrysts are porphyrobl-asts" In some

places, the rock is sheared and plagioclase grai-ns are round.

Examples of this rock occur on the islands sout,h of the western

exit of the l\Telson River f,r'om Cross Lake"

Siftstone r^rith v¡ell-preserved delicate bedding occurs

on an island in Pipestone f,ake t2! nLiles east of ihe large mafic

dyke. Narrorn¡ limey bands occur localIy and consist of !0 percent

pale trernolite and 10 percent plagioclase, hornblende and o¡:arLz"

Pfate 158 (page L48) shows such a band deformed into a pinch-and-

swell structure" Neither cf these two rock, t,ynes are suffj-ciently

exLensive to be shown separatel,y on the geologic rnap.
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Chemical- analyses of two sandstones are set out in

Table 4-2 (page 94)'t,ogether r"rith -uhat of averåge arkose and grey-

I¡iacke. Boih specimens consist }argely of quartz, plagioclase, and

biotite (taUte 4-l)" Specimen I\271+ represents the comtnonest sand-

stone type in ihe area arld Rß29 is a rather more biotiie-rich or

Itgre¡.,racke'r type. I.s suggested above, recrystaJ-lization has pro--

duced a rnineral- assemblage that may differ from the original"

Specimen R27l+ chenically rnost cl-osely resembles an

arl<ose or subgre¡rwaclce (tetti¡otrn, L956, Table 48). It is not

possible to determine lrhether rockfragments or feldspar grains

predoninatecl before recrystallization, According to PetNíjoirn (f956)

ihe feldspar in arkose_"is potash feldspar. Thís is ¡rrobably

because most arkoses studied were derived from a granite terrain"

The feldspar in R27h and by far the do¡rj-nanl one in all sairdstones

of'bhe area is plagioclase. This is because sediments were derived

from gneisses containing littl-e or no potash feldspar"

Textrire is the most important single criteria of grey*

¡uacl<e, Recrysi,allization has produced new texb'¿res in Cross Lake

sands'i,ones. Although arkose and greywacke do not differ greatly

chenrically, specimen R829 is a l-ithic or feldspathic greywacke.

The l,'igO and Å1103 content is higheri;ha¡ the avei'age arkose and

cl-oser to that of the average gre¡+'racke" The Si02 content i s

cl-oser to greyrrracke than arkose (compare r¿ith Arehaeän grey'vdackes,

Tab'l.e ?r Pettijohn, I9l+3),
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According to l,äddteton (fgóO) sandstones belonging io

the eugeosynclì-nal clan irave a I{rOf \IarO ratio that is less than

unit;r and this cherrj-cal characieristic sets them apart from oiher

sandstones. SpecÍmen W-7[ and. R829 have a KrO/lttarO ratios of 0.8/+

and 0.63 respectively ('taUle ln-z). As shown p::eviously (Chapters

II a¡rd. III). they were deposited in an orogenic basin rather than

â eugeosJmcline. The basement biotite granod.iorite gneiss (f) nas

a K2O/Na2O ratio of 0.6l- (Table 5-l , page g8). The mean

K"Of tJarO ratio of t5 analyzed basalts (Z) irom Cross Lake is O"25.

Sandstones (4) fro¡n the area were mainly derived from the base¡nent

gneiss (f) an¿ to a fesser exLent from basalt (2). The lov,¡

K2O/\\a2O ratio in the sandstones (4) is due to the lor^r K2OlNa2O

rati-o in the source rocks togelher i,¡ith conditions of rapid erosion

and deposj-tion and littl-e chernical rueathering.

In summary, most Cross Lake sandstones are arkoses or

subgreyrniackes i^¡ith lesser associated greyrnrackes. Sandstones con-

taining greater Lhan 75 percent quarLz, protoquartzites or fel-ds-

pathic sandstones, are rare" Sandstones with greater than !! per-

cent quartz, orthoquartzi'bes, are absent.

ÊEI)]Ì.G_ l\rrAlLY j'!.C.I,]]A'IITES. (2, e )

Sedi-ments of the v¡estern Z/3 of the area Ïl€re locall-y

injected by pegmatite ancl granite. I't, was not possi-ble to map

sediments and pegmaùite separately on the scal-e of the mapping.

These composite rocks I'Iere rnã.pped as conglomerate rnignniite (7) a-nd

sand-stone nrlgr:ratite (8) (aena¡ite of Bell, 1962). The seclinrenLs en-
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cl-osed b¡r pegrnaì;ibe do noi appear io be

l-ittle inùroduced potash feldspar occurs

are ihoroir-ghbr perineaied, b¡r granì-te at a

rrifes east o-f Cross Island.

perneai,ed b;r' pegmai,ite and

in the sedimenls" Sandstones

location approlri-malel¡r J

Ilorr,¡ood (tgll+) presented a length¡r discussion on ùhe grairiti-

zation of arkose aL Cross Lal<e" This r.'¡as ba.sed on modes, and oxide

cornposi-r,ions calcufated from the rnod-es, froa seven specimens collected

along a north-south sectj-on l-ocated at the rn¡estern end of Cross Lake.

The onl;r signifi-cant rnineralogical change was an increase in potash

feldspar ancÌ a decrease in quartz. Chendcally there l.ras an increase in

l'J¿% and K20, and a decrease in SiOa. In tÌre i'rriterr s opinion it is

niost d.i-ffj-cufl, to sefect specimens fron Lhe gneiss complex (9) anO Ue

cer'uain the¡r were derived fron arkose.

Ari<ose and gre¡rwacke cher¿ical-1y resemi:le biotite granodiorite

gneiss (9a) mor" i:han 1,he other rock t¡pes of i;he gneiss complex (9)"

(Compare Tabfe \-2, page !/,, and Tabfe J-2, page IOZ). The main cherrrical

changes necessar,tr lo convert arl<ose ancl gre¡,^ora.cice to bj-otite granodiorite

gneiss are: an addi-tion of iila2O; ancl a removal of FeO, Fe2O3, I,þ0 and,

depending on the composition of the sandstone, Si.O2" This process was

not studiecl in detaj-l" Tabfe {-l (page 90) in¿i-ca'bes the variabil.ity

of the mineral- contenl, of the sandstones. Recrlrstallization i,¡ith l-iùtle

or no addition anci su-btraction of na'berials cou-l-d convert some sandsiones

to biotite granodiorite gneiss. In sunrnary,. it seens reasonabfe to assume

that some of lìre roclts of ihe gne:-ss cotlrplex r^¡ere derived fron sedimeniary

roclcs, even though 1,his cannot be f irmly subsiantia'ted"
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CI{IÌPIER V

ÄCIÐ AND I]WERIVJEDÏÁ.Ttr ROCKS

BÅSEI.mNT BrOrrTE CrR,4.ÌùODrORrfB qNEISÊ (1)

The basement biotite granodiorii;e gneiss (J-) underlies the

unconfori¡-ity at the north end of Cross Island. Exposures near the

Hud.sonrs Bay post gave an age date of 25OO n"y (tante 9-2, page L6t+)

and are thought to be basement biot,ite granodiorite gneiss (1).

Horvrrood (tglS) bel-ieved thai the basement was tonalite, although

no unconformity r^ras ever observed by him. In this report, horn-

bl-ende tonalite gneiss (çU) i" part of the gneiss conrplex (!).

Base¡nent bioti'i;e granodiorite gnei-ss (1) i-s a grey,

medium-grained, strorr,gly fofiated rock which 1ocally contains

quarLz eyes and quartz veins. The presence of sl<ial-iths suggest

it is a hybrid rock. Thin section exan'únations show plagioclase

(Anl4) to be anhedral and raainly untwirrned" Quartz has undu-l-atorv

exbinction and occu-rs as bands. I't¡.scovite local-ly replaces dark

brol,un bioÌ;ite" .4. nrodal analysis is given in Table 5-1 (page 9B).

Table 5-1 (page 98) sets out a chemical analysis of the

basement biotite granodiorite gneiss (f) (see Figure 5-L, page

99, for sample location) and analyses of the average ptutonic

granite, granodiorite, and quartz diorite (tonalite). The SiO,

content of the basement gneiss (f) iu between that of granite and

granodiorite; K20 is less than in these two rocks. The Na20

and. 41203 content of the basement gneiss (f) is hi-gher than that of
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tranrt"e, granodioríle, and quartz d"ioy'iie" Thus ihe basenent

gneiss (I) exnosed at the rrnconforril]- on Cross Isl,and is a sodj.un-

ri-ch gr:anod,i ori-t e 
"

Gi'rErss cQiilI,i¡å (g )

Iniroduc'1,i on

Apnrodmatel¡.r ó0 percent of the area is rrncier"Iain b)¡

rocks of the gnei.ss complex (9). The gnei-ss conrclex (g) is sut-,-

divided on the basis of r^¡hether the <Jonrinant, r¡afic inineraf presenl,

is bioti-be, hornbl-ende, or hynersthene; the r.atjo c¡f rnicroc_lj_ne

fo pl-ag-ioclase; and ihe presence of pl.agi.oclase phenocrlrsts. Thi-s

subdjvi sion gives lhe folfourjng r"ock Nypes: biobj-te gr.anod_i.ori'¿e

gnei ss ('l^1t hornb.lende tona-Lii;e gneiss (ç¡), adamelh_te (9c) j

feldspar porphyr¡¡ ¡lneiss (ç¿), and h._vpersùhene gneiss (1"¡.

Pegnatl.te: aþliie, and qua.rtz vei-ils occltr but are too small 1,o

J:e sho',.¡n separately on the eeologic rnap. i4ore than one rock t;rpe

rlay occur in'r,he sane exposure and the con.bacts are usuall1r gra-

dational , The locatj-on of chenically analT¡zecl snec-inens frcm the

gneiss corrnlex (9) are sho,¡m in Fi,_qure 5-I (page gg)"

It r^¡as shoi..¡n in Chanter IIIthat soire of the roc]çs of the

p:neiss conplex (9) w.:r:e procìuced by the €jrani'l,i zatj on of Ì:asalt (2)

b:¡ in,lected qrartzo * fe-Ldsnathi.c nlaler"i-al. rn chai:ter rv i'b r"¡as

suggesl,ed i,hai recr¡,r5is]l-izat -i on and gr.anitizatjon oÍ secl,.lmc;ntar.yr

roclcs (5, l*) coul-cl produ-ce bioijt,e granociior.ii,e enei ss (9a). sone

adanie-L iites (9c) a'ppeari;o be intrusive 'nìrite olhers rnay have
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forned b¡r i;Ìre notassiur¡ ¡¡lel,asoiirati-sm of prr:-e:risti-n¡r rocl<s.

åQ!i_Lç. Gr3gqal-orl!S__qenr_:-1 ( 9â)

IÌ-rís i_s -Lhe con¡monesi; r.oclc t¡rpe of ,L,he gnei ss co¡rplex (g)

and coJnnr.ises rocks in i,¡irich bi otii,e i s l,he doninanl mafi,c r.lrineral-

and nrl-crocline is less i,han tr.¡o-thirds cÍ t,he toi,a-L feldsnar.

iliotj'be grancdiorite gneiss (9a) i-s a gre¡¡ to ninkish ¡ire¡,r rne,l-iu,m_

grai,ned rock. ri is u:;ual]-y p.neìssic but nay be _Locafly nassive

and locall-]' ma.y contain plagìocrase phenocrysts. The averagre

mineraf content based on'bwelve specinens is set out in,la-ole 5-2

(p"gu fO2). Pla.gioclase, quart,z, and biotite are 'Lhe ¡rain rrìinerals.

i'äcro cf i ne

Plagiocl-ase

Ìocally present j_n srnall amounts or is absenb.

anhedraj-, parlJ.y t'rrinned, ancj fro¡i O.I to O.!

j-n dj-aneter. 1'rlthough it j-s usu-ally fresh, sone alter"ation

r',¡l:i'Le rni-ca, c-Linozoisite, and calcite occnrs. euartz shol¡s

itm.

LO

undulatory e:cr,incl,ion ancl is inierstj_tial_ and appears to replace

plagi,ocJase in almost ever"F thj.n seciion exarined. j, .crocl-íne

alsc appears Lo i'eÞl_ace ÞIa¿;ioclase. Hornblencie, r^rhere Ðresent,

i-s nartJ-y reÞlaced b¡r bro',;n biotj-te.

/'nt,l.perthitj-c fetclsÞâr r¡,râs ohservecl. in six speciniens, all
bu-i one of #nich are l-ocal,<¡cì east anct r^¡es'b of lh¡et s I'aIls. pa'bcires

of r¿icrocfine in plagiocJ-ase are less than 0.1 nn. in dj_ameter ancl

are ej,the:: pa:r'alLel- to (OfC) or are rancj-oid-5r orienì:ecl,. Th.j_s iex-
iu"re is cjue i;o exsol-ution rather Lhan r:eplace¡lent. irhere rnjcro-

cli-ne dor:s replace p]-a6:i-oclase, it cloes so at gr.ain bouncj_aries.

is

l_J
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TABLE 5-2

CHET'trCÄL .A.I'ID MII.MRAL CO].MENI OF BIOTITT] GR-Å.1{ODIORITE GN1IISS

I'fi-ngral Conteni of Biotite Granodio::ite Gneiss

"{veraAgJr I'_{ax. I"ün. Pfagiocl-ase Comlrosilion

Quayïz 33.5 35.6 23.8 (Tsu-boi curves and./or U stage

Plagi-oclase 5t+.6 ig.5 t+6.6 exbinction angles)

Biotj-te 6.7 U.h 2.3 .A,verage = þ,n22

I'{icrocl-ine 3.5 7.1+ 0 tíel{. : þ,r82.

Hoi:nblende 0.6 3.8 0 Min. = Ánl4
Others 0.8

Others - apatite, sphene, epidote,
muscovite, magnetite, calcite,
cirlorite, garnet, allanite.

t$ Average of L2 specimens, IO00 point counts each.

Ch.t.Ar"lu"i"rsf }"{U2:LreÊ lì¿.34-frr-)t lvlinerat ConÌ;ent tu4].?-f Rh34-L

Si02 7Lþ.32 75.53 Quartz 3I.2 35.6
LLzo3 L5.59 L5.77 Plagioclase 56.7$r*g) Sg.4(An2r+)

Te2o3 O.3Z 0" 14 Biotite 3.1- 2.3
FeO O.7O 0.Ió },licrocline 7 .I 2.O

t'fSO O. t9 O .l+3 l,{uscovit e O . I
CaO I. 82 2,L6 Chlorite O.7 O.7

MZO l+.25 4.66 i'{agnetite O.l+

KzO 2.25 1.08
J.HzOt 0.28 O.3l+

TíO2 0.09 0.09
l"ÍnO 0.05 o.Oz

r00 r00

99.86 100.82

ìes ¡l¡¿fysfs; D,F. kown and A.lvi. l,lacKay,

l,fanitoba }tines ilranch.
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ItJone of Ì;he antiperthitic specimens showed this.

Several specimens of bioi;ite granod.iorite gneiss (9a)

showed evidence of shearing when examined in thin section. They

consisi of porph¡roclasts of quartz and plagioclase in a matrix of

fine qu-ar'r,2, Apart from the known fault at llvels Falls, the rocks

at the o't her l-ocalities showed no evidence of sheari-ng in the

outcrop"

Two chenrical analyses of biotite granodiorite gneiss

(9a) are set out in Tabl-e 5-2 (paee 102), The analysis shov¡¡r in

Tabl-e 5-5 (page 109) is from a biotite granodiorite but it is

included elsewhere because it makes up part of bhe feldspar

porphyry gneiss (ç¿). The weight percen'L NarO is two to four

times that of K20. The Si02 content is greaterbhan that of the

average granodiorite and granite (faU:-e 5-1). Biotite granodiorite

gneiss (9a) approaches Nhe composition of a tronijhemite. (See

for exampl-e 'Iurner and Verhoogen, L96O, Tabl-e 34. )

Hornblende Tonalite Gneiss (9b)

Hornblende tonalite gneiss (9b) occu"s in the form of

rnafic-rich bands encl-osed by biotite granodiorite gneiss (9u) o.

it grades into basal-i, nrigmatite (6). A photograph of typical

hornbl-ende tonal-ite gneiss (gir) i" shorrn in Plate 7 (page 104).

The average nrineral- content of three specimens is given in

Table 5-3 (page 105), Hornblende is the dominant rnafic rnineral,

may be as rmrch a,s 20 percent by volume, and is replaced in varying
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PIATE 7" Hornblende tonalite gneiss,
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i'I}JERAL COiITBNT

M,\ìfTD ã 
'lnÐJd )-)

OF HORNBIß}']DB TOI.JAL]TE GJ\MISS

Averagels Mineral Content
ilornblend-e Tonallte Gneiss

Quartz

Plagioclase (.tn34)

Hornblende

Biotite

l,[lcroc-Line

Obhers

1)

59

11

u

l_

2

100

')Ê Average

Others :

of 3j 1000 poinl, counts each.

clinozoisite, sphene, rnagnetite, apatite,
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degrees by biotite, Plagioclase is sodic andesine.

Åd-amel]:ilc (9c)

Adanrel-Lite (quartz monzonj-te) is a quartz-rich rock in

r'rtrich from one-third. io tr^¡o-thirds of the toial feldspar is micro-

cJ-ine" Ad.amellites (9c) *u not connon at Cross Lake. They occur

as bands in other rocks of the gnei ss cornplex ¡nost of i,'¡hich are too

snra1l to be shor^n on the geologic map, or as small bodies intruding

the Cross l¿ke Group (2, 3, '4), Adametl-ite that coroprises part

of -r,he feldspar porphyry gneiss (gA) i" described in the next

section.

Adanrellite (9c) localIy occul's as a distinctive light,

grey leucocra:i;ic rock but elsewhere it may so resemble biotite

granodiorite gneiss (9a) that it is irnpossible to separate them in

the field, Structurally, adamellite varies fronr distinctly gneissic

to nearly massive"

Table 5-& (page l-07) Sives the average ¡n-ineral content

of adameflite (9c) a-nO sets out one chernical analysi-s. Plagioclase

is anhedral, has iruegular grain boundari-es, and is locally tr^¡inned"

[icrocline is interstitia]- and al¡pears to replace plagioclase" Both

plagioclase and rnicroclj.ne Iocally occur as phenocrysts. Quartz is

inferstitial, has undulatory extinclion and replaces both microcline

and plagioclase, l'{uscovÍte occurs æ snrall grains that replace

plagioclase and biotite and as large, discrete l-aths"
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TÀtsLIJ 5-À

C Linl"rlI C/'L AI',.'ALYS IS A¡,lD i îIlläR.AL C OÌrIIEÌ{T OF ÂÐÄÏ"'ßLLITES

I'ilneral CqnNent - Adanellit-es

Ç¡nrLz

Plagioclase

1'[icrocline
Bioiite
l,iuscovit e

Oihers

39 "8 26.6

50 "9 2_8.3

27 "9 L5 "4
-nfaì( " ( -1.Õ
/Ao"Õ u

Avcraqq-;t Þg_ i.ün. Pl-?¡riocl-ase Compositron

(Tsu-boi curl¡es and/or U

stage exbj-nci;ion angles )

Average = ,4,n1-ó

i{ax" = !',rt-O

,.rin. = ÄnlO

Others = sphene, clinozoisi'be,
magnetite, hornblende,
calcite, apatÍte,
chlorite, alla¡ite.

cou-nts each"

35 "z
3Lþ"9

)ñ)
l+"1+

3.1
a/)

I00

-){- Á.vera.ge of 7 specirnens; l0OO p,rint

C henic ?l_ $grlys i silìi

si0 )̂
At-,õ.

-1

Fec0c
L)

Fe0

f iso

Ca0

I'Ja20

I(^0¿
LLT 

'\¡Lrzw-
mi^rLv)
P^O:¿)
I'fnO

R93L

r1t Õa
( ).7r-
rt .la
I q.0)

^ ô.-)

0.99

0" 11

0" 80

3.55
4.r+ (

u"ro
0.0ó
0.01
0" 03

iulineral Content

ùrari;z
Plagioclase (.rfn:4)

Ì.''Licrocline
Biotite
itiuscovite
ÀpatJ-te, epidoLe

R931

33 "L
2r o

¡laao. /-

1.ö

r(

o "l+

100

99 "l',o

ìfrí D" F" Bror.fi'r, I'iani'boba i'ünes tsranch,
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Feldsp ryPorpþ¡rry_ Gneis s ( 9d )

The nrain occurrence of feldspar porphyr.y gneJ-ss (9d-) is

east and west of the Nelson River r.,/nere i-t enters tire southr,¡estern

end of Cross Lal<e" Elserohere, feldspar porphyry gneiss (9d)

occÌlrs as srnal-I bodies" A chendcal analysis and the núneral con-

tenb of a feldspar porphyry gneiss (9¿) 
"pucirnen 

i-s given in

Tabl-e 5-5 (pase I09)"

The feld"spar porphyry gneiss (9d) varies in cornposition

from gr.anodiorite to adamell-ite. It is generally gneissic a¡d is

J-ocaÌly banded. Bands consist of nLicrocline pegmatite, even-

grained gneiss, and relic mafic bands" Phenocrysts of plagioclase

and ¡nicrocline seldom exceed one inch in diameter" Phenocrysts of

microcline in pegrnatite contain scattered inclusions of plagioclase

in optical continuity" This sugges|s replacernent of plagioclase

by microcline" Phenocrysts in natrroïr pegmatiie bands IocaIly

coalesce to form a single phenocryst which exbends across the

uidth of the band.

Hyperqürsæ__Gnefe_Þ. ( 9e )

Hypersthene gneiss (9") o""urs in ihe northwest part of

the area. It is characterized by bror^¡n plagioclase which may be

rnistaken for weathering or iron stain" Q¡artz, IocaIIy distinctly

blue in colour, occurs as elongate lenses that are oriented parallet

to the follation,
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TABLE 5-5

CHEÞIÏCÁI ANAIYSIS AND MIhIEBAI CONTEtr{T OF
FETDSPAR PORPIÍTRY G},TEISS

R.567-x - Porph¡rritic Biotite Granodiorite

Analysis

sio2 7r"63

tt7zo3 l-5.60

Mineral Content

Quartz 34.5

Plagioclase (¡ne3) SZ.Z

Fe2O3

Fe0

Mgo

Ca0

Na20

Kzo

-L
H^0'

Ti02

Pzo5

Un0

o -s6

2.68

o.h7

2.21+

4.35

1.60

o.l+7

o.29

0.12

0.03

Microcline

Biotite

Museovite

ûbhers

0.7

u.5
o.5

o.6

100

Others - apatite, clinozoi-site,
magnetíte

100.04

l* Ánalysts: A.M. MecKay and D.F. Bnorrrn,
Manitoba Mines Branch
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The che¡rj-cal cornposition iogether i.¡ibh the rnineral content

of a typical hyÞersthene gneiss (9") i" set out in Tabl-e 5-ó

{pog" 111). Plagioc}ase is the doninanl, mineral and is anhedral,

nartly t-l'rinnecl and averages I mm. in diarneter, Qrartz varies fronr

10 to 4O percent by volume, shov,ls undul-ator')' exlinction: occurs as

grains or bands, and replaces plag-ìoc1ase. I-iypersthene is tight
pink in colour and sel-dom exceeds 10 percent by volume. ,Some

speciaens contain only traces of hypersùhene. There is minor

replacenrent of hynersthene by biol,ite and bluish green hornblende

along tiny cracl<s. El-serr'here reddish brolr¡n biotite and ol-ive

green hornblende occur as stabl-e rínerals rather than products of

hypersthene al-t,eraLion.

Peglnatiì;e" .A.plite" Q.u.a{La Vgins

Pegmatite dylces, apl-ite dykes, and qu-arbz veins are all-

toc small- to be shor^rn separately on ihe geologj_c nrap. Pegmatites

are common and consist essentialb' of mj-crocline, quarLz, biotite

and rmrscovite r¡ith ¡iinor bl-ack tourrnaline, garnet, rnagne'i;ite and

apatite. Beryl-bearing oegmatftes were found in ei-ght localities

(see geotogic map) and are alt confíned to sedimentary rocks. To

the r,rriterrs knowledge, this is the first report of beryl at Cross

Lake. Crystals niay- be several inches long, are light green in

col-our and are not of gern qualüy. A pegmatile body sou-th of

cross rsland contains individual crystal-s of spoduriene several-

feet long. Associated rvhite nica has a gr"eenish hue and nay be

l-ithiurn bearing.
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TABUj 5-ó

CLü]I{ICAL ÄN/ILYSIS,qi{D Ì,'if I\IER,¿J, CO}IIEI.JI
HYPE1ìSTi TBNJI GI'MISS

ChelricaL An_alysis;s

si02

Â_l^0.1)

Fe2oj I-t
IFeo )

l-k0

Ca0

NnZ0

Kzo

l,lineral Conient L12,8

Ç)u"arLz I9.Z

Plagioclase (¿æg) 7t-y"t+

HyÞersthene l+.9

vrzt
67.11

16.h

l+. !+

2.O5

5. ro

3.96

o.h2

99.73

Hornb,lende

0paque

Apatite

0.1

Õ)

,(-X-Ray Ffuorescence - K. Ran:l-al-, Univ. of I'ianitoba.
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CIjAPTi'R JrI

i.,iAFIC Ai\]D ULT.R,.\-I"IAFIC ]I'TTRUSIVE ROCKS

Al\ptsf,HOSrTE Al\jp GABBRO (5)

I'Iiqaso River Gabbro

The northern edge of a large gabbro body occurs sou.th of

the l,änago River and the southi''resi end of Cross Lake" It is

exposed 7å nLites in an easterly direction and pinches out lnrest

of the Nelson River" Ii; exbends be5r6¡¡¿ the ¡'¡estern nurgin of the

area. l¡'trithin the area, it, is exposed lor 2 ¡nil-es in a southerly

d.irection and e)cbends for at l-east l-5 rLiles south of the area,

almost to Kiskitto Lake"

Gabbro (5) stands out as a topographic high and foras an

escarpment at the contact i,rith rocks of the gneiss complex (9)

and paragneiss (t-u¡. The presence of shears and quartz veins in

the gaì-.bro near the contact suggesis that the coniact may be a

fault. Gabbro is concordant r^;-iih ihe srrrouncling gneisses (¡+a, 9)

and i-s cut by mafic dykes (10) an¿ pegmati.te.

Gabbro (¡) i" a grey, medium to coarsely crystalline

rock l.rhich varies from foliated to rnassive' Gabbro r^ras napped as

hornblencle gabbro (5¡) rmere hornblende is the dominant mafic

nineral and. bj-otite ga-bbro (5a) r'¡here biotite is the d.onrinant mafic

mineral. i'íafic minerals seldom exceed 10 percent by volutire and

usualJ-y comtrrise J percent by volume. Fiornblende gabbro (5¡)



-l ,l;1

1r:ca-l -l-:l¡ conia j,ns ¡..,a 1-ì-c band: a f ç-y¡ i,nches a.cl1oÍìs r.¡hj ch rra]¡ cr¡nj-ai n

i-i.¡: t,o'/ 5 perceri ho::nblcnrj-e. PJ-ar;.i ocl¿ss j::'Lhr; nlein rrliner.ai-'i n

¡r'aÌ:bro (Ja, JÌ:) arrd- occr,rJS arì a ll-cs.jarc o,i we-l-1,-t'¡¡i,nneC anheij.i:.al-

¿rai-nsi as laLrge as J rur. in diantel,c,:i:" Soi-ce rl.j_ffuse zcn:|ng is p::esent.

ìlenÙ or" fra.clu-r'ecrì graì-ns occuy t bi:,i are not co¡lnln. TÌre coni-"osi lions

cf n-l.a5rroc-'l ase .fT'on -*j,;< s¡recì.trens r.¡e¡e d-eiertlìj-neC. h¡r rieas.i-ri.n,3

e:rl,i.nctir'lir anq-les on ihe [Jn]-¡¡eïsar. siage. ifi.¡e are ca_Lcic

Labradoli.te and one is sodic -l abnacl-or-rle.

Ihe i.ünago Ììiver rlabbro is cr-lt b;,¡ rä¿¡fi-c ci;,'kes (lO) a.nO

pegmalile. The nJag,iocìase of i.he gabl:ro is not qranul.alecl and

sevÉllial. iniernrei,al-i-ons can lle ¡rade jlor t,his. Gab-Òr'o cou--l'd ha"ve

been cmn-l-acÉid. as a h¡rcìr'or:.s ne--Lt rather than a paril¡r cr.¡¡si,a] J,i-ne flass

afLer the re,qional fold:ing. 0n the o-bher" hanrl, Nhe gabbr.o could

harre been et-r-rÐ.l aceci befo::e foJ-ding " Ììecr"¡¡s'i;a] .l i.zati on rri¡1hi have

el j,njnateci the effecis cf grarrulali_on- nrcrlr;.cec1 ej_ther h.l, fo_]_O-t_n= n"

eÌrplaceriten-b as a nartly ci:¡rslali-ì-ne ÌrÊss. Oiher rocks of 'Lhe area.

{2r 3, l.) l',rere intensel¡r foJ-cied and recr¡/sta.-Lljzecl and shov¡ --l-it,ì;-l-c:

or no evj-d-ance ofÌ g:ranr:la-Lj-on and shearin,o-. There i_s a.lso the

possil-.i-lilr¡ lhat 'l,Ìre gabbro l,ras r:rnp-ì,aced before fokÌing aird acted

as a but'¿ress.

ir.iino:: iJ<¡di es of Ovoicl Gabl¡ro (:¿)

Smai I bod-re:¡ of or¡oi ci i_¡aì:br.o (5c ) a f e,,¡ í'eei across årîe

enc-l,osecl -'rn basalf (2) and occu-ï'in -r,hÇ; norLheas'r,e:ln L.art of i,he

arriìa a.nd a-r:pr:oxj naiely 12L rniles south o.il Cro**s Isl.anrj. The;r consjst

af 70 nercenl nlagioclase ovoid.s one t,o t,h::ee i-nches lonq ancì
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J0 percent ma'bríx of fine-grained hornblende and alagioclase' The

matrix appears iclen+.ical 'r,o basal-t (Z) so 'r,hat, the ovoid gabbro

(5¿) simply fad.es in-üo basal-i. These bod.ies appear to have formed

by the metasonatic growth of plagioclase cr"ystals"

Pipest_one Lake Sill_

f, sil-l- consisting of gabbro (5b, 5cl-) and anorthosite (5c)

occurs south of Pipestone Lake, 'Ihe sill separates basal-t (2)

on the north fron roclr of the gneiss coräplex (9) on the south.

Isolaied lenses of sill rocks are l-ocal}y enclosed by basalt and

the gneiss co!:nplex. The sil-l dips SOoN to vertical, is concord.ent

lrith the sr-:rrounding rocks, and forms a sinuou-s pattern that

exbend-s in a generally easterly dj-rection for approxirnately 1O

nil-es. Iì; pinches out at boLh ends and sel-do¡n exceeds 1000 feei;

in thicl<ness. In'bhe central part of the silI, 2000 íeet of sill

rocks are overlain i;o the north by 1OOO feet of basafi; (Z)

follo'¡ued by 40 fee'f, of sill roclts.

Hornblende gabbro (':¡) i" the co¡nmonest rock type of the

silI and it is sinrilar to that described for the luünago River

gabbro. Locally it contains hornblende-rj-ch bands a fer^¡ inches to

several feet r,ride.

Ovoid gabbro (5¿) consists of ovoids of plagioclase uhich

average 6 inches long and are âs much as one foot long set in a

hornblende-rich matrix. A photograph of ovoid gabbro is shor'¡n in

Pl-ate 8A (page 1t5), Thin section exaninaiion indicates the ovoid-s



LL5

A" Ovoid Gabbro

/tnorthosiüe enclosing

PLATJi

Band of Ovoid Gabbro

4

Ð
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consist of either of a fer"¡ plagioclase crystals that are fractr:red

and offset or a ¡nosaic of irregular, finely-tv¿nned grains. The

laiter are less i;han 0"1- m;n. in diameter, possess very undulatory

exbi-nciion, and appear to represent a ¡nore exLreme granìllation than

the former. Plagioclase is cal-cic labradorite, i'úumerous tiny

needl-es of hornblende and grains of clinozoisite outline the

fractures and are encl-osed by plagioclase" llornbl-ende with a maxi-

nrum dia¡reter of o,J mm, is the main rnineral of the matrix. The

pleochroic -fornlrl-a ís: nx: colourless; ny: Iight green; and

mz, bluish green. Approximately 10 percent of the matrix consists

of plagioclase r^irich averages 0.1 mm" in diameter" It{agnetite in

ihe form of clots and bands may make up as ¡nuch as 20 percent of

the matrix.

ù¡oid gabbro (5¿) fo"ulJ-y grades into massive anor-

r,hosite (5") ¡y the coalescence of ovoids and the decrease in the

hornblende content" Ptaie 8B (page I15) is a photograph rrrhich

shov¡s a bancì of ovoid sabbro (5d) enclosed by anorthosite (¡").

Note that the ovoid outline persisLs in the anortl'rosite (5c).

In outcrop anorthosite (5c) is tigh1, grey, coarsely crystalline,

and appears to be virtually 100 percent plagiocl-ase" Thin section

exanúnation reveals plagioclase i¡ anorthosit" (5c) has the same

fine tlrirrning, fractr:ring and granul-ation as plagiocl-ase in ovoid

gabbro (5¿)" Hornblende and magnetite iogether wiì;h secondary

chlorite, clinozoisite, biotite and rn:scovite rûay corûprise up to

10 percent oÍ the rock"
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L. zone of massive and dísseminatecl magnetite occurs along

the south shore of Pipes'bone Lake. l'{assive becls are as ¡rüch as

10 feet thick. According lo BelI (lgtZ) a zone some IOO feet vride

and thousands of feeù long has been traced rnrith a ground rrlatne-

tometer,

Hornblende gabbro (l¡) is the dontinant rock type vrithin

the main body of the siII" Iocally, hornbl-ende gabbro (5U) grades

into anor|hosite (5c) an¿ the latter occurs as lenses or bands tens

of feet wide. Ovoid gabbro (50) occlrs within these rocks (5¡, 5")

as barrds a few feet wide. Contacts are gradationaf.Relationships

are best seen along the shoreline of Pipestone Lake uhere isolated

bands of sil-I rocks occur encl-osed. in basalt (2). There, basalt

(Z) grad.es into sill- rocks through an i-ncrease in plagioclase and a

d.ecrease in hornbl-end.e content. Rocks become anorthosite (5c)

and ovoid gabbro (5¿) some 10 feet from lrhere this change begins"

Basal-t (Z) contains phenocrysts of plagioclase near the contact

l^rith the si-11- rocks and there are bands of porphyritic basalt (2)

some 2 feet wide vrithin the sill rocks"

This same banding vrith gradatj-onal- contacts occurs at

the most easterly exposure of the sil-l-" There are several- bands

20 feet wide and one ba¡d 50 feet wide of siIl rocks. All are

separated by basalt (Z) anO there are thin bands of basalt (2)

r'rithin bands of sil-l rocks"
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The 1,ii¡e and, rnci,e of errp]_a.ceneni cÍ iÌ'ir:: .Pincstonr: ]-al<e

sil""l- ,i s nci, nreci,sel-¡I Ìt:r.o.,.",.n. l,laíi c d-.-,rlres (-l O) :.rere not obserr-red

cir-iii n- i,he si I l- " li f aul',, ccn'¿a.ct, beir.¡een si.l -1. rocli¡ anci hornblendc

-i;onal.ite gneiss (9¡):s axnosed at the east,er.n encl of'the sill"

'1e¡¡eraJ- othe¡: coniacrts bei,',.rc.,en si-L-l- rocks anrl, thoso oÍ t,he ¡;nei.ss

cor.rDl-ex (9) v¡ere observecl-, br:-l the;' ar.r: not cli,aenostic.

lineated hornb,l..enrje cccr-r_rs i,n hornb_l_ende gabh::o (Jb)

e;.loosecl aL l;he r¡¡estern end of the sj,fl . The trencl ancl plunRes of

tliese h-neati,ons are si-mi-'l.ar to ihat of -l--r-neatecl hornbfende i-n

nearb;r basall,.; (Z). This sr:-gges't,s the sil-l r¡as e¡rpl-acecl, before

or cìu,-r.i n3 folcìing, ìrr-rt not after, because the Jineaij_cns r,¡ere:

nrod-u"ced b¡.r -i;he folcl:ing.

Tlre sil_l_ occilrs on lhe sr¡u_th i_irnb of a s¡rncJ--ì_ne. (see

Fi-grre 8*6, nag:e 153. ) This together rith -t,op rle-Uerr:dnali-ons irasecl.

on nj-l-lowerj basalt (Z) suggests Nlra1; the ion oi -bhe ìrasa1 t, (2)

illred-iafel,l,. north of the si'll is to'i,he nor.tÌ-r. iÌence lhe ton of

the si-]-l faces nort,h -i f it, r'¡ere eiml-acecl i-n a horlzonta-L or near.l-¡r

ho::j.zonl;a-l- nositi-on and late:: til-t,ed b¡,'folrling. If the sj-l_-l. r^¡ere

etçlacecl ejl,er foJ-cl,r.ng, then the top cou-Idjlace norih or soritir.

Bel-l (:1"962) belie.¡ecl the icp faceci sorrth.

Iso--ì-aterl bancj.s of si.l I rocl< occ''rr -i,n basal_'1, (Z) . Corriact,s

a::e gracia'¿ional- and l,he pl_a,gi_oclase conlej_li of ba_sall, j.ncreases and

plagi ocJ-ase becontes norrlì¡..r j-iic near Ì;he conLacls . Th-i-s su,i:,gesi,s,

aj, least, --l-oca.'l--l-l¡. 'hhat si-1l r'oclts r¿ere e!'Ì¡laceci as a h;rclrou-s nelì:

raiher" tlran a paf'tirr s¡1rsN¿].-l-i ne Ìrass antJ 'r,hat netasoma.t:i-c

-bransfeÏ of i:-ons cccur::ed-. Thc rnagnei;il,e band-s a::e enclosed_ h-yr
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basaJ-t and'bhis índicaNes differentiaiion prior to emplacement"

Plagioclase of sill rocks is locally exbremely granulated"

This suggests'r,he sill was either injected as a dry crystal mush

(neII, L962) or the granulation r"ras produceci by foldíng. In the

first case, the sil-l could. have been emplaced after folding, in the

second case, before or duríng folding. Other rocks of the area

(2, 3, 4) were folded. but shorr¡ no evidence of gf anulaLion because

they are recrystallized. Sill rocks are also recrystal-lized but

this did not completely elininate'the effects of granulation.

The kinds of evidence and the conclusions drawn there-

from concerning the time and rrÐde of emplacement of the Pipestone

T,ake si11 ¿re summarized as foI1or.¡s: (1) lineations: eniplacernent

before or during folding; (Z) top: faces north if emplacement

before or d.uring early stages of folding; faces north or south if

emplacemeni after folding; (3) Sradational contacts, porphyritic

basaJ-t; hyd.rous melt, niigration of ions; (4) ¡ngn"tite, bands of

sil1 rocks encl-osed in basaJ-t: differentiation prior to intrusion;

(5) Sranul-ation: emplacernent before, during, or after folding; if

(:) i" true then emplacement before or during folding; anA (ó)

recrystallization: emplacement before or during folding.

Bvj-dence indicates that the Pipestone Lake sill- was

differentiated. prior to emplacement as a hydrous melt, It -v¡as

emplaced before or during folding. The top of the sill- faces

north. The petrologic sinLilariti-es between the Pipestone Lake sill,

the Ivlinago River gabbro, and the rainor bodi-es of ovoid gabbro
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su-ßgest -i;hey may have been emplaceci ai; the sarne tirne even i;hough

they are spaciaily selrara-r,e.

l"urrc ANp ULTRA-i'iÁ,Frc pyKxs [ro)

.âpproxiriaLeLy 2l+5 mafic dykes (l-O) v¡ere recorded in the

area and thei-r l-ocati-ons are shornrn on Figure ó-t (page 12l) " The

exi;ent of the large d¡rke cutti-ng across Pipestone Lake Ís as shor^in

on Figure ó-1; for the re¡nainder "Lhe length of the ptoited line is

the satre, regardless of 1,he actu-al length of ihe dyke. l,fafÍc

d]tkes (f) ar" largely but not vdrolly confined to the gneiss complex

{g). The apparent absence of ¡nafic dykes in sonre parts of the area

is due to l-acl< of e>cposure.

Figure ó-2 (page 122) shows the thickness distribu.tion

for 2L3 mafic d-ykes (fO). The data used i^¡ere maximum observed.

thicknesses. sixby-eight percent of the dyl<es are less than 5 feet

thicl< and ó percent are greater than lOO feet thick. Oir_Ly a fei.,r

small dykes are exposed over their entj,re lengL,h. The la;"gest dylce

observed is focated at the western end of Pipestone Lake. It is

J00 feet thich and at l-east Z$ nLites long.

iiornblende gabbro ancl diorite dyì<es (fOa) are the rnost

common type and they consist esseni;iatty of irornblende and pJ-agio-

cl-ase. Some have a diabasic texbure. Llypersthene-bearing dykes

(fO¡) rîange in cornposition frorn hlpersthene gabbro to nori-te.

i{ypersthene is usuall;r more or less complete}y al-tered to Ìrorn-

bJ-encÌe and biotite. The plagi-ocJ-ase conteni: varies from O to 30
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percent by volume" Hypersthene ca¡not be positively identified in

hand specirnen so thal, some dykes mapped- as hornblende gabbro and

diorite (fOa) may be hypersthene-beari-ng dykes (fO¡). Peridotite

d.ykes (fOc) r^¡ere found in three l-ocal-ities (Figure 6-1)" They

consÍst of approxitrnately ff percent hypersthene, 20 percent olivine

partly altered to serpentine, and 5 percent caJ-cic labradorite,

Figure ó-3 (paee 122) ís a contoirr diagram based on poles

to 198 mafic d.ykes (fO). Dips were not record.ed for approximately

20 percent of the dykes a¡rd these were not plotted" The diagram

shows three main trends of nrafic dykes. These are, in order of

importance: l¡4OoE; N; a¡d lVóOoW, Dykes trending N40oE conform

closely to the trend of the major linear features (w35on)"

(Compare Figure 6-1 page 12L and Figr:re 8-J, page W6") Some d.ykes

occur along the major linear features" The largest dyke in the

area trends N35oE. Dykes trending N and N6OoW may be controlled by

fractures related to the major linear features but fractures in

these directions $rere not observed, The main trend of joints in i:he

area is N35oW and they do not appear to control- the orÍentation of

niafic dykes, Several examples of joints and small faults cutting

mafic dykes inrere observed. In one case, a fault displaced a. dyke

9 feet"

Baadsgaard et a1. Gg9) round tlrc or ntore distj-nct

period.s of mafic dyke emplacement in rocks of the Yellowiceife

geologic prorrince" This was based on age dates. It is possible

that there was rnore than one period of mafic dyke emplacement at

Cross Lake, but no age dates were rnade on nrafic dykes" One example



Lzl+

of a dyke cutting another rnias observed (l'f/5oE cuts I'iI8o!{),
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CHÍ.PTER VIT

I'flDTÁ,1'I0RPHISI{

IAIIRODUCTION

The cl-assica.l metamorphic zones I'rere based on pelitic

schi-sts" Later attempts to apply these to other rock types Fü'e-

sented difficulties especially dnere assocj-ated pelitic schists

r.rere lacking" Pelitic rocks are not common in the areao The

netamorphic grade in the area is based on index ininerals developed

in basalts (e) a¡d sedinreniary rocks (1, ln) and reljct minerals

pnesent in the gneiss complex (9). Basalts (2) an¿ sedimentary

rocks (S, l*) are completely recrystalljzed and primary nr-inera*ls

are not present" Rocks of the gneiss complex (9) were formed by

the granitization of basaJ-ts (2) and sedimentary roclis (3, 4)"

Relict minerals are those that escaped alteration by the graniti-

zation process"

BASÁ.LT

Judging from a review by Poldervaart (7953) geoJ-ogists

have not agreed on the metamorphi-c trends of basalt. According to

Sutton and 1,'Iatson (fç¡f) L'ìro r,¡orked in the northwest Highlands of

Scottandtr",, no metamorphi-c rock can be looked upon as abnormal or

anonalous becau-se it fa-ils to conform to types shovrn to exist in

other areas.ll

Basalts (Z) of the area consist of the following nrineral

assemblages, listed in order of increasi-ng raetamorphic grade;
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(1) iro::n¡l-enclc--r-l-agì-ocl ase; (2) nornnlenrie-n.La,qicc-l-ase-¡arnei; (: )

hornb-l,eniì,e*'l:la.gi-oclase-garne-b-di-onsirìe ; (lr) nornbl ende-nlaEi-ì cclase-

'l-iopsj rjc; and. (!) bor:n.bJ.encìe*pl agj-oc.l"ase-rlj"cpsjcÌe-hr'Þer"stj:ene.

ülhi s seqrence is su-nücr'i;eri b]r pro$r'essive changes in hornb'l.ende

connosj.ti-on" One assr:mb1ag,e, consisiinS of hornbi-ende-pl-a,a.i-ocl-ase-

eoirl-ote and tfio,.L¡iirt to ïenresent tire ll.,rrest ¡racJ-erannear.ed

rrano¡:re-]-ousr¡. The ho::nbl.enrìe corrposi-tion suggesteci a gr:ad,e betr¿een

1," arð 5 abo''¡e, llnidote is secotrclar'¡r. ilhe ¡linei:al assenl¡lage i-s

noi anl-.a::entl-¡r an infall-ible cri-teri-a of rnetarnor"phic ,qi:ade. The

val-ue oj' the ¡¡arious mine:lal"s as j-ndicat,or"s of rrLelanorphic grade

is d-i-scr,r-ssed- bel or'¡.

fþE:sçr.aÊe

C'urrj-e (l-llil), frorrt a sNu-d¡l of snecìrrens fr"om the l.äorlon

I¿l.re area, l{anitoba., correl.atecl netarrorrrhi c changes ì-n vol.canj-c

roclrs rrj-th the rnetancrphic zones iu the su-r::ou.nding secli-men'L,ar;.

roclcs. f-le believecl that, the conrcosi-t,ion o.f 1r)-ag:,oc1ase in volcanic

rc¡cks progres:;ivel¡r changed from Á.n2ó to !*,nln2 frorn i; he bj-otite to

'r,lie-¡ si,l-lir,ranite zone. P,-l-agiocJ-ase coÌr.llosition r*'as d,eterrr:ined b;rr

rlopii-cal ¡ne'r,ìroclsrr ancl- no Íu::ther discussion is ¿:iven. ft j-s dif-

fj-cu--l-'L to evalua-'¿e lij-s fì-ndings becar-:.se sone oi:tical, ne'uhods d-o not

;deld- precj.se clata. iúiJ.Iigan (lç¿O) anp-Ljed Cur::iers d-aNa to the

li'nn l,ake aJea.

In Chapter III j-t. was sho'¿m iirat the cornosition and

qu-antiL'Lr. of piagroc-l-ase in basalt (2) Aepenrls on 1çind: quantì-t¡r, ancl

conpositj-on of coexistj-ng nine::al-s" I'or isocherical rocks, i',hese

Ja't,er para.nieters depend on meta:norphic intensi'r,;r. Iro.r: non-

isoche¡:i-i-cal :'ocks.¡ rjif-fe-rences i-n ,bul.Ìc coiirposi-tion al-so affect



r27

these parameters" Plagioclase does not beeorne progressively rnore

calcic from the lower part of the almandine*amphíbolite facies to

the granulite fa.cies, Changes in plagioclase eomposition could not

be used to define metarnorphic zones in this rangeo

Hornblende

The principal progressive changes shorqn by hornblende

under conditions of increasing metamorphic intensity are: (f)

j-ncrease in (Na+K) and [nf]a; (z) u general darkening in colour

i-ntensity from pale g3'een and greenish blue to olive and browr; and

(3) ¿ecr.ase in volume percent.

Garnet

Garnet is rridely distributed in basalts (e) of the area

(nigure 7-1, page 128)" It is absent in the northeast-trend.ing bay

east of the settlement, and along the north shore and ¡nost of the

south shore of Pipestone Lake"

i'fany i,niters have cited the control of bulk compositj-on

on the developnrent of garnet. Suzuki (tg3O), for example, suggested

garnet in amphibolites does not necessarily imply a hr-igher ¡neta-

nrorphic grade but may be due to a suitable bulk composition. Of the

three garnet-bearing basalts from the area analyzed chemically

(atmandine dominant end member), two have a conrparatively high Fe+Z

content, and one a rather J'ov¡ Fe*2 content. The r"n"iter found. the

amount of garnet increased with an increase in bulk Fe*2 content.
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According to Turner and Verhooeen (t9éo, page 5Ì+t) Linç

assemblage for basic schists of the quartz-albite-epidote-almandine

subfacies of the greenschist facies is hornblende-albite-epidote

with or without almandine. Wiseman (tgllù found that garnet does

not necessarily appear at the almandine isograd" A similar con-

cl-usion rn¡as reached by Engel and Engel Qgaz)" Plagioclase is

andesine in basalts of the ârea consisting essentially of plagio-

clase and hornbl-end,e and lacking garnet. The grade is apparently

higher than the aLmandine zone. Hornblende shov¡s the progressj-ve

changes cited above from the assemblages hornblende-plagioclase to

hornblend.e-plagioclase-garnet. This of course is based on onþ

two analyses, Garneì, is used as an index mineral because it cannot

be d.emonstrated. that differences in bul-k composition exist beti'¡een

garnet and non-garnet bearing basalts, and because of changes in

composition of coexisting hornbl-ende, The r,':riter realízes this may

not be fully justified.

Diopsi-de

1¡fiseman(1934) found in the rrnormalrr trend of arnphibolite

metamorphisrn that the appearance of diopside corresponds to the

silli¡ranite zone of pelitic schists" Hypersthene nay also be

present' Engel and Bngel (lç62) were able to relate the appearance

of diopside to a temperature isograd of *5hOoC," The distribution

of diopside in basalt (2) and siLlimanite in paragneisses (4¡) it

the area are si¡rÈlar.
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I{ypersthene

The appearance of hypersÌ:hene in basalts (Zc) an¿ in the

gneiss complex (9*) i" considered to mark the granulite facies

bou-ndary (Ttrrner and Verhoogen 1960: PaBe 5fi). These rocks are

wi|hr-in the hornbl-ende granulite subfacies of the granulite facies

because hornblende and. biotite persist in thenr'In lnlisemant , (tgll*)

abnormal granulite trend, original augiie is replaced by diopside

and hypersthene, Original rni-nerals are not present at Cross Lake"

According to Pol-dervaart and Backstróm (I94!), from stu.dies in the

Kakamas area, Sou'Lh Africa, rneta-basalts of both the granulite and

aniphiboï-te facies occur within 'r,he almandine and sillim¡ni'be

zones of associated pelites. ?hey offer the erçlanation thal- either

granulites or amphj-bolites form under the sane metamorphic inlensity

depending on wet or dry conditions"

SEDIYEI\TARY ROCKS

Hlagioclase, biotite, and

all assemblages, Staurolite occurs

localities, Garnet and sillimanite

rninerals"

muscovite occur in virtually

in only one and perhaps two

appear to be the onJ.y diagnostic

Garnet in sedirnentary rocks (3 t ln) is controlled in part

by a suitable bulk composition" It is widely distributed and the

on-ly pl-ace it is scarce is on the large island be'bween Cross and

Pípestone lakes"
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Sill-imanite in the form of knots is easily recotnized j-n

lhe fie1d. ltlhere it occurs as single grains, it can onl;¡ be

idenì;ified in thin section. Thus sillimanite may be somewhat roore

I'ridely dis'brj-buted than indicated on Figr.rre 7-1, BuJk composition

mus.b in part cont,rol sillimanite developroent because sillimanite is

concenirated in bands,

T'ÍETAi'IORPHIC ZONES

Four metamo::phic zones are recognlzed j-n the area and they

are shov¡n in Tabl-e 7-t (page Jj.z)" Zones 1and.2 represent a grad.e

hi-gher than the greenschist facies and l-ower than the sillimanite

zone of 'bhe al-mandine-amphibolite facies, The dj-vision into tr'ro

zones is based. on the presence or absence of garnet in basalt (2).

Garnet may occur in sed.imeni;ary rocks (2, 3) in Zone 1" The

sil-limanite zone 3 is marked by the appearance of sil-Iima:rite in

sedi-ments (1, li and diopside in basalts (2). The híghesf' zone,hz

is within the hornbl-ende granulite subfacies of the granulite

facies and is based on the developnent of hypersthene in basalts (2c)

and the gneiss complex (9u¡.

The location of the metamorphic zones is shornrn on the

map in Figr.:re 7-1 together with the distribution of index ¡ninerals.

The dividing lines are generalized and the pati;ern may be far more

eomplex- in detail" For example aIL basalt bands in Zone 4 do not

contain hypersthene and all basalts in Zone 3 do not contain diopside,

The highest grade of meta,norphism occurs in the northwest part of

L]ne area and the Lorrest in the southeast,
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TABIE 7-1

tfETAl''i0RPl-trC ZOÌWS

FACIES .A, I}fÁ. ND I I{E-Al'{PH I BO LITE HORi{BIENDE-
GRANUIfTE

ZOI{E STAUROIf,TE - KYÁ.NITE SITT,TMÄNITE
¿))

I{TPER,STHENE
l+I 2

BASALT

Pl ..tlgioclase: not diagnos+-iclr
Pal-e-sreen

Hornblend
sreenish blue grden, bIu-ish green b::own. o]-ivq-gresI

Garnet

Dionside

Hvnersthene

SEDÏ¡,fEI\NS

Garnet

Sillimanite

GI\üEÏSS

COI'FIEX Hvnersthene
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The zones of the metamo:'phic map shou-ld noi; be regarded

as absol-ufe isopleths of inetamor.phic intensity" Yoder (L955)

has denonstrat ed- the role of water in netamorphism, Variations in

the bulk rt¡ater conLent may produce facies ranging from Lhe green-

schist to the eclogite under constant temperature-pressure con-

ditions. Differences in 'lua't er pressure .may produce reversals j-n

the normal isograd sequence,
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CI.APTER VIII

srRUÇrw_@_QtQGI.

The various structural elements of ihe area are discussed'

These el-enrents are integrated a.::rd Nhe structure of i;he area is

described. by means of maps and contour diagrams' Theories concer-

ning the origin of the structure are presented.

STRUCTURAL EI,ENM}XTS

I'fesosco_pic Folds

l,fesoscopi"l fold" of ihe s and Z types were noted but many

fofds are so ircegU1ar that the sense of rnove¡nent could not be

d.etermined" þÍcst nresoscopic folds are steeply-plunging, high-

amplitude, and isoclinal or nearly so (Pl-ate pAprpage I35)" Less

than 10 percent of approximately 2jla tecorded folds are distinctly

non-isoclinal. Low-amplitude mainly non-isocl-j-nal folds in para-

gneiss nrigmatite (g) a"" shovn in Ptate lOA (page fJ6)" Some fol-ds

have attenuated or sheared-off límbs (Plate l-on, page 13ó). Crenu-

lations in conglomerate (3) ou shov¡n in Plate 114 (page I37)"

Relatively soft pebbles of siltstone and basaft are fol-ded r,'rhereas

folds i^jrap around resj-sta-nt granodiorite pebbles, Basalt (Z) is

rarely folded and presumably it yielded by shearing"

1 Th" 'writer uses this term in the sense of T\rrner and Wei-ss (1963,
page 76)" i'{esoscopic structures are those visible in hand specimens
and exposures.
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DU.

9. þpical l'{esoscoPic FoldsPI."A.TE
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A. Low Amplitude Folds in Paragneiss"

B" Fold showing Shearing on Lirnb"

PI,ATE 10.
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A. Crenulated Conglomerate"

B" Pbygmatic Folds,

PI,A.TE 11.
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iulos'r, mesoscopic folds observed in the areå appear to be

concentri*l fold," and some folds rnay be in pa:'t simi.larf fol-d.s. Fol-d.s

shorrrr in Plate gA and ÇB are concentric folds" The folds shovrn in

Plate l-OA are thicker along the axes than on the limbs and may be

in pa.::t shear fol-ds. The fol-d shoi^rn in Plate 108 indicates shearing

on one limb. Some of the crenuJ-ations shor,un in Plate 114 appear

to be sirnilar folds because of the apparent'bhickeningin the axiaJ-

region" T'his is due to the resistant granite pebbles about which

the folds are draped, Movement in concentric folds is para]lel

to bedding planes; rnovement in similar fol-ds ì;akes place along

planes i^¡hich may make any angle with the bedding, Shear planes

transverse to the bedding planes were seldom observed at Cross Lake,

but this effect may be more corlrnon than apparent.

Plate 118 (page l3?) shor.rs a ptygmatic fold consistirqg of

quartzo-feldspaùhic material cutting across paragneiss (4)" Pbygmatic

folds occur locaIly in the area" The origin of ptygrnatic folds is

discussed by Dietrich (1960).

Li-neations

Lineations were mainly observed along shorel-ines because

most exposlrres inla¡d do not show a vertical- section. Lineations

are cornmon in some parts of the area, scârce in others" AlJ- line-

ations are parallel to nresoscopic fold axes and are therefore b

lineati.ons in rel-ation to these folds" This conclusion is sub-

stantiated by nurnerou-s examples rohere i;he various lineations occur

1 Concentric and sinril-ar are used in the sense of Carey (11962, p, 9ó. )
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in the same ouicrop or nearb¡r localities. One of the theories of

the origin of the struetr.:re (vertical uptift i;heory) suggests that

these lineations are not paralle1 to the axes of ihe norlheasterly-

and. southeasi;er1y-trending major s¡mclines and associated macroscopicl

folds. The directj-ons and plunges of the lineations are shown on

Figure S-1 (Page 140)" The Ì;ypes of lineatÍons are described below.

The directions and plunges of the axes of the mesoscopic

folds d.escribed above lrere rneasured (except pùygmatic folds)"

Corrugations (Plate J2A, page l4]) are restricted to paragneisses (4)

and para¿neiss mì-gmatites (S). Corrugations are snall-scale folds.

Lineated hornblend-e is eom.nron in basaft (Z) (Plate 131,

gB, page 142) and occurs locally in eabbro (5b) (Pl-ate 128, page

141). The long axes of quartz ellipsoids were rneasured in hypersthene

gneisses (9*¡. These rocks are restricted to the northr¡estern part

of the area, Rodding consists of pencil-like lineations (P}ate l4A,

page J43) ttrat are restricted to paragneisses (4) and paragneiss

nrigmatites (B),

Pebbles in conglomerate (3) v,¡ere tectonically elongated

into the shapes of triaxial ellipsoids (Plate l4B, page 143). The

amoirnt of elongation depends on the degree of defornration and the

pebble composition; basalt and siltstone pebbles are elongated more

than quartz, quartzi-te, and granite" The raLios of the short to

I --¿ Macroscopic folds are those too large to be observed in a single
exposure and whose form and orientation can only be established by
geõlogic mapping (after Turner and l'Ieiss L963, page '14lr)"
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A. Corrugations in Paragneiss.

B" Hornblende lineations in Gabbro'

P]-ATE ]2"
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A" Flornblende Lineation Paralle1 to HamJner Handle; note jointing.

B" Hornblende Lineation"

PI,A.TE 13,
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A. Rodding

- harnmer handle

PLATE ]4.

13" Elongated Pebbl-es along long a:ris.
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internediate to long axes var¡r f¡s¡n I:J;10 to l-:3:50" The intermediate

and long axes lje in the foliation planes, The fineations recorded

were the directions and plunges of the long axes.

Joints

Joints are conmon in the area afld a single e4posure may

possess a bewildering number of them, Nevertheless, rrrhen considered

statisticafly, they show a remarkably consistent orientation.

Fi-gure 8-2 (page f45) is a contour diagrar,n of poles to joi-nts based.

on one per square nlile" They have a ma;cimu¡i orientation in the

direction i\B5ol,{ with dips vertical to 8Oo. Joi-nts sefdom show

nrovelnent. Those that do are deaft rr,rith in the sec'i;ion on faults"

Faul-ts and Linear Feah:res

The locations of faults and linear featr:res are show'n on

Fignre 8-3 (paee lh6)"

Faults a.re. not common in the area and the r',rri-ter observed

a total oí onþ 24 faults" These r/üere, with one exception, local

and exbended only a few tens of feet" One, at Evets Fa'ìls: was

traced about one rnile. 0f the 24 faults, 6 show a left-latera-l. and

I a right-lateral component of displacerr¡ent; the sense of the

remainder could not be determined. The anounL of horizontal sIJ-p

was deternrined on only 3 faufts and this was 9 feet in one case

and less ihan one inch in the other trro" The small faults appear to

be genetically related to the joints as they are orienÈed in the

sane general direction"
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A nurober of pronì_nent linear features v¡ere traced on the

airphotos, The main trerul is N35oE. Three cs;:l be follor^¡ed appro>d-

rnately 21 mil-es until they pass out of the area' The linear features

cut across strucir:ral trends v¡ithout any apparent horízontal

displacement and are therefore not strike-s1ip faults. They appear

to be steep tensional fractures because some rûafic dykes are aÏ-gned

along 'bhem, Vertical d.isplacement is noi evident" The writer

prefers the term linear feature rather than faul-t because there is

no evidence for displacement, Tt seems u-nlikely that the joints end

the iinear features are genetically related' The former trend N35ol'I

and exLend only a few feet; the latter trend M5oE and can be traced

for r¡il-es.

Boudins

Plate lfA (page 148) shows a typical boudin of pegmalite

in paragneiss nrigmatite (S)" Nol,e the presence of cross-cut'Ling

tension fractures" Thj-s type is identical to that shown j-n Plate

ID of Ramberg (1955) " The long axes of boudins are paraJ-lel to

the bneations in the area. Lineations classified as rodding appear

to be ¡nicro-boud.ins' Pinch-and-sr'rel-1 structures are shor¡rn in

plate 158 (page 148), The dark rrsausagestr retrrresent linrey bands"

These structures may be compared to ihose shot^¡n in Pl-ate 2D of

Ranrberg (tg5¡).

Foliation

Rocks of the area are strongly foliated. Foliation pro-

duced. by tectonic processes has generally developed" paral-lel to
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Ao Pegmatite Boudin in sandstone - note tension fractures"

Pinch-and-sin¡el1 Structures'

PIJ.IE 15 "
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bed.ding planes in sedimentary rocks (S, l*) and primary layering in

basalts (2). Rare examples of foliation noi; paral-I-e1 to bed.d.ing are

shorrn in P1ate 5 (page 87) and Plate 1ó (page 150). Layering in

raigmatite" (6, 7 r 8) and. gneissostisy in rocks of the gneiss complex

(9) appear to be generally parallel to bedd.ing in sedimentary rocks

tl, tù and. banding in basalts (2)"

STRUCTUBJ OF TI{E AREA

The general fold geometry of the area måy be revealed in

part by the orientation of the lineations if it is assumed that the

Jineations (including mesoscopic fol-d axes) ur" paralle1 to the axes

of the major folds" It nmst be re-emphasized that one theory of

the origin of the structure (vertical uplifl, theory) suggests that

the LineatÍons are not paral-lel to the axes of the nrajor fol-ds.

IJence the orientation of the major fold axes would not correspond to

the orientation of lineations,

Figure 8-d (page 151) is a contour diagram derived from

the plots of the trends and plunges of all recorded lineations"

tineations shor'¡ a concentra'r,ion about a girdle which lies in a

plane that trend.s IV62oE and dips vertically" The ma:cinmm pole con-

centration indicates plunges of 8Oo to 9Oo in the direction NózoE"

There is a lesser concentration of poles plunging 3Oo Lo 600 in

the direction N62oB, The diagra.m also shov,is poles that plunge

steeply to ihe soui;hrr¡est, This may be erylained by either a

rotation of northeasterly-plungi-ng lineations in the plane of the

girdle to the vertj-ca1 and beyond- or a rotation of southwesterly-
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PLATE 16" Non-parallel kimary and Secondary Foliation'
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plunging lineations to the vertical posiiion. Boih cases ITìa;r þs

correctoTheformercasesu-ggeststhepresenceofsynformalanti_

clines and anì;iformal synclines"

The general fotd geornetry of the area is shown in part by

a statistical anatysis of foliation' Figure 8-5 (paee l-51) is a

contour diagrarn based on plots of one pole to foliation per square

¡nile. It suggests that the mean âr{ial plane strikes i\fiOoE and dips

84o south, The absence of an AC girdle (i"e" one perpendicular Ì;o

fold axes) suggests that fol-ds are isoclinal" The angle between

the strike of the mean aic1al plane of the folds (¡¡?Oon) and the

trend of the horizontal projection of the fo1¿ axes (ITóeoE) is

only B degrees. TLr-is may suggest that the alnount of overturning of

fol-ds is not great '

The main structural- features of the area are shornrn on

Figure 8-ó (page Lfi), Sedimentary and volcaníc rocks (2, 3, ¡o)

occupy structgral synelines and rocks of the gneiss complex (9)

occllpy structuraJ- anticlines. This is based on outcrop patterns

and fou-ation attitud.es. Three main structrraJ- trends are apparent

and. these are, i-n order of iniportance: northeast; southeast; and

north northeast to north northÏ¡est respectively"

The donrinant structuraJ- featwe consists of a northeasterly-

trending nrajor syircline (l on Figure 8-ó)" This syncline is

bifrrcated near the central part of the area. There, one arm (A)

trends northeasterly xihile the other arm (B on Fi-gr:re S-ó) slu-ings

and trends ín a southeasterly-direction'
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Outerop patterns and foliation aÌ;titu.des indicate that a

number. of macroscopic folds are su-perimposed on ì;he major synclines"

The axial traces of the ütåcroscopic fold.s are shor¡.n on Figure 8-6

and they have the same trends aild plunges as those of the major

synclines, The arnount of plunge of the macroscopicfolds located

along the l':linago River (C and D on Figure S-6) is based on the di-ps

of bedding at the noses of the fo1ds" Elsevdnere, the amount of

plunge of macroscopi-c fol-ds is based on ìrhe ph.rnge of lineations"

This relationship ís vaJ-id for the horizontal compression theory,

bui; not for the verticaJ- uplift theory,

The structi:re between the two rnajor synclines (A and- e) is

a donrinately anticlina1 one, but in detail consisis of several

ânticl-ines (Er G, f) and synclines (F, H, J) lvirich trend and plunge

to the southwest. Arr anticline (K) and a syncline (l) occur south

of syncï-ne B and these trend and plunge to the southeast. Trends

south of syncline L are to the northeast,

Cross folds trend from north northwest to north northeast"

Those shoiv:r as rrreaÏt on Figure 8-ó ( Ü, l'I, hTr 0) were traced by

neans of outcrop pattern and. the transverse trend of foliation.

Those shor,¡n as trpossibl-ett on Figure 8-6 are located r,¡here ljneations

converge or d.iverge. They appear as culminations and depressions

on the axial traces of the måior northeasterly- and southeasterly-

trend.ing structures, Figure 8-7 (page 155 ) is a vertical section

approxirnately parallet to the axis of major syncline B and shoi^¡s

the cul"nrinaiions and depressions along the axis" The rrpossiblert
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cross folds do noù

rnajor fold axes"

exi-st íf the l-ineations are not parallel to the

S,W

FIGURE 8-7 VERTICAL SECTION ALONG AXIS OF NORTHEA$TERLY-TREIIDING

MAJOR SYNCLI NE SHOWING CULMINATIÛNS AND DEPRESSlONS

ORIGITI OF TI-II CROSS I,A.IIE STRUCTURB

Horizont al Compnes síoin JhepLv

This iheory requires tv,ro and perhaps three periods of

fold,ing to account for the structr:re" The maxinrum cornpressive stress

acted. in an easi;-iaest d.irection during the first period of folding.
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lìlhis nrociuced fol-C-s that trend fron noi:.Lh nr:rihwest -uo norbh nori,heasf

a.ncl i.nclucjes boii-r.i;hertrealrr and-r¡pcssib-lerr cross fol-cls shol.rn on

Fi¡ru.re 8ì-6"

Possibly tl¡ir cer-i ods of fcld-ing occ-t-i-r';"ed j.n o::d,er to

Þrociuca i,he southeesLc:¡f-',,- ancl- northeasterl¡,'-trencì,rng folcls" iia:cirn:rr

sNress cU,recì;ions for ihe second and-i,h:Lr',1. ¡e::iods r¡¡ou-l d be soirth-

r,rest-Tfor"theast and, sou-theast-northv¡est resirecti,vel-.¡¡. It-, i,s al so

-possj"bl-e -i;hab 1,he southeasierly- and northeaste::l¡'-trend"ing folcÌs

1.IeIe Þroduced ì:¡. a- single periiod of foJ-ding, The north-easterl-¡r-

and southeaster'l¡r-lrenciing niajor synclines (a and- B in lrigure 8-ó)

lie on the flanks of a lar;:e re,qi-onaf a[t,-icline rv]rose a.xi-s trencls

easter'l¡r 'r,o slighil-y north of east (see Bell-, L)(t2)" Onl.r¡ ihe nose

of bhis ani;icl-ine lies'oni;hi-n the a:'ea o,f siucly (sho'.^rn as t¡major

anii-clinert :-n Figu-:re 8-ó), Perha'os ihe rnaxÍr¡:-nr compression siress

acted norrnal. to this a-*-i-s in a regionaj- sense and l-oca]- veriations

o c currecl-.

Fi.3ure 8-Ba (page I57 ) is a diagranntíc sketch o:f ihe

fold geometr¡r based on the ÌrorÍzontal cotäpressi-on'r,heorJ¡" Tire a:ris

labelleci- A is ì:hat of the cross folci"s prod-uced by the first period

cí folding. Thj-s inc'lu-ci.es jlorth north'¡¡esterl;'- ancl no::th northeas'r,erl-y-

lrencling fol-db si:ch as those ai; l'{ and Ì'J on Figure 8-ó. The a-:cis

labellecl 13 co::resp-.onc1s 't,o Íol-cl axes prociu-ced, by +"he second (a-ncl thjrd)

perj-od oí foldin.g, The lat,ter" inc'lucles the major sync-ì-ines ancl

a-nticline, the ¡ÉcjrûsccDi-c fold-s, and the associatecl j-it:ea1,ions.

The second perìod o-f fold-in:3 l,ras mo::e intense than the firsi"
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AXES OF CROSS FOLDS AND LINEATìONS

AXES OF MACROSCOPIC FOLDS, L INEATIONS,
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(o)

A-A AXES OF MACROSCOPIC FOLDS
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Veriical Uplifi. Theorll

Beloussov (tgtZ) is one of the ,rpst currently aciive pro-

ponents of folding produced by forces actÍng in a vertical direction"

I{e refers to +.his type of folding as deep or i-oeta.morphic, supports

his ideas i^rith scale rnodels and fiel-d studieso arrd dra.rrrs strong

analogies to salt dome tectortics" According to Beloussov (tgCZ)

this t¡pe of folding resu-lts when sedimen'bar;r' rocks are brried to

such considerable depths that the u:iderJ-ying crystallÍne basenrent

nrelts. This gives rise to a granite raagma "vrhich rises because it

is l-ess dense than the overlyi-ng sedirnentary rocks. The mågaa

uplifts and folds the overlying rocks. Fold axes are horizontal

orjnclined, depending on the anount of differential uplift.

Sedimentary rocks caught betlueen steep-walled colurrrs oÍ rising

graniie are squeezed by horizontal forces and- fl-ow j-nto areas vthere

these granite columns are furthest apart" This rd-ll produce folds

rrith vertical axes superimposed on the folds with horizontal or

incli-ned axes"

Carey (tg6Z, page I28) also discu.sses folding in terms

of vertical forces, Vertically rising tongues of magma or salt

gives rise to folds associated with marrtled gneiss domes or salt

domes. Sedi¡rentary beds i,vhich were originally horizontal- are forced

to flor,¡ in a vertical- direction by the rising magaa" Sedimentary

beds are folded. and Ca.r'ey QgeZ) refers io thi-s process as

paraboloidal folding" It is actuall;r sinril-a¡ (i.", shear) fofAine

because sedimenì;ary beds maintain a constant thickness in the
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d-irection of flor,¡. As the beds flov¡ up1',Iardr the flor^¡ lines nay

di.verge. 'Inis cau"ses an expansion in the cross-Sec'r,ion surface.

l"Inen the fl-or.,, lines converge again the cross-section surface does

not shrj-nk back to the size before e>q:ansion in an elastic manner;

i'b converges ì;hrough the development of wrinkles and rnu.l-1ion-Iike

folds. These structures are characteristic of rocks that have

flowed long distances" The axes of ihe r^rrinlCes are parallel to

the direction of fl-ow not normal to them" The axes of the si¡rilar

folds are n.ornaJ, to the flol^¡ di,rections" The r^¡rinkles a¡d mul-Iion

structnres of Carey (tl6Z) are appåLently the same as the vertica-l-

folds described by Beloussov (t96e)" They d-escribe their for-

mation in a somel^ùat different manner.

Figure 8-8b shows d.iagramatically the fol-d geometr¡r ¿f,

Cross Lake if the structure had been produced by vertical- uplift,

The axis labetled A corresponds to the axes of the major s)'nclines (A

Figure S-óþhe mâjor anticline, and the macroscopic folds, All

these are similar folds. The axis l-abell-ed B corresponds to the

axes of the l-ineations, including the rnesoseopi-c folds. The axes

of the l-ineations are parallel to the flow djrections ê.nd peT'-

pendicr.rlar to the axes of ihe sinrifar fol-ds"

Areas occupied by rocks of the gneiss complex (9) tr"

stru-cluratly high and were uplifted- relativel-y more than the

stru-ciural synclines occupied. by ihe sedimentary and volca¡ic

rocks (2, 3, tu) " Phrnging sinril-ar fol-d-s such as the major antichne

and" those located. at the cross fol-ds indicated as rrreafrr on Figure

and B,



IOU

8-(: are produced by d-ifferences in vei'Lical u.r:lift along 'i,he axial-

planes. The axis -ì-abell-ed. C on Figure 8-8b corresponds to i:hese

cross Íol-cis. Cross folds shor.n't as rrpossibletr on Figure B-ó are

located 1.,¡here the plunges of lineat-i ons converge or diverge.

Places r,vhere ihe pÌunges of fineations converge si-mply rej:resent

places r^¡here verticaf flor'¡ lines d-iverge and diverging lineations

are where the flornr lines converge.

Combi-ned Theory

This theory is a combinatj-on of the first two theories

presented. Two alternatj-ves are possible. The firs'b suggests that

the rrrealtt cross folds were producecl b;r a horizontal compression

during an j-nitial periocl of folding. The northeasierl¡r- and south-

easter'ly-trending siructures were produced by vertical uplift during

a second peri od of folcìing" The fold geomeiry rnrill resemble 1,hat

shornl on Figure 8-Bb except that any lineations Þroduced during the first

period of fol-ding will be parallef to the axes of the cross folcls.

The second alternative is that the rtrealrr and rtapparentrl

folds were produced by vertical upLift during an j-nitial period of

folding. The northeasterl¡r- ancl southeasterl-y-',-rending folds ruere

produced- ìry a horj-zontal conrpression during a second period- of fold-

ing. The fold geontetry will resembl-e that shor,¡n on Fi¿¡ure 8-8a,

ercepì; lhat any linealions produced during the first period- of folding

will be perpendicul-ar to the axes of the cross fol-ds.
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DisçlrÞsion and Conclusions

The northeasterly- and southeasterl¡r-trending major folds

are sinrilar folds if produced by a vertical uplift ancÌ concentric

folds if produced b;r a horizontal compression. The major fokl-s a-r'e

too large to be observed in a single outcrop. Sta'bistical- da'La

(nigure S-5, page 15I) suggests that the raajor folds are isoclinal

fol-ds. Shear planes will be parallel 1,o bedding planes except in

the axjal regions if the major fofds are isocl-inal sírnil-ar folds.

Shear planes transverse to beddinp; plales occur"rat Cross LaÌ<e but

they are uncom.Ìnon. Most mesoscopic folds are concentrie fofds. It

does not necessarily follow that tlre major folds are concenLric

folds"

The axes of the major structures axd l-ineaiions are

parallel if t,hey were produced b¡¡ a horizontaÌ compression and

normal if produced by a ver'r,ical uplift. The outcrop patl,ern around

the noses of the fofds label-led, E, Iì, and G on ltigure 8-6 is arcuate.

The plunges of these fold axes, deternúned frorr the dips of foli-

ation pJ-anes, are esseni;ial1y parallel to thab of bhe associaled

lineations. This suggests thaL these folds are concentric folds.

Sedjmentar:y and volcanic rocks (2, 3, t+) at, Cross Lake

were j-ntruded l-ít - par - lil by quartzo-feldspathic material and

granitized, These intrusions could have caused vertical uplift

and the formation of sinril-ar folds. The origin of the horizontal forces

is no1, readiJ-y apparent, but lhis cì.oes not negate their ercistance"

The major folds appear to have been superimposed upon
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the north norLheasterry- and norih norbhwesterl¡r-l¡6t'trÌing cross

fol-ds. If ihis is so, then Lhe cross folds l^rere produced before

the major folds during an earlier period o:Î foldinE;, Evidence suggests

i;hai; the major folds are rLainly concentric folds" It was no-L possible

to deternúne if the cross folds were the result of a horizontal corrt-

pression or a vertical uplift.

In conclusion, the structure at Cross Lake was likeIy

produced during two periods of folding, The nature of the forces

which acted during the first period is not known. The major folds

appear to be concentric folds thal v,rere forrned by a horizon'bal com-

pression" liTevertheless, it may be that the major folds are at

l-east in part similar folds and that a complex interpJ-ay of !åtfcsses

produced the stru-clure at Cross Lake.
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CHÁP1L'ER IX

GEOLOGIC,AL I{ISTORY

The sequence of geological- e-vents at cross Lake are sei

out in Table 9-1 (pa8e 1ó3) and are based on age dates and stru'c-

tural- and petrologicat information. Specimens fror,r the ar.ea age-

dated by the K-Ar method are listed in Table 9-2 (paee t6lp) and

their locations are shov¡:r on Figure 9-1 (paee 1?O). The fjrst

three ages listed are from specimens col-lected by the writer,

dated by the Department of Geology, Uni-versity of Alberta and pub-

lished by Burwash et aI, (tç62). The last three ages listed are

al-l from the same specimen" Their daia are given by Lorriden et al'

{t163, page 72). A second. biotite age deternrination was made

because of a large d.iscrepancy between the biotite and rnu-scovite

ages obtained from earlier determinations'

Sample AK2O6 is from a biotj-te granodiorite gneiss which

petrologically resembles the older basement biobite granodiorite

gnei""l (t) more than the youn€er biotite granodiorite gneiss (9a).

This sampl-e v,¡as dated aL 25OO m"y, and ií it does represent a sample

of the basement gneiss (t), ttren several- alternatives are possible"

These are: the basemeni gneiss (1) formed 2500 m.y. ago; it formed

1 Thu basernent biotite granodiorite gneiss (f) can be positively
id.entified at onl;r one locality; at the unconformity on cross Isl-and"
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TABrü 9-2

ÄGil DATrs

SAÌ,,trIIJ I'iO. LOCATIOI.ù 1,trJ{BRAL AGII I.I"Y. ROCK TYPE
DA'IED

LK2O6 54o38t N Bioi;ite 25OO Basement biotite
97o l+7 t v¡ granodiorit e

gneiss (1)'i

l$2a7 54036r Àr Biotite 1840 /rdameil_ite (gc )
97o56suü

I\KLL3 5l+o35¡t¡ Biotil,e 2O8O Granocliori'be
9'7ol+5x\r[ pebble in

conglornerate (3¡ )

2065 Garnet
ì paragneiss ({a)
II averasef: zroõ
I

2L35 Garnet
Þaragneiss (4a)

l-ó80 Garnet
paragneiss (4a)

GSC 60-84 rt 5439r15rr5 Biot,ite
g7o5B r 00ilI/ü

GSC ót-tZ4rt Jdo39t 15rr¡1 Biotite
9Zo5gr 00rr-[d

GSO 6t-tZ5 +r 5h%9115'tN i'f'scovite
97058r 00t'w

Jê Same specimen,
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earfier aïld r^ras recrystallized ZJOO rn.y. ago; or it fornred pri-or

Lo 2JOO m.lr. ago, r.ras recrystallized by the Ìludsonian orogeny and the

date represents a survival- val-ue. The Cross Lake group (2,3, 4)

was d.eposited unconformably on the basement gneiss (1). The al-ter-

natives given above for the basement gneiss (t) suggest that the

Cross Lake group (2,3, l+) is Lower fuoterozoic in ihe first case

and el'-ther lower Proterozoic or Archaean in the fabter two cases.

The average of the tuo biotite ages from gar.net para-

gneiss (¿") (GSCóo-s{, GSCót-t24) i" 2IOO m.y.; the muscorrite age

(CsC6f-rz5) is tó80 m.y. Lor¡¡den et al-. GgAS¡ page 72) betieve

that the muscovite date is closer to the true age of crystall-ization

because argon was }ater added to biotite. Sarnple !\KZL3 is a pebbJ-e

from a conglomerate (3U) and it gave an age of 2O8O m.y. Bu¡wash

et al. (L962) suggest that, ihis represents a survival val-ue. They

believe that intermediate ages are due to th.e erq¡ulsion of radio-

genic argon from ¡nineral-s during the l-ludsonian orogenJ¡ which had

originally crystall-ized during the Kenoran orogeny. Stockwell (in

Lorden et al., 1963, page I27) pointed out the uncertainties

involved concerning age date di-screpancies. Age dates from rocks of the

Cross Lalce group (2r 3, t+) suggest that they rvere either crystallized

by the Kenoran orogeny and recrystallized by the Hudsonian orogeny or

that they were crystallized at some intermediate time.

.&n adarnellite (gc) sample (rr¡zo7) gave an age daLe of

1840 n.;'. The adametliie could have been formed during the Kenoran

orogeny and recrystall-ized by the Hudsonian orogeny in i,¡hich case
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'r,he date is a survj val valu-e" The adamell-ii;e could also have been

forined apÌrro)cilnairety 18d0 n.;¡. ago. Age dates indicate the Cross

Lake group (2u 3, L) v¡as either netamorphosed during the l{udsonian

orogeny ox at a time intermediate beti,¡een that of i,he Kenoran and

Hudsonian orogenies. Petrologic studies show that rocks of the Cross

Laì<e grou'p rrer€ granitized by injected quartzo-feldspabhJ-c maierial

and that this occurred after 'r,he metanorphism. The age-daied adanr-

e1-Lite may represent ej-ther grani-ti-zed material- or possibly a post-

metamorphic intrusion.

Several theories concerning the origin of the Cross Lalte

structure were discussed in Chapter IIIIÏ- The evidence suggested that

the area u"nderwent tvro periods of folding and that these probably

corresponded to the Kenoran and Hudsonian orogenies. A.part from

producing Lhe cross Íolds, the effects of the Kenoran orogeny are not

r^¡el-l knor^rn. The ,'iudsonian orogeny metamorphosed and granitized the

pre-existing rocks and produced the dorn-inant structures. Evidence was

presented in Chapter VI which suggested that the gabbro-anorthosite

bodies (5) intrude the Cross Lake group (2,3, t*). These bodies in¡ere

emplaced pri-or to or durirlg lhe earlier stages of the Hud-sonian

orogeny.

The northeasterly-trending linear features cut across

structural trends produced by the Hudsonian orogeny. They are con-

sj-dered to be tensional feai;ures because mafic ,lykes (10)occur in

then. Joinì;s and small faults cut across mafic dykes (fO) ana

iheir formation is the l-ast recognizable fuecambrian event at

Cross Lake,
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REGIONAL C O¡ISIDFfi,ATIOTIS

Preqious trork

Based on variations in structural trend.s, Gil1 (1952)

shor^¡ed that a boundary bet,ween two geological provinces, Churchill

and Superior, lay in northern Manitoba. He stressed that a shiel-d-

aride Archaeân orogeny is a rnisconception and that blocks or pro-

vinces of ì,he shiel-d. formed at different times. J. T"'ln]ilson (Dff)

de¡nonstrated that the granites of the Superior province are older

than those of the Churchill province. The large number of age

dates availabl-e within the last five years has generally confirmed

this"

Stockwel-l- (in tor*Oen, 1961) proposed. the name Hudsonian

orogeny for the last main orogeny to affect the Churchill province

and gave a median age of f7O0 nr.y" for this orogeny" The Kenora¡

orogeny, with a nedian age of 25CÐ n"y", is considered to be the

last main orogeny to affect the Superior province.

A Bougerr gravity anomoly high, called the t¡Nel-son River

l{ighrt by lrrnes (}960), trends paral-tel to the Nelson River and lies

near the centre of a gneissic zone" lnÏilson and Brisbin (1961) refer

to this zone as the 'tltjel son River gneissic zonerr. They suggest the

gneissic zone is approximately 50 miles w'ide and" that it separates

the Churchil-l and Superior provinces. In a nore recent paper,

ldil-son and Brisbin (f9óe) point out that although the gneissic zone

as a unit trends northeasterly, there åre renillarrt east-west trends
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¡'rithin the gneissic zone that correspond to those of i;he Superior

province" tlil-son and Brisbin (1961) suggest that the westerly-

trending greenstone belts of the Superj-or prov-ince are truncated by

the gneissic zone and that faulting occurs at this boundary"

Gravity i.rork by Wilson and Brisbin (1961) has revealed a

Bruger gravity low. This negative strip is located along a zone of

intense faulting and coincides with the Thompson-fioak Lake nickel

deposits. They suggest that this zone nrarks the boundary between

the Churchill and the Superior province (i.e. gneissic zone).

I¡Iil-son and Brisbín (19ó1) believe that the rnûiole pattern of gravity

anornolies, faulting, ffid peridotites is anal-gous to an island arc-

alpine strucl,ure" The negative gravity strip coincides wif;h the

roots of an ancj-ent mountain s]¡stem" The Superior block, lying on

the concave side of the arca represents the forrner continent.

Graben structures occur on the concave side of some alpine-type

mountain belts and form angles of about 45o witir them" This inter-

pretation has been given to the Cuthbert Lake lineament,

Detail-ed mapping by Patterson (t9ó3) suggests thai; the

Chr¡r'chill-superior (i."" gneissic zone) contact does not fol-low

the a¡cis of the gravity low. Patterson (f98) separated the

Thompson-lvioak Lake area into three blocks: a western fuoterozoic

bloek; a central block; and an eastern Archaean block" The central-

block is a zone of d.islocation. Patterson (L963, page ?) beï-eves

that the charnockites at Thompson-Ì{oak Lake are Archaean in age and

stated ttThat the pyroxenes were formed before 'Ì;he R^oterozoic
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orogeny is indicated by the gradual increase in the inten"çity of

thei¡ alteration in the Archaean rocks fron east to west tor.¡ard

the Proterozoíe-þ,rchaean contaetrt "

Iowd.en et al. (t963, page 73) suggest that, although the

Cross Lake area is within the Sùperror province, it lies r,¡ithin a

belt sonre ó0 miles uride and 270 nriles long bhat has been reworked by

the Hudsottian orogeny.

Þesent Ilrt erpretation

The Cross T,ake area is shown in a regional setting in

Figure 9-1 (paee 170)" The contact between the Churchill province

and the gneissic zone is shorun as that of Patterson (t963). The

writer has extrapolated this contacl to the sou-thwest on the basís

of structural trends. The contact between the Superior pnovince

and the gnei-ssic zone is shom to coincide with the northr^restern

lindt of the Crcss Lake sedimentary-volcanic belt. This is in the

sense of Wilson and Brisbin (1961)"

l'he Cross Lake sedimentary-vblcanj-c belt is not truncated

by the gneissic zone and faulting does not occlllr a,Long this bou:rdary,

The northrresterly-trending arm of the belt turns to the southwest

and paralle]s the trend of the gneissic zonen The southwesterly-

trend.ing arm continues southi¿'est beyond the junction urith the

northwesterly-trending arm and also parallels the gneissic zone

trend. The contact between the Cross l,ake sedimentary-vol-canic belt

and the gneissic zone is a gradational one" Bocks of the Cross Lake
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group {2, 3, ¿+) and some nigmatites (ó, 7, 8) derived from the group

occur southeast of the contact. i4igmatit,es (6, lr 8) and rocks of

the gneì ss eomplex (9) ¿erived frorn the gr:anitization cf Cross take

group rs-cks {2r 3, d ) occur northuest of the contact'

The r"riter suggests that the charnockites of the Thompson-

i'[oak take area nay have been developed by the Hudsonian orogeny as

were hypersthene*bearing gneisses {9e) at Cross Lake' The fault

zone '¡lrich Patterson (t963) considered to mar:k the Churchil-l-

Superior boundary might be a post-Hudsonian feature. If this is so,

then the gradual alteration of the p;ryoxenes in the charnockites

'westward toi,¡ard this faulL zone is not evidence that the charnock-

ites are Archaean in age. Nevertheless, it must be pointed. out that

the charnockites in the Thompson-I.foak Lake area âre on strike r^rith

those at Dafoe T,ake, approxirnateLy 30 rniles to the east. These were

d.ated at 2400 nr.y. (GSc ó0-83).

Availabl-e evidence suggests that the Hudsonian orogeny pro-

duced the intense folding, metamorphism, and granítizalion at Cross

Lake. Age dates for the region are l-ocated on Figure 9-1. Dates

i,/nich indicate lÍrdsonian effects on the rtSuperiortt province imnrediately

beyond this region are: quart,z monzonite at Playgreen Lake (CSC6O-95,

ZlgO n.y"); cordierite schist at Utilc Lake (GsC 6l-l.:26,2L55 n.y.);

raicroeline grani-te-gneiss ? nriles south of Robinson Portgage (GSC6f -72-7 t

I97A n.y.); and porphyritie granite at Knee Lat<e (þt,l.t. B3åoqp fó40 m,y.).

Tf a shield province j-s defiaed by the last major orogeny to effect it,

then the Cross Lake area is rurithin the Churchill prov-i-nce' The grade



L72

of metamorphism at cross Lake decreases toward the southeas.b. The

'writer suggests that the boundr¡r betr^¡een the Churchill and Superior

provinces l-ies somel.¡here south of cross Lake. rt i-s prcbably a

gradiùional one l.¡here effects of the lludsonian orogeny fade and.

di-sappear into ihe Superi_or province.
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10. 34af1e èykest 10an horrrbl-ende gabbro and diorite;
l0bo hryparsthene*bearing d-r¡kes ;
lOe" per5.d.otlte,

TÐTtrR FRCTM,OæIC

9 o Grmies eomplexe intruded by pegmatiÈer apliter quartø veins¡ up to
].CIS relicts of 2 and l¡" --

pa, biotite granodlorite gnelssi 9b¡ hornblencle tonal-ite
gneiss; Çc, adamellite¡ ldr feldspæ porphyrv gneiss;
ger hylpersthene gnelss.

B, Sandstone migmatiter 8a". 8b, Ecu Edr lra, lrb" lre, l+d r¿ith more tùran
(Paragneiss) 20É and less than 90S 9"

7 o Conglorierate migmetite¡ 7a, 7bu 7cr Ja, 3bo 3q with more than 20S
and less lhan g0S 9.

6. Basalt nrlgrnatiter 6ao 6b, 6c: 2a, 2b, 2c with more t'han 20É and. Loss
i¿hen )A$ 9.

5. Anorthosite and gabbrot lau biotit,e gabbro; 5bo hornblencie, gabbro¡
lc, anorthoslte¡ 5d¡ ovoid gabbro.

&tsûHÁE.AN

Cross Lake Group

h. Sandstorrel arlcose, subgrelrwacke; rninor felcispethic anci lithie greywackeo
sjl-tstoner grit* congloinerate; rare protoquartaiter }inre¡' tha1e"
lletamorphosed tor La, quarta-p]agioclase-biotite-( aarrct)-
paragnei-ss; lrb, eiJ-liaanite paragneiss; ,[cu staurolite schist;
lrd, r,æta-argiliite.

3o tonglornratet ba, pebbles mainly granodiorite; i+b, pebbles variable;
hen pebbles nainly basalt,

â* Basàltr 2a, hornblende schist; 2bo garnet-dåopside schfst¡
2*, hypersthene sehísti 2dr flor* breecia¡
2e, basalt b'raeeia (sedlmentary?)

1o Basersnt biotlte granodiorite gneisso

SYþfMTS

årea of outcrop

SnalJ outcrop

Geological bound.ary (def:ned, assuned or approxirnete)

(¡ærighè, verticaln overturned)bedcling, tops showl by arrow

.iBecidingo horizontal

{rÁssìi-eò

(
_ü

\

I

¡l¡.

t

)

X

I

+

'_),
A r 0028 -55

O1
I

J,

Beddingu tops unknown (inelinedu verti.cal)

Ðireetion in rd'rich .flLo,o teps face (upright, vertlcal,

\. 
.Jo .rh

.J,

a5' .//,?

,{-' -4-

I

dip unkrnwn)
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