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PREFACE 

In 1950 th e G eo logica l Survey of Canada bega n geological mapping of 
a continuous strip across the Lab rador Trough . The Griffi s Lake area 
occupies the eastern end or thi s strip, and was mapped in 1950 and 1951. 
D etailed stud y of the ultra basic rocks in that a rea ha s provid ed the m ateria l 
for thi s bulletin . 

The ultrabasic rocks that outcrop in the Griffi s Lake area are part of a 
suite that extend s for abo ut 60 miles along the east side of the Labrador 
Trough a nd are similar to ultra basic rocks of the Cape Smith belt in which 
la rge showings of asbestos have recently been repo rted . 

J. M . H ARR ISON, 

Director, Geological Survey of Canada 

OTTAWA, October 5, 1960 
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PETROLOGY AND GEOCHEMISTRY 
OF THE GRIFFIS LAKE ULTRABASIC SILL OF THE 

CENTRAL LABRADOR TROUGH, QUEBEC 

Abstract 
'A lpine-type' peridotite sills occur in the predominantly volcanic seq uence a long the 

eastern side o f the La brador Trough. Indi vi dual sills a re mo re than 2,000 feet thick, 
and have been traced for more than 20 miles a long s tr ike. One of these, the G riffis Lake 
sill , is described in detai l. 

The ultra basic rocks probably were or iginally feldspathic peridotite, with 50 to 60 
per cent o li vine, but were intensely serpcntinized a nd later loca lly steat itizcd a long 
structu ra lly co ntro lled zones. Olivine crystals in the s ills show a preferred o rientat ion, 
which, in the absence of evidence of fractiona l crysta ll ization o r of high tempera ture 
contact effects, suggests intrusio n of o livine crysta ls in a si licate liqu id of gabbroic com
position. The lower and upper parts of the sills are more ga bbroic than the central parts, 
very likely because of mechanica l crowd ing of o li vi ne crystals towards the central part o f 
the si ll s during intrusion. Nickel is a lmost twice as abundant as chromium in the Griffis 
Lake sill , which is probably the resu lt of extreme differentiation of bas ic parent magma 
prior to the in trusion of the ul tra bas ic material. Most of the ultra basic si ll s a re overlain 
by thick gabbro sills, but chemical data suggest that the ultra basic rocks and the gabbros 
were intruded independently a nd arc not the result of fractiona l crysta llizat ion in place. 
The ultrabas ic rocks may have been intruded prior to o r dur ing the folding of the 
enclosi ng volcanic rocks. 

Resume 
D es s il ls de perido tite du type a lpin sc rcnco ntrent clans la succession de rochcs en 

gra nde partie volca niques qui se trouve le Jong du versa nt est de Ja fosse du Labrador. 
Certai ns sil ls at teignent une epa isseur de plus de 2,000 pieds et o nt ete reconnus le long 
de Jeur direction sur une d istance de plus de 20 mil les. L' un deux, le sill du lac Griffis, 
fait l'o bjct d' une descri pt ion deta illee. 

Les roches ultrabas iques eta icnt probablemcnt co nstituees a l'or igine de perido tite 
feldspathique, renfermant entre 50 et 60 p. J 00 d'olivinc, mais cl Jes ont ete fo rtcmcnt 
serpentinisees et, par la suite, stea titi sees en certa ins cndroits le long de zones reliees a 
la tecton ique. Les cristaux d'o livine presents dans Jes sills demontrent une orientation 
do mina nte qu i, faute d'indices de crista llisa tion fra ctionnee o u d 'cffct dus aux tem
pera tures elevees des zones de contact, Ja isse cro ire a une intrusion de cristaux d 'o livine 
au sein d ' un liquide silicate de compositio n gabbro'ique. Les zones inferieures et 
superieures des si lls sont plus gabbro'iques que celles du centre, tri:s proba blement en 
ra ison de la co ncentra tion meca nique des cr is ta ux d'o liv ine vers la partie centra le des 
s ills a u cours de !' intrusion. Le sill du lac Griffis ren ferme pres de deux fois plus de 
nickel que de chrome, par suite, probablement, de la differentiation extreme du magma 
bas ique originel, qui a precede !' intrusion des roches ult rabas iq ues. La plupa rt des sills 
ultrabas iques sont recouvcrts d'epais sills de gabbro, ma is Jes donnees chim iques la is
sent cro ire que Jes roches ultra bas iq ues et les gabbros ont ete injectes independa m
ment et qu'i ls ne resultent pas de la cristall isation fractio nnee en place. II se peut que 
Jes roches ultrabasiques aient ete injectees anterieurement o u simultanement a u plisse
ment des roches volcaniques encaissantcs. 

ix 
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Figure 1. Map showing location of Labrador Trough and areas (in black) described in Geological Survey of 

Canada Papers 51 -23 and 52-16A. 



INTRODUCTION 

During the summers o f 1950 a nd 1951 the writer ma pped Griffi s La ke map-a rea 
(!a t. 55° 00' to 55° 15' ; long. 65° 30' to 66° 00') fo r the G eologica l Survey of Ca nada 
on a sca le of 1 mile to the inch. This ma p-a rea li es o n the eastern bo rde r of the La b
rado r Trough (Fig. 1), which is a belt of igneo us a nd sed imenta ry rocks ex tending more 
tha n 600 miles so utheast from the wes t shore of U ngava Bay. The T ro ugh is genera lly 
less tha n 50 miles wide, and is composed on the west of a 3,000-foo t sequence o f 
sha llow-wa ter sediments, a nd on the east of mo re tha n 10,000 fee t of bas ic intrusive 
a nd extrusive rocks.l 

Pa rt o f the bas ic igneous belt in the east consists of a zone of serpentinite sill s 
tha t occur over a width of nea rly 25 miles at la titude 55° 07' a nd lo ngitude 66° 00'. lts 
southwa rd extension fro m thi s point is not g reat, probably a bout JO miles; it extends 
northwest fo r about 50 miles (see F ig. 2). 

A stud y of the ul tra basic rocks in the wes t ha lf of Griffi s Lake map-a rea was 
p rese nted as a Ph.D . thes is to the Uni ve rsity of Chicago (Fahrig, I 953) a nd th is repo rt 
is pa rt of tha t thes is. There were no pu bli shed acco unts of the geo logy of the ult ra
bas ic rocks of the Lab rador Trough when the writer made hi s stud y. 

Gra teful acknowledgment is te ndered to D r. H a ns Ra mberg fo r hi s cri tical 
ad vice during the prepara tio n o f the thes is. Mr. Oiva Yoensu gave much ass istance 
and ad vice in spectrographic determina tio ns a nd m a ny help ful di scuss io ns were ca r
ri ed o n with R . A . R o bie a nd H . D . W ooda rd a t the U ni versity of C hicago. 

I For a brief description of the Labrador Trough the reader is referred to Harrison {1952). The geology 
of specific areas within the Tro ugh is given in Frarcy (1952), Fahrig ( 1951, 1955, 1956), and Baragar ( 1958). 

56696-8- 3 



GENERAL GEOLOGY 

Mode of Occurrence 
The major field relatio ns of th e Quebec-La brador ultrabasic rocks are illustra ted 

in Figure 2. The sill s, numberin g four or fi ve in th e section shown, h ave a maximum 
thickness of a bout 2,000 feet , whi ch is rema rkab ly constant along strik e, and are 
in variably concordant with th e surrounding rock structure. Jndi vid ual sill s extend 
continuously for a d ista nce of more than 20 mil es. 

T ypica ll y, th e ultra bas ic rocks a re over la in and less commonly underl a in by m eta

gabbros, but in places they intrude meta-basa lts or sediments. T owards the western 
part of the a rea shown, the terrai n is predo minant ly sedi menta ry and thi s has to so me 
extent influenced th e mod e o f intrusion o f th e ultra bas ic rocks. The intrusio ns there 
are m o re numero us, thinner, a nd less continuous th an th ose within the thick lava 
flows a nd gabbros in the cen tra l part of the a rea. Outcrop is poor in the meta m o rphi c 
rocks to th e east, bu t ult rabasic roc ks seem to occur there in thin possibl y d iscon
tinuo us bod ies. 

The nature of these ultrabas ic rocks, particu la rl y th e ir co nsta nt thi ck ness and 
great latera l exten t, sugges ts the rap id injecti o n of hi ghl y fluid mate ri a l. The meta
gab bro overly ing al most a ll the sill s suggests a d iffe rentia ti o n in place. 

Structural Setting 

The ultra basi c rocks and the ir co untry rocks ha ve been folded a nd faulted by 
forces actin g from a N45°E directi o n . The res ult is a se ries o f folds of la rge mag nitude 
(4 or 5 miles), whose axia l pla nes dip steep ly northeas t. Drag- like small e r fo lds a re 
superimposed o n these maj o r ft exu res. Thrust fa u lts , rel a ted to thi s maj o r deformation , 

stri ke north west a nd d ip a t a moderate to steep a ngl e no rth east. Min o r fracture zo nes 
with negligible displacement inte rsect the folds and have a directi on abo ut 30 degrees 
to the assumed direction of compression. These m ino r fa ults a re pa rticul a rl y notice
a ble o n aer ia l p ho tog ra ph s where th ey c ross massive meta-ga bbro a nd ultrabas ic 
intrusio ns. One such c ro ss-fract ure hav ing a g reate r th a n usua l extent and a di sp lace
ment o f abo ut 350 feet is shown o n Fi gure 3. The strikes of th e major fa ul ts co nve rge 
towards the so uth a nd so utheast. 

Poss ibl y the most striking structura l feat ure in thi s section o f the Trough is the 
co nsistent plunge of the fold e lements towa rds th e southeast. Within a ny thrust s lice 
yo unger fo rmatio ns are ex posed in map ping to the so utheas t, w hich improves the 
poss ibility of ma kin g strat ig raphic correlat io ns across the m aj o r thrusts. Jt is not 
known whethe r this so utheas t plunge is characte ri stic of more than a local section , 
but it seems like ly that it wi ll continue a long th e eas te rn part o f th e Trough. Towards 
the western bord er of the a rea shown in F ig ure 2 a number of asy mmetrica l minor 

fo lds plunge to the southeast. 

Lithology of the Country Rocks 
M embers of th e D o uble t group (Fahrig, 1951 ; Frarey, 1952; H arr ison , 1952) 

fo rm th e eastern part of the central section of the Labrador Trough . This group is 

2 
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General Geology 

composed of pi llow lavas and tulls with mino r sha llow-water sediment s, quartzites, 
conglomerates, a nd sha les. Of these, pillow lavas form the do minant me mbers, par
ticularly if fine-grained , un pi ll owed laye rs of basa ltic co mpos ition (i n pa rt intrusive) 
are g rouped wit h them. As indi cated in F ig ure 2, the sediments a re res tri c ted mai nl y 
to the western pa rts of the belt. The meta-basa lts a nd meta-gabbros of the Doublet 
group ge nera ll y form the co untry rocks for the ultra ba sic intrusio ns, a nd a re the o nl y 
rocks that might have a ge net ic relationship to them. 

The meta-basa lts fo rm a se ri es upwards of 10,000 feet thick, are fine grained , 
li ght green o r grey, vary but littl e in composi ti o n, a nd a re a lm ost universally pillowed . 
C hl o rite, ca lcite, qua rtz, a nd chert form th e mater ia l between the pillows. 

In thin section the meta-basalt is seen to be a mesh of pale green actino lite and 
clinozois ite . The act in olite, substituting entire ly for the o ri gi na l mafic minera ls, is pale 
green and is in the form of irregularly term ina ted needles a nd similar more equidi
mensiona l crysta ls. The latter rencct the shape of earli e r pyroxenes. The acti no litc 
shows wavy extinction . The c li nozoisite in these lavas is almost co lourless , and shows 
in clined exti nc ti o n and a nom a lous b lue inte rference. It ge neral ly has a n irregular 
crysta l habit and typically fo rms lat h-like patches pseudo mo rphic a fter earlier casic 
plagioclase. Varying a mo unts of chlorite, fe ldspar. biotite, magnetite, and titanite 
occur in the meta-basa lt. The plagioclasc is ge nera ll y secondary, usually in the form 
of c lear inte rstiti a l patches with max imum ext inct io n o n (0 10) of 16 deg rees ; its com
position. therefore. is An 34 . In so me sect ions pseudomorphs of ea rl y p lag ioclase a re 
present. They a re now an a lm ost opaque mass o f fine-grained a ltera ti o n products. 
Small fl akes of pleochroic ye llow biot ite are observed in most slides. 

The regiona l metamo rphi sm is thus rep resentat ive of low epidote-amph ibo lite 
fac ics. 

The meta-gabbros a re coa rse-g ra ined equ iva lents of the lavas, a nd are sim il a r to 
them in most respects. Some conta in fairly la rge patches of blue-green hornblende, 
surro unded by act in o litc a nd partly re placed by biotite. T he blue-greci. hornblende is 
probably a ret rograde minera l. 

A co mposite a na lysis of the pillow lavas is give n in Tables I and II . a long with 
D a ly's average for plateau basalt and diabase. Chemica lly, the meta-basalts are most 
close ly re lated to the tho le iiti c, quartz diabase associa ti o n . Examples of such basalt 
provinces are the Kewcenawan lavas of Lake Superior, and the Deccan plateau basalts. 
The chemica l characterist ics tba t set the tholeiitic basalts apart from the ol ivin e basalt 
magma types arc a tendency for higher Si02 a nd lower a20, K20 , a nd MgO (Turner 
a nd Verh oogen, 1960). Thi s chemica l characteristic is ex hibited by the Q uebec
Lab rador vo lca ni c roc ks , which show, as a res ul t. a n app reciab le quantity of nor
mative quartz. The most s trikin g feature of the a nalysis is probabl y th e low Na20 
content. The associat io n of greywacke sediments a nd spi li tic vo lcanic rocks with so
ca ll ed 'A lpine' ultra bas ic rocks has been commented on by ma ny writers (Hess, 1938). 
Jn the a rea und er di scuss io n, however, bo th greywacke a nd spilitic la vas a re rare. 
N eve rth eless, thi s does not imply tha t th e ultrabasic rocks a re not of the ' primary 
ultra mafic ' or Alpine type as d efi ned by Hess. 

3 
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Petrology and Geochemistry of the Griffis Lake Ultrabasic Sill 

Megascopic Description 

Zoning 

The ultrabasic sills exhibit a striking megascopic zoning parallel to their borders. 
These zones (see Fig. 3) are gradational one into the other and split the sill into the 
following three megascopic types: 

1. Outer border zones- or actinolite zones 
2. Intermediate zones- highly serpentinized 
3. Central zone- containing olivine. 

Table I 

Comparison of Doublet Meta -Basalts with Daly's 1 Average 

For Diabase and Plateau Basalt 

SiOz ... . 
Alz03 .. . 
Fe20 3 ............. . 
FeO ... 
Cao .. 
MgO . 
Na20 
K zO ... .. . 
H 20 ... . 
H 20 - .. 
Ti Oz 
P20 s .. 
MnO 
S .. 

Platea u 
Basalt 

48.80 
13 .98 
3.59 
9.78 
9.38 
6.70 
2.59 
0.69 
]. 80 

2.19 
0 .33 
0 . 17 

Sp. gr. = 2.93 

•Analyst: R . Fabry, Geological Survey of Canada. 
I Daly, 1933. 

Table II 

Diabase 

50 .48 
15.34 
3.84 
7.78 
8 .94 
5.78 
3.02 
0 .97 
1 .89 

1.45 
0.25 

Sp. gr . = 2.96 

Normative Min erals of Doublet Meta -Basalt 

Minera l 

Quartz ....... . 
Orthoclase .... . ...................... . 
Albite ...... ......... .. . 
Anorthite ... . 
Hypersthene ....... .. . 
Diopside.... . ..... .... . . 
Magnetite ..... 
llmen.ite ... 
Pyrite .. 

4 

Per Cent 

5.81 
2.22 

15 .72 
33.08 
20. 32 
17. 11 
3.71 
1.06 
0.23 

Meta-basalt
Labrador• 

49.86 
15.07 
2. 39 
9.63 
9.64 
6.34 
J. 76 
0.43 
3. 18 
0 .34 
0.53 
0 .20 
0.37 
0. 15 

Sp. gr. = 3.03 

Oxide Ratios 

MgO =0.66 
cao 

MgO = 0.66 
FeO 
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General Geology 

The outer (border) zones are found consistently at the bottom and top of all the 
sills and are characterized by a rust-brown weathered surface on which more resistant 
actinolite or tremolite crystals stand in a relief of about 2 mm. These actinolite crys
tals are equ idimensional, pale green or white weathering, and up to I cm in diameter. 
They form from 15 to 80 per cent of the rock and their resistance to weathering results 
in a 'warty' appearing outcrop surface. Although they are essentially similar at the 
bottom and top of the sill there are some megascopic differences. The layer at the 
top of the sill is usually thicker and the actinolite crystals are usually larger. It is in 
the upper layer that actinolite in places forms up to 80 per cent of the rock; these 
actinolite crystals are clearly pseudomorphous after pyroxene. The possibility of using 
this criterion to distinguish between the basal and upper zones could be important. 
Apart from the texture above described , the border zones of the ultrabasic rocks 
appear essentially structureless. Within each zone there is no evidence of compositional 
banding, but in places joint planes parallel to the walls of the sills seem somewhat 
more common than those of random strike and dip. 

The intermediate zone has two similar parts lying next to and grading into the 
outer zone (Fig. 3). The weathered surface of the rock in the intermediate zone is 
relatively smooth , showing no differential weathering of mineral constituents. It is 
characteristically lighter weathering than the outer zone, most commonly in shades of 
rust, light brown, pink, and green. These a reas of varying colour appear to be quite 
irregular. The writer believes that the colour variation on the glaciated surfaces must 
be mainly due to the diffusion of iron during serpentinization , those parts lacking a 
rust-weathered surface probably being lower in iron oxide. The rock in this zone is 
particularly tough, giving conchoidal fracture surfaces with Hakes of pale green ser
pentine. As in the border zone, this rock is massive though highly fractured (jointed). 
The parting planes, howeve r, show little consistency in orientation. 

The third zone in the ultra basic rocks is the central or olivine-bearing zone. Where 
present, it li es towards the centre of each sill, more often near the top than nea r the 
bottom. Being the least altered (serpentinized) of all the zones, it shows more of the 
primary textural features. The weathered surface is an evenly coloured, dark rust
brown. The rock, in outcrop, has a strikingly layered appearance, caused by dif
ferential weathering along minute cracks (parting planes) , and produced by the occur
rence on the weathered surface of fairly continuous grooves spaced from a millimetre 
to a few inches apart. There is no megascopic indication of compositional variation 
from one layer to the next. The layers apparently strike and dip parallel to the walls 
of the intrusive rock. In Figure 3, for example, these 'S' planes dip at 15 to 20 degrees 
in the east limb of the anticline and at 60 to 80 degrees in the west limb, reflecting the 
overturning of the anticline towards the southwest. There is also a less continuous 
pattern of parting at right angles to the first , more prominent set, and including the 
line of dip of the sills. This parting is vis ible only on the weathered surface. Both 
patterns are shown in Plate I. The rock in this central zone fractures more readily 
than does the rock in the outer two zones. The fracturing is controlled by the hair-like 
parting planes in the rock. 
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Plate I. W eathered surface of partly serpentinized pe ridotite. Th e irregular gently dipping planes 

may represent shea r surfaces fo rmed during the intrusion of an o livine mush. Th e vertical 

planes ore tension ioints resulting from stretching parallel to the axis of the Gri ffis Lake 

anticline. 

Pa tch es wi th in th e centra l zo ne a lso show a n unusua l ty pe of wea therin g, in th a t 
th e rock loca ll y brea ks d o wn into piles of rou gh , grey, pebb le-s ized frag ments. These 
represen t o ne o r mo re pyro xe nes in which a rc embedded numerou s oli vin e crys tal s. 

The irregula rity o f the centra l zo ne a nd its tende ncy to pa ra ll e l the co ntacts o f th e 
sill a re no tab le cha racte ri stics ( Fig. 3) . It is a lso n o ta bl e tha t there is no indica ti o n of 
rhythmi c minera log ical laye rin g in these sill s. 

ln summa ry, the ultrabas ic sil ls o f Quebec-La brador ha ve a la rge-sca le mega
sco pic zo n ing, w hi ch is symmetri ca l a bo ut a plane pa rall e l to th e wa ll s of the s ill a nd 
passes through a centra l less se rpentini zed co re. The outerm os t zo nes a re ch a r
acte ri zed by much actin o li te, th e inte rmediate zo nes by intense se rpentine a ltera ti o n 
a nd the centra l zo ne by a re lat ive lac k o f e ither o f these types o f a lterat io n. Thi s la rge
sca le zo ning refl ects the mo ve ment o f ma te ri a l m a inl y at ri ght angles to the surface 
of the wa ll s. The irreg ul a r un se rpentini zed centra l zo ne suggests tha t water was tran s
po rted in wa rd fro m the wa ll s. The movement o f o th er materi a ls is di scussed m o re 
qua ntita ti ve ly under chemical compositi o n a nd va ri a tions o f th e sill s. 

Tt was ho ped tha t th e position o f the re la ti vely un a ltered centra l zo ne wo uld g ive 
a c lue to indica te whether se rpentini zat ion was post- or pre-fo lding. lf se rpentini za tion 
was pos t-folding th e unserpentini zed zo ne in th e ge nt ly dipping limb would have a 
positi o n diffe rent fro m th a t in th e stee pl y dipping limb . Thi s h ypo thesis could no t be 
tested , ho weve r, for the wes te rn limb ( Fi g. 3) is ove rlain by meta-volcani c rocks rather 
tha n by meta-gabbro, which could have a n unknown effect on th e move ment o f se r-
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pentinizing 'so luti ons'. Further stud y in this belt might discover a n asy mmetrica lly 
fo ld ed ultra bas ic sill with limbs bounded by a simila r rock type in which the position 
of the unserpentini zed central zone could be ca refull y measured to ascertain the age 
of se rpentini zation relati ve to region a l fo lding. 

Contacts 

Both upper a nd lowe r co ntacts of the east limb of the fo lded s ill shown in Figure 3 
we re o bse rved in the field. The s ill is underlain by vo lca ni c rocks a nd the transition 
from vo lca nic to ultrabas ic rocks seems remarkably gradational in outcrop. The 
colo ur of both the fresh a nd weathered surfaces a lso seems g radationa l through a 
fa in t ly schi stose zo ne from vo lca nic to ultrabasic rocks. Bette r criteria for distinguish
ing the exact co ntact are based on thin sect io n and che mica l data. A much sharper 
contact was observed at th e top of the s ill , where within a few inches a coarse-grained 
tremolite zo ne g rades into a medium -gra ined meta-gabbro, the ]a lte r containing num
erous a lte red fe ldspar la th s. 

Fractures 

F ractures, most of which are apparentl y tensional in nat ure, are common throug h
o ut the s ill s. They a re genera ll y filled with one of the fo llowing minerals: serpenti ne 
(se rpophite , chrysotil e), tremolite, magnetite. The se rpentine is usua ll y fibrous and 
may fo rm a n acute a ngle with the wall s of the fracture , in whi ch case it resembles 
slicke nsides. Cross-fibre serpentine is co mmon a nd a few narrow ve inlets of go lden
co lo ured brittl e minera l occur here a nd there. Magnetite is probab ly the most com mon 
fract ure fi llin g. Jt has in places a ma mmillary st ructure, but more co mmonl y has a 
fibre- li ke, columna r structure sta nd in g at right ang les to the wa ll s. Co lo url ess tre
molite needles a lso li e a long fracture planes and have their axes oriented at an acute 
angle (20 degrees) to the wa ll s. Magnetite assoc iated with such tremolite occurs as 
flat ovate patches abo ut 2 cm long a nd l cm wide. 

The strike and plunge of forty-four sli ckenside lin eations on fracture surfaces 
were measured and plotted on a sterionet. These fo rm a girdle whose azim uth is about 
45 degrees. 

Talc-Carbonate-Chlorite Zones 

Parts of the pe rid otitc have undergone a lteration to talc-carbonatc-chlorite 
zo nes; one such a lte rat io n zo ne is shown in Figure 3. The area of more complete a lte ra
tion is a long the nose of the major a nti c line. As indicated in the figure the alterat ion 
transects a ll the zones of the si ll s previous ly desc ribed , convert in g them into a simi lar 
rock type. Within this zone of a lteration the rock is usually chi stose, with some zones 
exhibiting a particularly intense sch istosity. The latter are indicated in Figu re 3 as 
faults. Although the schi stosity sta nd s almost vert ically , some of the more intensely 
alte red parts of the si ll occur as fairly flat-lying layers. 

In o utcrop the a lteration zo nes are talcose white , pale green , o r blue schi st with 
knots of rust-co lo ured carbonate weat hering in re li ef. The ca rbo nate knots a re as much 
as 2 cm in di a meter and a re evenl y distributed or concentrated e ither a lo ng planes o f 
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schi stosity or a long ea rli er (?) curving joint planes. H ere a nd there, alteration clearly 
worked outward from replacement ve ins. The veins are composed of rusty carbonate 
(breunnerite, M gC0 3 = 13.5 wt. per cent) and quartz, bordered by a half-inch layer 
of chlorite (Pl. II) . This chlorite is more than 16 per cent Al20 3 and 15 per cent FeO, 
and has the following optica l characteristics: N 11 = 1.606, optical sign ( + ). Locally, 
the carbonate and quartz have a columnar structure, at right angles to the veins, that 
seems simi lar to a structure described by Foslie (1931). The schi st alongs ide the chlor
ite is high in ca rbonate a nd chlorite a nd low in talc, and is more resistant to weathering 
than the more talcose rock sli ghtly fa rther away. The schists conta in a few small 
pyrite crystals. 

11182 4 

Plate JI. Carbonate-q uartz vein (carbonate dark) in carbonate-ta/c-ch/orite rock. The vein has a 
sheath of almost pure chlorite. 

Although the rock within the talc-carbonate zone is genera lly schistose, it has 
not been the locus of any importa nt movement (Fig. 3). 

The areal distribution of the talc-carbonate zone cutting across from the base to 
the top of the peridotite indicates that carbonate and silica metasomati sm, which 
produced first a carbonate-talc-chlorite rock and later a carbonate-quartz-chlorite 
rock, is a phenomenon that occurs later than the initial se rpentinization, and thus is 
unrelated to it. 

The horizontal zones of more intense alteration and localiza tion of alteration on 
the crest of the structure indicate that movement of material was controlled by primary 
'S' planes, which on the nose of the anticline were almost flat lying, and by the major 
fold structure. These structural controls suggest that alteration was contemporaneous 
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with , or poss ibly later than , folding. These co nclusions are supported by the ev idence 
of intense carbonatization along a major fault zone farther east. 

The carbonate-quartz veins were formed by the introduction of C02 a long 
structural o penings . Silica was probably ex tracted fro m the country rock and Cr3+, 
Al3+, a nd poss ibl y Fe3+ were ex pelled to fo rm the chloritc borders. It is noteworthy 
that talc did not form either in the ve in s o r in the co untry rock directly adjacent to 
them. 

Mineralogy 

Oliv ine 

The Quebec-La brado r ultrabasic rocks were originally co mposed of between 
50 a nd 60 per cent o li vine, as indicated by the a bund a nce o f se rpentine pseudo mo rphs. 
This o li vine is now indicated ma inly by se rpentine and trcmolite pseudomorph s a nd /or 
the di stribution of second a ry magnetite, but was o nce in the form of di scre te, e uh e
dral o r subrounded crystals ave raging three qua rters of a millimetre in length a nd 
a bout ha lf thi s in width. These crystal s did not show mutua ll y interfering or interlock
ing rela tionships, nor do o li vine remnants within the pseud om o rph s typi ca ll y show 
traces of incipient shearing such as transla tion Jamell ac or undulose ex tinction . The 
only instance of undul ose ex tinction in oliv ine that was observed was in a section 
from a n intrusive rock in the metamorphic terrain to the east of the Doublet rocks. 
This rock contains numerous closely spaced , irregular tremolite-chlo rite schist planes, 
indicative of la te shearing. 

Grains of olivine in the peridotite tha t were separated from the ma trix were fo und 
to be megascopically colourless , indicating a low ferric iron content. The {3 indices of 
olivines from specimens 7 and 11 (Fig. 3) were found to be almost identica l, 1.684 ± 
.002. The maximum possible variation of these two indices was 0 .004, corresponding 
to about 2 per cent in composition. A s these specimens are from loca lities about 
3,000 feet a part and the ultrabasic si ll outcrops over a width of o nl y 6,200 feet it is 
likely that the composition of the olivine is constant throughout the sill. The olivine 
in a sample from the west limb of the anticl ine (Fig. 3) and in one other sample from 
the si ll , gave sim ila r indices . The {3 indices of olivine grains from two small ultrabasic 
bodies 15 and 20 miles to the east gave va lues of l .680 ± .002 a nd 1.684 ± .002 
respectively. Thus no distinct variation in olivine compos ition h as been found in the 
area. All specimens probab ly li e between the limits 13.5 a nd 15 per cent of the fayalite 
molecule, and therefore fall in the chrysolite group (10 to 303 fayalite) of Wager a nd 
Deer (1939). Geochemically, the most abundant olivines are hyalosiderites (30 to 50% 
fayalite) , which are characteristic of "metasomatic ultra basic rocks, some di a base and 
basic rocks showing extreme differentiation" (Rankama, 1950, p. 150). The olivines in 
the 'primary' ultrabasic rocks, e.g., the dunites, average about JO per cent fayalite 
(Hess, 1938). 

Although within si ngle thin sections the olivines appear relatively co nstant in s ize, 
they have a significant va ri ation in size throughout each si ll and between different 
ultra basic bodies in the area. Rock specimens from near the floor of the la rge Griffi s 
Lake ultrabas ic sill (Figs. 2 and 3) exhibit pseudomorphs after olivine that are about 
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ha lf th e s ize of those near th e cent ra l zone, and the pse ud omo rph s a fter oli vine in th e 
small intrusive bod ies to th e ea st a re la rge r than those in th e large r ultra bas ic intru
sions. No ev idence was found in a ny o f the ultrabas ic rock s of a seco nd ge nerat ion of 
o li vine lying within th e interstices between th e la rge r original g rains . 

There is no pron o unced va ri at ion in sha pe of th e o li vine pse ud o m o rph s through
out th e s ill. Tn m ost sect io ns mos t g rain s ap pear to have a hi gh sphericity a nd often 
a hi gh ro undness. The sma ll er pse ud o mo rph s from near th e base of th e sill s a ppea r to 
be so mewhat ro under than those in th e rema inder of the sill . Abo ut 10 pe r cent of th e 
o li vine crysta ls had a ma rkedl y tab ul a r shape (Pl. 111). 

105036 

Plate Ill. Pa rtly serpentinized peridotite from the centre of the Griffis Lake sill. Two generations 

o f serpentine a re visible . Th e earlier forms colourless rims part ly o utl ining form er o livine 

grain bounda ries, the later consists of yellow patches surroundin g the olivine rem nants 

(x2 5). Plane light. 

Pyroxen e 

Pyroxene is th e o nl y minera l, othe r than o li vi ne, known to have had a primary 
(i.e. , m ag ma tic) or ig in in th ese rocks . lt is prese nt in the cent ral part of the sill , be
tween the leve ls represented by specimens 5 a nd 12 (F ig. 3). Abo ve a nd be low th ese 
levels its place is taken by se rpentin e (chl or ite), fe rrotremo li te, and act in o lite. Pyroxe ne 
remna nts now co mpri se from 15 to 20 pe r cent o f the thin section s lides , bu t origina ll y 
much mo re was probably prese nt. The p yroxe ne is present enti re ly as 0.5 to I cm 
a nhedral , inte rl ock ing c rys ta ls. All are poik iliti c, enclosi ng pse udo morphs after 
oli vine, a nd less commonl y o li vine itse lf. 
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The opt ic a ngle 2V of pyrox ene from thirty-one specimens occurring throughout 
the sills was d etermined with an uni versal stage. Slightl y different va lues were ob
tained from pyroxene gra in s in the sa me s lid es, in some specimens the variation being 
up to 2 degrees . For a ny single pyroxene gra in and with an y one sett ing of th e dia
phragm, repea ted measurements give constant val ues for 2V. However, in meas urin g 
most pyroxe nes, whi ch a re ge nerall y so mewhat a lte red , th e technique of stopping 
down th e light cannot be co nsistently followed , so that some va riable a nd poss ibl y 
inaccurate res ults were obtained. All meas urements li e be tween 50 and 55 d eg rees; 
most of them are about 5 1 degrees. There is no regular va ri a tion in the 2Y with posi
tion in the sill , which suggests that the opt ic angle a nd composition of the pyroxene 
is constant, o r re lat ive ly so, throughout the sill . Concentrates of pyroxe ne fr o m 
loca lities 5 and 12 (Fig. 3) gave 13 va lues of 1. 684 ± .002 and 1.680 ± .002 re
spect ively, which corresponds to a ve ry min o r va ri a tion in composition. The {3 index 
a ppea rs to be sli ghtl y higher for pyroxene in the upper part of th e s ill . The average 
optics of the pyroxe ne a re summarized as : 

Colourless or ve ry fa intl y co loured in thin secti o n. 
S ign ( +) 
2V = 52° ± 2° 

f3 = 1.684 ± .004 
ZAC = 42° ± 2° 
Tw inning- absent 

Th ese properties correspond most close ly with th e co mposition (Wi nchell, 1951 , 
p . 410). 

Mg2Si20 6- 4V°; 
Ca Mg Si20 6- 43% 
Fe2 Si206- 11 <; 

A s consid erab le Al2Al20 6 is a lso present , the pyroxe ne is a diopsidic a ugite. 
The pyroxene a lte red initially to a pleochroic brown a mphibole and later to 

actino lite and se rpentine. Bas tite is not a co mmo n type of a lte ra tion . Wh ere observed 
near the base of the sill it is pale green and pleochroic, like m ore common aluminous 
chlorite, but it has the characteristic in terference colours of se rpentine. 

The followin g concl us ions were reached rega rdin g th e pyroxene in the ultrabasic 
si ll in the area: ( I) the composition (diopsidic augite) and abundance (estimated at 
20 to 30 per cent) of pyroxe ne we re probab ly co nstan t or nea rl y so throughout the 
sil l ; (2) pyroxe ne is dec id ed ly more res istant to serpentiniza tion than olivine , as it is 
present both above a nd below th e leve ls at which the o li vine is completely se rpentin
ized; a nd (3) the pyroxe ne c rysta ls a ppea r to have grow n in place , as indi vidua l crys
tals interlock and lack tw inning or any other evidence of pervas ive shea rin g. 

Chlo1-ite M inerals 

Three co ntrasting types of chlorite minerals have been recogni zed in the ultra
basic rocks in the area. 

The Rrst o f these ap pea rs to be typica l se rpentine. 1t occurs cha racte ri stica ll y in 
veinlets crossing olivin e gra in s or replacing the outer borders of gra in s. In these oc-
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currences it has a fi brou s hab it, the fibres standing at right angles to the surface of 
growth and having parallel extinction. Where it replaces pyroxene o r li es in interstices 
between gra ins it is genera ll y blade-l ike in form. The characteristic feature of this 
serpentine is a pale blue, slightl y a nomalous interference co lour, rarely grading into 
yell ow. The ave rage index as measured on gra ins from sample 6 (Fig. 3) is 1.572 ± 
.002. In plane light this serpent ine is characteri stica ll y colourless or ve ry pale green ish. 

A late r serpentine replacement of olivine and in places of tremolite has a sim ilar 
habit and occurrence. 1t is, however, strongly ye llow a nd is the latest mineral in 
rock tha t has not undergone C02 metasomatism. The bi refringence of this mineral 
and its indices are masked by the colou r, but here and there vei nl ets of fibrous ye llow 
character showi ng high first o rder birefringence occur. These show a strong colour 
banding (yellow) parallel to the vein wall s, intense pleochroi sm, and a birefringence 
up to fi rst o rder blue. T he birefringence is a funct ion of colour- hence probably of 
the iron content. This serpentine is the ferriferous chrysot il e- xy lot il e. Two se rpen
tines , the later more iron rich than the ea rli er, suggest a break in the process of ser
pentinization similar to that described by numerous writers. The ye llow serpentine in 
these rocks is the youngest minera l, replacing even tremolite. 

The rep lacement of indi vidua l oli vines by serpenti ne was ca rried out on a volume 
fo r volume basis as evidenced by the complete replacement of o li vine poikilitically 
enclosed in unaltered, unfractured pyroxene. Furthermore, there is no evidence that 
such poikilitically enclosed oli vines a re any more or less altered than those not thus 
enclosed. The largest amount of remnant o li vine in any slide would not exceed 10 per 
cent, and o nl y 3 or 4 per cent of the 'central zone' is now composed of the mineral. 

T he serpentinization of the succeeding zones in general appears similar to that 
which occurred near the centres of the sills. However, some thin sections of speci
mens from the intensely serpentinized intermediate zone show a conversion of chry
sotile to bladed antigorite. The antigori te appears as unoriented daggers a nd has a pale 
yellow interference colour. These blades of antigorite proba bly mark zones of slight 
shearing, a lthough there is no megascopic evidence of thi s. 

Serpentine, characterized by a lack of colour in plane polarized light and pale 
blue interference colours in doubly polarized light, decreases progress ively outward 
from the intermediate serpentine zone into the outer, tremolitized zone. At levels 
represented by speci mens 3, 4, 14, 15 (Fig. 3) the serpentine occurs only as pseudo
morphs after olivine. As such it is fibrous, forming an outer rim and cross-cutting 
fractures in the former olivine grai ns. M any of the centres of the pseudomorphs are 
filled with unoriented tremolite needles and the interstices between pseudomorphs are 
filled by fai ntly green, almost isotropic, fine-grained chlorite, whose average index is 
1.580 ± .002. In the lowest (specimen 16, Fig. 3) and uppermost levels of the si ll , ser
pentine is wholly unstable and its place is taken by chlorite and actinolite. 

Chrysotile (mesh serpentine) and unaltered olivine lenses lie in a schistose matrix 

of chlorite and tremolite in the small ultrabasic bodies lying within the metamorphic 

terrain to the east. 
Ga rnierite has been observed in thin sections showing ferric iron serpentine 

(xylotile) in the central, relatively unserpentinized zone of the main ultrabasic sill. It 
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occurs between olivine crystals and is finely crystalline, apple green in plane pola ri zed 
light (faintly pleochroic) and a lmost isotropic (purplish blue). The ferric state of the 
iron gives a yellow colour to the xy lotile and reflects the high redox potential exist
ing at the time of its formation, which , in turn, probabl y indica tes the superficia l 
conditions under which both minera ls formed. Spectrochemica l a na lyses show no 
concentration of Ni in the sill . The nickel in the intermed iate zone of the sill , where 
co mplete serpen tini zation took place beca use of higher temperature and red ucing con
dition s, probably entered the chrysotile latti ce a nd so did not form a separate nickel
rich silicate mineral. 

The two generations of serpentine in the central zone of the sill , indicate clearl y 
that H 20 was introduced in two stages in the hi sto ry of the alteration of the ultra basic 
rocks. The different colour of the second serpentine (xy lotile) indicates a change in 
partial pressure of oxygen during the second stage of alteration. This ferric iron ser
pentine (possibly with a higher total iron content) will dissolve less Ni than will the 
normal type of serpentine, hence ga rni erite was formed. 

The fibrous serpentine rep lacing o li vine and a chloritic minera l in the interstices 
between olivine grains a re of so me petrologic interest. The minera ls are considered to 
have a s li ghtl y different composition, the chloritic minera l in the interstices probably 
being higher in Al , Fe, a nd Ca than the fibrous se rpentine. Their occurrence together 
a nd their contrasting appearances suggest that they represent two tages of alteration. 
The se rpentine is undoubted ly the older a nd higher temperature a lteration. Fo llowing 
development of the se rpentine a break occurred in the a lterat ion processes a nd the 
ch lorite fo rmed at a time when more Al , Fe, Cr, Ca were avai lab le. This a lteration 
probably took place in response to relat ively low grade region a l meta mo rphi sm, when 
sma ll a mo unts of feldspar in the ultrabas ic rocks broke up a nd the Al from the feldspar 
beca me inco rporated in the late chlorite. 

A st rongly pleochroic variety of chlorite is intergrown wit h magnetite, and prob
ab ly formed during serpentini zat io n. Jt may have absorbed some of the trace ele
ments that a re unable to enter serpentine or magnetite during serpentini zat ion. 

According to Du Rietz (1935) , peridotite bodies are less al tered in gneiss ic rocks 
than they are in sedimenta ry schi sts , which condition he ascribed to a lack of water in 
the gneisses. The highl y shea red ultrabasic rocks that o utcrop in gne issic terrain 
towa rd s the easte rn border of the Centra l Labrado r Trough are likewise relatively 
una ltered. The o li vine remnants in these rocks cannot be ascr ibed to a sca rcity of 
cha nnelways for introduced water, as heav il y shea red zo nes are present. The wr iter 
agrees in ge nera l with Du Rietz's suggestion that the extent of serpentini zation may be 
contro ll ed by the composition of the co un try rock . 

The la rger masses o f ultra basic rocks of the Centra l Labrador Trough a re com
posed prima ril y of chryso til e a nd show little or no ev idence of shea ring. Small masses 
in the highl y meta mo rphosed terrain to the eas t are shea red througho ut and a re now 
co mposed of lenses of o li vine a nd chryso til e in a ma tri x of chlo rite a nd tremolite. The 
crushed o li vines show undulato ry ext inct io n a nd adjacent remna nts have been rotated 
during deformation and ex tingui sh at different angles. The meta morphic grade of the 
surrounding rocks (amphibolite) is higher than tha t indica ted by the ultrabas ic rocks 
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(in part chlorite-tremolite schi st). The amphibolite contains dark green hornblende a nd 
plagioclase (An50) , so was deve loped befo re the ultrabasic rocks we re shea red. 

Amphiboles 
Members of the isomorphous se ri es tremolite-actin olite- ferrotremolite are, next 

to th e se rpentines, the most co mmon meta morphic mine ra ls in the ultrabasic rocks in 
the Central La brad o r Troug h. 

The ea rli e t formed member of this gro up was brown actino lite wi th the following 
cha racte ri sti cs: 

Pleochroi sm stro ng; a = pale brown or colourless , {3 = b rown (reddish), 
')'=brown ; 2V = 80°+ ; opt ica ll y negat ive ; Z .\ C = 18° ; N 13 = J.668 ± 
.004 ; Z -Y = 0.020 

l t occurs throughout the s ill with the exception of one highl y sc rpentini zed zo ne nea r 
the ba se (specimens 13 a nd 14, Fig. 3) and is clearl y p se udomorphic afte r pyroxene. 
The edges of so me of the brown amphibolc g ra ins grade through a pal e green border 
into colourless tremolite, but the transition is generall y sharpl y a nd directl y into 
co lo url ess a mphibole. Much o f th e brown a mphibo le conta in s subro unded inclusions 
of tremolite (pseudomorphic a fter o li vi ne). The optic planes (0 I 0) o f the brown actino
lite a nd tremolite are ge nera ll y para ll e l, but the birefringence a nd ext inct io n an g le a re 
both lo wer in the ferrotremolitc-rich va riety. The presence of brown actin o litc in thin 
section is a n exce ll ent criterion of the original ultra basic composition of a particular 
specimen. This criterion is of p articula r va lue beca use o f the ubiquitou s occurrence 
of the brown actinolite in the ultrabas ic rocks, which , in turn, attests to its essential 
stability under a large range o f te mperatures and compositions. For exampl e, it is 
found in ultrabasic rocks co mposed a lmost entirely of pyroxen e a nd se rpentine, and 
in other ultra bas ic rocks from the outer zo ne, which are composed mostly of actinolite 
a nd chl o rite. The na rro w, g radational pa le green zones around the iron-ri ch va ri ety 
indicate a cha nge through the stabi lity range of gree n actin o lite to that of tremolite. 

Trcmolite has a m ore va ri ed occurrence than the act in olite, being present through
o ut the si ll a nd particularly ab unda nt in the o uter tremolitized zones. Where it is 
pseudomorphic afte r pyroxene it for ms fairly equidimensio na l crysta ls as much as a 
centimetre in diameter. ln parts of the sill o ri gina ll y hi gh in pyroxene (patches nea r 
the top of the sill ) the tremolitc, by rep lacing pyroxene a nd by o utwa rd growth, may 
fo rm up to 80 per cent o f th e rock . The res ista nce of these trcmolitc crys tal s to weather
ing gives the rocks in the o uter zo ne their characteri sti c knobby su rfaces. Under the 
microscope, many of the tremolitcs ex hibit a fine po lysyn thetic twinning. 

The t remoliti zation of the poikilitic pyroxenes is so mewhat unusual a nd is de
scribed in detail. Where the a lteratio n is least complete , remna nts of oliv in e li e em
bedded in fibrous se rpent ine, wh ich is cove red by a thi n layer of t remolite (P l. JV), 
and are, in turn , enclosed by single large grai ns of pyroxene. Tremolite also fills minute 
fractures in the pyroxene. The unique aspect of this texture is that all the tremolite 
with in each pyroxene ext inguis hes as a unit and its optic plane (0 10) a nd crysta llo
graph ic c axis [001) roughly parallel that of the surroun d ing pyroxene. Clea rl y when 
the ent ire rock was essenti a ll y so li d , recrysta lli zation took place invo lving the pyroxene 
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105143 

Plate IV. A single poikilitic pyroxene containing portly serpentinized olivine groins rimmed by 

actinolite. Th e actinolite (white) is optically continuous throughout the pyrox ene, which 

is at extinction here. (x20) Crossed nicols. 

and oli vin e, a nd the optic ori enta tion of th e result ing tremo lite was controlled by the 
la tti ce of the surrounding pyroxene. A s imilar type of tex ture , but with a somewhat 
diffe rent interpre tation , has been reported e lsewhere (Hess, 1933). Althoug h colourl ess 
a mphibole pa tches (a fter oli vine) ma y be o bserved lyin g in a ferrotremo lite matrix 
(a fte r pyro xe ne), th e presence o f pseud o morphs of o pti call y co ntinuou s tremo lite 
(afte r o li vine) in a chl o rite ma tri x (afte r pyroxe ne) does no t necessa ril y impl y a n ea rli e r, 
ove ra ll co nvers ion to amphibole a s Hess pos tul a ted. The ex tent o f metasomati sm a nd 
the ev ident ease of migra ti o n indi cated in these rock s ma ke it pa rti cula rl y unlikely 
th a t the sli ght diffe re ri ces betwee n th e co mpos iti o n o f the a mphibo le replac ing o li vine 
a nd tha t replacing pyroxe ne wou ld ca use th e formati o n o f di stinc ti ve ch lo rites as 
indica ted by Hess ( 1933). The seque nce sugges ted by Hess a nd modifi ed by th e write r 
is illu st ra ted in F ig ure 4. 

The reacti o n is rep resented as foll ows by the write r: 

Ca.i Mg5 Fe (S i0 3) 10 + 5 / 17 Mg 17 Fe3(S i04) 1o + 3Si02 + 2H02 
304.2 cc 142 cc 68 cc 36 cc 

----; 2Ca2 Mg5 Sis 0 22(0Hb + 2 / 3 Fe3 0 4 

545 cc 25. 7 cc 

di o psidi c a ugite+ chryso lite (o li vine)+ silica+ wa ter ----; t re mo lite + mag netite 
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Sequence sufill ested by Hess 

B c E 

Seq uence observed by Hess 

LE G END 

I :1 111-I 
Oli vin e Pyroxene Amphibole 

Chl o rite A Chl orite 8 Tal c and carbonate 

Sequence observed by Fahr ig 

Figure 4. Sequence of alteration of poikilitic pyroxene suggested by Hess, 19 33 (uppe r diagrams' . Lo wer 

sequence observed by Fahrig. 

Then I cc of silica a nd wate r must be added to 4.33 cc of pyroxene and o li vi ne to give 
5.5 cc of tremo lite a nd magnetite. The volume increase in the reaction amounts to 
28 per cent, a nd the reaction is exothermic. 

The indices of refraction of the co lourless am phibo le indicate a composition of 
between 10 to 20 per cent ferrotremolite molecule. There are probably a ll gradations 
in compositio n between this and the 40 per cent ferrotremolite of the brown amphi
bole, but most of the a m phi boles fa ll in either one gro up or the othe r. This indicates 
an essent ial difference in condi ti ons existing during their for ma tion- i.e. , the brown 
amph ibo le (40 per cent ferrotremo lite) possibly being of magmatic o rigin, the trem
o lite ( 10 to 20 per cent) being of metamorphic origin. 

Colou rl ess clino-amphibole has a second distinctive pseudomorphic occurrence 
in the ult rabas ic rocks. ]t rep laces large (3 mm), equidimens ional poikilitic crystals, 
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which once conta ined, and in some cases still contain, o li vine crystals. The unique 

feature of this replacement is that the trernolite pseudomorph is composed of a large 

number of tiny unori ented patches , often with a fibrous structure. Within these pseudo
morphs are patches of se rpentine, which extingui sh as a unit (bastite), and which 

appear to fo llow ea rli er cleavages. The whole mass , bastite and tremolite, may origi
nally have been a larger pyroxene. The replacement of pyroxene by a felted mass of 

tremo li te instead of by a single crysta l may reflect the late nature of this type of altera
tion , or might indicate the former presence of a second type of pyroxene 

(orthopyroxene ?). 
The co lou rl ess amphibo le also occurs as individual needles scattered throughout 

the gro undmass and as unoriented grains in the centres of what once were olivine 

crysta ls. The o li vine pseudomorphs have a border of fibrous serpentine and a core of 

unoriented tremolite need les. This texture occurs only in the outer zone. 
Colourl ess a mphibole is common in the shea red ultrabasic bodies near the eastern 

border of the map-area. Typically the rock there is composed of lenses of mesh ser
pentine, with or without o livi ne remnants, lying in a highly schi stose matrix of chlorite , 

tremolite, and magnetite . The tremolite within these layers has a prefe rred orientatio n, 

so the irregu lar parting pla nes of the schist exhibit a strong am phi bole lineation. The 

chlorite present has a low 2V and Nil = 1.580. 
Jn summary, there are two main amphiboles in the ultrabasic sills- a pleochroic 

brown actinolite and an almost co lourless tremol ite. The pronounced difference in 

their optica l characterist ics suggests a sharp break in the physical cond itions of their 

formation and hence a late magmatic origin for one (ferrotremoli te), and a meta
morphic origin fo r the other (tremoli te). Where formed by alteration of pyroxene or 
for med by reaction next to pyroxene, the orientation of the tremolite is controlled by 
the lattice of the pyroxene. The tremolite gra in s have (0 10) and (001] roughly parallel 

to that of the enclosing pyroxene and th us the original pyroxe ne fabric might con
ce ivab ly be determined by meas urement of the fabric of the secondary tremolite. 
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The Bulk Chemical Composition 

Tt is esse ntial in di scuss ing the petro logy of the ultra basic rocks that their present 
bulk chemica l co mpositi on as well as the details of chemical va ri a tion sho uld be con
sidered . The bulk composition of such bodi es is seldo m determined , for o nl y ' repre
sentative samples' a re a na lyzed. As most such rocks a re highl y meta so mati zed , it is 
desirable to sample them in a more systematic ma nner. 

A bulk sa mple was therefo re prepared from samples 3 to 16 (F ig. 3), co llected 
from the base to the top of the si ll. These specimens we re fin ely g rou nd and ca refull y 
split, a nd a compos ite sa mple was prepared from them. The writer believes that the 
a nalys is of thi s sa mp le represents closely the present bulk compositi on o f the Labrador 
ultrabas ic rocks. The outer tremoliti zcd zones may be over represented , but this may 
be corrected from the spectrochemica l ana lyses. The chemical analysi s is given below 
(Table 111 ). Fo r comparison, the ave rage co mpos itio ns of ' prima ry ultrabasic rocks' 
fro m Ma ssachusetts , Finland , Newfo undl a nd , Southern Rhodes ia , a nd C uba (H ess , 
1938) , a re a lso sho wn in T a ble 111. 

Si02 
AJi03 .. 
Fe20 3 ... 
FeO .. 
MgO .. 
Cao .. 
Na20 . 
K 10 . 
P20 5 .. 
H10 + 
HzO - .. 
Cr20 3. 
NiO .. 
MnO 
C02 . 
Ti02 
S .. 

Table III 

A nalJisis of Labrador U ltrabasic Ro cks Compared with 
Average Given by H ess (1938) 

Average by 
Hess (l 938) 

39 .48 
J.44 
5.84 
2 . 73 

37.60 
0. 35 
0.23 
0.11 

11 .48 
0.67 
0 .38 
0. 17 

Co mposite Sample* 
Gr iffis Lake sill , 

La brado r 

38.65 
6. 59 
4 .24 
6.93 

29.74 
3.52 
0. 15 
0 . 10 
0.06 
8.35 
0.24 
0 . 08 
0. 14 
0. 16 
0. 59 
0.34 
0.21 

* Analyst: H. B. Wiik, He ls in ki, Fin land. 
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According to Hess ( 1938) , the features of tbe 'primary ultramaflc magma se ri es' tha t 
set them apart from other ultra basic rocks are: 

l. Molecula r ratio - M g = 7.5 for peridotites, dunites, a nd se rpentinites 

Fe 
= 6 to 7 for p yro xenites 

2. Low in CaO and Al20 3, as well as a lk a li s a nd Ti02. 

Chromium-Nickel Ratio in the Bulk Sarnple and its Significance 

Comparati ve fi gures for the chromium and nickel content of perid o tite in the 
La brador Trough a nd of va rious other rock types reported by others a re g iven in 
Table J V. As ca n be seen from thi s tab le, in a lm ost eve ry example of diorite, gab bro , 
pyroxenite , and peridotite (o r thei r se rpentini zed equi va lents), the Cr20 3 content is 
considerably higher than the N iO content. 

Table IV 

Comparison of Chromiitm and Nickel Content of 
Various Rock Typ es 

Peridot ite .. 
Gabbro. . 
Diorite ... 
Gra nite .. 
Nepheline syenite 

Ultra bas ie rocks ... 

Gabbro picrite . 
Eucrite ... 
Olivine ga bbro .. 
Middle gabbro . 

Perido tite .. 

3400 
340 

68 
2 
0 .7 

3800 

1500 
300 
230 

800 

NiO ppm 

3160 l J 58 Averages by Goldschmidt 
40 (1 937) 
2.4 
2.4 J 

1700 

JOOO 
350 
120 

1 A verage-
r H . H . Hess ( 1938) 

Wager and Mitchell (1948) 

} 
Quebec-Labra do r 
see Table JJ l 

ln the Labrador ultrabas ic rocks the reverse is true, for N iO is almost twice as 
abundant in the bulk sa mple as C r20 3. T hi s phenomenon m ay be explai ned by the 
high o li vine co ntent (abo ut 60 per cent by vo lume) of the Labrad or pe ri dot ite, and the 
i bsence or near absence of prima ry chro mi te a nd magnetite. W age r and Mitchell 
( 1948) have shown that in an ex treme differenti ate of basic magma, such as the Skaer
gaa rd Intru sio n, littl e or no chromium wi ll enter the o li vin e lattice, whe reas nickel 
enters tl~ e o li vine lattice quite readily. The low fe rri c iro n co ntent of the o livine in the 
Labrador ul trabas ic rocks indi ca tes reducing co nditi ons during crysta lli zat ion. 
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The N i0- Cr20 3 ra tio of the bulk sample of the La brad or peridotite provides 
strong ev idence that thi s ult ra basic rock resulted from the ex treme differenti a tion of a 
bas ic magma. 

Variation in Minor Constituents Throughout 

the Ultrabasic Sills 

Chemical Data 

In o rder to determine how the co mpositi on of the u ltrabas ic rocks varies throu gh
out the sill , semiquantita ti ve spectrochemical ana lyses! were made fo r m ost o f the 
mino r constituents. The pos ition of these specimens within the sill is shown on F igure 
3, a nd the ana lyti ca l da ta a re shown in F igure 5. These data a re simply plotted against 
the positio n of the specimens in the sill. 

A lthough the values obta ined fo r each element a re onl y approximately correct, 
the vari atio n in the a mo unts of each element is accurately indica ted. Thi s is true be
cause the matri x material fo r all the specimens, with the exception of the three gab
bros, is simila r. The standa rdiza tion p roblem in determining min or elements spectro
graphically fro m two specimens of widely differen t compositi on does no t then ari se. 
A check o n the rep roducibility of the results is a lso ava ila ble. F ive specimens, co l
lected and submitted for analys is a year previous to the present wo rk , gave similar 
relative amounts o f mino r elements. F urthermore, as an accurate composite specimen 
was prepared and com pletely analyzed, it can se rve as a sta nda rd fo r determining the 
ox ide pe rcentage of each mi nor element from a ny of the indi vidua l samples. Such ca l
cula tions then enable us to compa re the compositio n of any of these specimens with 
that of any other ul tra bas ic rock in the usual terms o f ox ide percentage. 

It is clea r fro m the data presented in gra phica l fo rm (Fig. 5) that the border zones 
of the u ltra bas ic sills exhibi t va ri at ions in mino r constituents, which set them off fro m 
the ma in bul k of the in trusio n. Aluminum is greate r in these bo rder zones by a facto r 
of about te n, ca lcium by a factor of abo ut two, and t itan ium by a fac tor of a bo ut 
th ree. I ron do ubles towards the upper a nd lower contacts, but a lso shows a consistent 
decrease from the base upward in the sill . Sodium , ma nga nese, chro mium , a nd nickel 
either a re constant thro ughout the sill o r show minor fl uctuat io ns. 

G en e ral Discussion of Chemical V a ria tion 

There a re only two ways in whi ch a n ori gina ll y ho mogeneous intrusive rock may 
develop pa rts of contrast ing chemica l characteri stics. These a re by di ffe renti at ion o f 
the in trusive body (magmatic or meta mo rphic) a nd by the d ifferent ia l introduction of 
material. T he fi rst is an in te rna l process , a nd with a n intrusive mass of given composi
tion the trend of the process is affected ma inly by the tempera ture a nd press ure of the 
environment and by shearing. The seco nd in vo lves mechani sms tha t a re mo re complex 
and are dependent also o n the chemica l character o f the surrounding rocks. 

The sp li tting of a n o riginally ho mogeneous rock into parts of varying chemical 
compos iti on may be acco mplished in the liquid state (crys tal fractio nat ion, diffusion) 

1 Prepared by the Spectrographic Laboratory, Mi nes Branch, Ottawa. 
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Figure 5. Chemical variations within the Griffis Lake ultrabasic sill; A, variation of the fe, Mn, Al, and Ca; B, 

variation of the Cr, Ni, and Ti. 

21 



Petrology a nd Geochemi stry of the G riffis Lake Ultrabasic Sill 

or in the so lid state (metamorphic differentiation) . A side from the poss ibility of a 
chilled contact phase, crysta l fractionation generall y requires that there be a regular 
a nd consistent va ri a tion in the amount of certain ele ments from the base towa rds the 
top of a fractionally differentiated bod y. Thus, such a process is rul ed out for the 
La brado r ultra basic rocks because of the con stancy of most of the elements throughout 
the central part of the s ill , where fractional crys ta lli za tion should have been most 
acti ve. This conclusion is furth er substantiated by the constancy of the co mpositi o n 
of the olivine and pyroxene remnants. 

A second possibility for differenti a tion in the liquid stage is by therm o-diffusion 
(thermal diffusion a nd convection), a mechanism that has been suggested to expla in a 
laye red ultrabas ic complex ofBlashke Is land , Alaska (M. S. Walto n, 1951). W a lton 's 
ex plan a ti o n depend s much on the outward migration of vola til e fluid s, including lime 
a nd sili ca, for convection is unlikely to have been stro ng. But Bowen (1949) has 
pointed o ut that it is unlikely th a t more than a minute amount of mag mati c vo latil es 
would be present to brin g a bout fairly la rge sca le outward diffusion , such as wo uld be 
required in the Labrador Trough a rea. 

Tf migra tion took place during a magmatic stage , it should affect those elements 
most strongl y concentrated in the liquid phase. Chromium shunned ea rl y olivine and 
entered into the pyroxene phase in the Skaergaard Intru sion (Wager a nd Mitchell , 
1948), but thi s element is most constant in the present stud y. Ni , on the other hand , 
sho uld be concentrated in the o li vine structure, pa rticularl y s ince the pyroxene is 
calcic, but even it va ri es widely, and we must conclude that thi s is a la ter metamorphic 
effect probably occurring durin g the p eriod of se rpentini za tion . 

Discussion of Chemical Data in Terms of Semi-solid Intrusion 
When a fiuid is forced to migrate under ordinary circumstances, differential 

movement occurs within the mass and hypothetica l shea r surfaces a re set up . l f the 
fluid ma ss is shee t-like in form a nd ifthe confining sur faces are smooth in compari son 
to the thickness of the sheet, these shea r surfaces will be planar a nd will li e parallel 
to the confi ning walls. The spacing of the resulting flow laye rs will be a function of the 
di sta nce of a point fro m the confi nin g walls a nd the fluidity of the mass. That is to say , 
as the walls of a n intrusive sheet a re approached the distance between flow units should 
decrease. F luidity is a fun ction o f the che mical composition o f the fluid , the temper
ature, a nd the pressure, plus the cha racte r and amo unt of a ny suspended so lid phase. 
A suspended so lid ph ase will increase viscos ity because the fr ictio n between so lid and 
fluid is greate r than that between fluid and fluid , a nd , of co urse the friction between 
so lid and so lid is ge nerall y greater tha n that between fluid and fluid . 

Let us ass ume that co nfinin g walls a re relati ve ly smooth , that the fluid phase is 
liquid of low viscos ity, a nd that 's uspend ed' within it a re tabular, so lid particles that 
form a pprox imately 60 per cent of the mass. Jn order that such a m ass migrate by 
laminar fl ow, the spacing of potenti a l flow laye rs must be g reate r than th e average 
thi ckness of the suspended particles. l f the shea rin g is intense nea r the upper and lower 
contacts , then each ta blet wi ll tend to mo ve rel a ti ve to its neighbours a bove a nd below. 
If the coefficient of friction is relatively high thi s penetrati ve mo ve ment will res ult in 
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some ' turbulent ' flow in the upper and lower parts of the sheet. Laminae Aow units will 

form towards the centre, and within each unit, where very little shearing movement 

takes place, the tablets will li e parallel to the confining shea r su rfaces. The result of 

thi s difference in shea ring in the central and outer part of a shee t will res ul t in closer 

packing towards the central part and a lower packing towa rd s the outer parts. In es

sence this means a flow of liquid towards the upper and lower contacts, where more 

Auidity is required by the mechani sm of flow. If the liquid and so lid particles arc not 

of the same composition , then the result is a chemical differentiation. Furthermore, 

near the upper and lower contacts the so lid particles should be rapidly rounded off 

a nd their average size decreased. This is found to be true in the ultrabasic rocks of 

Quebec-Labrador. In these rocks the percentage of olivine (now replaced) was cer

tainly less towards the boundaries of the s ill s, the ave rage grain size of the olivine was 

considerably Jess near the boundaries than towards the centres of the si ll s, and cry

stals were decidedly more round. Plate J shows a joint pattern, which probably 

indicates the thickness of the flow layers originally present towards the central parts 

of the si ll . 
Jf the above mecha ni sm was operative in the ullrabasic si ll (Fig. 3) and the varia

tion at the upper and lower contacts was a result of the flow of liquid (decrease of sol id 

phase) towards the bounda ri es, then a higher concentration of certain elements would 

be expected in these zo nes (each about 370 feet wide). Since the postulated liquid would 

have had a composition of pyroxene plus calcic plagioclase, Al, Ca, and Ti should a ll 

increase towards the borders. Mn would stay about co nstant and Ni and Fe would 

probably decrease. With the exception of i a nd Fe such is indeed the case. 

However, that Fe did not, in fact, decrease can be fai rl y eas il y exp lained because 

of the additio nal chemical differentiation caused by scrpentini zatio n. As shown by the 

spectrochcmica l analyses and as indicated by field observations, the Fe of these rocks 

appea rs to have been a highl y mobile substance. Moreover, the writer believes its 

migration is an essential part or the process or serpe n ti nization. As shown on Figure 5, 

Fe ap pears to be concentrated towards the base of the ultrabasic si ll , and to a lesser 

extent towards the top. These concentrations are proportional to the extent or scr

pentinization , as the wider zo ne of serpentin e is towards the base. 

According to Ko rzhin sky ( 1948) , the mobility or iron is strongly contro ll ed by 

temperature , it being mobile during the high temperature format ion of andradite 

skarns and contact magnetite rocks. If this is true then the temperature at whi ch these 

ultrabasic rocks were a ltered must have been relatively high. 

Disrriburion of Minor and Trace E lem ents During 

Scrpenrinizarion and Srcaririzarion 

lt is interesting to compare the behaviour of cobalt a nd ni cke l during the processes 

of se rpentini zation and steatiti zation (see Table V). These elements act in a simi lar 

manner during sepentinization , both being enriched in the magnetite phase. Cobalt, 

however, has a magnetite-serpentine distribution ratio of 6 co mpared to 3 for nickel. 

The ionic radii of these elements are so close that one suspects that size is not the deter

mining factor in this distribution. The two elements behave in a strikin gly different 
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Table V 

Distribution of Minor and Trac e Elements in Coexisting 
Metamorphic Minerals During Serpentinization 

Cr 
Ni. . 
Co .. 
Mn .. . 
V ............. . 
Ca .. 
AL . 
Metallic 
Fe ... 

Cr 
Ni ................... 
Co 
Mn .... 
v .. 
Ca .. . . . . . . . . . . . . . . . . . 
Metallic 
Fe .. 
Al 
Ti 

Cr.. .. 
Ni. . 
Co .. 
Mn . 
v ...... 
Ca .. 
Metallic 
Fe .. .. .. 
Al 

and Steatitiz ation l 

Average Wt. % of Elements as Oxides 

Elements Olivine 
(60% of 

Original Rock) 

Pyroxene 
(20% of 

Original Rock) 

Magne
tite 

0.81 
0.51 
0.08 
High 
0.045 

? 

High 
1. 12 
0 . 11 

. . . . . . . . . . . . . . . . . . . . . . . 

Part A. Primary Minerals 

0.07 0.29 
0.21 ? 
0 .02 0.02 
0.23 ? 
0.004 0.01 
0. 35 High 
0.43 ? 

12.2 

Part B. Serpentinization 

Vein 
Magne

tite 

Low 
0.09 
0.015 
0.05 
Low 

High 
0 .07 
0 .04 

Serpen
tine 

0.13 
0.17 
0.013 
0. 10 
0 .01 
0.65 

6.2 
3 . 1 

Actino
lite 

0 .29 
0. 12 

? 
0.10 
0.013 
High 

4. 8 
4 .5 

..................... 

Part C. Steatitization 

Talc Carbonate Chlorite 

0 . 16 0 .02 0.94 
0 .23 0.07 0 .24 
0 .006 Low Low 
Low 0 .37 0.068 
0.006 Low 0.03 
0.20 0.25 0.23 

0.43 17. 11.0 
1.10 0 .44 High 

Distribution Ratios 

Magnetite Serpentine Actinolite 

6.2 2.2 
3 0.70 
6.2 ? 

? 1 
4.5 1.3 

H 0 .77 
36 1.45 

............... . 

Distribution Ratios 

Talc Carbonate Chlorite 

0.17 0 .02 
0.93 0.3 

····················. 
Low 5.4 

0.2 Low 
0.87 1.1 

0.40 1. 5 l 
2.5 1 H 

1 Quantitative spectrographic analyses by W. Fahrig. 
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Geochemist ry 

way during steatitization (C0 2 metasomatism). Nickel is high in coexisting talc and 
chlorite, low in carbonate, whereas cobalt is low in all three phases (probably less 
than 60 ppm). Cobalt apparently leaves the system enti rely during this type of altera
tion, possibly as a bicarbonate soluti on. A considerable separation of nickel and cobalt 
thus results during this type of metamorphism. Nickel and cobalt are both reduced by a 
factor of 5 in vein magnetite that is produced during serpentinizat ion, indicating sim
ilar mobility during this stage of a lteration. 

Chromium is strongly concentrated in secondary magnetite but has extremely low 
mobility during this stage of alteration. The chromium content of vein magnetite is 
aboutl o-J times that in the serpentinite. During steatitization the chromium is strongly 
concentrated in chlori te (up to 1.23 ) and to a lesser extent in ta lc (0.163 ). The fixation 
of chromium during this stage is probably much dependent on the presence of chlorite. 
If the rocks were highly deficient in Al3+ both Fe3+ and Cr3+ would probably be forced 
to migrate. The production of pure talc occurs under such conditions of alteration 
and the country rock is enriched in Fe3+ and Cr3+. 
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STRUCTURAL PETROLOGY 

Petrofabric Data 

Optic directions a and 'Y o f 136 olivine grains in a thin section of a specimen taken 
from the relatively unse rpentinized central zone of the main peridotite sill are shown 
in F igure 6. In outcrop thi s zone showed the characteri stic black colour and strong 
'S' pla ne deve lopment parallel with the walls of the sill. The rock tends to split a long 
these 'S' planes. Two less conspicuous joint planes li e at about ri ght a ngles to thi s, 
the mo re prominent of which includes the dip line. A prominent dimensional orienta
tion is visible under the microscope. Contours determined were for 0, 1, 2, 3, 4 points 
per unit area. The max imum co ncentration in o ne per cent of the area was 6 points, 
that is, abo ut 5 per cent. Figure 6a shows the plot of 136 a directions, which form a 
po lar concentration and partial girdle. This concentra tion is rotated 20° to 30° clock
wise from the pole to the megasco pic 'S' plane, probably because of poor orientati on 
of the thin section. Figure 6b is a plot of -y , which shows a fairly strong concentration 
at ri ght angles to the maximum. All olivine grains in the thin section were plotted with 
the exception of those lying within pyroxene. A separate plot was made for the a 
direction o f thirty-four olivine gra ins lying within pyroxe ne in thi s thin section . The 
resulting pattern conformed fairly closely to that of Figu re 6a. 

A second thin sectio n was prepared from a specimen from the opposing limb of 
the anticline 7 miles southwest of the original location of th e specimen already de
scribed . This rock contains no megascopically visible 'S' planes but shows under the 
microsco pe a striking dimensional parallelism of magnetite ve in lets around the olivines 
a nd chrysotile ve ins within. Microscopic observations also indicated that the sma ller 
o li vine crysta ls are genera ll y Jess oriented than the la rger o nes, but thi s is to be ex
pected , beca use they co mmo nl y li e in protected interst ices between la rger grains . 
Figure 7a shows the plot of a a nd {3 of the thirty-six largest gra ins intercepted in trav
ersing the thin section. a shows a strong polar co ncentrati o n, whereas {3 forms a 
gi rdle. A concentration of {3 within this gi rdl e is probable. Figure 7b is a similar plot 
of fifty-o ne oli vi ne grai ns lying within large pyroxe ne gra ins in the sa me slide. The 
co ncentrati on coincides with Figure 7a, but may be so mewhat less di stinct owing to 
the fact tha t a ll grains within the pyroxenes were measured in order to obtain area on
able number of gra in measurements. 

Pctrofabri c studies of the pyroxe ne in the peridotite si ll have a lso been made. 
F igure 8a shows the pl ot of a, {3, 'Y orientation of twenty la rge poi kilitic pyroxe nes 
from the intermediate zo ne. Three additional thin sectio ns were cut at right a ngles to 
the first a nd forty pyroxe ne o ri entations were measured and plotted (Figs. 8b, c). Jn 
these figures the plots of the poles {3 a nd 'Y have been rotated into a single plane. 
They show a s light concentration , but thi s may well be fortuitous beca use a single 
pyroxene of large dimensio ns whose pa rts may extingui sh at a slightly different a ngle 
can eas ily though erroneous ly be plotted as two or more grain s. The ex istence of a 
definite pyroxene fabric has not been prove n. 
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NUMBER OF POINTS PER UNIT AREA 

Figure 6. Diagrams of optic directions of 136 olivin e crystals; A , a 
axis; B, ')' axis . 
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Petrol ogy and Geochemi stry of the Griffi s L a'<e Ultrabasic S ill 

The a zimuths of th e lo ng dimensio n of l 53 o livine granul es lying within s ixteen 
pyroxenes in th e same thin secti o n we re plotted in a rosette dia gram (Fig. 9). This 
di agra m indicates a di stinct two dimensio nal orientatio n o f encl osed o livine. The two 
p o ikiliti c pyroxe nes in thi s slide m esh comple tel y and show no sign o f euh edrali sm. 

A second diagra m was mad e for a simila r rock fro m the inte rm edi a te zon e, in 
which a ll the o li vine was comple tely se rpentini zed. This roc k was sli ghtl y sheared and 
every pyroxe ne gra in sho wed po lysyntheti c twi n nin g. Fig ure 10 shows th e pl ot of the 
tw in pla nes of fo rty-o ne la rge di o psidic a ugi te c rys ta ls. The po les to these tw in pla nes 
show a po la r concentra ti o n with a pa rti a l girdle. 

T he o ptica l o ri enta ti o ns o f sixty o li vi ne gra ins lying within three la rge pyroxene 
gra in s we re pl o tted fro m a specimen co llected within the centra l zo ne of the perid ot ite 
si ll. This rock contain s fres h o li vine, pyro xene, ho rnbl ende, mag netite, a nd chlo rite, 
a nd is moderately se rpentini zcd . The o li vine c rys ta ls a rc o ri ented as shown in F ig ure 
11. F ig ure 12 shows a pl o t o f th e c leavage pla nes of th e three la rge pyroxene g ra ins in 
the same t hin secti o n a nd a n idea li zed sketch o f a n o li vin e c rys ta l in the preferred 
o ri enta tio n of the o li vine. These m eas urements revea led that rand o ml y o rie nted 
pyroxe nes conta in well o ri ented o li vine in clusio ns. 

Interpretation 0£ P etrofabric Data 
T he pe rid ot ite specimens exhibi t a d imensiona l o ri e nta ti o n of o li vine g ra ins. a , 

which eq ua ls the po le to (0 10) , sho ws a di st inct co nce ntrat io n a t ri ght a ngles to t he 
m ost prom inent 'S' p la ne, which li es pa ra ll e l to th e wa ll s o f the sill. {3 a nd 'Y lying in 
thi s pla ne also show a co ncentrati o n wi th {3 o ri ented para ll e l to the strike of th e s ill 
a nd perpendicul a r to the seco nd mos t prominent ' S' pla ne. Th e direc ti o n of stre tching 
wi thin the laye rin g thu s is para ll el to th e strike of th e sill. 

T he petrofabri c stud y pe rmits two co nclusions: 
J. T he o li vine was intruded as e uh ed ra l a nd subhed ra l g ra in s in a fluid ma tri x, a nd 

the int rud ed ma ss was 's tretched ' approxima tely pa ra llel to its present st rike. 
2. T he pyroxe ne c rys ta lli zed a fte r th e e mplacement o f the o li vine. 
T he m ino r fo rm o ri enta ti o n of the o li vine may have res ulted fro m th e m ovement 

of the c rysta ls in a liquid . Such move ment did no t res ul t in pure o liv ine (duni te) 
layers o r segrega tion s, but probab ly produced sma ll in creases in th e co nstituents of th e 
flui d mat ri x in zones of max imum penetra ti ve move ment (borde r zo nes). 

Certa in fac to rs argue aga inst the La brado r perido tites hav ing been intruded as 
masses o f o li vin e crysta ls lubricated by thin film s of wa ter, accordin g to the m echa
ni sm postulated by Sos man ( 1938). Such a mechani sm wo uld result in co ns iderabl e 
shea rin g o f the o livine gra in s. T o ex pla in th e intrusio n o f a mush o f unfractured , 
euhedra l oli vines , showing not even undula tory ex tincti o n, requires th a t the pyroxene 
be a bove its tempera ture o f c rys ta lli zati o n during intrusio n in o rd er to contribute 
towa rds the fluidity o f th e mass. The post-intrus ion c rys ta lli za ti o n of pyroxe ne sug
gested by such a mecha ni sm a nd substa ntiated a t leas t pa rtl y by the pet rofa bric ev i
d e nce has significa nce with rega rd to th e temperature of intrusio n a nd process of 
se rpentini zati o n. 

Thi s type o f in ves ti ga ti o n sho uld prove a pplicable to ma ny fresh and pa rtly 
a ltered peridotites. 
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Figure 9. Rosette diagram of long axes of 153 olivine grains in sixteen 

poikililic pyroxene grains . 

NUMBER OF PO IN TS PER UNIT AREA 

Figure 10. Poles to twin planes (010) of forty -one pyroxene crystals from 

sheared peridotite. 
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Figure 11 . Diagram of A, a axis; B, {3 axis of six ty olivine groins in 

three pyroxene g ra ins. 



Figure 12. Stereographic projection o f cleavage (110) planes of the three pyroxene grains referred to in 

Figure 11. Cl, C2, C3 are the intersections of the pyroxene cleavages. Idealized ske tch o f the olivine 

grains showin g their orientation a t the centre o f the stereogram. 
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RELATION OF THE ULTRABASIC ROCKS 
TO OVERLYING GABBRO 

The following fie ld and laborato ry evidence provide a fairly clear indication of 
the relationship of the gabbro and ultra bas ic rocks. 

1. The gabbro overlies most of the ultrabasic si ll s in the central Labrador 
Trough area. Figure 3 shows an anticline of ultrabas ic rock who e east limb is overlain 
by gabbro and whose west limb has either no gabbro or a very thin layer. Gabbro 
should overlie all the sills if it and the ultrabasic rock a re the result of a differentia
tion in place. 

2. The Cr content of the gabbro just above the top of the ultrabasic si ll is much 
lower (by a factor of 10) than that of the ultrabasic rock nearby. Minor elements such 
as Cr, wh ich are low in the olivine phase and high in the su rrounding matrix (for ex
ample the pyroxene), would be high in the gabbro if the gabbro and ultrabasic rock 
were related. 

3. The principal oxides Si02, Al20 3, MgO, and total iron as FeO in the gabbro 
show no marked variation in percentage across its width, but differ appreciab ly from 
their percentages in the ult rabasic ill (Fig. 13). A consistent change of at least some of 
these oxides would be expected if the two rocks resulted from differentiation in place. 

4. The percentages of aO, CaO, and to a lesser extent T i02, are quite different 
in the gabbro and ultrabasic rocks (Fig. 13). The aO, for example, changes sharply 
fro m about 2 per cent in the gabbro to 0.15 per cent in the ultrabasic rock. The content 
of these elements in the ultraba ic ill should be proportional to the percentage of 
matrix around the olivine grains (40%). F urthe rm ore fie ld evidence does not permit 
the assumptio n that the gabbro was selectively a lbi tized (by Na metasomati m) fol
lowing d iffe ren tia tion. 

5. The chemical composition of the gabbro is similar to that of the nearby meta
ba alts and to other sill s of gabbro in the region, which are spacially unrelated to 
ultra basic rocks. The metamorphic grade and minera logy of the gabbro are a lso similar 
to those of the nearby meta-basalts (epidote-am phibolite fac ies). 
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SUMMARY AND CONCLUSIONS 
1. Peridotite si ll s form a zone about 60 mi les long on the eastern side of the Labrador 

Trough. Indi vidual sill s are more than 2,000 feet thick and have been traced along 
strike for more than 20 miles . The ultrabasic rocks were probably originally 
feldspathic peridotites with 50 to 60 per cent olivine. Faults rela ted to regional 
deformati on intersect the sill s a nd suggest intrusion prio r to or during folding. 
The sill s are pervas ive ly serpentinized and although they have features that are 
not typica l of the Alpine type of ultra bas ic intrusion their tectonic sett ing appears 
to be typical of such ultra basic rocks. 

2. Lavas, which fo rm the mos t common country rock of the ultrabasic intrusions, 
a re clo ely similar to tholeiite, qua rtz-diabase association . They have a low soda 
co ntent. 

3. The ultra basic sill s have a megascopic zo ning, which is symmetrica l about a plane 
paral lel to the walls of the sill and passes through a central less se rpentinized core. 
The outermost zones are cha racte ri zed by much actinolite, the intermediate zone 
by the intensity of serpentiniza ti on, and the central zone (where present) by a 
rela tive lack of either of these types of altera tion. This la rge-scale zoning reflects 
the move ment of materi a l, at ri ght angles to the surface of the wall s. The presence 
of a centra l less serpen ti ni zed zone suggests transport of water inwa rd from the 
wa ll s. There is no evidence of primary rhyth mic mineralogical layering in the 
sill s. 

4. Silica and carbon dioxide metaso matism have resulted in alteration zones in two 
loca li ties, one a lo ng a fa ult, the other a long the crest of the G riffi s Lake an ti cline. 
The metasomatism produced first a ca rbonate-talc-chlorite rock and late r a 
ca rbonate-quar tz-chl o rite rock. This metasoma ti sm occurred late r than the in
iti a l se rpentinization. Within the alteration zones there are carbonate-quartz 
vein s. Cr, Al, a nd Fe we re expelled fro m the space occupied by the ve ins a nd co n
tributed to the for matio n of a shea th of pure ch lorite a long the borders of the 
ve in . 

5. The Griffis Lake sill was probably 50 to 60 per cent olivine; un serpentinized 
ol ivine remnants have a fayalite content of about 15 per cent. No significan t 
va ri ation in o li vine co mpositio n was detected within the si ll. The oli vine crystals 
a re discrete gra ins three quarters of a mm Jo ng and the un serpentinized olivine 
remnants show no ev idence of stra in . Only o ne generation of oli vine appea rs to 
be present. 

6. Di opsidic a ugite, whose o rigina l abunda nce is estima ted at 20 to 30 per cent, forms 
a nhedral , interlocking poikilitic crystals encl os ing either o li vine crystals or, more 
commonly, se rpentine pseudomorphs of olivine. Pyroxene was more res istant 
than olivine to erpentinization and appears to have crystallized in place. 

7. Serpentiniza tion was vo lume-for-vol ume and exh ibits two stages. The first ser
pentine has the optica l characteristics of chryso tile, the seco nd those of xy lotile. 
Jn the outer zones xylo tile is not present, but a luminous chlorite is abundant. 
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Summary and Conclusions 

8. M embers of the tremolite-actinolite-ferrotremolite se ries are present throughout 
the sills. There are two extremes, an ea rl y pleochroic brown ferrotremolite and a 
late r colourless tremolite. The pronounced change in optical character suggests 
a break in cond itions of formation. The ferrotremolite may be late magmatic, and 
the tremolite a later response to regional metamorphism . 

9. Bulk chemical a nalys is indicates a higher calcium and alunlinum content and a 
higher nickel to chromium ratio than is typical of rocks of the primary ultra
mafic magma se ries. 

10. The amount a nd distribution of minor and major elements in the Griffis Lake sill 
are expla ined by its having been intruded as a mush of olivine crystals in a gab
broic si licate liquid. Such a mechanism could increase the liquid fraction towards 
the base and top of the si ll and produce the chemica l zoning. 

11. The peridotite exhib its a dimensional orientation of olivine grains, which sug
gests intrusion of the olivine as euhed ral and subhedral grai n in a fluid matri x. 
Pyroxene ap pears to have crystallized after the olivine was oriented. 

J 2. The ultra basic si I ls are typically overla in by meta-gabbro, but fi eld a nd labora
tory evidence suggest that the two rock types are not differentiates in place. The 
rel ationship is explained by the spread ing out of ultrabasic material beneath 
ea rli er mass ive gabbro laye rs. 
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