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AssrRecr

A mineralogrcal and petrological study of a
rodingitized felsic dyke in the Jeffrev mine, As-
bestoS, Qu6bec, suggests a complex and protracted

metasomatic history. Early Na metasomatism of the
plagioolase in the dyke rock was followed bv rod-
ingitization and redistribution of K, to grve unusual
clinopyroxene * microcline-rich assemblages. A sec-
ond period of rodingitization followed a brecciation
event that may have accompanied the final emplace-
ment of the ophiolitic complex. The host serpenunite
in the hanging wall underwent rodingitization to a
clinopyroxenite in which the relict chromite grains

now show green halos of chromian grossular and
phlogopite. Local Mg and K metasomatism, re-
sponsible for dark chlorite-biotite selvages, mav have
occurred between the tlvo periods of rodingitization.
The events in this relatively young dyke presumably

reflect the two stages of serpentinization recognized
in the host peridotite, one before and one after
obduction of the ophiolitic complex.

Keywards; rodingite, Jeffrey mine, Qu6bec, granite

dyke, serpentinized peridotite, K' Ca metaso-
matism.

SovlvrenB

L 6tude min6ralogique et p6trologique d'un dyke
felsique rodingitis6 de la mine Jeffrev (Asbestos,

Qu6bec) laisse entrevoir une 6volution m6tasoma-
tique longue et compliqu6e. Un stade de m6taso-
matisme sodique du plagioclas: magmatique a pr6-

c6d6 le premier 6pisode de rodingitisation et la
mobilisation du K qui formbrent des assemblages
insolites riches en clinopyroxbne f microcline. Une
deuxidme rodingitisation, qui a suivi la mise en place

du complexe ophiolitique, a aussi affect6 la ser-
pentlnite encaissante i l'6ponte sup6rieure, trans-
formant celle-ci en clinopyrox6nite dans laquelle on
observe des reliques de chromite i aur6oles vertes
de grossulaire et phlogopite chromifbres. Un m6ta'
somatisme local ir Mg et K entre les deux 6pisodes
de rodingitisation expliquerait la formation cle lisib'
res fonc6es aux cristaux de chlorite-biotite. L'his'
toire de ce dyke relativement r6cent refldte proba-

blement les deux stades de serpentinisation qui

ont affect6 la p6ridotite encaissante' I'une avant'
I'autre aprds la mise en place par obduction du
complexe ophiolitique.

(Traduit par la R6daction)
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INTRoDUcTIoN

The ophiolitic suite exposed in the Eastern
Townshifs of southeastern Qu6bec has.under-
sone a complicated sequence of events since its

Emplacemeni on the Cambrian sea floor' These

"rrJttt* 
ut" recorded not only in the harzburgite

tectonite, dunite cumulates, basic rocks and over-

lying sedimentary units (Laurent l9-75a, b'!?o-

i"oig H6bert 1,979), but also in the associated
dyke rocks. As these dykes are not.all contem'
poraneous, they hold much promise .for 

un-

iaveling the sequence of magmatism, deforma-

tion anl measomatism in the suite as a who-le'
Cot"-uo (1977) and Evans (1977) provided

concise reviews of the characteristics of roding-

ites. They are invariably Ca-rich -metasomatic
rocts, closely related spatially and temporally

with'processes of serpentinization. In broad

terms, the elements that are not accepted Dy

the crystal structures of serpentine a-nd. asso-

ciated low-grade metamorphic rninerals in the

ultrabasic portions of the ophiolitic 99r-npleles
concentrat; in a high-pH aqueous fluid that

readily interacts with and metasomatizes dyke

rocks or nearby country rocks. Coleman (1977)

noted that a removai of silica is universally
observed" and that in the few cases studied of

rodingitization of granitic rocks, alkali-feldspars
are Jommonly present in the calc-silicate as-

semblages.
This-paper constitutes the first in-depth study

of rodingiiized dyke material from the Qu6bec
Appalaciians. Tie dyke occurs in the Jeffrey
mitte, th" asbestos mining operation of-the
Canadian Johns-Manville Co. at Asbestos, Qu6-
bec. Dyke location and general eeolggl of.the
oo"tt-pit area are illustrated in Figure l' Previous
wtrk 

^ 
on rodingites in the Eastern Townships

includes Graham's (1'917) brief report of "lirne-
rich assemblages" in the serpentinites of the
Black Lake-Thetford Mines area and the sur'
vevs of Olsen (1961) and De (1961, 1972)'
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Riordon (19'75) also commented on the common
occurrence of rodingites in the asbestos-pro-
ducing serpentinites of southeastern Qu6bec.

c t .

, I F

Ftc. 2. Schematic diagram of rodingitized dyke
and host rock. lE: partly rodingitized serpenti-
nite (hanging wall). lC: brown, sporadic chlori-
tic selvage. LG: completely rodingitized serp€nti-
nite (clinopyroxenite). 1H: brecciated feldspathic
"core". 1A: diopside-K-feldspar-prehnite as-
semblage (southern edge). lF: well-developed,
green chloritic seivage.

THE CANADIAN MINERALOGIST

FIc. 1. Geology of the Jeffrey mine area, adapted from a Canadian Johns-
lVlanville Co. map. Specimen locations 2 and 3 indicate other dykes cur-
rently under investigation.

Fraro RnLerIoNsHIPs

Located in the eastern part of the pit (Fig.
1), the dyke strikes roughly E-W and dips
approximately 50"N. It is 2 m wide and ex-
posed for at least 10 m along strike; mining
operations have removed other exposures of this
prominent dyke (F. Spertini, pers. comm. 1978).
It is conspicuously zoned (Fig. 2): the pinkish,
featureless core (1 m wide) grades into a 0.5 m
wide light grey zone towards the southern con-
tact, which is marked by a conspicuous, dark
green chlorite-rich selvage 1-5 cm wide. The
footwall is massive, dark green and apparenily
unaffected by the dyke except for small, isolated,
pale green blotches along the selvage. Towards
the northern contact, the core gives way to a
dense, aphanitic, white to light green zone 0.5
m wide that is mottled with black to emerald-
green specks. The northern contact is grada-
tional, heterogeneous, and characterb,ed by a
sporadic brown, foliated selvage up to 5 cm
wide; the hanging-wall serpentinite is pale to
dark green and cross-cut for at least 0.5 m
beyond the selvage by irregular, diffuse rvhite
veinlets.

Pntnor-ocv AND MINERALocY

The protolith

A specimen of the dyke rock collected earlier
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Fra. 3. Euhedral diopside crystals projecting into second-generation, limpid microcline. Specimen 288c,
plane-polarized lighl

Frc. 4. Brecciated microcline-rich rodingite. Clasts consist of relatively well-ordered, turbid microcline,
whereas intermediate microcline * diopside heal the fractures. Spcimen lH, plane-polarized light.

Ftc. 5. Macroscopic appearance of rodingite from northern edge. The mottling is due to chromite grains
and associated halos of chromian grossularite and phlogopite.

Frc. 6. Phlogopite halo around euhedral chromite grain in diopside groundmass. Specimen lG, plane-
polarized light.
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by R. Laurent (his 288c) provides the best ex-
ample of the original lithology. That part of the
dyke has since been removed during mining
operations. In 288c, primary igneous textures
are still visible; the rock is light grey, medium
grained and equigranular, consigting of 30 (vol.)
Vo turbid microcline, 2AVo secondary, limpid
microcline, 3OVo zoned plagioclase and ZOVo
irregular, flne-grained (< 0.2 mm) mats of
clinopyroxene. These clinopyroxene elusters
mask original K-feldspar-plagioclase grain boun-
daries and replace plagioclase cores. The limpid,
apparently nonperthitic microcline fills "vugs"
lined with diopside prisms in the intergranular
clinopyroxene mats (Fig. 3). The felsic rock is
cut by millimetre-wide veinlets consisting of ( 1)
blades of feldspar and of diopside that nucleated
on bottr walls and (2) rare, complexly zoned
zoisite.

TABLE 
' I .  

BULK COI4POSITIONS OF RODINGITIZED FELSIC DYKE AND I iALLROCK

2BBc

s i 0 2  6 1 . 6 1
A1203 14 .22
Feo* 2.25
Mgo 5 .14
Cao* 7.44
Ia20 3 .74
KzO 5 .10
T i02  0 .23
Ith0
P,0c  0 .  1  1
H;o- ( ro t .  ) -
total 99.84

'lH

56.84
1 2 . 5 1
2 , 4 2
9 . 1 0'13 .65

0.26
4.56
0 . l  r

o . l  r
0 .20

lA  lF  l0  lE  Harz .

53 .66  39 .89  53 .60  51 .77  41 .55
1 3 . 1 8  1 3 . 0 6  l . 6 8  5 . 4 3  0 . 3 1
3.58  6 .59  2 .55  4 .04  7  .21
6.32  25 .4a  r5 .37  21 .55  40 .29

17.43  2 .72  25 .57  13 .15  0 ,34
0. |  0 .08  0 ,54  0 .18  0 .06
3.78  7 ,43  0 .09  0 .13  0 .05
0 . 4 9  0 . 3 1  0 . 0 ]  0 . 0 t

0 . 1 2
0 . 1 1  0 . 2 1  0 . 0 9  0 . 0 6
1 . 5 9  4 . 8 2  0 . 1 8  4 . 3 6  9 . 4 8

100.36  r00 ,25  100.59  99 .68  i00 .68  99 .31

2B8c: ni ld ly rodingit ized and Na-retasomtized fels ic dyke rcck.
lH: rodingit ized fels jc dyke mck in brecciated core zone. lA:
r c d l n g i t i z e d  f e l s i c  d y k e  r c c k  o t  s o u t h  e d g e  o f  d y k e .  l F :  c h l o r i t i c
s e l v a g e  ( b l d c ( w a l l )  a t  s o u t h e r n  c o n t a c t .  l G :  r c d i n g l t i z e d  s e r p e n -
t inl ta (white rodinqlte,  green halos arcund chronite grains, lE:
p a r t l y  m d i n g i t i z e d  s e r p e n t i n i t e  i n  h a n g i n g  w a l l .  r  T o t a l  i r c n -
expressed as Feo. Cao values represent an average of XRF and AA
deteminat ions (XRF only for 29& and lH).  Harz.t  70y" serpent ini-
zed harzburgl te (Laurent 1975b).

The bulk composition resembles that of a
syenite (Table 1). However, the relatively high
Ca and Mg and somewhat low Al contents for
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TABLE 2. CELL DIMENSIONS AND DERIVED COMPOSITIONAL AND STRUCTURAL PARAMETERS OF THE ALKALI FELDSPARS IN THE
RODINGITIZED FELSIC DYKE, JEFFREY MINE

288c e. t 3Sf
( rock)  0 .0014
288c B.6062
(ve in le t )  0 .0033

8.  1  391
0.001 0

l H l  8 , 5 8 9 3
(core)  0 .0012
tA5 8 .5854
(S.  r im)  0 .0053
1A2 8.5901
( v e i n l e t )  0 . 0 0 1 7

b c o B
12.7934 7 .1539 94 .089 t16 .619
0.0029 0 .00 i l  0 .034 0 .014

1?.9894 7 . I990 90  I  I5 .905
0.0047 0 .0026 0 .041

12.7859 7.1561 94.227 116.612
0 . 0 0 2 3  0 . 0 0 1  1  0 . 0 2 1  0 . 0 1 3

12.9648 7.2171 90.595 1 t5.955
0 . 0 0 1  4  0 . 0 0 0 9  0 . 0  1 4  0 . 0 1  0

12.9646 7,2168 90,964 116.032
0.0048 0 .0021 0 .153 0 .055

r 2. 9695 7 ,2153 90.671 l ' l  5. 995
0 . 0 0 1 6  0 . 0 0 1 2  0 . 0 2 7  0 . 0 1 3

v  V  ^ ) a

87.774 663.75 0,012
0 . 0 2 3  0 . 1  5

90 723.91  0 .026
U .  J O

87.769 663.99  0 .014
0 . 0 1 2  0 .  l 4

87 .814 722.08  0 .015
0 . 0 1 3  0 . i l

88.025 721.35 0.018
0.053 0 .60

88.066 722.12  0 .011
0 . 0 2 6  0 . 1 6

c * ! : I :
86.541 63.464 90.443
0.029 0 .014 0 .014

90 64.095 90
0.041

86.389 63.473 90.380
0.022 0 .013 0 .014

90.402 64.049 92.142
0.01  3  0 .01  0  0 .0 i  I

89.891 63.984 91.727
0.1  57  0 .055 0 .063

9 0 . 1 9 6  6 4 . 0 1 3  9 1 . 8 2 4
0.023 0 .013 0 .021

^

20

29

54

1 0

t >

ilor
288c -0.023
( rock)
288c I .032
(ve in le t )

-  0 .  020

tHt  0 .975
( core)
lA5 0 .953
( 5 .  r l m l

142  0 .976
(ve in l e t . )

A } ' ^  A ^ * w *: -
n o?A n  oAe

0.009 0 .008
0. 780
0.021
0 . 9 6 6  0 . 9 6 i
0 .008 0 .007
0.964 0 .944
0.007 0 .006
0.962 0 .855
0 . 0 1  9  0 .  0 l  9
0 .940 0 .836
0.009 0 .0 . l  I

A U
I  .051

-so
0.947

0.390

0.  963 t .  t z s

Uni ts :  a ,  b ,  e  and a2e in  A ,  Y  in  43 ,
cr Br yr a*, g* and y* in degrees.
# is the number of indexed l ines used
in the cel l  ref inement. Composit ion
ivor is calculated fmm unit-cel l  vol-
ume, formulation of Stewart & I'lright
(1974)i Abc (= ero + trm) ls obtalned
by  the  program o f  B las i  ( ]977) ,  as  i s
ao*y* (= trO - f ,rrn). The obl iquity of
a  t r i c l in ic  K- fe ldspar  a  i s  12 .5
( d t e i  -  d r S r ) ;  i n  a  p l a g i o c l a s e '  r , 1 s
the  angu lar  separa t ion  2013 i  -  201!1r
in degrees. Specimens are ldentJf led
in the text.

0 .954 0 .920

0.909 0 .560

0.888 0.722

a syenite suggest that 288c has been modified
metasomatically. In particular, the presence of
"vugs" in interstitial mats of fine-grained clino-
pyroxene and the universal observation of im-
portant desilication (Coleman 1977) suggest that
quartz grains may have been removed by dis-
solution. The rock thus may have been granitic;
granites constitute one of the three common
rock types encountered in dykes in the Eastern
Townships ophiolitic complex (see below).

TABLE 3. CELL DII'{ENSIONS OF THE CLINOPYROXEI.IES IN THE RODINOITIZED
FETSIC DYKE, JEFFREY I.IINE

Adjacent to a K-feldspar-diopside veinlet,
288c consists mainly of albite + augite. The
albite is close to the end-member conrposition,
but it is slightly disordered, as it plots away
from the curve for Si,Al-ordered plagioclases
in the B'!-7E diagram (Smith 1974). Cell di-
mensions fb, c, ot'o,7*; 288c (rock), Table 2l
can be used to calculate a value of trO, the
proportion of Al in the TrO position: 0.95 (1.00
for fully ordered albite). Martin. (1973) has
shown that such departures from complete Si,
Al order are characteristic of albites that form
by Na metasomatism of Ca-bearing plagioclases.
The coexisting clinopyroxene (288c, Tables 3,
4) is a salite of composition EnreFs'oWorn.

The cross-cutting veinlets contain orthoclase
and albite in discrete grains; albite exceeds K-
feldspar in volume. The orthoclase contains 0.79
Al distributed over the two 7r positions. The a
cell edge, which is very sensitive to composition,
is unusually large [288c (veinlet), Table 2],
suggesting the presence of significant Ba or Rb
in the structure. Interestingly, the albite in the
veinlet plots close to ordered NaAlSiiOr, sug-
gesting that it did not form by replacement of
oligoclase or andesine, as did the albite in the
adjacent rock. The absence of "vugs" or tufts
of fine-grained clinopyroxene in the veinlet sug-
gests that quartz never was present, and that

a b c
t -

288c 9.7544 B,9665 5.2534
0.0031 0 .0017 0 .0012

iH4 9.75't9 8.9286 5.2541
0.0018 0 .00?0 0 .001 0

lA5 9.7693 8.9517 5.2541
0.0015 0 .00r7  0 .0004

1A2 9.7568 8.9262 5.2567
0.0139 0 .0078 0 .00r9

lG l  9 .7590 8 .9329 5 .2536
0.0014 0 .0013 0 .0005

' rc4  
9 ,7558 8 .931B 5 .2647
0.0036 0 .0040 0 .0031

' lE l  
9 .7509 8 .9271 5 .2500
0.0029 0 .0018 0 .0010

B as inB u  Lza

10s.872 9 .383 44 t .96  0 .0 r2
0 .049 0 .30

'105.800 
9 .383 440.20  0 .0 r9

0 . 0 1 7  0 . 1 1

105.630 9.408 442.48 0.007
0 . 0 1  5  0 . 0 9

't05.726 9.392 440.68 0.029
0.  r05  0 .84

105.774 9.392 440.74 0.012
0 . 0 1 1  0 . 0 7

105.866 9 .384 441.27  0 ,021
0.045 Q.22

't05.7B7 
9.3B3 439.76 0.020

0 . 0 2 t  0 . 1 2

L
'14

26

l 3

25

l 1

26

Uni ts :  @,  b ,  c ,  as ing  in  A ,  y  in  43 ,  g  and A2o in  degrees .  f  i s
the number of indexed x-ray reflectlons used in the cell refine-
rent. Specimens: 288c l ightly netasonatized felsic dyke mck,
1H4 heavlly mdjngjtized felsic dyke rock in the core of the dyke,
lA5 l ight grey rcdlngite towards the southern contact, lA2 cross-
cuttjng veinlet in specimen lA, lGl white rodingite towards the
northem contact, lC4 brcM selvage on the north side, lEl serpen-
tinite beyond northern selvage.



the mineral assemblage was deposited from the
same hydrothermal fluid (i.e., undersaturated
with respect to quartz) believed to have caused
rodingitization of the felsic dyke rock. Depo-
sition ocsurred at subsolvus temperatures, as
the two feldspars nucleated and grew separately.
Although the veinlet minerals have re-equili-
brated compositionally down to low tempera-
tures, the K-feldspar is still monoclinic to X-rays.

Core of the rodingitiTed dyke rock

The pinkish core of the rodingite dyke (lH,
Fig. 2) consists of 35 (vol.) 7a colorless clino-
pyroxene, 15% pink grossular and 50% orange-
fluorescent white K-feldspar. In thin section, the
rock appears thoroughly brecciated; the angular
fragments, generally 2 mm but up to L cm
across, consist of very turbid K-feldspar clasts.
These are cemented by fracture-filling minerals
(Fig. 4), chiefly disseminated euhedral to sub-
hedral diopside prisms up to O.5 mm long and
K-feldspar that is markedly less turbid than in
the fragments. Grossular occurs in clusters of
anhedral, weakly birefringent crystals each up to
2 mm across; they contain diopside inclusions.

The turbid K-feldspar (Fig.  ) consists of
nonperthitic low microcline (Table 2) character-
ized by a degree of Si,Al order close to the
arbitrary limiting value chosen for intermediate
microcline. Its t1O (0.95) and its obliquity
(0.92) fall significantly short of the values
typical of well-ordered microcline. Albite is
notably absent, and the microcline contains only
2.5 mol. 7o NaAISLOa in solution. The coexist-
ing clinopyroxene (1H4, Table 3) consists of
diopside very close to end-member composition.
The cell edge of the garnet, 11.3412(10) A
(refined using 15 indexed lines), suggests gros-
sular (i.e., devoid of hydroxyl). The fracture-
healing clinopyroxene and K-feldspar were sam-
pled in veinlets in the light grey rodingite that
forms the southern edge (see below).

We interpret the absence of albite, the much
better degree of Si,Al order of the K-feldspar
and the intense turbidity of the microcline as
reflections of thorough redistribution of potas-
sium. This evidently followed the trend of Na
metasomatism recorded in 288c; the apparent
Si,Al disorder in the resulting microcline may
be inherited from the partly disordered albites
that formed during Na metasomatism of the
felsic dyke rock, or may reflect Ca and Ba
in the microcline structure (see below). The
intense turbidity is due to fluid inclusions and
voids that result mainly from dissolution of the
microcline during K redistribution. Perhaps they

l .  c l inoDvroxene in  rcd lnq i te  288c ,  av .  o f  3  ana lyses :  En36Fs1q l . lo56 '
2 .  m lc ro i i ine ,  sou th  edge o f  dyke ,  un i t  lA  (a lso  conta ins  !9 I1"T l ; ,
3 .  oh loqop i te  ad lacent  to  chroml te  g ra ln '  nor th -edge ro ( lng lEe ( lu r '
q. bhtoioblte I m farther from chromite graln. Reported H20-free.
s .  t t r "o i i ie  g ra ln  in  nor th -edge rod ing i te '  un i t  lG .
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also result from shrinkage during Si,Al ordering
of a disordered K-feldspar that may have pre-
ceded the .microcline during the early stages
of disturbance. The limpid microcline (see be-
low) that heals fractures (Fig. 4) presumably
nucleated and grew as microcline after breccia-
tion of the turbid assemblage.

The composition of the core (1H, Table l)
is characterized by high Ca, Mg, Al and K, as
could be expected from the mineral assemblage
present. Compared with the composition of
288c, Na has almost disappeared, Si and K
have been depleted, and Ca has been added.

Light grey zone towards the southern contact

The light grey rodingite that forms the south-
ern edge of the dyke (1A, Fig. 2) contains a
fine-grained (< 0.5 mm) mixture of.7O% clino'
pyroxene, 25Vo lurbid K-feldspar and accessory
prehnite in pink to brown anhedral crystals.
The rock is cross-cut by dark green veinlets of
clinopyroxene rimmed by coarser (- I mm),
less turbid microcline. Contact of this zone with
the core is gradational: the clinopyroxene be-
comes more abundant and finer grained, and
the brecciated feldspar gives way to the finer
grained, disseminated variety.

The clinopyroxene that forms the bulk of
this rock (1A5, Table 3) has cell dimensions
that suggest Eng?FsrzWoae (Turnock et aI. 1973).
The coexisting K-feldspar is intermediate micro-
cline, distinctly less well ordered than the turbid
microcline in the core zone: its &O and 7\ are
0.90 and 0.56 (Table 2). A better cell refine-
ment was obtained on the K-feldspar in the
cross-cutting veinlet (1A2, Table 2); its r'O and

I values, 0.88 and 0.72, again indicate inter-
mediate microcline. On the basis of cell volume,
it apparently contains n 2 mol. % dissolved
NaAlSigOs and is free of coexisting albite. How-
ever, it is Ca that is causing a decrease in cell
volume: an electron-microprobe analysis indi-

TABLE 4. ELECTRON.XICROPROBE ANALYSES OF M1NERAL PHASES IN RODINGlTE

! ? 1 !
s lo ,  53 .02  63 .  15  41 .99  42 .24
A1,0 .  0 .99  18 .24  16 .50  15 .35
FeO "  8 .44  o  8 .77  5 .49
l ' l q o  1 2 . 1 5  0  1 6 . 3 7  2 1 . 7 3
c io  23 .96  0 .54  o .2o  0 .52
Na,o  -  0 .04  0  0
x " o  -  t 7 . 1 1  1 0 . 1 8  9 . 4 5
T i o ,  o . t l  o  o . l 5  o
c r , 6 "  o . l 3  o  1 . 3 4  o . 2 o
n 6  

-  
1 . 0 5  o  o . 4 o  o . o 3

Tota l  99 .85  99 .04  95 .88  95 .01

5.
1 . 3 4

1  1 . 2 0
20.73
I  0 .86
0 . 1 4
0
0
0 . 7 6

55.04
0 . 2 1

' t00 .34
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cate,s O.O4Vo NarO, 0.5470 CaO (Table 4) and
comparable quantities of barium. This amount of
calsium is close to the upper limit reported for
microclines (Smith 1974). Both Ca and Ba ac-
count for part (but probably not.all) of the
departure from an ordered Si,Al distribution.
Coexisting with this relatively calcic microcline
in the veinlet is relatively pure diopside (Table
3 ) .

The bulk composition of the rodingite along
the southern edge (1A, Table 1) is similar to
that in the core; the lower K, Mg and higher
Ca, Fe, Ti contents reflect ( 1) the modal pro-
portion of microcline to salite, (2) the com-
position of the metasomatic clinopyroxene and
(3) the presence of prehnite. The trends devel-
oped from 288c to lH are sustained in 1A.

White rodingite towards the northern contoct

The white rodingite developed in the direction
of the northern contact (lG, Fig. 2) consists
almost entirely of a dense, porcellaneous maris
of wispy, prismatic clinopyroxene crystals up to
0.1 mm long. These are randomly oriented,
aligned in swirls or, .more rarely, in radiating
clusters up to 3 mm across. Accessory black
specks in the white rock (Fig. 5) are chromite
grains; these euhedral to subhedral fractured
crystals, up to 2 mm across, commonly have an
emerald-green halo of chromium-bearing gros-
sular and -shromian phlogopite (Fig. 6). The
most intense green coloration occurs immediately
adjacent to or in fractures in crystals of chrom-
ite.

The main mineral in this white rodingite is a
diopside whose cell dimensions suggest - 5.mol.
Vo Hd component (1G1, Table 3). An average
of several microprobe analyses shows I 2Vo
FeO. The chromite grains are compositionally
homogeneous (Table 4). The chromium was
released by chernical corrosion along the planar
faces and migrated very short distances: micro-
probe analyses of phlogopite indicate approxi-
mately l.4Vo CrrOs at a distance of 0.1 mm
from the grain boundary and O.2O7o at a
distance of 1 mm from tlie chromite (Table 4).
The greenest garnet found in the rock is not
uvarovlte (a = 12.0O A: Deer et al. 1966), as
its cell edge (based on 16 indexed lines) is
11.8489(9) A. Very little Cr thus is needed to
impart a deep green color to grossular. Color-
less phlogopite and grossular [a 11.8490(6)
A based on 15 indexed linesl occur away from
the chromite specks. A different colorless Ca,
Al-rich garnet [a 11.8926(18) A, based on 7
indexed reflectionsl occurs in this rock near the
contact with the brown selvage. Note that the
cell edge exceeds that found in gtossular. From
the curve of Yoder (1950), this colorless garnet
would appear to be hydroxyl-bearing and inter-
mediate between grossular and hibschite. The
occurrence of grossular and OH-bearing gros-
sular in adjacent specimens may be a sign of
metastability.

The contact between the white rodingite and
the pink core is marked by the disappearance
of microcline. Green, pink and cinnamon-brown
grossulars oscur near this contact; the euhedral
and transparent crystals up to 1 mm across line

Frc. 7. Bladed diopside crystals irom fracture in rodingite from northern
edge. Specimen lG.

Frc. 8. Acicular diopside crystals from wg in rodingite from northern edge.
Specimen lG. A few of these crystals are hollow.
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small cavities. Some exhibit a green core and
cinnamon-brown margins, suggesting that they
overgrew a chiomite nucleus. Fractures in the
diopside-rich rodingite also are lined with color-
less to green grossular dodecahedra up to 1 mm
acrossn as well as yellow-greeq euhedral blades
of diopside up to 4 mm long (Fig. 7). Cavities
are filled with extremely fine, acicular, color-
less diopside crystals that form loose, porous
masses (Fig. 8). These hair-like crystals also
are euhedral and, in rare instances, apparently
hollow. Such peculiar habits presumably re-
flect rapid crystallization from supersaturated
solutions in the cavitiesn as is documented for
apatite by Argiolas & Baumer (1978).

The bulk composition of the white rodingite
(1G, Table l) is atypically low in Al and high
in Si, Mg. The rock, which could be called a
metasomatic clinopyroxenite, clearly was a peri-
dotite, in view of the relict chromite specks; the
original host rock along the northern contact of
the felsic dyke was evidently thoroughly rod-
ingitized.

The southern chlorite-rich rim

The southern rim (1F,'Fig. 2) constitutes a
blaskwall of 4OVo chlorite (( 5 mm across;
variety pennine), 4AVo green stilpnomelane and
lO% disseminated acicular actinolite (< O,2
mm long). These minerals occur within a mesh-
like structure of opaque leucoxene and biotite
(Fig. 9). Rare zircon grains - 0.2 mm across
form pleochrois halos in the mica and chlorite.
The stilpnomelane defines the foliation parallel
to the dyke wall. The bulk composition of the
rim (lF) is listed in Table l.

The brown selvage on the north side and the
adjacent hanging wall

Where present, this selvage (1C, Fig. 2) con-
sists mainly of irregularly foliated, kinked and
crenulated brown clinochlore (Fig. 10). Indi-
vidual flakes attain 0.2 mm across, the axial sur-
faces of the microfolds are generally perpendi-
cular to the dyke wall. Also locally important are
fine-grained diopside (1(}$, Table 3), inter-
stitial (- tSlo) or in narrow veinlets, dis-
seminated grossular ta 11.8585(61 A, based on
10 indexed reflectionsl and minor brown mica.
At the selvage-serpentinite contact, a dark green
layer (- 5 mm thick) of clinochlore invariably
occurs.

The serpentinite beyond the brown selvage
(14 Fig. 2) has been metasomatized for at
least 0.5 m. The diffuse veinlets that cross-cut

Frc. 9. Chlorite-stilpnomelane-actinolite assemblage
in mesh texture of leucoxene and biotite. Arrows
point to zircon-induced pleochroic halos in stilp-
nomelane. SFcimen lF, plane-polarized light.

Ftc. 10. Folded clinochlore-diopside-garnet assem-
blage from northern selvage. Specimen lC, plane-
polarized light (left), crossed polars (right).

Frc. 11. Macroscopic appearance of partly roding-
itized serpentinite. Specimen lE.

the serpentinite (Fig. 11) contain fine grained
prismatic diopside and traces of clinochlore. The
cell dimensions of the pyroxene (lBl, Table 3)
are consistent with nearly end-member diopside.
In contrast to the adjacent speckled white rod-
ingite, the chromite here is barely affected, but
the textures of the two rocks are similar (Figs.
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5, 1l). The bulk composition (lE, Table 1)
shows that Ca and Si have been introduced,
whereas HgO and Mg are lower than expected
in a serpentinized harzburgite.

Bur,r-CovrposrtIoN CHeNces
DunrNc RootNcrtzetroN

The bulk compositions in Table I are plotted
on an ACF diagram (Fig. 12) to show the
effects of progressive rodingitization of two very
different rock types. One path is curved from an
average calc-alkaline granite composition
through 288c to rodingites lH and lA. The
curved path marks a strong, early magnesium-
enrichment trend in 288c, due to initial crystal-
lization of a salitic clinopyroxene as the only
calc-silicate phase. Sample 1A is the most rod-
ingitized rock; although it is alkali-rich and
does not fit within the "rodingite field" deli-
neated by Coleman (1977), the trend towards
that field is nevertheless obvious.

Rodingites 1E and 1G were formed at the
expense of serpentinite. The main elements ad-
ded here are Ca and Si; the magnesium re-
quired to form diopside was derived from the
breakdown of serpentinite. The felsic dyke un-
doubtedly provided the Si.

The fluids responsible for the observed rod-
ingitization were strongly alkaline, presumably
Ca-, Al-, OH-bearing (Barnes & O'Neil 1969).

C H€rz F
Flc. 12. ACF plot of dyke rocks showing meta-

somatic trends. Both granite and serpentinite con-
verge toward the "rodingite field" delineated by
Coleman (1977).

The K-feldspar in tlte calc-silisate assemblage
clearly is in its field of stability, and is devoid
of sericitic alteration. The inability of the K-
feldspar to order completely in the presence of
such an alkaline fluid phase (Martin 1973)
must reflect in part the short-lived nature of the
metasomatic events, in part the presence of
divalent cations in the structure. In spite of this,
the fluids must have been particularly super-
saturated with respect to diopside, presumably
in view of a high local activity of Si (relative to
the serpentinite mass as a whole), to effect
important metasomatic transformation of the
hanging-wall serpentinite during the episodes of
rodingitization. The high activity of Si in the
fluid phase may also account for the predomi-
nance of grossular (over hydrogrossular) in
these rodingites. This aspect clearly merits
further study, especially since rodingitized basic
dykes in the Jeffrey mine do contain hydro-
grossular (Wares & Martin, unpubl. data on
dyke 3, Fig. 1).

Drscussron

Three distinct groups of intrusive rocks em-
placed in the ultrabasic part of the ophiolitic
complex have been recognized (Laurent &
H6bert 1,979): (1) thoroughly rodingitized gab-
broic dykes, (2) deformed, partly rodingitized
hornblende diorite and (3) late, relatively unde-
formed dykes of granite, emplaced once the
peridotites had been serpentinized but before
the formation of chrysotile fibres. The roding-
itized felsic dyke described here probably be-
longs to the youngest gtoup, emplaced in partly
serpentinized rock but itself not foliated. The
brecciated aspect of the core zone of the dyke
and the presence of fracture-healing veinlets
containing rodingitic mineral assemblages show
that deformation occurred after dyke emplace-
ment and after initial rodingitization. Renewed
serpentinization of tle broken-up harzburgite
tectonite after obduction onto the continental
margin may be responsible for renewed rod-
ingitization of the dyke rock (especially along
the south edge) and of the adjacent hanging
wall. The timing of the second generation of
rodingitization may thus correspond to the sec-
ond episode of serpentinization in the fractured
host rock and to deposition of the asbestos veins.
Laurbnt (1975b) has shown that movement
accompanied asbestos mineralization in some
vein systems, w.ith the orientation of the growing
fibres controlled by the direction of minimum
shear stress.

. GRANITE

I
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The first metasomatic event that occurred
after emplacement involved mild Na metaso-
matism. This may indicate that the event oc-
curred on the sea flooq during the cooling of
the dyke rock. More information must be ob-
tained on this stage of dyke evolutron to as-
certain the environment of early metasomatism.
There then followed a reversal in the pattern
of metasomatism, in whish Ca and minor Ba
were introduced at the expense of Na, and K
was redistributed. There is evidence for the
initial crystallization of a monoclinic K-feldspar,
which then suffered brecciation. The brecciated,
turbid feldspar is low microcline, in which the
slight apparent departure from fully ordered low
microcline may largely be due to compositional
factors (e.g., Ca, Ba in the structure). Where
rodingitization is more advanced, as along the
southern edge, the microcline falls far short of
the fully ordered configuration, having crystal-
lized during the second period of rodingitization.
The data acquired on the pyroxenes suggest that
the metasomatic salite containing significant
quantities of Fe gives way to almost pure diop-
side in the more advanced stages of rodingitiza-
tion.

Most cases of rodingitization described in the
literature involve the Ca metasomatism of basic
rock types. The southeastern Qu6bec ophiolites
seem anomalous in the importance of granite
dykes and plugs that were presumably emplaced
during an episode of calc-alkaline magmatism,
when the ophiolite sequence had become in-
volved in subduction-related events. The re-
sulting rodingites are unusual in that they show
the close association of Ca, Mg and K in low-
temperafure metasomatic assemblages. The
source of calcium required for rodingitization
is usually attributed to the surrounding ser-
pentinized harzburgite and cumulate dunite, in
view of the inability of the serpentine structure
to accept this element. The dyke rocks consti-
tute an environment of high Si activity that is
favorable to the formation of calc-silicate as-
semblages.

This occurrence of rodingite is unusual in
another respect: it seems to be the first docu-
mented case of completely rodingitized ser-
pentinite. At first glance, it may seem contra-
dictory to propose rodingitization of a r<ick
that is the raison d'6tre of the rodingitic suite.
The only way to explain this odd occurrence in
the hanging wall of the granite dyke is to pro-
pose (1) rodingitization by fluids of unusually
high Si activity in which serpentinite was un-
stable and (2) renewed Ca metasomatism after
the first episode, presumably as a result of

more complete serpentinization in nearby peri-
dotites. That rodingitization is not symmetrically
developed suggests that the fluids infiltrated uni-
directionally, upward through the dyke. This
would account for ( I ) the much more diffuse
upper (northern) margin (Fig. 2), (2) the
precipitation of phlogopite in the serpentinized
hanging-wall peridotite, (3) local enrichment
of the fluid in K and Si by interaction with
the felsic dyke rock and (4) more thorough
rodingitization of the southern (lower) edge.

The gteen chloritic selvage on the south side
probably represents early, localized Mg metaso'
matism of the dyke rock rather than metaso-
matized serpentinite; this would explain the oc-
currence of zircon crystals in the selvage. Such
a thin chloritic blackwall commonly develops
around bodies of foreign material intruded or
tectonically incorporated into the serpentinized
parts of ophiolitic complexes (Vuagnat 1953).
This blackwall probably formed soon after the
first period of serpentinization and rodingitiza-
tion; we consider that it had an equivalent along
the northern contact: the sporadically developed,
contorted brown selvage found beyond the
green-speckled, white rodingitized serpentinite.
This hypothesis implies that much rodingitiza-
tion of serpentinite did occur during the first
episode. The northern selvage was later highly
modified by oxidation, dissolution and meta-
somatism during the second episode of rodingi'
tization. The brecciated core zone would have
provided the avenue for efficient infiltration of
k-, Ca-bearing alkaline fluids that continued the
metasomatic transformation of the hanging wall
well beyond the original blackwall rim.

Our study shows that a dyke, probably belong-
ing to the youngest generation of minor in-
trusions in tle area, locally has been thoroughly
metasomatized by infiltration in at least two
stages, and that the resulting rodingite is ano-
malously K-rich. 

'fhus, not only the older dykes
of gabbro and diorite show two distinct episodes
of rodingitization (c1., Laurent & H6bert 1979).
Rodingites should not be so narrowly defined
as to exclude such alkali-rich compositional
variants. More investigations of this type will
be needed to categorize the rodingites, to estab-
lish criteria d,iagnostic of specific parent-rock
lithologies, to evaluate the temperature and pres-
sure of the metasomatic events, and to study
the link between localized low-temperature Na,
Ca and Mg metasomatic events and widespread
K metasomatism that led to the formation of
reddish-brown biotite in the older intrusive rocks
(Olsen 1961, De 1972).
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