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ABSTRACT

Chemical and textural variat;ons 2CTOSS 3 25 to 32 m wide dlabase

dike from St—Plerre de Wakefield, Quebec, were investigated in detail in
rélation .to the mode of . emplacement, ~ crystallization history and
differentiation. An increase was found, from dike margih to centre, in
Fe, X, Ti, Zr, Sr, Rb, Y and Zn, a decrease in Al, Mg, Ca, Ba and a
gené&@l decrease in total rare earth elements from the start to the end

:of the magnma emplacements. Large K, Ba, Sr and éb peaks were recorded at
a distance of 7.5 m from the southern contact. Most of the  chemical
variations Até attributed to differentiation in the source chamber,
_éoupled with , in  situ fractional crystallizatiqn. Feldspar 1lath
orientgﬁ}ons at the southern contact indicate a magma flow upward and
toward the west. Across—-dike textural variations, notably the appearance

and disappea:ance of pyroxeﬁe phenocrysts and the abrupt changes in
‘feldspar lath sizes indicate a three pulse mode of emplacement, In
addition, chemical data, while supporting these three initial pulseé also

indicate the occurence of a fourth and last pulse,
A rapid aﬁd inexpensive method for the determination of rare earth

elements which combines the use of ion exchange columns and. Direct

Current Plasma spectroscopy was developed.



’ RESIME . .
Leé variations fexturales et chimiques_enregi#tfées selon un profil
perpendiculaire‘é- la direction d'un filon diabasique de 1la région de
St-Pierre de Wakefield, Québec, sont présentées\gn-détail. L'information
est .examinée-_pn relaﬁion avec le’ mode  d'emplacement, 1'histoire

cristallographique et la différentiation magmatique du ﬁ}lon de diabase,

On note des‘aggmentations'en Fe, K, Ti, Zr, Sr, Rb, Y et Znh'%t des

-
-~

diminutions en Al, Mg, Ca et.- Ba, du contact vers le centre de
l'intrusionf Cesrv#riations, accompapgnées de pics de ¥,™Ba, Sr et Rb
- sont attribudes a la différentiation lente de la source magmatique suivie
de la fractionnation sur place du magm#. - "

Au contact lﬂorientation.tri#dimensionnelle (des feldspaths indique
une direction d'écouiement vers le haut et 1'ouest. Les wvariations
%erpendiculaires a2 la direction de la caisse fillonique telles que les
apparitions et 1e§ disparitions de phénoqpiﬁtaux Qe eroxéne, les

.

changerents abrupts de dimenstons cristallines et les variatioms

-

chimiques; indiquent un mode_ d'emplacement -selon ‘quatre impulsions
magmatiques. Cetke conclu%ian est soutenue par les diagrames de
variatién et les teneurs en terres rares de certains ésRantillons.

Une recherche axée sur le développement d'une méthode raplde et peu
couteuse d'analyse des terres rares, combinant 1’utilisation de colonnes

d'échange ionique et la spectroscople par Courant Direct de Plasma

(D.C.P.) est présentée en détail.
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INTRODUCTION v

.

Studies sucﬁ as that of Steele and Ragland (1976), dépic:ing_
- chemical varidtions across strike, have fa;sed consider;ble interést in
wide diabase dikes since they ‘genérally display good:chemical' trendg
related to flow differentiation or. otﬁer processesr active during
~emplacement, and textural variations related to the mode of emplacement.
On the other 'hand; smaller diabase dikes have received little attention
since they wefe once thought to be both mineralogically and
compositionally uniform because of Eheir rapid cooling after emplacement,
- .

The present Treport deals with petrographical and petro}ogical
variations recorded for a 25 m to 32 m wide diabase dike located near the
viilage of St=PieTrre de Wakefield, Québec. . .
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REGIONAL GEOLOGY

. I?g study area ig located abﬁut 25 ¥m north of-Ottawa, near the

village of St~Pierre de Wakefield, Québec {see Fig.l). It is ﬁnderiain

| by marble, .quartzite aha 'gheissgs of'the Grenville Supergroup, cut by

. pegmatite and diabase dikes. Following are brief descriptions of the

country rocks and dikes based on field observations and.on previous works
by Martignole (1975) and Wilson (1920);

Mardle, mostly caleitic, is cémmon in the area of study eséecially
around St-Pierre Lake (see Fig.l). Generally massive in appearance, it
displays no foliation and little to no layering. Graphite is the main
accessory mineral although phlogopite and apatite are locally present.

The quartzites are of two types; the first contains thin layers (1
em) of pyroxene-rich gneiss and the second, layers of‘feldspar greiss
up to 1 m thick,

The gneis;es which underiie 7073 qf the area are subdivided into four
main types: quartz-feldspar gneilss, bioti}e gnéiss, biotite-garnet gneiss
and hornblende gneiss. Quartz-feldspar gneiss is the most abundant, It
displays strong to weak foliation and 1locally a faint lineation. When
the foliation is well developed, it 1is =~generally accompanied by a
gneissosity where the biotite 1s concentrated in layers rteaching a
maximum thickness of a few centimetres. The biotite pneiss is scattered
throughout the area in the form of small outecrops or thin intercalation
in other types of gneiss. In ‘géﬁejal,'phel biotite gneiss displays a
pronounced planar alignment of biotite (foliation) parallel to a well

defined pgneissosity. Biotite-garnet gneiss 1s also dispersed throughout

the area but, unlike biotite gneiss, it displays only faint foliation.



Where a gnelssosity 1is present, ;he rock  shows alte;nations of
coarse-géaine quartz-feldspathic and dark finejgrainéd bedg. Hornblenﬁ
gneiss is less abundant and is concentrated in the S-SW ﬁprtion of the
study area. It is generaliy medium-grained énd displays a well developed
parallel foliation aﬁ&hgneissosity. Qﬁartz and plagioclase ﬁ;e commonly
observed forming "eyes" that do not exceed a few millimetres in length.
Two types of intrusive rocks, granite pegmatite and diabage cut
rocks. of the Grenville Supergroup. Pegmatitic iﬁtrusions occﬁr‘as dikes
or isolated, irregularly-shaped bodies, the latter being. the most common,
In general, the pegmatites are piﬁk, showing gr;phitic textures
accompanied by large feldspar —crystals ranging up to over 5 by 10 cms.
One interesting feature of some pegmétites is that they often form
contact material for the diabase 1intrusions. Unfortunately, these
pegmatites cannot be traced for more than a few metres on either sides of
the'dikes due fo lack of outcrop.- The pegmatites can have two origins.
The first wéuld héve them formed by an extensive cdntact metamorphism oﬁ
quartz-feldspar gneiss, related to the emplacement of the diabase dikes.
This is most unlikely éince ‘it implies melting of the gneiss' whiph in
itself necessitates heat transfer impossible to reach with a 25 m to 32 m
wide diabase dike. The second origin for these pegmatites would havé
them genetically related to the Wakefield Batholith and thus the result
of'partial melting during regional.metamorphism. This is the most likel
origin, The pegmatites would héve intruded the vregional rocks {along

existing fractures which would have been reactivated afterward to serve

as passageways for the diabasic magma.



Three equally spaced diabase dikes, out of which the most northerly dike.

named “St-Pierre™ was chosen for investigation, cross the area of study.,

-

Originally described by Wilson (1920, 1925), these diabdse dikes, part of

theAGrenvilie Dike.Swarm; are strictly aligned in an E-W .directiqn, a
prominﬁnt fault direction possibly controlled by the E-W fractu?ing in
the Qttawa Bohnechere'bégbgn. In a paleomagnetic study of‘the Grenville
diabases, Murthy (1971)‘ indicated that the siwilaritf between the poles
of the Franklin diabase, dated at 675 M.¥., and the Grenville dikes
suggests coeval emplacement for the two gr;ups of rock. K-Ar dating,
performed on various dikes of the Greaville Swarm, gave ages ranging from
408 to 488 m.y. (Wanless ‘et al, l972). Regardless of their true age,
they obviously postdate the regional metamorphism.

Outerops showing both northern and southern contacts of the studied
dike are rare. In general, the contact rocks are extremely fractured and
often covered. 1In one instance, the dike was completely covered with the
exception of a’few contact diabase fragmentg %used to a vertical fault
uall:paéallel *to the dike contacts. This evidence sugpgests that-the
faults along which the diabasic mapma intruded were reactivated after
solidification.

The St-Pierre dike was initially sampled at 5 m. intervals across
it's width at 500 m. intervals along it's length and these samples are
desipgnated as Al-lete. The study dike was further sampled at a nat;ral

cross-section indicated by X1l on figure 1. All the samples collected at

this location are designated by the X11 prefix.



GENERAI, PETROGRAPHY

Minefélogx _

Individual descriptions of thin-sections of the St-Pierre dike are

presented in Appendix 1. Five main minerals were observed; plagioclase,

~

augite, pigeonite, magnetite' and ilmenite. These are accompanied by
minor minerals such as chlorite, caleite, quartz, potassi;m-feldspar and
titanice. From Appendix 1, it is clear that there are no determinable
modal variations for the above minerals. .

Plagioclase 1is the most abundant minéral. Taking the form of
subhedral to euhedral lath-shaped crystals, plagloclase displays . both
albite and Carlshad.twins. It also displays normal zoning (see Plate 1),
ghe zones décreasing in thickness toward thé rims of the grains. In the
contact zones of the d{ke, the plagioclase crysfals have irregularly‘
rounded outlines, indicating a reactioﬁ relation with the magma (see
Plage 2. The anorthite content of plagioclase crystalé, evaluated by
the Michel-Lé@f method (Kerr, 1977), gave labradorite compositions. The
plagioclase crystals increase gradually in mean sizZe from the contact,
where they avérage 0.4 nm by 0.1 nm, ingard to reach a maximum of 1.0 mm
by 0.4 mm Ain the centre of the dike (see Fig.Z).

Althodgh augite is by far the most abundant pyroxene, both augite
and pigeonite are pﬁserved throughout the dike. Near and ;t the
contacts, the pyroxenes form oval phenocrysts of aggrepate nature into
which poikilitically enclosed plagioclase crystals wedge‘out {see Plate
3). '

In places, especially in the coarse-grained regions of the dike,

augite and pigeonite are found in association forming intergrowths of two



Plate 1. Photo-micrograph of zoned plagioclase crystals.

Photo-micrograph is approximately 0:4 mm in length.

t

’

Plate 2. Photo-micrograph showing the corroded outline of a plagioclase

feldspar crystals.

Photo-micrograph is approximately 0.2 mm in length.
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Plate 3. ?hoto-micrograph of a composite pyroxene phenocryst into which

) fe;dspg;s wedge out.

Photo-micrograph is approximately 0.2 mm in length.

Plate 4. Photo-micrograph of a zoned pyroxene crystal, pigeonite forming
the inner core and augite the outer rim. -

Photo-miecrograph is approximately 0.4 mm in length.

s
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different kinds. The mosﬁ common type consists of an irregulaf patch 6fl;
fpigeonrte - surrounded by augite (see ‘Plafe 4), both'.'p}roxenés-

distingﬁishable by their different Zv angle. Often the pigeonite portion
:‘has been replaced by chlorite leaving .an augite grain with a chlorific.

- »

centre (see Plate 5). The least common but by far the most spectacular

intergrowth t kes the form of an augite hdurglass within pigeonite,

The opaq&; ninerals present are magnetite (possiﬁly titanomagnetite)
and ilmenite, The;ﬁagnetite varies both in content and shape from the
'céntact where it is inconspicupus in the groundmass, to the central
portions of the dike where it occurs as dendritic72 mm. by 2 mm.crystals
often showing polygonal outlines (see Plate 6). The appearance and
geometry of similar magnetite crystals h;ve been described by Kretz (in
press).. Rarely, magnetite grains are totally or p;rtially enclosed by
titanite or sphene.  Baragar (1960) observed such an association in
gabbro dikes and attributed the presence of titanite or sphene as the
result of magnetite alteration. Similar observations were Treported by
Buddington et al. (1955).

Ilmenite is also present throughout the dike but in smaller
concentration and size. It occurs as minute ( 0.0l mm) euhedral crystals
associated with both chlorite and magnetite (see Plate 7). Kretz {in
press) attributed the preéence 0of ilmenite and chlorite to the breakdown
o% magnetite accompanied by a reaction involving silication. Cne piece of
evidence supporting this replacement is the polygonal outline, ﬁ%ually
displayed by magnetite crystals, adopted by the masses of ilmenite grainsg

Distributed throughout the dike, chlorite occurs as anhedral 1.5 mm

by 1.5 mm grains usually associated with magnetite and ilmenite. In



LB

Plate 5. Photo-micrograph of a zoned pyroxene crystal where the inner

pigeonite core is partially replaced by cplorite.

Photo-nicrograph is a}pfoximately 0.4 mm in length.

‘Plate 6. Photo-micrograph of magnetite crystals showing polyhedrall

outlines.

Photo-micrograph is approximately 0.4 mm in length.






Plate 7. Photo-micrograph of minute ilmenite crystals assoclated with
chlorite. . Note the outline of the mass of ilmenite crystals
which can indicate the replacement of magnetite by ilmenite.

Photo-micrograph is approximately 0.2 mm in length.

- :
Plate S. Photo-micrograph of gquartz and K-feldspar micro-pegmatite.

Photo-micrograph is épproximately 0.2 mm in length.

14
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generél, the chlpriﬁe grains are light green displaying faint pleochroism
but brilliant yellow gralns may be found.

Qalﬁite, described in very few thin-sections, constitqtes an
extremely small portion of the total rock ( 1X). Kretz (in press)
indicates that the calcite locally appears . to be pseudomorphous after
olivine. . Since the observed calcite gfains are extremely small ( 0.1
mm), no textural features pointing toward pseudomofphism could be
recorded. |

Quartz and K-feldspaﬁ are also minor constituents o¢f the diabase.
Usually occuring as “minute grains { 0.1 mm), they are observed together
fdrming interstitial graphie intergrowths. In general, these
intergrowths are small (\0.1 mm) and thus more readily observed in the
coarse-grained portions of the dike (see Plate 8).

- Least in abundance, titanite or sphene is generally found in close
association with the opaque mineféls. It occurs as anhedral grains

~

partially or totally enclosing magnetite.

Textures and Srructures

Although a variety of textures have been described in?the previous
section, feldspar lath orientations and large scale textural variations
will be presented and discugsed:here.

Tﬁe contact between the wallrock and the dﬁébase dike is marked by a

; !
discrete, devitrifiéd glassy seam, 1.0 mm thick {see Plate §). In hand
specimen it is evident that the seam runs -parallel\to the contact but

also bifuRcates into the wallrock, isolating small xenoliths of pegmatite

\
in chela&aﬁase (see Plate 9). -



i

Plate 9. Photogfaph of a contact specimen showing the small seam, the
first and second pulse and the location of Samples A, B, C and
D. Scale in cm.

This is a portion of sample X11-9 from the southern contact,
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Pulse 2

Pulse 1




NG

19

The general smoothness ;f ﬁhe-contacts is ;ntéffupﬁed by small
brotuberances of pegmatite, 1.0 cm hy 1.5 ocm, into the diabase. The
examination of contact thin-sections leaves no doubt as to theif origin.
They are intégral parts of the regional rocks and not xenoliths. They
generally display a wedge-shaped appearance with the gentle slope of the
wedge facing east (see Piate 10).

; Composite pyroxene phenocrysts mark the-first 0.5 cm of diabase at
tﬁe contacts. These are generally rounded and range from 0.6 mm to 1.0
mm in diameter. Imbedded with plagioclase phenocrysts in an extremely
fine—graiped, black matrix, the pyroxenes, when 1in contact with the
regional rock extensions, have been deposited in a similar fashion as
would sediments in a river (see Plate 10). On the eastern side of ﬁhe
pfotuberances, where the slope is gentle, the pyroxene phenoerysts were
deposited one beside thé other. Toward the top of the protuberances they
gradually disappear to reappear on the western side of the extension
whare they. are deposited one on t;p of the other. This 1indicates a
hipher energy level on Ehe eastern side of the wedpe-shaped extensions as
compared to the western side.

At the southern contact, tﬁree oriented thin-sections were examined
for plagioclase lath directions. Two sections §1 and S§2 were cut
perpendicular to each other and the contact, and the th;rd, 83 , was cut
at a distance of 2 mm from and paral}el to the contact. The orientation
and }ocation of these sections are represented in Figure 3a. From 130 to
160 feldspar long axis orientations' and size measurements were performed

per thin-section along five traverses spaced at 2 mm distances. The

measured orientations were then plotted on rose diagrams (see Fig.4, 5
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and 6). i -

Blanchard et al. (1979) indicated that for a Newtonian flow, plaﬁy
minerals would align ﬁhemselves parallel to the flow configuratien (see
Fig.3b). ° This alignment is due to the rotation of particles at ‘the
contact, iéself related to flow shear and relative magma velocities.
This arrangement seems relatively simple but in fact a Newtonian flow
configuration, viewed in three dimensions, would iook much like a bullet
head. In fact; the feldspars at the contact would obtain ;
three-dimensional orientation. This orientation is displayed in  both
rose diagrams and Figure 7. On the vertical (S1), long axis orientations
show a definite concent;ation from 0° to 10° while on the horizontal
(SZ), the concentration is from 0° to 250, both inclinations being away
from the southern contact toward the north. Section 83, parallel o the
contact, confirms this three- dimensional orientation of the feldspars
with a discrete concentration at &SQ away from the top {vertical) and
toward the east.

The feldspar orientation can only be explained by a Newtonian flow
originating in the lower east and moving- toward the top west (see
Fig.7 ). This is in direct agreement with both the protuberances
morphology and the mode of pyroxene phenoéryts deposition at the contact.

As distance from the contact inéreases, a series of textural changes
appear. At 0.5 cm from the contact, there 1is an. abrupt ioss of all
pyroxehe phenocrysts and the roék becomes an extremely fine-grained
contact diabase {see Plate 9). The pyroxene phenocrysts then gradually
reappear at 3 cm from the contacts, where they are generally 0.5 mm in

diameter and 1imbedded 1in the fine-grained matrix. They gradually
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1

.increase in size‘ to reach a maximum of 2 mn in diameterjﬁt about 19 cm
away from the contact. Again at 22 om, the ﬁyroxene phenocrysts

diéappear_and_the feldspar'laths abruptly decrease in size by half (0.1

mm by 0.2 mm by 0.5 mm) (see Plate 11l). Finally the pyroxenes reappear

at about 25 cm from the contact and remain throughout. JIt .is evidé;Ef
that these textural variations cannot be generated ‘ by flow

differentiation and must be the result of a multi-pulse mode of

emplacement of the diabase dike. The first.O.S cm of diabase would then

represent the first pulse, the material between 0.5 em and 22 cm the

second pulse, and 22 cm inward the third ﬁulse. What comes go light is

that the textural changes recorded at the beginning of each pulse become

harder to distinguish as distance increases away from the contacts. It

is then possible that the studied diabase dike was emplaced via more than

three pulses although visible textural variations indicéte oniy three.

»



Plate 10. Photograph of a hand specimen showing  a quartz-feldspar
pegmatite protuberance and small composite ﬁyroxenes at‘the
contact. Note the shape of the protuberance and the location

of pyroxene phenocrysts. This is a portion of sample X11-9 taken

from the soutern contact. Scale in enm .
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Figure 3a. Location and orientation of scctions S1, S2 and §3 with
Tespect to the southern contact of the St-Pierre dike.

)
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figure 3b. Orientation of feldspar laths parallel to a ‘lewtonian flow
configuration. )
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Figure 4. Rose diagram of feldspar long axis orientations for Sl ’
relative to the southern contact which is vertical.
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Figure 5. Rose diagram of feldspar long axis orientations for S2,
. relative to the southern contact which is vertical

)

»

.
T



Figure 6. TRose diagram of feldspar f%ng axls orientations
relative to the vertiecal and the east.
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Piate 11. Photograph of a "hand specimen showiné " the ‘inner contact

emphasised By the abrupt loss of pyroxenes (1ight grey) and

the decrease in feldspar size. Scale in em.
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PETROLOGY

Out of -three diabase dikes that cross the area of study, the most
northerly dike éés chosen for investigation because of its accessibility,
the quality 6f its contacts and its good natugal cross—sec;ion. The
studied dike is in general 32 m _wide although the width can vary
cdnsiderably depending on location. The dike displays an E-W #rend and
vertical contacts.

At ‘the natural section (marked X1l in Fig.l) where the dike is
approximatelyl'ZS.S m wide, seventy samples, out of which.eigﬁt were
regional rock, were collected at intervals of approximately 30 cm along a
line extending from wall to wall. |

Diabase Sample X11-9 was tagen at the southern contact and Sample
X1ll-7lc at the northern contact. Other diabase samples, from X11-9 to
X11l-71lc, were taken in between at progressively larger distances from the
southern contact.

All samples were powdered #é_ééggéiggé_AEn Appendix 3. Major and
trace element analyses were performed on =a ™Philips" PW 140 X-Ray
Spectrometer and rare earth elements (REE) on a SpectraSpan 5 Direct
Current Plasma (D.C.P.) Spectrometer. Results are presented in Aépendix

2 along with CIPW norms. The REE separation method, along with 1its

accuracy and precision is presented in Appendix 4.

General Composition

Chemical analyses of the diabase'samples were plotted on an
Alkalies~Silica diagram tsee Fig.8) and plot well into the sub-alkalic

field.



Figure 8.
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Alkalies versus Silica diagram showing concentrations of
St-Plerre diabase samples 1in the sub-alkalic field. Only
forty-five diabase samples are plotted for clarity (dividing
line by Scoates et al, 1978)

Samples from the southern contact zone.

Samples from the northern contact zone.

Samples from the intermediate zone, southern half.

Samples from the intermediate zone, northern half.

Samples from the central zone, southern half.

Sarmples from the central zone, northern half.

OmbrOe

" For zone boundaries refer to Figure 25.
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When comparing éhemical analyses for Grenville diabase dikes, that
is,the St~Pierre dike along with §alues reporeed by K;etz (in-press) ana
Nixon (1977) fo other diabase-dikes such as those of the Pageland and the
Pennsylvania dikes, one marked difference is \néted. The Grenville dikes
display higher Ti values (see Table 1). Thié. feature may imply fhat

_these Grenville diabase dikes originated from similar sources, rTich in

Ti.

Chemical Variations

-Samples D, ;,,B and A (plate 9), collected at 0, 1.5, 3.6 and 5.7 em
. regpectively from the é;uthern contact of the ét-Pierfe dike, were
analysed for chemi¢al changes. The results are given in Appendix 2 and
plotted on Figures 9 to 24. Although no definite conclusions may be
drawn from only four samples, a few general observations can be made.
‘The majority of the elements display saw-tooth variation patterns either
of peneral increase or decrease-awayaﬁrom the contact. Chemical analysis-
of Sample D, which 1is presumed to be the first pulse is relatiQely poor
in Si, Mn and Zn, jand richer in Mg, Cr and Fe; as expected for a diabasic
rock containing pyroxene phenocrysts (possibly primocrysts). The first
portion of the second pulse, represented by Sample C, contained more Si,
Ca, Mn, Zn, Rb, Sr and Y. As' pyroxene phenocrysts gradually reappe;r
(Sample B), the Si, Mrn, 2n, Sr and ¥ vald;s again decrease only to
gradually reilncrease at Sampyg A, The marked difference in some element
conﬁents‘between each pulse may reflect changes which occured a£ the

source area during and in between the emplacement of the magmas.

Chemical variations across strike in the remainder and major portion

Ed

TAER A
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TABLE 1
1 2 3 4 5 6 7
10, 47.8  Sl.4 48,3 49.6 48.6  48.4  47.8
ALQ 14,2 17.1 166, 16,0 154 15.0 14.2
Fe,0,T13.8 10.2 163 15.0 1L5 13.4 13.9
g0 6.2 6.5 4.3 4.6 10.0 5.2 5.8
a0 10.6 11.5 10.0 9.3  10.6 117 1L5
Na,0 2.5 2.4 2.6 26 , 2.2 23 22
KO 0.4 0.6 0.4 0.9 0.4 0.3 0.3
Iﬁoz 1.7 © 0.6 2.3 2.9 0.5 1.6 1.6

RO - - 0.1 0.2 - - -
Mn0 0.3 . 0.2 0.2 0.2 0.2 0.1 0.1
Ba 86 - 264, 116 - - -
Cr 160 3017 82 50 807 - -
Zr 81 66 115 182 43 - -
St 174 135 221 278 78 - -
Rb 14 16 . § - 15 13 - -
Y 28 - 31 38 - - -
Za 93 72 122 116 82 - =

O Ni 68 83 31 102 352 - -

;

Chemical comparison of various diabase dikes.

to Mn0 in %, Ba to Ni in ppm

St-Pierre dike, contact(4 samples)

Mesozoic Pageland dike, contact (Steele and Ragland, 1976)
St-Pierféwdike, central zone (10 samples)

Kretz (in-ﬁ;ess), cental zone (15 dikes)

Mesozoic Pennsylvania, central zone (Ragland, 1979)
Gatineau, central zone (Nixon,1977)

Gatineau, contact zone {Nixon,1977)



Figures 9 to 24,
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[§)

Chemical variations displayed by diabase Samples D, C,
B and A (see Plate 9). -
® Regional rock sample collected 30 em away from the
contact.
—-- Regression line.

Error bars, 957 confidence limits.
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of the_St-fierre dike are shown in Figures 25 to 42. The aqalfse§ are
listed in Appendix 2. Analyses of the adjacent country r;ck, composed of
.quartz—feldspar pegmatite, are also shown.

The firsg feaiures that are observed in Figures 25 to "42 are the

general trends displayved by most elements. Fe, K, Ti, 2r, Sr, Rb, ¥ and

. -u.’-.'-- .

Zn appear to increace from the co@ﬁﬁbt inward while Al, Mg, Ca and Ba
appear to decrease, Na and Mn seem to remain stable throughout while Sr,
Cr and Ni contehts vary Erraticallé. ‘

Other important features observed, apart from the geﬂeral trends,
océur as large K, Ba, St and Rb ;eaks at the 10.5 m station (see Figs.52
to 39). The possibility of these peaks being the result of anmalytical
contamination is improbable since the samples were not analysed in order
of occurrence. -The peﬁks correséoné T¢ more than one samplé and
petrographic studies of samples ﬁ11-25 and X11;26 showed' marked increases
in K;Eeldspar; The peaks could represent abrupt changes in _the magma
composition brought about by a pessible fourth pulse. The new magmna
yduld have. crystallized K-feldspar incorporating Ba and Rb and Sr-rieh
" plagioclase. Analyses of samples 7.5 m south of the northern contact are
not available due to lack of exposure, but chemical analyses of adjacent
samples show a tendency toward the formation of similar and possibly
larger peaks. A second possibility would ¢all for samples X11-25 and -
XI%:Zé to have crystallized " out of a'%esiduél mapgma that collected in a
gmall pocket during the crystallization of pulse 3, This i1s most
unlikely since such a pocket would have been visible in the field and

" most important of-all, residual liquids are usually phshed toward the

central portion of.the dike, that is the last portion to crystallize.



Figures 25 to 42.

43

) Chemical profiles of the St-Pierre diabase dike and

adjacent rocks. Sample X11-9 marks the location of
the southern contact and X11-71lc the northern
contact.

I - Error bars, 95 7 confidence limits.

€ location of contact.

B Regional rock samples.

. Note: 1. The regression lines are not to be taken

‘quantitatively but are incorporated as a visual aid.

2. - Contact, intermediate and central zones
were determined by dividing the total number of

samples by a total of & zones.
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The peaks are ‘not recorded in the ‘central portions of the dike, but at
7.5 m from the southern contact.

Another feature, distinguishable from these diagrams, is the

b4 scattering of some results, The scatter displayed by each element is

represented in Figures 43 to 59 in which the southern half of the dike

_ _was_seperated into three zones. The scatter. “of each element was then

represented by plott}ng the lowest and highest recorded values for each
zone with the excepéion of the peak simples. Some elements, such as §i,
Al, Ti, K, Ct, Zr, Sr, Rb, Y and Ni, display an increase in scatter from
the contact inward whereas Mn ané Ba show decreasing scatter inward. In
general, the elements that show increasing scatter also increase 1in

concentration from the contatt inward. This information implies that the

elements which were progressively concentrated in more differentiated

late magmas also show increasing scatter.

REE aggiysed for eight samples froé the profile are plotﬁed in
Figures 60, 61_ and 62 and analytical methods and data are presented in
Appendix 2, Q/;nd 4. From these figures the following observations are
made;
Q{./;he diabase samples are from five to thirty times richer in certain
REE than the chondritic values.‘ ~
2. The diabase samples display a slight to moderate light REE enrichment
as compared to heavy REE, the degree of 1light REE enrichment being
smaller than that of most contisenfal_ basalts. This 1s thought to

reflect the lower degree of fractionation for the diabase when compared

to most continental basalts.



Figures 43 to 59.

Analytieal data of the southern half of the St-Pierre
dike.  Samples displaying large peaks (X11-25 and
X11-26) are not included., Contact, intermediate and
central zones are equal in width and are represented
by eight, eiﬁht and ten samples respectively.

For zone boundaries refer to Figure 23,
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3. Slight to moderate negative anomalies are-also dlsoernable. .

4, In general a slight to moderate decrease in total REE “is recorded

. ,‘_’

from the begining to the enq of each- pulse. This feature comes to light

when Samples X11-9 and X11-10 are. taken together as representing the_

second pulse, Samples X11-13, X11-16 and X11-19 as the third pul
Samples X11-25, X11-26 and XIl-31 as the fourth pulse. '

*-4.
The observed REE variations cannot be explained solely by- the

crystallization of either or all the essential mineral constituents of
te diabase. Here two poss{bilities‘might have .arisen; Al The
distribution and the REE variations was regulated by the crystallization

of apatite, which has high Kd wvalues for middle REE. The erystallization“

he -

of a small amount. of apatite would cause a decrease in the REE contents

(except Eu) of residual 1liquids since the REE Kﬁ values of apatite are

in the 100 range. The emall positive Eu anomaly (in the. residual

b -

liquids) could then have beén countered by . tﬁe crystallization of

" plagioclase. Although. XRF and petrographic studies indicated little to
- :

no apatite,. this mineral could- have been concentrated at a “tocation’ which
was overlooked during the studies. B: The observed REE variations were

caused by a fluid phase,'possibly.&ich in REE, which accunulated in the

v

. top portion of. the magma chamber. Yo evidence supporting the presence of

this fluid phase could be recorded.
- When one compares results from the St-Pierre dike and those

-~

‘of the Pageland dike (Steele and Ragland 1976) (see.table 2) it becomes

evident that both dikes show 1incrases from dike margin to center in

Fe, K, Ti, Zr, Sr, Rb and 2n accompanied by decreases in .Al, Mg and

“
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General across-strike chemical wvariations.
1z
2: Pageland dike (Steele and Ragland, 1976)
increase from contact inwards ,

TABLE 2 -
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N

sio,
a0,
FQOT
Mg0
paO
NaZO
%0
TiCb

Mno

“ &« B &

Sy el B P e € - g =n

Ba .

< & > s ©

CrA
Zr

'St

A . A

Rb

2 D> P s D>

2

Ni vy

St-Pierre dike -

decrease from contact inwards
possible variation

.stable

variable

-
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Ca. Additionalllvariéiions such s inére;éeg‘ in éi,'ﬁa and Hn,x.anq_w
decreases in Cr and Ni, | described for the Pageland dike; were not
-.obseived across the St—Pierre dike. Since . both dikes dispiay similar
general trends, they must therefore have had similar differentiation
histories. Steeie and Ragland . €1976) _have attfibutéd thei Pageland
chemical variations to in situ fractionation of the diabasic magma
accompanied by a two pulse mode of emplacement. -

ﬁot 2ll chemical variations across the St-Pierre dike'can be
expla{ned solely by in situ fractionation. A second process infolving a
slow differentiation at‘the source, so as to create a poorly zoned magma
chamber, may have been active.

Evidence of zonéd magma chambers is rare. An example is the Shamsan
caldera sequence pf Aden, where the first erupted lavas originated %rom
the upper differentiated portions of th-e magma chamber, whereas the last
eruption represented less differentiated lower porEions 'of_the magma

chamber (Cox, Bell and Pankhurst, 1979). -

Chemical variations alonpg strike of the St-Pierre dike are presented

in Figures 63 to'72 together with the maximum and minimum chemical values

recorded at the natural cross—section. Since the chemical changes along

strike vary between these‘maxiﬁé and minima, any subtle variation along-
strike may be theﬂnégult'of chance and Yack of samples. . For thi§ reason,
only the major changes will be discdgged. ,

In the central por&ion of the study area, the St-Pierre dike crosses
‘a margle—riéh zone, flanked by two gneiss-rich areas. On:\Figures 63 to

72, the marble area is marked by a ‘Jow in the diabase Ba, K,”Sr and

Rb_;onténts. Here two possibilities can be considered. The decreases may

-
[ . =~




Figures

63 to 72.

A F

'Chetiical wvariations along-'strike of the St-Pierre

dike. Vertical-bars -on the right hand side of the
diagrams give chemical variations recorded at the

.. Cross-section.

-~

I Error bars (95% confidence limits) .
® Samples collected U m to 10 = north of the
southern contact

© Samples collected 10 m to 20 m north of the
southern contact

&  Samplés collected 20 m to 30 m north of the
southern contact .

U Samples collected at more than 30 m north of the
southern contact -

-

)
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result from the selective remo?;l of the elements by.g}nerals present in
the marble or be due to a lack of availability of éﬁe elements in the
wallrock. .‘Since o evidenﬁe supporting either one of these proposals
could be obtained, no conclusion can be deduced to explain the chemical

variations along strike.

CIPW Norm and Differentiation Index

- Norm values are presented in Appendix 2. From these values, it is
L

evident that the St-Pierre dike is quartz normative exéept for Samples B,
D and X1l-7lc, from the southern and northern contact, and X11-25 from

“the first portion of the: fourth pulse. Table 3 gives the differentiation

indices of samples from the southern half of the dike. When this half is

separated into three portions” and the mean of * differentiation indices
~

calculated, it is ‘then apparent that the studied dike becomes slightly

nore differentiated toward the center,

Element Correlations

Variation diagrams used to evalﬁate element-element'variations are
presented in Figure 73 to 85 and the corresponding correlation
coefficients and regréssion gquations are given in Table 4. From these
.diagrams,.only a few elements such as 2Zr, K, Y, St and Rb
thought to be“incompatible? show pgood correlation throughout the dike
with no strict preference to sﬁgple location. In other words, the lea;t
differentiated samples, such as those from tﬁe conﬁaét.zones, do not plot
Tespectively at one or the other end of the regression lines ﬁut show a

-

tendency toward a concentration at these ‘locationms. This masking of

Iy



L e,

'y

ey

s

 TABLE®3

‘D.I.-‘ Mean D.I.
X11-9 25.21
X11-10  22.45
X11-11  22.53
- X11-12 23.41 23,87
X11-13 . 25.20
XI11-14  22.23
X11-15  24.54- /
X11-16 25 45
X11-17  25.04
X11~18  22.50
X11-19  24.12
) X11-20  25.60_/  23.91
X11-21 22£éb
X11-22 . 23.86
x11S:3 22.10
X11-24  25.39% \
X125 32.66%
X11-26/"33,29%
X11-28 \ 24.90
X11-29 23.83
X11-30  21.01 24,10
X11-31  25.7%
X11-32  24.53
X11-33 . 24.16
X11-34  24.60
X11-35  23.68

N

D.I.valueé for samples collected in the southern half

dike. This dike portion is separated in three segments
Mean D.I. values are given for eacl segment.

S

PON
b

*: sample not taken into consideration.

79
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Figures 73 to 85:

[ L

i
A

Element-element variation diagrams.

Sanples
Samples
Samples
Samples
Samples
Samples

omRpPP»rQe

from
from
from
from
from
from

the
the
the
the
the
the

southern contact zone

northern contact zone
intermediate zone, southern half
intermediate zone, northern half
central- zone, southern half
central zone, northern half.

For zone boundaries refer to Figure 25.
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Xvs Y

Ni vs Zr
K20_VS St
KZO vs Rb .
K20 vs'Na20
K,0 vs Ca0
Y vs Zr

2r vs KZO
NaZO vs Cal
Mg0 vs Kéo
ggo vs Fe203T
MgO vs Na20
Mg0 vs Cal

Mg0 vs Al,04

TABLE 4

-t

\
T Equation

0.83 Y¥1.76X + 37.66
0.57 Y=105.6X + 156.2
0.50 Y=40,41X - 5.00
0.58  Y=0.46X +°2.21

0;91 Y=-2.08X + 11.58

0.80 Y=4,19X + 24,71

. 0.73  ¥=0.016X + 0.44

0.70  Y¥=18.44X - 3.32
6.51 ¥=-0.17X + 1.32
0.57 ¥=0.41X + 11.83
0.68 Y=-0.18X + 3.40
0.52  Y=0.41X + 8.55.

0.88 ¥=-=1,08X + 20.24

Correlation factors "r" and regression
equations for element versus clemént

diagrams. .

88"
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clear cut variations may be attributed o 2 combination of in situ

'fractionation,‘differentiation at the sourcwe _and possibly maéma.mixihg. .

The masking becomes more importanﬁ for Mg, Al, Fe, Na, X and Ca,
When alll the saﬁﬁles are plotted on variation'dia;rams, extremely poot
correlations_arg reéorded. ‘For this reason, only samples collected from
the portion of the dike corresponding to the largest pulse (pulse three)
were Qlé ed, resulting in a dramatic increase 1in the correlation
coefficient, |

Althouph in.siturfracFiohation may account for the element-element
variations within .gﬁéh portioqs of the dike corresponding to different
pulses, chémi;al differences between sanples from differeht pulses must
be the-result of processas active in the source chambgr.

Without mineral analyses one can only approximate the true meaning
of‘these variation diagrams. The pgood positive correlations between K‘
and Zr, and Sr aﬁh Rb could indicate that these elements entered the same .
nineral(s) at the same time during crystallization. Geood negative
correlations are recorded for K and Ca, and g and-K, This may.indicate
that during the course of crystallization one element would have entered
one or two specific qingrals while the other element would have been
excluded from thgse same mninerals, becoming a so called "incompatible
element”. ‘ -

If one plots Rb/Sr versu§ St for the total rock, the St-Pierre dike
samples-follow -a Sr depletion trend,.that is, although both Rb and Sr
increase 1in content from the contact inward, Rb concentrations increase

more rapidly, thus creating a depletion of Sr relative to Rb. Since this

is accompanied by a pgeneral decrease in Ca and Al, in situ fractionation
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of feldspars, especially plagioclase, is tﬁought to  have been active
between each pulse. As fractionation ensued, both plaéioclaée and
K-feldspar, crystallizing out of the magma pulse, would have graduélly
contained more K, Sr :and Rb, these -elements ‘'being progressively
concentrated in the-residual liquids of each pulse.

Let us consider the 'seéaration and crystallization of three main
minerals: plagioclase (labradorite), augite and pigeonite, The so called
“"compatible" elements to these minerals would be thogé that can enter
their crystalline structure while fincompatible" elements would be those
that do‘not.‘ Out of the elements that are here consideée@, those that
would be “compatible" are Al, Fe, Ca, Na, Mg, Cr and Ni, while those

’

"incompatible"” are X, Zr, Y, Sr and Rb. If the separation of plagioclase
and pyroxenes was the process that affected the distribution of these
elements, variation diagrams of both compatible versus compatible and
incompatible  versus incompatible elements shguld give. positive
correlations, while diagrams of compatible versus incompatible elements
would give negative correlations. This feature is found to. be true for
most variation diagrams except for Mg versus Na and Mg versus Al which
gife negative correlations and K wversus Na which give a2 positive
correlation.s Potassiunm could, to a certain point, be present 1in the
plagioclase structure, thus explaining the ﬁositive correlation between R
and Na. The negative correlation observed for Mg versus Na and Mg versus
Al could be related to the fact that Na and Al are more readily
incorporated in the labradorite structure than Mg. In other words, Mg
would be incompatible to labradorite and the separation of the

plagioclase could have been the regulating process for the distribution

of some of the Na and Al.

- aw
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DIFFERENTIATION AND CR¥STALLIZATION HISTORY
It was suggested above that both textural an@'éhemical changes could
be related to processes active before and during-the 'emplaceﬁent of the
magma, such pro;esses Eeing in situ fractionation and differentiation at

~

the source accompanied by a multi-pulse mode of emplacement. Although
flow‘different;ation may have been an active process d&ring emplaceﬁent,
no evidence ﬁupporting this process could be recorded. In fact; the
occurence of pyroxene and plagioclase phenocrysts at :the conéact would
point otherwise. Bhattacharji (19@5) indicated that any evidence
supporting flow differentiation was eradicated when pulsating flow

L

conditﬁons occured.

Jaeger (1957) proposed a series of equations and graphics relating

temperature, thickness and ‘time of crystallization for dike-like masses
(see Fig.86). Equations relating crystallization temperature and time
required to ecrystallize various portions of a dike approximately 32 m
wide, each portion being equal to that of the visible segment of each,
were deducted from the same diagfam.

Before one can relate any textural or chemical change to time,

'/—\ 3 3 - 3
magnatic d;fﬁerentlatlon. and pulses, basic assumptions nust be

1
formulated. .

1. The full opening of the fracture (32 m), 1into which the diabasic

magma migrated, occured during the emplacement of the first pulse.

4
2. The calculated time required to c¢crystallize each visible portion of

each pulse is minimum. Each succeeding pulse enterinpg the conduit would

encounter increasingly hotter contact rocks (previously crysrtallized

diabasic magma) and would increase the temperature of the central Tegion
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of thg'dike. All these facts would tend to increase the time required
for a full crystallization of the dike.

. - °
3. Entry temperature of the diabasic magma was apppoximatelj 1,100 C.

4: Full crystallization of the magma occurred at 800°C,

_ ~ _ ‘
Before the emplacement of the first pulse, the magma at the source

had only slightly differentiated and contained only a fr;ction of
pyToxene and plagioclase. phenocrysts suspended in a large amount of.
liquia. In fact, at the time énd just before the emplacement of the
.first pulse, the topu‘portion of #he> ﬁagma chamber would have been
slightly differentiated "while the"bottom portion was unchanged, This
would explain the ever so slighlty higher differentiation'index of Sample
D as compared to the following pulse represented 5y Samples'c, B and A.
At time=0, the fifst pulse would have entered the conduit and the
first portion of magma to enter, the highest in the magma chamber, would
be represented by material extremely closé to the contact. %fom Jaeger
(1957), the time required to crystallize ghe first pulse would have been
246 days using:
T=2.9%10"% p? -
where T is the time of crystallization in years
and D, the sheet thickness in m.
In fact, we could have had relatively rapid crystallization of the magma
leaving both pyroxene and plagioclase phenocrysts embedded in a
fine-gralined matrix. According to the petrography -of . the contact zone,
the first pulse would have béen important énough 80 as to deplete the

section of the magma chamber which contained both pyroxene and feldspar

phenocrysts in suspension.



-

At time=246 days, - the éecopd pulse, originating from a #ow very
, slightly differentiated magma chamber, ' would have pushed the
uncrystallizgd portion of the:first- pulse and -implanted ; new magma

devoid of any phenocrysts. From
1=3,33%107 D%

3.4 years wefe reqﬁired for the observable poftion-of-the second pulse to -
crystallize. The contaét would " have crystallized.relativeiy rapidly and
the rest progressively slower because of decreasing heat 1os§ rates. The
3.4 years would‘ have been enaugh'time for a large portion of the pulse
(0.22 m) to cffétallize out in the fbrm of pyroxene,;-plagioclase and- - .
opaque cryst;}s{/ leaving only a few centimetres of material as a
fine-grained ébntact diabése. The graduai appearance of these minera}s
would accou9£ for the chemibalivariations observed across this portion of -
the dike. These element variétions would then be the result of in situ
fractionation.

After 3.4 yea.rs,. buoyancy pfessure in the magma .chamber had reached
a point where a thirdipulée occured.  Since the differentiation of the
magma chamber was an active process -throughout thé crystalliiétion
history of the dike, magma emplaced by succeeding pulseé wouid be
slightly nmore differéntiaped than the previous——oﬁgs, the amount of

i

differentiation being directly related torthe amount of time between each
N
pulse. This would then cause a géner

differentiation index toward the centre of the dike.

overall increase in the

The third pulse was therefore slightly more differentiated than the
previous, although!{ t -4 years between each pulse was not enough to

create a large difference in differentiation index. According to the
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chemistry, 7.28 m of‘the third pulse ﬁaémd had time to crystallize before

‘the next pulse. From Jaeger o ) L2

7=1.06X107> D’
;hist?;28 m would have taken 10.8 yeérs to crystallize. As was the case
in previous pulses, plagioclase, .pyroxene and opaques would have
progreséi;elf erystallized out ?f the emplaéed' liqﬁid‘egd the whole rock
would have contained more X, Fe, Ti, Zr, Sr, Rb and Zn.

A time of 10.8 years would have gone by between the entry of the
third pulsé and that of the fourth. This period would have -been
sufficient for the magma chamber to differéntiate to the point #here the
Top por;ions of the latter contained afiairlﬁwell differentiated liquid.‘

As in ail. cases, this top portion of magma would be the first to enter
the dike within the fourth pulse and would be represented by Samples
X11-25 and X11-26. The fourth pulse would ﬁheﬁ have tapped progressively
deeper levels of the_ magma chamber, these lavels being slightly less
differentiated than the top ones. In site fractional crystallization
would then have changed this decrease to a slight increase in

differentiation index by selective concentration of K and Fe in residual

liquids.
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‘ CON(&LUSI ON : : ’
The -5t-Pierre de Wakefield diabase .dike dates back to late-’ .
Precambrian or eirly Palebzoié. It is part of the G}envillé Dike Swarﬁ
and intrudes gneisses, quartzites “and marbles of  the _érenville
B

Supergroup.

The absence of exposure or the extreme fracturing of the contact

rocks, associatgd with wvertical fault walls, indicates that thg dike
intruded along an ¢E-W trending fracture which was subsequentI§
reactivated aftgr the solidification of the-magma.

Petrographic studies of the dike indicate the presence of five main
minerals: plagioclase, augite, pigeonite, magnetite and ilmenite, and
four accessory minera}s: chlorite, calcite, quartz and Krfeldspar.

Orientation of feldspar 1laths at the coﬁtact, the regional rockl
protuberances and the mode of pyroxene deposition aroud the latter,
& - .
indicate a flow direction originating in the lower east and migrating
toward the top west. |

Textural variations across strike such as the abrupt disS pearances

and reappearances of pyroxeg% phenocrysts along with the decreases in

"feldspar lath sizes, indicate a.multi-pulse;mode of magma emplacement.

Chemicaf variationg 4cross sﬁriye ;ﬁpport the multi-pulse mode of
.emplacement and are thought to be the gifect result of processeé active
ﬁefofe and during the emplacement of th;\aagga. These processes include
differentiatioq at the source progressively- creating a zoned magma

chamber, and in situ fractionation.



The REE variagion# als;.support the multi—pulse‘mode of emplacement.

The decrease in REE contents within each pulse may vreflect the

emplacement of feldspar, p;;oxené'aﬁd magnetite primoerysts at the
beginning of each pulse. .

‘Most chemical 'variations along strike lie between maximum and
minimumn values-recorded‘at the natural cross-section. Variations of the
kind observed at the natu;al section may be present along strike but are
not fuily revealed by the fewér samples obtained.

This work emphasises the importance of deﬁailed sampling qnd close
examination of textural.;hanges when studying diabase dikes. This study
also shows that chemical and textural variation§ of the kind observed in
large dikes, such as the Pageland dike, -are or could be present. in
smallér dikes.
Similarities between large and small dikes indicate that processes

active during ‘the emplacement are similar throughout regardlesé of the

dike width.
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APPENDIX 2
Major, Trace §nd_REE Analyseé

CIPW norm calculations are ba;ed on the assumpgion that no volatiles are
present. Total oxidés and elements per sample range from 98,.7% to 99.8%
indicating a wvery low wvolitile content. Fe203T refers to total iron
present. -

For sample lécation refer to Figure 25.

Méjor element analyses (XRF).Q..........................a...p103-117

FeO determinations (titration)esiisecessesssssseosessassessaapll8-120

Trace element analyses (XRF)eealoenesnoeernaccenneeanaenessdl2l-126

REE analyses (DaCuPudenisvsssuessvascnsesancscosnsnsnsvenssapPl27=137

" Precision of XRF analyses was evaluated using the following "v*" values

(coefficient of variation) from Kretz (l984)

“XRF v 'Y Cr ~10.

si0, 0.9 Rb - 40

AL.O. 10.8 St 4
2% 20

Tio, 0.8 . ¥

FE i 0.8 Zs i

MnO 4.0 Ba 10

MgO 1.0

Ca0 0.8

Na,0 2.0

KzO 1.2

PO 4.0
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7
_ FeOX
X11i-12 8.14

X1%13  8.96
,x11-ia 9.45
X11-15  9.97
X11-16  9.07
X11-17  8.99
X11-18  10.26
X11-19  9.43
X11-20 .8.35
k11-21 §.85
X11-22  8.51
X11-23  6.43
X11-2u 9.14
. ©X11-25  ©9.29
X11-26  9.86
X11-28 . 9.54
X11-29  9.36
X11-30 9.70
X11-31  9.16

X11-32 8.96

Fe0% values of samples from the St-Pierre dike determined by titration.
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_XY=33-710.02
. X11-34 10.09
X11-35 9.80
X11-36 11.42
X11-37  10.68
X11-38 10.13
X11-39  9.34
X11-40 10.13
X11-41 10.70
X11-42  10.56
X11-43  12.23
X1i-44 10.13
- X11-45  9.77

X11l-46  9.88
-X1l-47 9.93
R11-48 ‘9.70
X11-49 7.90
X11-50 9.70
X1ll-51 11.29

X11l-52  10.38 )

FeOl values of samples from the St-Pierre dike determined by titration.
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Feoi‘
' X11-53
X11-54
X11-55
X11-56
X11-57
X11-59
X11-60
X11-61
X11-62
X11-63
X11-64
X11-65
X11-66
X11-67
X11-68
X11-69
X11-70

X11l-71le

o™\

11.76
8.13
8.35
9.30
8.85
8.17
§.33
8.04
8.87
9.08
8.82
9.66
8.35
§.67
8.55

8.40

‘;20

FeQ% values of samples from the St-Pierre dike determined by titratienm.
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ANALYTICAL TECHNIQUES
Sampling
The dike was initially sampled at 5 m intervals across its width, at

500 m intervals along its lenght for a total of thirty eight samples. Over
T LY

-
[

seventy additional samples were collected at a natural.section indicated
by X11 on Figure ‘1. The samples were spaced at 30 cm intervals along a
line extending from wall to wall. At the southern contact three oriented
samples, two perpendicuiar and one parallel to the southern contact, were
also collected. All samples measured ‘approximately B{SOQ cw? $s0  as to

ensure good Tepresentation.

-

Crushing

Fresh 1,000 cn? portions of the original samples were initially
crushed to 1 cm3 fragments with the combinatiﬁn of a jaw and platé
crushér. The samples were quartered and visually inspéc:ed so  as to
remove all alterea fragments. The samples were then powdered with a

Shatterbox.

Point Counting

3
Modal contents of the initial thirty eight samples were obtained by

point counting procedures. 4 total of two thousand points pér

thin-section were recorded.

XRF Analyses
1.5 g of fresh whole rock powders are first weighed in a platinum

crucible. 4.5 g of Li,B, 0, and 0.5 gr of Lizcoalpowders are then édded,
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thoroughly mixed with ~ the rock powder to ensure Homogeneity and the

subsequent compléte dissolytion of the sampleé. The flux mixtures are

then heated wuntil molten, poured into platinum dishes and left to

solidify. Analyses' are then performed ‘using a Philips PW 1410

~

specltrometer .

- *

Titration Analyses

FeOX values were determined following the titration mnethod

~described in  Jen, L.S.(1973) and using a "Dosimat" E-535 . automatic

titrator.
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APPENDIX 4

~_REE Analytical Technique.
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INTRODUCTION
In the past few years REE contents‘ 6f either whole ' rocks or
minerals, have been determined with relatively high cost using Neutron
Activation. The advent of Inductively Coupled Plasma (I.C,P,)and Direct
Current Plasma (D.C.P.) inS;ruments have made it possible for a variety
of elements to be analyséd' via. wet geochem;stry., Inter-element
interferences being\ the m;st cumbersome problem égcountered during REE
kol

. - .
analyses, a rveliable and inexpensive separation method had to be devised

and tested. This Appendix deals with such a method in full detail.

Sample Digestion

A multitude of acid digestions and fusion methods were investigated
and the following was found to be the most suitable for this type of
 analysis.

From 2 fo 3 g of powdered sample' are accurately ﬁe&ghed‘in teflon
begkers and 3 ml of concentrated HCl along with 1 @} of concentrated HN%
are added and the solution heated on a hot plaﬁé for half an hour. When -
the solutions are evaporated by half, 10 ml of HF are added and the
slurry returned to the hot plate and dried. An additional 10 ml of HF
along with 4 ml ofAHCIQ‘ are added, heated and dried. The digested
sample is taken into solution by the addition of 6 ml of hot SN.HN% and
brought to a 50 ml volume with distilled deionized water. Should apatite
or zircon be presentpghey would only be slightly affected by. the peid
digestion and would be detected as small particles in the final sample

solution. Since REE can be concentrated in such minerals, complete

sample digestion must be assured. The undissolved portion are filtered
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out, aéhéd and the residue mixed with Lithium Metaborate. The mixture is
transfered to graphite crucibles ana fused in a furnace at 1,000 °C for
half an ﬁour. The molten sémple is added diréctly to the sample solution
aﬁd left to disslee. This will assure a complete'decamposition of

resistant minerals,

Standard Solution Preparation -
All standards are prepared with Johnson Matthey Specpure rare earth

oxide powders with the exception of Ce which is prepared with Ceric

Anmonium Nitrate. Pre-weipghed standard powders are dissolved in 6.5 ml

of concentrated HNOj. These solutions are heated until full dissolution,

cooled and brought up to 0.1N.

-

Column Preparation

Bio-Rad AGS0W-XS8 cation exchange rtesin, 100 to 200 mesh hyvdrogen
form, is used f{for the separation procedure. The resin is first washed
with deionized water and introduced 1into the séparation column as a_
water-resin slurry up to a bedded height of 25 cﬁ. Care must be taken so
as not to create volds in the résin column siﬁée they decrease c¢olumn

effectiveness.

Separation Procedure

.

-~

In order to assure a clean resin, 100 ml of distilled deionized
water are first passed through the column. The resin 1is then activated
by the passage of 100 nml of 1N HNO3 at a flow rate of 1 ml per minute.

bDuring the passage of the last 20 ml of 1N HNOB, the sample solution is
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~
gradually introduced in the column resulting in a gradation of

concentration assuring the full use of the resin. The liquid 1level in

the column is left to-decrease to the top of the resin.
Major and trace elements are then eluated from the resin by passing

100 ml of 2N HNO3. The eluates can then be analysed for major and trace

&+

element contents. Again the liquid le’ is left o decrease to the
resin top. REE are the last to be eluated by passing 50 ml of 2N HNO_,

50 ml of 6N HNO and 50 ml of BN HNOB. .If extrene REE concgntfations are

expected, an additional 50 ml of 8N HN03 are passed to assure complete

removal of all REE. The REE eluates are dried under‘ﬁeat lamps, brought

to volume with a 0.1N HNO3 solution and analized on the D.C,P.. The use

of heat lamps prohibits the formation of Ce oxide which is undissolvable

in HNO..
in 03 .

Precision and Accuracy of REE Analvses

Precision of analytical methods is best evaluated by the magnitude
of the standard deviation "s", where

-

The standard deviation may be 'expressed as a fraction of X, (the

coefficient of variation):

=

v=s/X
where X=mean concentration

Three standards BCR-1, RHY-1 and SY-2, and two doubles 725 and X11-13
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*

were-ana.lysed fou.r, four, six, two and two times respectiv'ely.- BCR-1
is a hasalt, RHY—i a rthyolite, SY;Z a syenite, 7;5 an apatite-rich
carbonatite and K11-13 a diabase sampie from the St-Pierre dike. Méans
of observed values are presented in Taﬁle 5 along with corresponding s, v
and vx100 wvalues. From these values it is then evident the lower the
element concentration, the lower the precision or the higher‘the Tyt
values. -

Accﬁ;acy was also evaluated with the above samples and the mean of
the results compared with pudlished values. In this case accuracy was

taken a% the numerical difference between the two values and evaluated as

.the EX.

E=0-4A
where E=error
=observed values
A=accepted values
EA=Ex100/A
The relative errors on each sample are also presented in Table 5 but care
nust be taken on evaluating these érrors. Obéerved values are compared
to published values, themselves the result of Neutron Activation,
accurate to within 10%. | This degree of uncertainty is expressed as"?.

In conclusion, accuracy and precision decrease with the lowering of

concentrations.

-

More work must be performed on this and similar REE analysis methods

$0 as to determine the true accuracy and precision.
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In the studied district . the various rock types

e Priioes ' are highly varieble and because of this, areas

......

""" : ©  of uninterrupted same rock over a few hundred

----------

M o square meters are uncommon. |t was then

necessary to omit detail and to indicate

@' general areas where a certoin rock type
L .

predominates (except were stated ).
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Genetal geology based on M.E. Wilson(1920)
and updated by Gilles Reny (1982)
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