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X1. On Differences in Chemical Composition between the Central
and Marginal Zones of Granite Veins, with jfurther evidence
of exchanges between such Veins and the Contact Rocks. By
‘WiLriaMm Mackig, M.A., M.D.

(Read 19th April 1800.)

IN a former paper attention was directed to the possibility of
exchanges between granite veins and the rocks in contact with
Previous sugges- them. Some chemical analyses of such
tions as to ex- veing and their contact rocks, though not
chamges. specially directed to the point in question,
seemed to suggest that in some cases lime and soda had been
carried inwards from the contact rocks into the granite veins,
while potash, and probably the iron oxides and magnesia, had
been carried outwards from the veins into the contact rocks.
The analyses which accompany the present paper were under-
Now series of taken with the view of testing the suggestions
analyses of then raised, and the specimens now analysed
specially-selected  have been selected from particular zones in
examples. the two series of rocks, with the view of
detecting what variations of composition, if any, exist between
the rocks of these various zones. It was believed that if such
exchanges had actually taken place, a series of analyses,
embracing on the granite side one analysis of a specimen from
a central and another from a marginal position in each case,
and on the side of the contact rocks one from a proximal and
another from -a distal position, would give results that would
conclusively show whether there were such co-relative differ-
ences as could be explained by the passage of substances from
the one side to the other and vice versd.

- Such analyses have been made in the case of five granite
Granite veins in veins (4) rising through the quartz schists
quartz schists. to the west of the Spey, and exposed in
(4) Rothesand in " gection along the Rothes Burn from Rothes
d?°ntes'(3)P°rts°y‘ westward, and also in the case of granite

veins (B) intruded in the diorites, and gabbros exposed on the

shore along the west side of the East Bay at Portsoy.
Corresponding analyses have been made of the contact rocks
Original sugges- in each case. The results of these analyses
tions confirmed. confirm in a remarkable manner the sug-

gestions of my former paper; but they atford, in addition
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decided evidence of other and no less interesting differences
which also appear to arise from the operation of the same or
similar causes. I refer to the differences which, as shown by

Evidence of the analyses, obtain between the composition
internal difforen-  of the central and marginal zones of the
tiation in veins,  granite veins, and which in the case of at

least one substance may without exaggeration be fitly described
as extreme, Such differences point to the fact of a remarkable

Correlation of degree of differentiation having taken place
differentiationwith in the veins themselves, and in conjunction
exchange. with the analyses of the contact rocks they

show that with this internal differentiation must be correlated
such exchanges as have taken place. Some little evidence has
Relation of also been obtained in favour of the view that
composition of such granite veins owe their composition in
veins to that of part at least to the character of the rocks
contact rocks, into which they have been intruded. This
to some extent is a necessary corollary to the theory of
exchange. There is also evidence to show that possible differ-
Some results due  €1ces in the temperatures of the intruded and
to temperature contact rocks have had something to do with
differences. certain of the results observed.
For convenience of reference, the analyses are divided into
two main series—the (4) series, or those of the Rothes Burn
Arrangement of granite veins, with their associated contact
analyses. rocks; and the (B) series, or those of the
Portsoy shore, with their associated rocks.
The (4) series are tabulated in four groups—
Series (). 1st. A group of five analyses from the
central parts of each of the granite veins.
2nd. A group of five analyses from the margins of the corres-
‘ponding veins.
3rd. A group of four analyses from proximal positions in the
-contact schists in the case of four out of the five of these veins.
"~ 4th. A group of four analyses from a distal position in the
-contact rocks in the case of the four corresponding veins. ,
A similar grouping of central and marginal analyses of the
granite veins, and of proximal and distal in the case of the contact
Series (B) rocks, has been made as regards Series (B).
) The correlated analyses in the several groups
are indicated by corresponding letters, a b ¢ d e. The composition
of the centre of a vein can thus be compared with its com-
position at the margin; while the composition of the enclosing
rocks at a point in proximity to the granite vein can be cem-
pared with its composition at a distance from the vein, as well
a8 with the composition at the margin or at centre of the
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eorrelated vein. This arrangement facilitates the striking of
averages, on which, of course, rather than on the individual
ana,lyses what conclusions fall to be drawn will more imme-
diately depend.
Character of veins Now as regards the granites of Series (A4),
of Series (4). two of thebe a and b, are fine grained, very
Two classes— hard and flinty, breakmg with a marked
Ist, Blotite bear-  conghoidal fracture, more particularly at
& their. margins. They show black mica in
contra-distinction to veins e, d ¢, which are of the pegmatite
2nd, Muscovite type so common among the metamorphic
bearing, or Pegma- - rocks, and show muscovite as their mieca.
tites. a and b are probably small lenticular
masses in all likelihood connected with the large local granite-
masses, which in many respects they closely resemble. Like
these, they show rutile needles in their quartz grains.
Some difference was observed between the specimens from
their central and marginal parts, largely due, I think, to a.
difference of hardness and a slight excess of black mica at
the centre. ¢ is a very small vein only two feet across, and
shows white felspar and abundant muscovite. It is coarsely
crystalline throughout. No difference could be detected by
the eye between its central and marginal specimens. d is
a very large vein 20 feet or more across, with whibish:
felspars. It shows pure pegmatite structure of quartz and
felspar along the margin, whence the sample for analysis was.
taken. Centrally there is abundant muscovite and numerous.
red garnets. The central specimen analysed was fine grained,
and contained some small red garnets. e¢is a vein with large
flesh-coloured felspars. It is about 8 feet in width, and cuts
the foliation of the schists at an acute angle: It has affected
the contact rocks more than any of the others. These for
several feet back are now so much decomposed that a repre-
sentative proximal specimen of the contact rocks could not
be found at less than 4. feet from its margin. The central
specimen in this case was from a fine grained slice which
to the naked eye looked like 3 compact felsite. The lens,
however, showed numerous red garnets in addition to the
-ordinary constibuents of the rock. The marginal specimen
showed muscovite and also some garnets. In the case of the
last three veins some difficulty arose in con-

Ity of . -
ﬁ‘ft‘;‘,‘pfza{’ s;:ﬁ?t sequence of their coarsely crystalline charac-
mens of pegma- ter in securing what might be considered
tites. fairly typical specimens. I think, however,

that the specimens chosen were what in the circumstances would
be considered fairly typical. It may be noted that these three


http://trned.lyellcollection.org/

Downloaded from http://trned.lyellcollection.org/ at Purdue University Library on
May 30, 2015

ON DIFFERENCES TN CHEMICAL COMPOSITION OF GRANITE VEINS. 101

veins were not what would be understood by segregation or ex-
Not segregation filtration veins, at least in the ordinary sense
veins, of these terms. Their margins were well
defined, and in two cases at least they were seen to be separated
from the surrounding rocks by open fissures.
As regards the corresponding schist specimens, it is to be
aoted that none could be found in the case of vein «. In the
Specimens of con-  C88¢ of the others they were obtained as far
tact rocks at what  as possible from the same lithological stratum,
distance selected.  the proximal as near to the vein as possible, the
distal at the distance of several feet. For the reason that there
was no continuous exposure of the rocks, these distances were
not at all uniform. In the case of ¢, for reasons already stated,
the proximal specimen was taken at 4 feet distant, the distal at
20 feet. A specimen from a position a few inches distant was
analysed, but it was so decomposed that it was thought better
to discount it altogether. No particular differences were to.be
observed between the proximal and distal specimens in each
«case on naked eye examination. The results of the analyses,
Naked eye differen- hOWever, suggesting the existence of such
ces between proxi- ~ differences, led to their closer examination
maland distal. - when in more than one instance the proximal
speciinen was found to be richer in felspathic substance than
the distal.
The granite veins of Series (B) probably belong to the
Charscter of veins  Same intrusive series, but to a later phase.
of Series (B). There is evidence that the contact rocks
had cooled down and developed a jointed structure before the
appearance of these dykes. They present in each case a
marginal band of variable but no great width, showing very
different characters from their central parts. These bands are
markedly harder, sometimes of slightly different colour, and
ccontain their minerals in different proportions. The veins,
themselves, as they are traced along the shore, are seen to vary
in width from a few inches up to several feef. They often
-expand abruptly, and such expansion has in more than one
instance been observed to take place along a dominant eross-
Joint. Veins a and ¢ are not very dissimilar, except in regard to
‘the chilled margins, to veins ¢, d, ¢ of Series (4.) They perhaps
more closely resemble ¢ of that series. Vein b of this series
affords unmistakable evidence of rapid chilling. It shows along
the margins porphyritic pink orthoclases “and occasmna,lly
rounded blebs of quartz in a flinty and completely undifferen-
tiated base. This structure extends through the whole vein
‘where it is only about a foot in width, thouorh there is some
<evidence even then that the porphyritic felspa.rs are more numer-
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ous at the centre than the margins. Where it widens out it
assumes a structure, foliation, and general appearance not unlike
some of the darker western gneisses. The contact rocks in this
instance are basic igneous. In the case of a and b they

Character of are coarsely crystalline, and show augite
contact rocks of ~ labradorite and some iron ores, as their con-
Series (B). stituent minerals; in the case of ¢ they are

much finer grained, and show; in addition to a pyroxene and
a lime felspar, (some decomposition) products. No difference
could be made out by the naked eye between the proximal and
distal specimens in each case. ' -
* To take up the analyses of the granites of Series (4), it is.
interesting to mnote that none of these show a composition
Analyses of granites. Tnarkedly different from what is known as
Veins of Series (4). the local granite type, as shown by the
General characters.  gnalyses of Benrinnes or Cairngorm granite,
except that some of them are considerably richer in alkalies, and
that their dominant alkali is in every case without exception soda;
as against potash, as shown in the case of the granites mentioned.*
The two biotite-bearing veins, @ and b, show a considerably
higher average percentage of peroxide of iron than do the
pegiatite veins ¢, d, e. In these also magnesia, which is no
doubt in part at least associated with the oxide, is also slightly
higher than in the latter veins. The uncertainty. howeves,
attaching to the estimation of such small quantities of this base
as are present in either, may raise a reasonable doubt as to
whether the actual differences. are fully represented by the
figures. In every other respect they practically fall into line
with the other veins in every respect. - ' -
Now as regards the differences brought out by the analyses
Differences betweon P¢tWeen the centres and margins of the
central and ~ different veins, it will be seen that the
marginal mﬂ}wgs marginal zones are considerably more basic
of veinsof Series{4)- than’the central. To enumerate the differ-
ences in detail, there is on the average 1-227/ less silica, 1'57/
more alumina, -387/ less ferric oxide, ‘859 less manganous

-oxide, "31% less linfe, but 1.88% more alkalies, at the margins

1In this connection it is interesting to note that out of eighteen analyses of
crystals of orthoclase, two specimens from granits veins rising through talcose
slate, about a mile further east than Series B, were found by the late Prof.
-Heddlle to contain the smallest relative proportion of potash and the largest
of -soda. of the whole group. His results. were—

K0 987/, ' Ne,0 3'34%/,
1002 319
.Though the analyses of pure minerals can in no sense be compared with the

‘bulk "analysis of these rocks, yet Prof. Heddle's results indicate a distinct
-predisposition (in their case) to what might fitly be called the sods diathesis.
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than at the centres. While the differences in the intermediate
bases are in some cases so slight that if taken by themselves—
that is, without comparison with the results in the other series
—they might possibly be considered accidental, the difference in
the amount of alkalies cannot be held to be other than funda-
mental. Further, when it is observed that 85'7% of this’

Marked excess of  inCrease is in potash, and only the remaining

potash at the 14:39/ in the soda, the difference becomes
margins. still’ more interesting. If the individual

analyses be examined more closely, it will be seen that if those
of vein d (which, by the way, is the most differentiated of the

* Equality in the series) be discounted, the amount of soda is
so?ia at centresand within the limits of estimational error, at
margins. centre and periphery absolutely identical

All the margins give an average of 4'9157 ; all the centres

an average of 4-8757 of soda; while the olargest difference
between a centre and its corresponding margin is ‘117/.
The inference from this is that there has been a movement of
Movement of the potash from the centre to the periphery,
potash from centre While the soda has remained stationary
to periphery of throughout. Among the other differences
vemns. only the proportions of manganous oxide
call for a passing remark. Its relatively high percentage at
the centre compared with what obtains at the margin is
Peculiarity of certainly peculiar in the case of rocks that
manganous oxide— usually show but the merest trace of this
excess at centres.  hage  Whether its presence in relative
abundance at the centre is to be ascribed to its being a residual
product of the differentiation, or is due to infiltration from the
contact rocks, which, as will be seen, are fairly rich in this base,
might be left an open question. The practical absence of
manganous oxide, however, from the other series of granite
veins, as well as from the contact rocks, seems in favour of the
latter view.
Taking now the contact rocks, we find that the proximal and
distal analyses present differences which, in some cases at least,
Differencesbetween 8T8 Very evidently correlated with the differ-
proximal and ences observed in the analyses of the centres
distal analyses of  gnd margins of the granite veins. These
-Contact rocks. rocks are considerably more basic at points
in proximity to the granite veins than they are at points at a
distance. '
The proximal analyses show 4:127 less silica, 1:827/ more
alumina, *557/ more ferric oxide, 05/ more magnesia, 199/
less lime, ‘047 more manganous oxide, and 1'667/ more alkalies.
These differences, be it observed, exist between the rocks at an
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average distance of 16 inches, and of 9 feet from the veins.
‘While the minor differences of the intermediate bases may,
‘Some differences 38 in the previous case, be ascribed to
correlated with accident and purely observational error, it
those of veins. will however be found that they are, in some
cases at least, in some way correlated with the differences
observed in the case of the granite veins, and this view will be
further corroborated when we find that Senes (B), to be after-
wards examined, in a number of instances show similar differ-
ences. There can, however, be no mistaking the meaning of
the increase of the alkalies in the proximal analyses, and the
Marked excess of  connection between the increase of alkalies
potash in the in this position and the observed excess of
prozimal. alkalies at the margin of the granife veins
becomes emphasised when we find 8257/ of the increase is due
to potash, and the remaining 1757/ to soda. While there are
differences in the relative amounts of soda among the proximal
and distal determinations—now the proximal, now the distal
being in excess—as regards the potash, the proximal are
A slight excess of uniformly markedly in excess of the distal
sods in proximal, ~ Over all there is only a small excess, ‘28 A
robably acei- of the proximal over the distal as regards
ental. soda. This may or may not be, but pro-
bably is, accidental.
It is to be noted that the contact rocks are relatively richer,
Relative composi- a5 @ Whole, than the corresponding granite
tion of veinsand  Veins in silica -and- the following bases—
contact rocks. ferric oxide, lime, and magnesia ; while they
are poorer in alumina, manganous oxide, and alkalies. It is
also interesting to note that the schists at a distance from
Latter as o group ~ gramife intrusions, as shown in the four
relatively rich in  distal analyses now given, and in three other
soda and lime, analyses from the same series of rocks, also
from specimens taken at a distance from intrusion, and the
analyses of which have already been communicated to this
Society, show in five out of the seven a preponderance of
soda over potash; the average of the seven being—potash,
1.947/; soda, 2'53 / The corresponding percentage of lime
is found to be 2- 0‘3% We must therefore conclude that the
series of the contact rocks is one relatively rich in soda and in
Jime.
To pass now to Series (B), we find that among the granite
Analvses of veins analyses the central of vein a is exceptional
of Seton (B). - among the granites of both series in being
;. the only example showing a marked pre-
:ponderance of potash over soda. This vein is also remarkable
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for the extreme difference of composition between its central
o and marginal parts. Vein & is also ex-
. ﬁa‘;e"xceptmn”'l ceptional in being rather a porphyry than a
) , granite. In the proportion of its inter-
mediate bases, more particularly as shown by its central
analysis, it differs markedly from all the others. So much is
this the case that some of its peculiarities might be ascribed to
the actual- fusion in bulk of part of the contact rocks. Taking
the average of the central analyses of the series—and some of
Another vein of the other analyses would certainly yield a
OUIEr more favourable basis for comparison—I
speciel character. find that a mixture of four partspof a rock
having the composition indicated, with one part of a rock
having the composition of the average of the three distal
analyses, would give a composition of—SiO,, ’70'()3°8 ; ALO,
May show fusion 14729 ; F,0, 295%; MnO, -097/; CaO,
in bulk of contact 3’3100; MgO, 1'07%> ; K0, 236 A ; and
- rocks. Na,0, 4337/ ; a result which would not be
very dissimilar, particularly in the proportions of its inter-
mediate bases, from the central composition of & The differ-
ences are certainly not so marked as to warrant our entirely
discarding this possible view of the origin of this dyke.
Before proceeding to note the general differences between the
central and marginal analyses of these rocks, it will be useful to
Two sets of granite COMPpare the two sets of granite veins in
veins compared as  relation to the results of their general
regards analyses.  gnalyses. From the silica percentages and
-analyses generally, Series (4) are seen to be more basic at the
periphery than the centre. Series (B) more basic at the centre
than periphery. The difference is, I think, to be ascribed to
the different conditions under which the two series of veins
«cooled. Series (4) is richer in alkalies generally; but while
Series (4) is richer at the periphery, Series (B) is richer at
the centre. The former shows an average of 8:637/ for total
alkalies ; the latter only 6:397/. Series (4) is relatively richer
in potash than Series (B), the percentage of total alkalies being—

For (4). For (B).
Potash . . 3759 . 8219
Soda . ] . 62-54 67'94

‘Series (B) is markedly richer in lime than Series (4), the averages
being—(4), “78Y ; (B), 2:077, or nearly three times as much.
The proportion of ferric oxide is—for (4),-1-8%; for (B), 1437,
There is also to be noted a slight rise in the magnesia in the
ccase of (B); '347/ as against *187/. :

To pass to the comparison of the central and marginal
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analyses of Series (5), the differences observed are not so
: marked as in the case of Series (4). The
i)efmn:&ngen following differences, however, may be noted.
gmal analyses of  There is a preponderance of 207 of silica
ories (B). in the marginal over the central’ averages

of only '127/ ferric oxide, 147/ of lime, and 037/ magnesia ;
while there 1s a deficiency of 1547 of potash, and 547/ of
soda, giving a total of 2:087/, but on the opposite side of the
balance to what obtained in the veins of Series (4). If, however,
vein & be discounted, it. will be found that the other two follow
Series (4) in respect of shewing a general preponderance of soda
over potash, and a higher percentage of potash ‘at the margins.
than the centre ; while they differ from these in showing a very
much higher percentage of soda at the centre than the margin,
as will be remembered, an absolute equality in respect of that
base being observed in the case of four of the veins of that:
geries.  There is thus a balance of points of resemblance-
over points of difference between the two series of granites.
These resemblances are masked in the general averages in the

case of (B) by the preponderance of a single exceptional case.

- To pass to the contact rocks of the same series, we have in
Differencesbetween U1 Silica and alumina percentages practical
" proximaland distal concordance between the proximal and distal
analyses of contact  gnalyses. There is '54°/, less ferric oxide
‘tocks of Serdes (B). i the proximal than distal.  This har-
monizes with the slight peripheral increase in the granite veins.
The excess of ‘85°/, lime in the proximal over the distal seems.
anomalous considering the relatively high percentage of lime in
Possible wave of  the granite veins. It is possible that the.
arrestment of lime excess may represent a wave of arrestment
in proximal. of the inflowing lime in the contact rocks at
the margin of the veins. Indeed, a similar explanation might.
be given of the slight excess of soda in the case of the proximal
rocks of Series (4). The proximal analyses also show an average
of 2:32°/, more magnesia, *13°/, more-potash, and 767/, less.
soda than the distal ; and there is a less total of alkalies at the-
proximal position by ‘63°/, In the totals, potash counts for
21-8°/, and soda 70-2°/, of the proximal; while potash counts.
for only 145°/, and soda for 85-3°/, of
ifg?ﬁ?fs’; ?,t; soda the dlst);l Thére is thus a rela,tlvely/con~

. potash in proximal “siderably larger proportion of potash in the
reverse in distal. 1,10 vimal than the distal; while as regards.
the soda, there is over all a marked excess, both actual and
relative, in the distal. The proximal increase of potash is com-
parable ‘with the increase which was found to obtain in the proxi-
mal increase of the same base in the case of Series (4).- Here:
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the results as regards the soda, which were set down as probably
accidental in the case of that series, are found to be unequivocal
in showing a proximal deficiency and a distal excess. The some-
what exceptional case of & in the basic rocks, which shows a
higher proximal than distal, may or may not have some relation
to the markedly exceptional case of the correlated granite vein.

Passing from the consideration of the resemblances and differ-
ences observed among the several classes of rocks, we have now
to inquire whether any system obtains among
the points of resemblance or the points of
difference now correlated. Before going on to
do so it will be advantageous, in order to have a definite basis

Any method in
results ?

Fixing on & of comparison, to consider what was the pos-
. standard granite  sible composition of the original magma from
for comparison. which the several granite veins were derived.

With this view I propose taking either the analysis of Ben-
rinnes or of Cairngorm granite, both of which have already been
communicated to this Society. Perhaps the mean of the two,
for they are not sensibly different, may be preferable to either.
For the sake of comparison I give in parallel columns the
composition of these two granites, I. and IL ; the mean of the
two, IIL.; the average of all the veins of Series (4), IV.; of all
the veins of Series (B), V.; the mean of the two biotite-bearing
veins @ and b of Series (4), VI.; the average of the pegmatites
¢, d, ¢ of Series (4), VIL ; and the composition of the centre of
vein a of Series (B), VIII, which might also be taken as the type
of the undifferentiated magma of that or even of both series.
. It will be seen from this table that the granite of the two
. Granite of local central bosses is more acid than any of the
‘hosses—composition granite veins, and more particularly so than
as compared with  the pure pegmatites, which are the most
 vewns. basic of the whole series. It will also be
seen that these differ from one another to the greatest extent in
the relative proportion of their alkalies, the bosses having
potash as their predominant alkali, while the pegmatites have
soda, as their prevailing alkali. The former, to enumerate the
minor differences, are considerably richer in

~ Process by which . . A
one might be ferric oxide; they are poorer in lime, man-
Cltlﬁnged into ganous oxide, and it may be magnesia. If
other.

we are to believe that the latter set of
rocks have been derived from the former, it becomes necessary
" Broadly associated [0 comsider the processes by which the

facts as to com- changes observed have possibly been brought
. position of veins  ghout. We have first of all these broadly
- and contact rocks.  geqociated facts. In the case of Series (4)
we have a series of veins rich in soda as compared with potash;
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relatively rich in lime, manganous oxide, and to a less extent
magnesia, existing in association with rocks which, as analyses
have shown, have also an excess of soda over potash, and are at
the same time comparatively rich in lime, manganous oxide,
and magnesia. In the case of (B) we have a set of granite veins
which show a greater relative excess of soda over potash, a much
higher proportion of lime, and at the same time though only a
slight deficiency of ferric oxide of magnesia over what obtains in
the former set, associated with rocks which also show a relatively
greater excess of soda over potash, and a very large excess of
lime, iron oxide, and magnesia over the contact rocks of the
former series. It is impossible, therefore, to overlook the
. . possibility that the associated phenomena
f:‘f:;b;i geelff?&“ °f may starid together somehow in the relation
) of cause and effect. If this surmise be
correct, what have been the steps of the process by which the
original magma—a magma, we shall say, of similar composition
How original to the granites of Benrinnes or Cairngorm—
magma changed ~ has been changed into granites with the
to composition of  composition shown in column VII of the
pogmatites. table already given ?
In the case of the granites of Series (4), it has been demon-
strated beyond chance of mistake that there has been a move-
Movement of ment of the potash from the centre of the
potash toperiphery  veins to the periphery, as shown by the
of veins and out ~  gverage of the marginal analyses showing
into Contact rocks.  1.61°/" more potash than the averages of
the centres. This has probably taken place by the process, how-
ever it may have arisen, which is usually known as differentiation.
But the process has gone further, and we find unmistakable
evidence that the potash has also passed out into the contact
rocks by the fact that the proximal analyses of these rocks show
1-32°/, more potash than the distal® In like manner we have
evidence, more particularly in the case of Series (B), though
, perhaps somewhat less cogent, that there
g;:i?ter eurrent of - ha5 been a counter current of soda from the
" bounding rocks into the granite veins by the
distal . rocks showing -76°/, more soda than the proximal; -in
association with veins relatively richer in soda generally than
the veins of Series (4). In the case of Series (4), the evidence
from the analyses for an inward movements of the soda is some-
what equivocal. It is in fact possible, considering the stage of

2 The increase of potash in the proximal rocks of (4), the increase of lime and
‘the decrease of iron oxide in the corresponding rocks of (B) may also, though
less probably be ascribed to temperature. effects of the intrusives in facilitating
movements of these bases in the contact rocks themselves without actual ex-
change between the two sets of rocks.
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differentiation which these rocks have reached, that it may have
been replaced by a slight outward movement in this case.
Given, however, the possibility of an outward flow of potash
Explains excess of apd an inyvard flow of. soda, it becomes
potash in magma,  simplicity itself to explain the presence of
and of soda in excess of potash in the original magma,
veins. and the presence of excess of soda in the
derivative pegmatites and other apophyses. The other minor
differences observed are explained on the sameé lines. In both
series of veins there is an excess of lime over what appears in
the undifferentiated rock, and the excess in each case is roughly
proportional to the excess of the same base in the contact rocks.
This may be typified thus—

CaO in pegmatites of Series (4) . -869,in Series (B) 2:07%.
Ca0 in the original magma 52, » - 52
Excess in favour of pegmatites .34, » 1B5
Lime in contact rocks in case of (4) 207 ., » 901

or roughly six times the difference in each case. We therefore-

Inward movement conclude that there has been an inward

of lime and out- ~ movement of the lime in each case. Again,.
Wa,rél of ferric the ferric oxide is less in the pegmatites than
oxiae.

in the original magma, the proportion being-
—pegmatites 1-327/, magma, 1-837/, and this is correlated with
an excess of ‘557 of the same base in the proximal as com-
pared with the distal analyses of the contact rocks. We
Possible change of  therefore infer an outward movement of the-
direction of ferric  ferric oxide. In the case of Series (B) two out
oxide in Series (B)  of three marginal analyses would seem to.
and biotite-bearing .~ .. . ol .
veins of () indicate a very slight inward flow of iron
due to differences  oxide; but it must have been very slight, as.
of temperature, we have only a very slightly higher pro-
portion than the pegmatite, or 1437/ as against 1:327/, and
this, it should be remembered, with a very much higher per-
centage of iron compounds in the contact rocks. In this
connection it may be noted that a slight inflow of ferric
compounds may also be indicated in the case of the biotite
containing rocks of Series 4, as they show a higher percentage
than the original magma, 2517 as against 1:837. These
differerices appear to indicate differences in the direcfion of the
movement of the same base at different stages of the differen-
tiations, and presumably at different temperatures, both of the
Inward movement Magma and the contact rocks.- The presence
of mangsnous - of manganous oxide in the pegmatite, particu-
oxide. larly at the centre, can only result from the
inflow of that base from the contact rocks, as the original magma.
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-as represented by the granite bosses is particularly free of it.
Small amount of A8 regards the magnesia, from its small
magnesia gives amount in any case, there may . be some
room for doubt. reason for withholding a deliberate opinion.

There is some evidence, however, in both series of veins of

4 slight inward flow.

As a corollary to these exchanges there comes as a necessary
Necessary sequence  Sequence, mineral changes in the resulting
of mineral changes. rocks. With the flowing away of the excess of
the iron oxide goes the possibility of the formation of black mica,
and in its place, and probably also as result of increased facility of
Al hydration, the formation of muscovite. With
sence of black . . .
mica, presence of the inflow of lime and manganous oxide, on

muscovite and the other hand, comes the possibility of the
garmets in peg- formation of garnets. Curiously enough,
matites.

however, no garnets have been observed in
the veins of Series (B), which are the richer of the two in lime.
‘The probable scarcity or absence of the manganese base may
Lime possibly account for the fact. From the relatively
replacing potash in  low proportion of alkalies in the marginal
felspars of Series (B). z0oneg of the veins of this series one cannot
‘help thinking that the lime has helped the soda to replace the
potash in the felspars in this case.
On what, then, might fitly be called the theory of differen-

Theory of internal tiation with selective exchange the whole

differentiation phenomena of these dykes and their contact
anghﬁgcﬁve rocks may be easily explained. Certainly
eXi €.

all the facts revealed by the analyses fall into
line on this assumption. Even the anomalous case of vein a of
Series (B) is explained on the supposition that we have here an
example of the original magma, probably itself to some extent
Explains all facts  differentiated by the passage of an excess of
revealed by potash to the periphery, rapidly injected
analyses. along the centre of the vein between walls
which had already been cooled and altered in composition by
.contact with and. exchanges between them and the contact rocks.
As regards the precise reason for such differentiation and
Causeof differen-  ©Xchange I do not at present presume to give
tiation and or to hold a definite opinion. It may be
exchanges. said, however, that such differentiation and
exchange appear to be due in some way to differences in the
May be related to crystallising or fusion points of the several
crystallising or molecular groups that enter into the com-
fusing poinfsofthe position of the correlated rocks. Crystal-
different minerals.  Jiging and fusion points, even for the same
substance, may be very different things, and in some such way,
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I think, it is possible that differences in the direction of move-
ment of the same base, such as would seem to be indicated by
some of the results, may have taken place at different phases
of the evolution.

SeriEs 4.—GRANITE VEINS (MARGINS).

Loss on
| Alum- | Ferric | Mangan- Mag- I-
Veins | Silica | “ina | Oxide [ous Oside] Lime | nessa |Potash| Soda It;iz;xn ToTALS
10, | A1,0, | Fe,0,| MnO | 20 | ago | K20 | Na;0 | g o
ete.

(@) . .174380]1344| 272 | Trace 80 | 27 | 899 414 | 49 | 10024
(bg . .| 7496112271 196 | 1-02 20 20 | 360 551 -35 | 10009
¢) . .|7247|1472| 93 Trace | 110 | 13 | 504 | 5:02 | 72 | 100-13
d) . .|72:81|14:36| -28 | Absent| 86| ‘17 | 366 | 795 | -3l 99-90

¢ . .[7300|1429| 2-27 ‘58 521 <15 | 895 | 499 | 43 | 10018

| Averages| 78-51 [ 18-82| 163 40- | 62| <18 | 4:05 | 552 | -46

Serizs 4.—GRANITE VEINS (CENTRES).

2«?- . .|7682)1058| 314} 1-28 78| ‘18 | 271 | 405 87 99-91
b) . .17370112:45( 220 | 1-01 70| 16 | 834 | 562 57 99-75
1) . .|7403]|11-63| 2:07 | 162 | 121 | 24 | 334 | 493 | -84 9991
id) . .|748811350) 1-13 | 1-59 85 | -16 99 | 676 | 34 | 10020
e} . .|7422]15°18]| 125 ‘76 | 111} <18 | 183 490 | +66 | 100°08
Averages 7478 | 1267 | 166 | 125 1 03| 18 | 244 525 | 66
SerIES 4.—CONTACT ROCKS (QUARTZ SCHISTS).
Proximal Specimens.
.| Dista
'ntfie}:;“‘fr&%rﬁ%en $10, | A1,0, |Fe,0;/MnO| C20 |Mg0| K0 |Na,0 é‘,’lﬁ:tgﬁ Torazs
@) No 8|pecimens obtalined.

%) . .| 1ft. [8664( 7-33|1-98|84| 37|°16(1°69|1-12 49 | 100-12
¢y .| lin. [75625(10°01 /50146 1-88)°651278|361| --771 100-11
d) . .| 8in. [7401111-86)5-19|53|1-49]-54(2:32(313; 1-02| 100-09
ile) . .| 4ft |7210(13-76)|402 | 4018257 | 406193 | 164 | 100-20

Averages| 16 in. |77+ 1074|405 431271 48{271|245| 95

(@ . . No| Spefcime ns. ‘
l? . 2ft. 8111} 9-88)|3:981-26109 88| 96186 69 | 100-09

c) . 2ft |84°67| 7-86(220(-28 (229 (-05] 25199 48 | 100-07
d) . .| 4ft. |8218| 661367 |64 169| 43 1:66)2:34 90 | 100-12
e} . . |20ft |7650,11-83}414|lost| 7636|270 248 111 99'88
Averages; 9ft. [81:12| 8:92|8'50| 39 |1-46| 43 | 189|217 77
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SeriEs B.—GRANITE VEINS (MareGINs).

. Velns | §10, |A ,0,|Fe,0, | MO | CaO [Mg0| K,0 |Ne,0 | [ Touns}
@) . . |7634|1358| 179 |Trace| 211| 42| 78| 406 03 | 10011
?b) L |2 | 198\, 178 || vy | aea) B0 | 10005
© . .|7288|1431| 146] ,, | 252|17| 168| 491| O, -91f| 100-05
Averages| 7598 [13'45| 1491 ... | 214]-85! 128] 407 1821 ...
B  Semes B.—GRANITE VEINS -(CENTRES).

(@) . .|7414|14'88, ‘34 None| 3815 6:34| 527 47 | 9997
(b)- . | 7285 1350| 303| 83 | 320| 71| 122| 470 i O:g';) 10024
() . .|7474|1492] 73|{Nome| 242|-09| -89| 5:86| 00, ’53} 10015
Averages| 7391|1420 | 17| <11 | 2- |-32| 282 461 79 ! - |

SermEs B.—CONTACT ROCKS (Basic IGNEOUS).

Proximal Specimens.

$10, | A1,0, .Fezo:, MnO| Ca0 | Mg0 |K,0| Na,0 113213:. Tofars
(@) . .|lin.|5354|1881| 856 | .. {1080] 4-54]93| 318 1-25 | 10106
) . .|1lin |5546|15628]883 |...| 9:03| €93|-76| 3:01] 163 | 10083
¢) . . |lin |5511|15-97|883 | .. | 893| 7-78|86( 1-18| 205 | 10021
Averages'1in. '54-70116-69 | 874 | .. | 9-43! 642! 68| 24| 161 | ..

Distal Specimens.

(a) . . |41£.]5102 1884 068 |.. [1212] 479]-44].268 77 | 10084
b) o . |4ft.053-02]1606)| 910 | . | 8-48| 455| 78] 398 2487 | 10073
) . . |6ft. 5862 (16561907 | .. | 513| 294 -42| 294 | 453 | 10021
Averages| ... |54'52|16%82| 9-28 | ... | 858| 409 | 65 320' 339
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COMPARATIVE COMPOSITION OF DIFFERENT

GRANITES.
vi . !
v v . Vil VIII
I 1T I 2 Biotite
Benrinnes| Cairn~ | Mean of Aveol;'age Avgxt'_age Granites stﬁi%n;?' Velox}(a)
Granite | gorm | Tand Il | gorien 4 | Sertes B Ser(i)gs 4 | Series 4 | Serles B

Si0 7475 | 7601 | 7538 | 7412 | 7496 | 7495 | 7357 | V414
Al,f)3 1408 | 1347 | 1878 | 1825 | 1382 | 1219 | 1395 | 1488
Fe,0, 212 1-54 1-83 1-80 1-43 2561 1-32 34

MnO Trace | Trace | Trace 82 06 83 | 76 None
Ca0 49 54 52 78 2:07 65 *86 ‘88
MeO 04 06 05 ‘18 34 20 17 15

K,0 539 557 548 3-24 205 341 313 634
Na, O 309 232 271 538 434 4-83 576 327
Ignition/ ‘34 ‘56 46 51 1-05 44 55 47

To facilitate comparison, the total iron oxides have uniformly been reported
as forric oxide. Some of the specimens of the contact rocks of Series (B) showed
small proportions of TiOs, but no separate estimations were made. These would
fall to be included partly with the silica but mostly with the alumina. Phos-
phoric acid and sulphur, the latter in combination as pyrites, were also observed,
but were not estimated. Phosphoric acid falls to the total of the alumina, and
the sulphur would be partly covered by the oxygen of the ferric oxide. The
fact that most of the analyses of the contact rocks of Series (B) sum up to nearer
101 than 100 may be taken as indicating that a large proportion of their iron
eompounds exist in the ferrous state. The TiO; sulphur and phosphoric acid
were not considered sufficiently important from the point of view of the purpose
of these analyses, and consequently the analyses were not complicated by their
separate determination.

As regards the diapedisis of TiO, I have elsewhere demonstrated the possibility
of its occurrence, the microscope showing the presenco of rutile needles in the
quartz grains of schist rocks in contact with granite veins and other igneous
masses.
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