14 PERLITIC AND SPHERULITIC STRUCIURES.

with respect to that from Long Sleddale. Br. Harker had informed
him (the speaker) that ¢ giant spherules’ occurred . with perlitic
structure inside ; in this caseit was difficult to imagine the formation
of the spherules subsequent to the consolidation of the rock.

Alluding to Mr, Watts’s discovery of a structure resembling
perlitic structure in quartz, the speaker deprecated the custom,
somewhat rife among geologists, of giving too restricted defini-
tions. If a structure so like perlitic structure as to be practically
undistinguishable from it occurred in quartz, it might also occur in
other crystalline material.

Dr. J. W. Grreory was, like Mr. Marr, not satisfled that the
spherulites in the Long Sleddale rock were later than the perlitic
cracks, as such cracks often end off against solid inclusions in the
glassy lava. In the Yellowstone Park cases the spherulites are
often old ones in a re-fused lava, and the perlites have bent round
them. The figure of the Buschbad case is also not conclusive, as
some points in the figure suggested that the perlitic cracks might be
the earlier. ; : )

The AUTHOR, in reply, again pointed out what he regarded as the
order of sequence of the different structures in the rocks ‘described,
and alluded to the sections exhibited by Mr. Watts, in which
a structure, seemingly perlitic, traversed crystals of quartz. He
doubted whether these cracks were really to be regarded as identical

 with true perlitic structure. In reply to Mr. Marr, he stated that
be had mever met with any case in which a perlitic flssure was
interrupted and abruptly cut off by a previously-formed spherulite,
but cited instances in which such fissures accommodated themselves
to the surfaces of comparatively large spherulitic hodies. He also
briefly replied to Dr. Gregory’s remarks. o

[Feb. 1894, .
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I. INTKODUGIION.

Ever since the beginning of the present century, when the first
pioneers in the geological exploration of Norway (Keilhau, Haus-
mann, Leopold von Buch, and Naumann) investigated the Christiania
region, the igneous rocks of that district have been famous as being
of more than common interest, as well from the many unique and
remarkable rock-varieties as from the exceptionally instructive
development of contact-metamorphism produced by the eruptions
and first brought to notice in this region through the observations;
of Keilhau, Naumann, and Kjerulf.

In several preliminary communications® on the igneous rocks of
the Christiania region I have attempted to prove that all the
pumerous different masses of eruptive rocks’ within the sunken
district between Lake Mjosen and the Langesundsfjord are gene-
tically connected, and have followed each other in a regular
succession; the oldest rocks are the most basic, the youngest
(except the unimportant basic dykes of diabase) are the most abcid
and between the two extremes I have found a continuous series ’

Of late years I have proceeded in a more detailed manner w;rif;h
my investigations of the igneous rocks of the sunken tract of
coun_try ip the Christiania region. I have not as yet in these
studies discovered any facts in contradiction to my previousl
published observations and the deductions founded thereon. 01};
the contrary, more detailed and minute investigation has only con
firmed the correctness of former publications. y oo

_* “Ueber die Bildungsgeschichte des Kristianiafjords,” Nyt M
videnskaberne, vol. xxx. (1886) p. 99. Also, inJ a de’;mil{;d ag%}gg: 1:;:”;1}:—
:]:fleegbmg of the Association of Scandinavian Naturalists at Christiania, J'une
L 6. A résumé was likewise published in my work, ‘Die Mineralien d .
Zy?mt-]?egmntlbga.nge der_ stidnorwegischen Angit- und Nephelinsye 'tel:

eitschr. f. Krystallogr, u. Min, vol, xvi, (1890). A
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T completed in the summer of 1893 a collection of observations for ‘
final publication on the oldest basic series of “igneous rocks of the :
Christiania region, and I have now the honour of laying before

this learned Society a résumé of the most important results of this || ' SKETCH-MAP oF GRAN : REFERENCE.
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The occurrences in Gran are all situated on a greab volcanic
fissure-line, in an almost north-and-south direction, parallel with the |
general direction of the neighbouring Lake Randsfjord, the boundary
of the sunken tract in that part of the country. The great fault-lines
of Randsfjord cut the Archean mass of land ab Nws in a south-
south-west to east-north-east direction., Only a few kilometres east
of this fault-line we find the fissure of the basic eruptions indicated
by a series of mostly dome-shaped hills. In order, from north to
south, they run as-follows:— - = -~ : : ;

" Brandberget (Brandbokampen), 514 metres (1670 feet) above
the sea, an imposing hill. _ : :

Subsequently there appear several quite small exposures near
Augedal, Solberg, and south of Bilden. - . S

F:Y/VO.L"IJUH)( Co. Sc.

Nota.—Tl;Z !;\l:?&;r}?:s dykes gf camptonite and bostonite are entirely omitted
\ ve map, because it 1d be i si eI
satisfactorily on Eo smu]_lsu. ;cu‘;e?u 5 e dinpreeils T Tepresmiion

Q.J. G. 8. No. 197.
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A more considerable occurrence, gslvsberget, is there me:t with

(9 kilometres or 52 miles south of Brandberget), a fine eminence,
" 484 metres (1575 feet) in height.

Four kilol(netres (2%)miles) south of Sﬁ}vsbergqt we find the twg
hills of ¢ Viksfjeldene’ (the Vik mountains), Kjekshushougen an
Buhammeren, 537 and 538 metres 1745 & 1749 feet) respectively
above the sea-level. e e

The occurrence ab Dignees, on Lake Tyrlfgord, is a’pout 40 kilo-
metres (25 miles) south-wesb of Buhammeren. - litios are ol i

The plutonic rocks in each and all of these localities z}a,ll?lc osely
connected by numerous passage-types, and present fa wholly c%ri-
tinuous series of hasic abyssal rocks. It seems, t_here. ore, impossible
to doubb that all these rocks, 0 closely allied 1n composition
and geological occurrence, have originated from a comfnon source.
‘The limited time at my disposal_allows only of -a very summary
description of the principal varieties, .

II. TaE OrvINE-GiABBRO-DIABASES.

The prevailing kinds of rock in all the greater occurrences (Brand-

- “berget, Stlvsborget, Viksfjeldene, and Dignees) we may characterize
as olivine-gabbro-diabases. They are medium- or coa1:se—gra1ne&
rocks of granitic structure, often also ophitic; there is -not the
slightest trace of the ordinary changes met with in regionally meta-

- morphosed gabbro, The mineral composition 1s, firstly, plagioclase,
the constitution of which varies, mainly from Ab,An, to Ab,An,,
and consequently it belongs to .the labradorite series; quite sub-
_ordinate, a small proportion of orthoclase is also proved to oceur in
several specimens (in the main rock of .Solvsberget it is very
‘common). Besides the felspar a mineral of the pyroxene group
prevails: the common pyroxené in these rocks 18 a violet, tita-
niferous, lime-magnesia-pyroxene, with comparatively small amounts
of aluminium- and iron-oxides; olivine and a dark reddish-brown
biotite (lepidomelane) are both common constituents. An _orthq- \
thombic pyroxene (bronzite or hypersthene) 18 observed in the
rock of Solvsberget, but in very small quantities. . Basaltic brown
hornblende is rarely present, and then m.sma_bll quantity. The
common iron ores, titanic: iron and magnetite, in small amounts,
also pyrite, pyrrhotite, and apatite, the last often abundant, malke
up the rest of the primary qémponer.lts.' ) o ;

A detailed petrographxcgl;_%Jdescrlptlon of: .the varieties of the
olivine-gabbro-diabase in the different localities, and, still more, & .-
thorough study of all the faties-types, would carry us too far.
shall therefore, on this occasion, confine myself to pointing oub the
important. circumstance that the prevailing rocks the different
éwposures along, the fissure clearly change their character v @ -
regular manner from mnorth t0. south. On the whole, the average
basicity of the prevalent rocks can be proved to decrease U that

direction,
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In the northernmost locality, Brandberget, the prevailing rocl is
a very basic olivine-gabbro-diabase, so poor in felspar that it passes
into pyroxenite. Jointly with this predominant rock there occur
also, to a great extent, typical pyroxenites, often of very coarse
grain, besides coarsely radiated hornblendite (with the hornblende-
prisms measuring as much as 10 centimetres or 4 inches in length),
the latter rather subordinate, and also subordinated hornblende-
bearing gabbro-proterobases and other rocks with brown basaltic
hornblende. These basic rocks (the pyroxenite, the hornblendite,
and the gabbro-proterobase) are traversed by innumerable segrega-
tion-veins of a fine-grained augite-diorite or augite-syenite (akerite),
which will be further referred to a little later on. S

Moreover, in the small exposures of Augedal, Solberg, and Bilden,
very basic varieties—pyroxenites combined with camptonites—
prevail., ; :

On the top of Stlvsberget a more acid olivine-gabbro-diabase is
already the prevalent rock ; pyroxenites and other basic rocks are
there only observed as rather subordinate contact-facies.

We find the same conditions in the Viksfjeldene, where also more
acid segregation-veins of augite-diorite, ete., are widely spread.

The most acid rock is represented in the occurrence at Dignaes ;
the ultrabasic types are entirely wanting here, the predominant
rock being an olivine-gabbro-diabase rich in felspar.

The following analyses (Table I.) serve toillustrate the successive
changes in the chemical composition of the ‘prevalent kinds of rock
from north to south :—

Tasze 1, -
I — 1I. IIL
4365 47:00 4995
400 280 141
-1é-§§ “ B 12'23 . 1697
32 . b6 :
800 6'59} 1521
Trace 026 Trace
792 876  ‘abt. 300
" 1400 12:60 717
228 . 145 491
161 - 066 2:01
100 . 030 abt. 0:30 .
Trace Trace . 076
Trace ) Trace
10016 10081  abt. 100-99

T. Olivine-gabbro-diabase of Brandberget; analysis by Tn Schmelck.

1L ID%.oé’oEg};fcbﬁrget; analysis by Sarnstrom, thé alkalies determined by
IIT. Do. of Dignws

T o : un&lysié by A. Damm, the alkalies determined by.

===
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According to an approximate caloulation from the above analyses, Asane 1
ineral iti : ‘ imated as follows :— ‘ 4 _As an example of par iti ses i 9
the mineral composition per cent. may; beleshma ed as 9 ows | Solffberget. ple of partly laccolitio bosses we will take the case of
;me II. . - | lenbg‘)tg?:s;g% izhafroof—i}ﬁapeddhill, about 1+5 kilometre (1 mile) SH
: ! ) 1. \ ¢ orth to south, and about 1 ki 2 mile) in wi :
, Brandberget. Silusberget. Dignas. } from west to east; the toI’) is elevated abolﬁr,l‘g(geélg 'zn e v
TFelspars auveeeeeeees about 12 about 46 about 64 ~u | above the surrounding country ; the eastern side is Vz;?s %)813 fee}t;)
1()){;31?‘3 ........... ‘ Gg iy %g% 18 g western side more gradually sloping. In its northern)a:dls;‘;gz,}lz n
Olivin 5 2 % zarts Stlvsberget is formed of Silurian (Ordovician) strata of étao:;
" 4 5 o1 | £ @ and 4 a B (shales with Ogygia diletata, Briinn, and Ampy
4 1 2 : imestone) ; the main strike is west to east, or West-,nort‘,h-weftyf;
. v ,. g%sob—sqi}th—ea,st, the dip generally showing angles varying from 50° to
| _ . The central: part of the hill is occupied by the eruptive rocks ;
?

Apatite, serpentine,
chlorite, etc. .« ’

00 100 100 on the aap it Wi
e . : ap it will b s . : . 20N
ey | R
, (all analyses i ?Ee Verb‘lcall)’r traversed by the plutonic Tock ; in the middle 2fr§§i
oomerang” the eruptive rock appears to bo conformably injected

“The average com}')bsition of
gabbro-diabase, the iron being calculated as Fe,

calculated free from water, and finally equalized by reducing them !
to 100 per cent.); i;oas follows i—= wiss R Ezg‘gggﬁ, tl}ekshi.les 3 1bub in the eastern part the eruptive surface
' B S S sinks to a lower Jevel, and seems, there partly to be of a
W i | el i Bt e b o i
MO’ covererrres . 6Bk ey
oo i Y | TIL, Tocs Bensoss o ConTAGT-MupAwORPIISN B sitn OLIVINS-
oo SIS s 188  GappRo-Dranask. A
| =% i Tl coonsaof thow oy o vofod s e L
The olivine-gabbro—diabase.o’E Yolvsberget, as will be thus seen, the size of theppﬁllgnilgeg::;g: eir];c ;f te[(lli?ﬁ?f, wihich dgpends on
Sélysberget the alteration of the Siluri?m ;tizig;tiskg:rlégﬁgbleéz

differs only slightly in composition from the average rock.

rthern occurrences of these oldest eruptions in

the Christiania region are then, as we haye S6el, mainly. pyroxenic
o southern localities along

rocks of a basic character, while th
hat greater

the same fissure show chiefly felspathic rocks of somew
ition of all the masses of rock

acidity. - Probably the averagé compos
in Brandberget differs only slightly from the above-caleulated averages
on the other hand, it is certain that the average composition of the
rocks from Dignees is ‘more acid than this average. We have, there-
fore, here a remarkable example of the differentiation of & molten

magma in 2 regular manner in Thorizontal direction along connected
fissure-lines. Nor 18 it the only case of its kind in the Christiania
region. - ‘ ‘ ‘

With respect to_the géo‘logical appeamr‘x.ce of theso abyséal rocks,

T will simply remark that they are only partially of a laccolitic
character; as @ rule they are enveloped as vertical bosses,: the

contact-plane often cutting the adjacent Silurian strata.

The small exposureé soubh of Bilden is, on the whole, an inclined
Taccolitic sheet, the rocks in the samo chiefly showing 2 porphyritic
gtructure and the composition of the camptonité-groups an

d being
only to a glight e

distances of 200 or even 300 metres 220 ot 33

; 0 ya 1
B;\;:{léi:g on f{lsle eastern side of the hi(ll, where thz lz;g:i)kgog; 2}22
direabion;r;)s th:!sl:ut?}f-etahs?; t(lzll:upt:we boss run in nearly the same
nea']‘;:;r B ttivs o, e olbserver}_ alterations terminate much

() uqaltered rocks of Solvsberget are the com
ig;:g,baaﬂlhacleoug ghales of étage 4aa (Ogygia—slt?:f;;}ﬂ::il;lfoadf%rk
morrhzs meth exﬁn?ular masses of limestone. By the c:nltﬁ.cb—metz:i
o ufmeriuo o shales, as usual, are altered into dark violet hornstones
innumembi; as :E) geb closer to ‘the boundary, more and more fron;
IgEsger &ttspl scales o_f mica, the diameter of which close to the
horide n}ston:u']s several mqhmetres. In the next zone of alteration
e osgz HI}&CTOSCOI)]GB.HY crystalline, with a grain of medium
o o;ystals 01;’ ; sglnlg a very remarkable porphyritic structure, due
DL ’};ezgf:easclatmore than-6 millimetres (4 inch) long. "The
hm;lfels). 8 ‘.ered into calcareous hornstone (kalksilikat-
‘he % . -

gabhm_g(;;l&gzsmgtaémorphxsm along the boundary of the olivine-
il observul? ran is mainly of interest, -because the micro-
e previomns on th_e_altered rocks make it very probable
s a0, Lnev ul:1 supposition, as’ to the independence of th

gurd to the composition of the plutonic rock itselti

. The rocks in the no

xtent crystallized as pyroxenites. n the
Viksfjeldene also the laccolitic character is evident.
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can be proved to be incorrect. I had myself believed till now
that contact-metamorphism in strata of the same I}ature, by other-
wise  identical .conditions, has generally given Iise to 'the’ stfarEe
alteration-products—iwithout regard to the ¢ chemical qpahty‘ of the
eruptive rock in question. The development of the contact-meta-
morphism in Gran seems now to prove that this opinion was
@rroneous. E '

. The short time at my disposal does nob allow of a deitall‘eg
description of all the observations uIl)OI;‘ VVthICh T found my altere
opinion.. I shall only mention a single fact. :
pAlong the bouridaiy of the basic plutonic rocks of Grar;l, all ?f
which are comparatively rich in magnesia and iron oxides, the mg‘lei
highly -altered hornstones of the Ogg/g%co—shales‘ show an essen 1‘511
percentagé of hypersthene. T had previously mistaken the n‘nnt(?,l]a :
for andalusite ; it occurs as innu'mera.blfa small prismatic crys 4]s,
but is . easily distinguished by its optical characters. To ma (i’
assurance doubly sure, I have, with considerable dlff.:lculty, isolatec
a small portion of the hypersthene, and have had it analysed by
Herr L. Schmelck. The analysis gave i— )

BI0, sibommesssissssmmssssrsmssrasonsiss 4810

FeO 929:98
MgO .

“Cal ..

: is duo to a mishap in ination of the
The logs is due to a mishap in the course of detgrmlna >

silicic acid; adding 556 per cent. 8i0,, the above apa,lys-ls“agr.ees
exactly with the composition of an hypersthene, in which the
molecular proportions are _ , o

' FeO :(MgO, Ca0) =1:2.

' Now the very same strata of the Ogygia-shales, 7 kilometres
(4?&?1%) east Zf Solysherget, are altered into hornst_ones_by the
influence of the immense Masses of quartz-syenite (npr('lmg-rlgte) ex-
tending over the whole district between Gran and Christiania. c’I }iave
examined a number of specimens of these hornstones from Rénésen
and other localities. Inmone of them have I discovered the slightest
vestige of hypersthene. As is well known, hypersthene or ortho-
rhombic pyroxene is, upon the whole, never observed to have been
produced by. contact-mebamorphism alongside abyssal rocks.

" It seems, therefore, that in this case the basic magma of the
olivine-gabbro-diabase, as compared quh the acid magma of the
(iua.rbz—syenite, must have influenced, in a pectqlar, manner, the
argillaceous shales of étage 4 @ a by altering them into hypersthene-

bearing hornstones. Whether this special influence is due to a °

transfer of magnesia and ferrous oxide from the magma, or not, isa
problem which can only be settled by a series of analyses as yeb

infinished. , - )
lnIn other respects, too, the contact-metamorphism alongside the

above-described basic rocks is of interest; but, as .this question is

N
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apart froni my main subject, I must defer observations in connexion
‘therewith to another occasion.

_- The small and insignificant basic abyssal masses of Gran are not
in themselves of sufficient importance to justify me in occupying the
time of this Society by describing them. = There are, however, other
cireumstances, not as yet referred to, which give them great interest.
They are accompanied by a .greab series of dykes and sheets, the
study of which throws much light on those processes of differentia-
tion which are just at present being made the object of thorough
research by petrologists and geologists. :

IV. Tar CAMPTONITES AND BOSTONITES,

Along both sides of the entire fissure-line on which the abyssal
‘rocks are situated, we find an innumerable multitude of dykes and
sheets of camptonite and bostonite, two kinds of rock which have
formerly been admitted to be closely associated with masses of
nepheline-syenite. . F o o -

Camptonite (lamprophyric dyke-rock essentially composed of basic
plagioclase and brown basaltic hornblende, often porphyritic from
phenocrysts of the latter mineral) has been previously described
from Campton Falls in New Hampshire'; Montreal in Canada®;
Forest of Dean in Orange Co., N.Y.%; Fort Montgomery (Fairhaven,
Proctor, ete.) in the Hudson River Highlands *; Whitehall in Wash-
ington Co., N. Y.*; Lake Champlain Valley °; nearly allied rocks,
though hardly typical camptonites, are described from Val Avisio in
the Tyrol™; Inchnadampf in the Scottish Highlands * ; Waldmichel-
buch and other localities in the Spessart.’

The name ¢ bostonite’ was introduced by Rosenbusch and applied to
dyke-rocks with trachytic structure, essentially composed of felspars
without dark minerals; a more detailed description is given by
Kemp. Bostonites are known from Marblehead near Boston,*
Montreal in Canada, Serra de Tingua in Brazil,"* and from Lake
Champlain Valley.”* In all previously described occurrences the
bostonites are connected with different basic dyke-rocks, and with
masses of nepheline-syenite (?) in the vicinity; ‘among the asso-
ciated basic rocks near Montreal and Lake Champlain there are
also camptonites. - - : |

1 @ W. Hawes, Am. Journ..Sci. ser. 8, vol. xvii. (1879) p. 147.
2 B, J. Harrington, Geol. Surv. of Canada, Report for 1877-78 @&, p. 42.
2 J, F. Kemp, Am. Journ. Sei. ser. 8, vol. xxxv. (1888) p. 331. :
4 Id. ‘ Amer. Naburalist’ for 1888, p. 691. ; ‘
5 Id. and V. F. Marsters, ¢ Amer. Geologist,’ vol. iv. (1889) p. 97.
"13.1 . F., Kemp and V. F. Marsters, Trans. N. Y. Acad. Sei. vol. xi. (1891)
p- 13. . ‘
7 Corn. Délter, Tschermal’s Min. Mitth. (1875) pp. 179, 180, 304; A. Cath-
rein, Zeitschr, f. Krystallogr. u. Min. vol. viii. (1884) p. 221. .
4 J, J. H. Teall, Geol. Mag. for 1886, p. 346. . B :
9 Eyrw. Goller, Inaug. Diss. (Strassburg, 1889). .
10 On literature, see Kemp and Marsters, op. supra cit. p. 17.

11 M, Hunter and H. Rosenbusch, Tschermal’s Min, u. Petr, Mitth, vol. xi.
(1890) p. 445.’ '

12 Kemp and Marsters, op. supra cif, .
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In the parishes of Gran; Hole, Modum, etc., in the Christiamia
region, these rock-varieties are excee_dingly abundant ; t]}aley app:ﬁr
partly as vertical dykes, generally with 2 north-and-south or nor -f
north-east and south-south-west strike, paya_llel to the_, main s_trlke 0
the fissures, on which the: bosses of 011v1ne—ga_bbro—d1abase' and
other basic abyssa'l‘rocks aro situated, along the lines Brandberg?t-
‘Sslysberget and Buhammeren-Dignaes. In one part_the_yv are also
.arranged- as intrusive sheets introduced between the Silurian slfirat.a,
chiefly close to the surface of the Archeean .schlsts, especially in
étages 1 and 2, also in 3 and, 4, and less often n the higher etgge?..l
- Although the surface in Gran is somewhat obscured, ggvelal
hundred oceurrences, of dykes as well: as sheets of camptonite un(f
hostonite, have been observed. Asan example of the frequency ]c])
the dykes, I may mention that in one area alone (along the
Melbostad and Helgum road) T counted more than 50 dykes 1n
14 kilometre (1 mile); the total thickness of these dykes I measured
o be 70 metres (227 feet), thatis 1 metre of dyke-massin eviary 20.
The thickness of the dykes is commonly 3 to 2 metres (13 to 61 feet);
it seldom attains 5 or 10 metres (16 or 32 feet). .
The thickness of the sheets is usually also 1 to.2 me.tres, lgss
often 10 metres or more; however, a great number of intrusive
sheets often follow upon each other, which is the reason why the
tobal thickness in several localities may amount to 20 and even 30
metres (653 to about 100 feet). )
"~ In the vicinity of Brandberget the magma has 1n preference been
intruded as sheets between the planes of the stratified rocks ; in the
neighbourhood of Stlysberget, on the contrary, vertical dykes are
more prevalent; perhaps this circumstance can be explamed/ by the
fact that at Solvsberget we find only higher étages (such as étage 4)
represented. ' o o
The camptonites and the bostonites-are very intimately con-
- nected with each other, and also with the above—'mentloned boss-
- rocks. These connexions are proved by the following facts :—
TFirstly, as regards the relation between the bostomtes aud‘ the
camptonites, Wwe may observe that they evgrywhere appear together
in close companionship. Thus, we ﬁnd.'mnt_lmerab'le examples of
“vertical camptonite-dykes associated with immediately adjacent
parallel dykes of bostonite;-.often the same dyke-fissure containg
both bostonite and camptonite, and with equal frequency it happens
that both rocks appear together as intrusive sheets. -
Tn many bostonite-sheets and dykes we find phenoerysts of brown
hornblende, which is the chief mineral among the phenocrysts of the
" camptonites. I have moreover observed several .examples of - dykes
or sheets in which the centre is bostonite, the sides camptom'te, or
vice versd. Finally, I have also, but less freqqently, observed inter-
mediate kinds between camptonite and bostonite.
Secondly, as to the relation between the eugranitic boss-rocks, on
the one hand, and the dyke- and sheet-rocks on the other, we may
“remark that in Gran and the surrounding parishes the bostonites
and camptcnites are represented in many hundred dykes and sheets
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in the neighbourhood of the above-mentioned basic boss-rocks,
whereas other kinds of dykes appear very seldom. T have observed
only a small number of rhomben-porphyries (plagioclase-rhomben-
porphyry and common rhomhen-porphyry, 7 or 8 great dykes partly
followed along a stretch of more than 20 kilometres =123 miles),
mica-syenite-porphyry and segyrine-syenite-porphyry (Sélvsberget),
8 to 10 greater dykes; finally, a number of diabase-dykes, ete. On
the other hand, the dykes and sheets of bostonite and camptonite
outside this tract, in which the basic boss-rocks occur, are very
sparsely distributed in the Christiania region, and not in the same
typical varieties as in Giran parish.

On Brandberget a hornblende-bearing rock, closely allied to camp-
tonite, locally appears as an unquestionable contact-facies of the
olivine-gabbro-diabase.

In the small laccolitic sheet south of Bilden camptonite is tho
main rock ; pyroxenite appears here only subordinate and mostly in
the central parts; and all the passage-types bebween camptonite
and pyroxenite are found. .At Stlvsberget also I have collected a
rock of the camptonite-bostonite series, an intermediate type be-
tween both extremes, ocourring locally as a contact-facies.

The above observations conclusively prove that the camptonites
and the bostonites are nearly connected with, and must be derived
from, the same magma as the previously-described boss-rocks.

The mutual relation of age between the camptonites and the
bostonites is invariably as follows :—

When dylkes of bostonite and camptonite cub each other, the
former, without exception, is the younger.

In a bostonite (from Lindberget, on Lake Mena) T have found
rounded enclosures of basic masses partly of camptonite, partly of
pyroxenite; these enclosures can only be explained as early crystal-
lizations of basic composition in a magma, from which the distinct

magma of the bostonite was not yet separated as a final product of
the differentiation, . i

In seven different localities (chiefly in Nes, south-west of
Brandberget) there appear considerable sheets of bostonite-breccia ;
the main localities of these breccias in News'are situated on the
continuation of the great fault-fissures of Lake Randsfjord, and
farther north-north-east continued in the fault-crevice along the
bed of the Huns river.” Tho breccias are.brimful of angular
fragments of Archean schists and Silurian slates (chiefly alum-
shales) and limestones of the lowest étages (1-3), all the fragments
being cemented by a bostonite groundmass. In several blocks of
this breccia I have observed that every fragment is surrounded by
a more basio dark-green mass, partly of camptonitic composition ;
this basic matter, enveloping the-angular fragments, is then itself
embedded in the scarce bostonitic groundmass. In a similar breccia
flrom Augedal I found e rounded lenticular mass of camptonitic rock
3 metre (13 inches) in diameter; this mass showed, on chemical
analysis, an undoubted camptonitic composition.
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" V. Tanr ORIGIN BY DIFFERENTIATION.

The above-mentioned relations prove, in my opinion, that the
‘common magma, from which the basic bosses along the lines B}ﬂa.ud—
berget—Sb‘lvsbergetiViksfjéldene-Dignees are crystalhzed as olivine-
gabbro-diabases and pyroxenites, etc., m_ust have been t}he same magma
as that from which the innumerable dylkes and sheets of camptomtg
and bostonite are derived; and further, that'alll these dylkes. an
sheets have arisen as the result of a diﬁ'eyentmtl_on in tbe orlgxpai
magma, in such a manner that first 2 bagic portion, correslPémi}nn
with the camptonitic magma, has been separated out by ;1 ltl.Sl}Cl)I]&
and, subsequently, the remaining more acid magma has furnishe
‘the material for the bostonite-dykes and sheets. : e t

If thesoe views be correct, the chemical analyses of the differen
kinds of rock should give undoubted proofs of the 'p}‘ocesshof
‘difforentiation in the original magma; and, in my opiion, they
do so. ‘ ) o
O';he calculated average composition derived from fo'he three
‘analyses of the olivine-gabbro-diabases of Brandberget, Solvsberget,
‘and Dignees probably indicates very closely the average compomtufln
of thé original basic magma, W_Vh}cl} was p}“essed up during t‘e,
oldest magma-eruptions in the Christiania region, along the Westgu;
‘boundary of the sunken tract. By differentiation in a magma }(1)
this composition the separate magmas of the camptonite-, and the
subsequent bosbonite-eruptions, must have been formed. ‘ :
" T have now caused a series of chemical analyses to be made o

- camptonites and bostonites from one and the same locality, from "

hoth sides of Brandberget: of camptonite from Tindberget on Lake
Mceena, at the western base of Brandberget, and from Egge’on the
south-eastern side; also of bostonite from the same ¢ cutting’. as thg
analysed camptonite. These analyses (by 1. Schmelck) have yielde
‘the following result:—

Taste 11T,

IVs . V. VI .
" Camplonite, Mena. Camptonite, Egge. Bostonite, Mena.
4060 4205 - 5650 ;
420 ) 560 085
12:65 ; 1230 1814
AT - . 38l 3‘12.. =
962 . 952 2:86
896 | 483 1-22
~ 1080 - 11'55 338
. 2b4 218 528
119 : 111 160 .
2:68 2:68 511
228 : 2:88 1-26
16079 98'51 99-32

All these rocks ar;a from sheets; they are, on the vwhble, rich in
_carbonates. Caleulating the substances free from water and car-

bonic acid at 100 per cent. (the iron as Fe,0,), we geti—
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Tasze IV,
IVa, Va. Average Average of cight

Camptonite, Camptonite, of - Camptonite

Mena. Eqgge. IVa & Va. = Adnalyscs.
4190 - 4473 - 4331 4365
434 595 514 . 463
1204 1308 13-01 1629
16-57 1532 1594 1476
925 514 723 596
1114 12:29 1171 . 1016
2:62 2:32 2:46 . 3:05
124 117 - 120 1-50
100000 - 10000 100-00 " 100-00

 In Table IV., parallel with the average of the camptonite
analyses from Meena and Egge, is placed the caleulated average of
cight.different camptonite analyses (from Campton Falls, Montreal,
Tairhaven, Proctor, Fort Montgomery, Mwna, Egge, Hougen) ; and,
as will be seen, the differences are not great.

The following table (V.) shows the bostonite analysis from
Meena, calculated in the same manner; for comparisoi I have
calculated the average of two American bostonite analyses (from
Shelburne Point and Champlain Valley) published by J. F. Kemp
(loo. supra cit.). It will be noticed that the American bostonites
are richer in potash than the Norwegian.

Tanre V.
VI a. Bostonite, Average of two American
Mena. ’ Bostonwite Analyses.
60:57 6073
o091
1945 . 21-00
676 3:83
131 0-79
362 444
566 - 4:52
172 ’ 4:69
100-00 10000

A simple calculation founded on the above data shows that a
mixture of 9 parts of the calculated average of the camptonites
from Mena and Egge, and 2 parts of the-bostonite from Meena,
would make a composition differing very little from the- above
calculated (p. 20) average composition of the olivine-gabbro-diabases
from Brandberget, Stlvsherget, and Dignes.
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Tasie VI.
Average of Analyses of
/——d' — . -
Camptonite . Olivine- * . Difference.
o Gabbro- ‘
DBostonite. ) Diabase. .
85040 eereeens 4645 ' 4648 . —008
Ti0y ieeves 437 2:56 +1-81
ALOg ... 14:18 1450 : - —032
Fe,0y voeiee 1427 . 1444 o =017
MgO ... 615 654 . ~039
Ca0....coeer 1024 1123 . —0'99
No,0 cveeee 304 287 4017
KO urrivenes 130 : 188 —008
' 100-00 -~ 100¢o o

T am well aware thab every caleulation of this kind must agree very
accurately with actual fact if any importance is to be attached to it;
the calculations of rock-compositions as the results of mixtures of a
basaltic and a trachytic magma, according to the law enunciated
by Bunsen some forty years ago, are in this connexion warning
examples. In our caseé the accordance is very close in all the com-
ponents, except the titanic oxide and the lime. With respect to
the former, I may remark that its percentage varies between wide
limits as well in the camptonites as in the olivine-gabbro-diabases.
Tn the camptonites from Moena and Bgge the percentage of titanic
oxide is greater than usual, but in the average of the olivine-gabbro-
diabases the small proportioﬁ of titanic oxide in the rock from Dignees
(see p. 19) lowers the average percentago somewhat considerably. -
As to the lime, it must be observed that in the olivine-gabbro-diabases
the indicated percentage represents the:whole of the lime originally
sabirated with silica; while, in the average of the camptonites and the
bostonites, the lime percentage is caleulabed in rocks from which, by
abundant ‘carbonatizing, a portion of the lime originally present
has probably been carried away. . » T

These circumstances being taken into account, I am of opinion
that the accordance is sufficient ; such an . agreement cannob “be
accidental. . T think, therefore, I have sufficiently proved that the
camptonites and bostonites in Gran have been produced by differen-
tiation of an original common magma, whose chemical composition
agreed with the average composition of the olivine-gabbro-diabases on
the voleanic fissure-lines between Brandberget -and Dignes. -

This differentiation can further be proved to have taken place in

a liquid magma, even before crystallization of any importance had

begun. This appears ovident from the striking difference in. the
mineral composition of the olivine-gabbro-diabases - on the one
hand, and the camptonites and bostonites on the -other. In the
former, among the minerals—that is, among the first crystallized
constituents—pyroxene, olivine, and dark biotite are prevalent,
brown hornblende wanting as a rule, or quite subordinate. In the
camptonites, on the contrary, the predominant dark mineral is
alwags brown basaltic hornbiende, often amounting to more than
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60 per cent. of the rock, while olivine and brown mi

Wa%};m}g;, and pyroxene is invariably subordinate. micn, oxeoften
~ We have consequently in the basic rocks of Gr y

examp_le of the fact tha,tyone and the same magmaa;aitllzmwgﬁgﬁ
essential differentiation has been pressed up to a higher level, and
there has crystallized out as large bogs-masses (i; the for;n of
olivine-gabbro-diabase), partly has been differentiated at a deeper-
scated level into a basic magma (which by its outburst has formed
sheets and dykes with porphyritic structure : camptonites) and into a
more acid residuary magma (which in the final eruptions, has given
rise to sheets and dykes of bostonite). This differentiation (into

. camptonites and bostonites) has partly also taken place in the dyke

and sheet-fissures themselves ajfter passing up into a higher level.

) In order to a.xplain this fact, that one and the same magma has
in part been differentiated, in part not, it seems, in my opinion
necessary to assume thab in the latter case the essential cooling of thé
magma has first taken place in the bosses themselves ; while, in the
Jformer case, even before the final pressing-up of the magma, an
essential decrease of temperature and pressure along the contact-plane
of the magma must have taken place in the magma-reservoir. In
this cooling and diminishing of the pressure the magma must have
been subject to conditions necessary for producing a tendency to
crystallization of the brown basaltic hornblende, although in all
probability actual orystallization did not take place. Elong the
contact-plane there must then have been concentrated by diffusion
a liquid strabum essentially containing the components of the brown
hornblende. This may be deduced from the fact that the composition
of the camptonite derived from this differentiated magma differs but
slightly from the probable composition of the brown hornblende,*
and from the other fact that brown hornblende is actually the
essential mineral of the camptonites. - These facts then favour the

1 The analysis of the brown hornblends in th i
\ { e camptonites of Gran i
iom%lleted; The difference between that and the comgosition gf 1;11Ieaer‘rlulr?Iftl;())frjﬁvv‘.z(3
pgg:igizzrﬂ% p\;bh}il'xed by Hawes is probably unimportant. I vefer, therefore
< o r 3 " - . 1 !
compositiony: is analysis for comparison with the average camptonite-

y e , TasLE VIIL '
verage of ten Average of eigh
) A{zal_z/ses of Camptonite- Hornblende A o
S‘o‘ Basaltic Hornblende. (after Hawes). o%)ytf:fig
B0y 3988 4079 4365
s, wwane 1222 (not d(latermined) . 463

O — 8! 736 g
Fe,Oy ..o 12:60 20 R

N .85 . o
lgfg 1227 -6:97 1%%2
XY 12:68 10-83 10'16
NagO ... 339 417 (diff) 455

10051 10097 10000

The average of 10 analyses of basaltic hornblende i
published by Schneider, Zeitschr, £, Krystallogr. u. ﬁﬁsvﬁlc;s}itec(llsfgtﬂnp t%%e
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Dbelief that the differentiation of the original magma has, to an
essential degree, been dependent on the laws which govern the
sequence of crystallization, an opinion already maintained by the
author several years ago (1886), and farther sustained, chiefly here
in England, by Teall. : " - :

The most easily crystallizable compounds (the Jeast soluble) of:
the magma have in the diffusion frst accumulated along the
cooling margin, In the liquid magma itself the different com-

pounds were probably dissociated, but the degre® of . dissociation -

most probably decreased with diminution of temperature and pres-
sure. Along the cooling margin of the magma & concentration
of dissociated compounds to less dissociated groups has thus taken
place, a concentration probably governed by the laws of chemical
affinity (see the views of J. H. L. Vogt). These *.compounds
(not identical with the ¢kerne’ of H. TRosenbusch) concentrated
by the diffusion of the less soluble and more easily crystallizable-
substances, under the stated conditions along the contact-margin
of the magma, have then still been liquid or at least been liquid in
the main. In the camptonites and the bostonites the consolidation
evidently first began after the outburst of the magma into the
figsures, which it has filled up. .

The opinion that the most easily crystallizable compounds have.
diffused” to the cooler portion of the magma and there have
generated 2 magma-stratum  of peculiar composition has been
doubted on the grounds that the rock crystallized after the eruption
does nob show a stoichiometric composition * ; however, it seems
quite probable that this objection is not decisive. That, in the case
in question, the camptonite-magma Qifferentiated from the olivine-
gabbro-diabase-magma has not exactly the same composition as-
brown hornblende, finds a natural explanation in the fact that the
spaces of crystallization for minerals which can crystallize out of a
magma of given composition are ‘well known to partly cover and,
transgress each other. A diffusion of the compounds of the brown
hornblende, to the cooler margin of a magma of the  composition
above supposed, could nob therefore have formed a magma of a pure
hornblendic mixture, but only such a composition mixed with an

addition of other compounds in subordinate quantities. This -

admixture is, however, in our case not of any great importance.
Then - we also find—agreeing with the fact that the felspar in the
camptonites crystallized as & rule afterthe hornblende—that the re-
siduary bostonite-magma after the differentiation of the camptonite=

magma (setting aside the unimportant percentage of magnesia, iron

oxides, and titanic oxide) shows an almost felspathic composition.

of medium acidity. : ‘ _
T think I have proved thab the camptonites and bostonites in

Gran have been differentiated from a’ magma of the average.com-

position of the olivine-gabbro-diabases which appear in the same

tract. If the above-explained,.hypothesis be admitted, this fact’

seems not to be at variance with the observations from other countries,

1 Tddings, ‘ On the Origin of Igneous Rocks; Bull. Phil. Soe. ‘Washington,

yol. xii. (1892) pp. 89-214

ST
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that the dbove-mentioned kinds of

' : t . rock are otherwise connect
Wltiljlhnephehne—syemtes. With the ¢ kerrn’ hypothesis of ROSGHE?\Z(&%& -
on the other hand, the above proved connexion does not seem to agree’

[ Note.—Tor rock-types, differentiated out of a com

propose the name ‘ complementary rocks’; camptonitesrzg?i ‘tﬁi%éi?% .
are, then, such complementary rocks. Between the dyke-rock o
hav('}e a.lsi) a number of other examples. d .

omplementary rocks should, therefore, in" the sificati

rocks be placed in that rock-group which has a chemicclaalssclf;a%:ﬁ;ioorf
agreeing with the composition of the original common ma vmg of the
complementary rocks ; minettes and aplites, for instancg are com-
plementary rocks of the granite-family, and so on.— Dec. 3dth, 1893.]

* VI. DIFFERENTIATION IN THE BoSSES.

. The differentiation of the olivine-gabbro-dia oma i

camptonites - and bostonites is not thegon]y one 11:;?0};11&}(1,;1 atqlkn:r?
place in this magma. In the boss of Brandberget we find that‘; the
same oOr a very closely allied magma has, by differentiation under
other conditions, given rise here to other products. It is true
that & magma of hornblendic composition (partly crystallized as pure
hornblendite, partly as a camptonitic rock) was differenbiubedpout
from the original magma ; bub these masses are here quite unim-
portant, The conditions here have evidently not permitted to an

great extent the crystallization of dark aluminiferous minerals suclz
as brown hornblende ; consequently the differentiation of the magma
has not t_xllowed the concentration of liquid compounds of analogous
composition along the margins of the boss. On the other-hand, it
seems clear that the ruling conditions have highly favoured the
9rysta111zatlon. of darle pyrowene, rich in calcium, magnesium, and
iron, and relatively poor in aluminium. Agreeably fo this suppos,ition
we find that, along the margins of the boss, especially in the west
and north, there has been differentiated a basic magma ‘of y

almost pure pyroxenic composition, which has often crystallized .
very coarse-grained pyrowenite, with as much as 95 per ¢ ?cs
pyroxene. An analysis from the laboratory of Herr L PSchmei]];
gave the following ‘composition -for such a ver coas ne

pyroxenite from Brandberget :— . Y Q-gramed

Tasrre VIIL
Pyroxenite, _Pyr :
Brandberget. I/gz/;n%fze;;’ '
45057 4465
265 ) 293
650 662
3:83 502
769 - 887
12:07 1476
-18-66 2032
8'94: 129
‘78 0
081 o
2.40 ------
10088 2)9195
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For purposes of comparison the analysis by Mel‘iil} ({)‘?e?s ]g :Ez]i:
1885, Beilage, vol. iil. p. 285) of the pyfrcaieng f;filbé%; turr;c,k e
tuhl, Baden, is placed Dhoside that of the BI 'get Toek.
zgl;ee’ment be’t\veen the rock and the mineral is, as will be\seen, very
Glo'}et'\e typical pyroxenite of Bra.ndberggthciﬁtfiét%uxb)r;ﬁgigalgl g;ll(litls—
ontireby. of dark pyroxene; mingled with UM, WU ALCEl S
zr;blg, a{‘,e a little %iown hornblends, re?dlsh-bro"(?]r}ﬁl()}m:\[ftiiixtlv a,;::_ls(;) 32‘ |
lacioclase, ete.; the structure 18 often miarohitic,
&?x?érals (éplendid crystals of titanite, apatite, etc.) in the open
caYlit:iess ‘1)yroxenite_ is traversed by innumergblg, compara}:ively'a.céidl
veins of fine-grained, light-grey au‘gite-dmnte, or mlc‘a?aug} (:;
diorite, inva.riagly rich in yellow titamti, *;imd ofla lg;nghga:i?hgoi‘uas
‘seri augite- i ienated ‘formerly ,as
the “series of augite syenite, designated e
ites” . These veins of augite-diorite are 80 2
:c,}?}:?olzl?;m the v:}iole of the western side of Br;m dberggt rﬁpzﬁsel(llﬁ]i
/pi tive breccia, containing angular fragments of _the ¢a
Z%E;iz}gigilged pyroxeni’te cemented by the ﬁne—grmnefi, lxghfo-gle'y'
augite-diorite.  This latter then represents the acid resxduaéy
m;gma after the differentiation of the pyroxenite-magma, alrea y
consolidated to pyroxenite, when its veins were squeezed up. .
The main mass of the magma~olerandberg.eb l_s.lnob mue
differentiated, but has crystallized oub like the basic olwme—gabg)ro-
" diabase mehéioned above, differing only slightly from the above.
calculated average magma of ohvmq—gabbro-dlabase. ot
All the products of crystallization on Brar'xdberget represent,
Jc.hen the results of a special differentiation, which has taken ﬁliﬁe
in this boss itself. As e found above (p. 27) that 9 parts of the
camptonite composition, and 9 parts of thla? .bostonkl)’}cje 0(()11311;031;1013%
race composition of thq olivine-gabbro-¢ jabases
%}a;:‘;?ll:ngh]?{lggin?? in a similar manner it sholuldd%e_possf.btle d};grrflc%;e
i ' Py ite, hornblendite, augite- e,
mixture of some parts of pyroxenite, | ug g
ivi di he analysed composition) to ¥
and olivine-gabbro-diabase (of t g
: cery closely allied to the average
construch an average~ magma very © g o avorngp
i of the olivine-gabbro-diabases of firan, or perhap
(s:fig}llj&?tﬁ(l)r:tbasic. To establish this calculation T still need

geveral analyses; & preliminary trial has shown the approximate -

proportions, and these proportions seem to agree with the obsér-

vations made in the field as to the ‘extension of the different kinds.

i ill- :n a monograph on these basic rocks,
of sl Ogs'g;z 1;1;1 f?&pﬂ};e%’ol, the exac%t ga]eulation, founded on
: Gali;i cIi)gnt nu’mber of analyses, showing that « parts of the analysed‘
?);;c olivine—gabbro-diabnse of Brfmdberget 'jmxxed W1th. yd‘paa’gs
of hornblendite, z parts of pyroxenite, and w ?arts_of aéutg}ite— jori i
(all of analysed varieties from Bran.dberget) give abou defaverzl:lg1 >

sition of the olivine-gabbro-diabase above calculated from t (13:
comlpc;es of rocks from Brandberget, Solvsberget, gnd Dignes, then
igaeyto have proved that all the various kinds of rock from Brand-
begget must be considered as products of differentiation from &

T — e
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magma only slightly different from the before-mentioned average-
magma, which, for the sake of brevity, I will designate as magma 0.}

If the average composition of the rocks of Brandberget is,
possibly, a little more basic than the average composition of the
“bosses between Brandberget and Dignees taken altogether—that is, is
more basic than magma O—this is certainly not the case with the
boss of Solvsberget. The rocks of Solvsberget on the whole
undoubtedly possess an average composition conforming very
closely to that of magma O. Besides, we have found that the bulk
of the eruptive rocks on Stlvsberget is represented by an olivine-
gabbro-diabase of nearly the average composition. Nevertheless
T have also observed on Sélvsberget a series of differentiations of
magma O, which are, on many accounts, of much interest.

Moreover, on Solvsberget I have found the same pyroxenites as
on Brandberget, although to a more limited extent, namely on the
western and south-western side of the hill, as- contact-facies ; but
I have not observed any hornblendite.

On the eastern end of the boomerang-shaped boss, where the
tectonic relations have been quite exceptional, a peculiar differen-
tiation has taken place. By this differentiation along the contact
there is separated out a magma which has consolidated as labrador-
porphyrite. 3

The chemical composition of this labrador-porphyrite has not
yet been determined by analysis, but it is assuredly not very
different from that of the labrador-porphyrite of Hulen, north of
Christiania, where this rock is spread as an old sunken lava-
flow over large areas. An analysis of the Huken rock, made in the
laboratory of Herr L. Schmelck, gave :

328
170
0-68
1-00

100-17

The difference between this and magma O, as will be seen, is
quite unimportant, because the composition for most compounds
lies between magma O and the-composition of-the olivine-gabbro-
disbase from Dignws. However, a slight differentiation has
taken place, the mixture of the labrador-porphyrite being poorer

* As above mentioned, the average composition of the rocks of Brandberget
seems to be a little more basic than the average of the mniore southern
oceurrences,.

Q.7.G. 8. No. 197.
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d lime, and richer'in alumina and alkalies, than the
: As is well known, the con-

and labradorite overlap 1n
omposition. We find, there-

in magnesia an
chief Tock of Solvsbergeb (see . 19).

ditions of crystallization for pyroxene
corbain magmas of gabbro and diabase-¢

fore, that in one case the plagioclase has crystailized essentially
ructure), o other "cases- the relation

before ‘the pyroxene (ophitic st : !
has been the reverse (as in several ty‘pical gabbros). A very slight
alteration of the physical ‘conditions (teqlperatvur?'and pressure)
along the cooling margin on -the eastern side of Solveberget musb

‘have been' sufficient here to ‘cause an increased .diffu'siog- of the.
inds in the magma to take place‘towards

plagioclase-forming compou " :
the contact; while under the altered conditions the - labradorite
ily than the pyroxene. The magma

would have crjlstallized more eas :
‘thus separated by & slight differentiation has then, on its. subse-
anner that -ib has

‘quent consolidation, been cooled in such &. M
assumed a-porphyritic structure, and consequently has left & }abrador—
porphyrite. This—in comparison with the main type on-Solvsberget
—_more acid rock is undoubtedly a later product of the magma, for
“we find; at Bjerget for instance, that the labrador-porphyrite 18 full‘

£ the common olivine-gabbro-diabase. of

‘of angular fragments O 101 ' ;
‘Solvsberget, developed as & characteristic eruptive breccia.

n the close vicinity of Sslvsherget there also occur dykes of
aﬁgite—porphyrihe, with the same mineral composition and structure.
“as the lava-flows so abundant in the'neighboul‘hood of Holmestrand,
etc., which are the oldest effusive rocks of the Christiania_ region,
and undoubtedly an outflow of the same magma as the basic rocks
of Gran. These augite-porphyrites show only very slight, if any,
difference in their chemical composition from magma 0. The above-,
mentioned dykes are not then chemically differen

tiated in relation:
o the main rock-type of Solvsbergeti:: they merely represent good -
examples of the influence 0

¢ differences in pressuré and temperature, ,
ofc:, on the products of ¢
which by cooling slowly in. the

)

rystallization. ‘For the same magma,

boss as..an abyssal mass 18 COD-.
solidated to eugranitic clivine-gabbro-diabase, cooling more raplidly'
in dyke-fissures and on the surface - as - lava-beds, has left augite-
porphyrites, quite different in gtructure “and mineral composition.
Toxamples of this kind are mow. well known from a multitude of
' ‘1d the Monte Amiata in Tuscany,

localities ; one need only ¢ _
so well studied by the 1ate F. R. Williams, whose premature decease
e all mourn, and the magnificent monograph on the ropks of Electric
"Peak and Sepulchro Mountain published by . P. Iddings.~ In’the
Christiania region examples of such relations are numerous. - . >
The differentiations in the laceolite of the Vikstjeld show, 1
‘the main, similar relations to those just de_scribed ; more acid
'quartzi'ferous augite-diorites are here frequent as the labest products
of differentiation. Time unfortunately does not allow of a.del?ayled
‘description. A ' - S

y
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VII. CoNcLUSIONS,’

In the precedin b
] ding pages I have tried to set forth, i i
21“?;1;(‘1 -of examples iﬂgstrating the fact'th;z 1;111: ea bl‘lef_7:ésu7ne,
apiive rocks are sensible functions of the com on']é)' et
magma, and of the manner in which this ﬁz?cz:;oﬂaéOfbthe
te een

_ differentiated during cooling and diminution of pressure.

A ‘magma of a composition closel i ] :
. allied i
2;11:3;1011&8}) sgsgﬁ;a.? has, so far as yI can Zz {-i?rigeﬁo‘;‘zrdemg-'
opinion -,rése ihe-o dest product of differentiation from the oral
I ioflvogl.of the sunken tract defined by me as theggllle'l'&l’
ordut ng differ 1st.m§1gma_1—reservoir itself having been, perha :;ls-‘
earthémagmu ' g}lalozjtgonbm yet. more remote ages, from’a univgrézi
e A of.all 5 :d'aﬁ' was then, if my deductions be correct
by et o] ifferent basic eruptive rocks in the Christiani ’
ks néighbouriny also of the bosses, dykes, and sheets in Gran : 13
e serg parflshes', and their equivalents, the effusive b, -
T s 1:26263\11‘5:;%5- and labrador-porphyrites, ete. e
rel(afiori‘;of e i cse :viei have found examples of general
feren)t dyfezgeli:.n, with great cerfainty, connect a sories of dif-
I t(ea,mptom(:ez_a and bostonites) with an exacbll-
ol , per e, different mineralogical and chemicaﬁ
ml?xf;ﬂ;;ngo&ezmns are known from other regionsv. I need only
Gy mltorgnexmn of lamprophyric minettes with granit y
lgosenbusch, and regex?&; sg: e::el??::g 111)1 gel?erﬂ[l L Prz:"
o : ribe a, | '
beet; 121 31: d};geils&nf oase I think that a connegion orfr bi?sd l:'?:ékfxr.}
(2) That the ; i proved than in previously published instan "
iy (ol e y e;ooks*m vques_tion——bhe campbonites andci;.
R s Ofapro tal?ly bee}:} produced by differentiation i o
gayens Tagma ol c?r ain chen'ncal composition, which we h 11: iod
e onlate oxacl t)],g rom sufficient data. A calculation of :}; X lgled
> "I‘ i th& (la writer is aware, been -previously publi hlsd e
e consoei’ dcat culated basic mother-magma, of maS o 0
g pedtly o oliv'l ated in the bosses in Gran without beinglg?’ff .
P S e (s Sy, bt
L ed onit i
Eii:ﬁgt:isoa ;gtgl other kinds of rock p i e fr?toanpdyr}));zifilgltes’ ook
an examf)le of tﬁge acid augite-diorites, etc. We have t]is’ hl(;m-
andor G Foront conc;‘%qxarkable fact that one and the sa,meeﬂu i
e e _801, zo;zs has been differentiated in different e
L — as to form different groups of rocks with d'ﬁ'way&’
B 0o aI,,ll m1o_ns in the individual members of each gr sy
flifiaabovo all member that here is a question not oil ou%;d"ve
B0 thorh g%zeggtes, but also of different chemical com: S:)f{t. %
B on-th}é pr ye that _the d;ﬁ'erentiation of a magm P’d31 onds
given chemical composition, but also gss:ﬁti:ﬁ;ng 4
. . . . - n

! Quart, J
ourn, Greol, Soc. vol, xlvii, (1891) p. 268 ; Greol. Mag. for 1892, p. 190
' 3 . Mag. , p. 199.
DZ
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i iti i differentiation takes place.
he physical conditions under which the, LIRLIOT,
?Fk?epc]zem’ hypothesis of Rosenbusch,t}n the *form given by that
thor, does not fit in with these deductions.
au(4) The observations hore described p'robably' fuI‘Z(;h?ikthg;rl 1;;1}:112
inverse case, that the same group.of dvﬁerzntzafeccl ngl‘:bq (@in the
present case, camptonites and Dostonites) can e pag auce . "/tio 11: 4
tion from mother-magmas of quate different chemica GOT:P' 1eJ éi)bro_
bur case these dyke-rocks have been der_l_ved.fl‘orléhali ghwn:n;% o
diabase magma’; in other instances WO know vha - P;Z)S i L e
are connected with. nepheline-syenites (gugxte—sy;mfes s
probably in those cases been dlﬁe?i‘a}rlxﬁlaéoe%l gmslo Sve Zavepanothér
:tio (augite-syenitic ?) magma. LS el , we hh 16
iigglv;hi(ch does gob agree with the:‘ kern ? hy'pothems. ———
(5) 1 have endeavoured to prove that the mf}err%d csa‘-zz;fa cgz/:?a;(l)i
0 3 law. -
has been determined by, and, is dependent 01, wh_ e
i in @ magma in so far as the compounds, Whic give:
fi‘itggzszﬁvzuld %rst crystallize out of the magma, must have d}ﬁuzleld,
to the cooling margin, and in this way have produced, in the

* contact-stratum, a peculiar chemical composition in the still liquid™

X orystallization took place. . '
magm:hge;zgzs?x?g—upyin this manner of the differentiated masses bg
a hi‘(yrher level at lower temperature and pressure, or by continued

'cool?ng along the contact-margin with subseéluer;‘t cr%rstz;lhzz:uﬁci):;

i t kinds of rock ol pe
there have then been produced different kinds ;
' i iti i i titation, and structure;
hemical composition mineralogical cons , ) ]
('i‘}f;] sequence I:)f erup’tions from a common ?a%pg;ba;;?aglrxe}lagva?h
i tain extent,
reservoir) musb therefore, to a cer gl
' i the corresponding kinds ©
the sequence of crystallization 1n O ion i
 Many years. ago, 1 tried to prove Tha pinion is
;gzllily con%ﬁr);ne}(rl by my, observations on the rock-succession %Hf
the Christiania region, Wwhich closely conforms to "the .se(%uenczz' 0e
crystallization in the corresponding. abyssal 1roclfs ;:]11 (’)0‘111‘71151 ﬁe‘;rip gle
i i firmatory examples 18 3 >
R A seres o ' the British Islands by the
literature of other countries, from the is] T
icati :) ‘Aychibald Geikie, Messrs. Leall,
excellent publications of Sir Arc ; N

: [ are really so numerous
Dalcyns, and other authors. The examples ] ous
' 1law. No doubt in many case
that they seem to represent a generall g fani
sequence in different ¢ eruptive tracts’ does PP 0
:}ahi:g (élvtish%his empirically deduced law. But that does not dythr'ove
t%ab the law has no existence ;. it only shows that other conditions

enti i tance for the determi- .
sides those above-mentioned are of impor J
Egstli(cl)gs of ’;)he erupti\fe gequence. - A discussion of the greab number -

of different possible cases (for instance, the hypothesis of Iddings

as to the eruptive sequence, etie.) would on this occasion lead us too

i -8 ies of ob-
‘ intention has been: simply to present a series of |
'far'vat%g];e ggm a single locality, in which the genetic rela‘tloﬁs
i)ertween the different kinds of rock seem distinctly to .favgul b 3
o;'mion of a conformity between the sequence of crystallization an

that of differentiation.
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So far, I think, we are on safe ground ; I would expressly point
out that I have not discussed the primary reason for a differentiution
of the above-described mature, whether this is to be sought for in
Soret’s principle, in the effect of chemical affinity, or in other causes.
That in many cases also the principle of Guy and Chaperon, the
dommencement of crystallization and the sinking to the bottom
of the “erystallized masses, as well as a subsequent re-melting
of such early crystallizations, may have performed a part in the
processes of magma-differentiation is quite possible. 'We move here
in a maze of hypotheses. .

But the differentiation itself is not a hypothesis ; it must now be
reckoned with as a solid fact of great importance, The same law,
which in a narrow dyke-fissure has produced a differentiation
along the more rapidly cooling dyke-sides, has, operating on a
larger scale in the magma-basins in the earth’s crust from which
eruptions of a local voleanic centre originate, differentiated out
the pressed-up secondary magmias, so that they have succeeded
each other in a regular order. Finally, the same law has perhaps
determined the particular composition of the magma of each separate
magma-basin by differentiating the same out of the ‘pristine liquid

magma upon which, by the cooling of the earth, the solid crust was
deposited.

DisoussIoN.

The Presment said it was of advantage to the Society to have’
communications of this kind from distinguished foreign geologists.
The paper reminded him of one by Dakyns and Teall, published
in Quart, Journ. vol. xlviil, (1892). The basis of this philosophy
appeared.to lie in the determination of the order of crystallization by
the microscope. The theory must be supported by very clear field~
evidence, otherwise it would remain a mere speculation.

Prof. Jupp said that the Geological Society of London must hail
with pleasure the fact that Prof. Brogger had chosen their Journal
as the means of communication to the world of a memoir of such
value and interest. Prof. Brogger’s ¢ontributions to all branches
of geological and mineralogical science are so large in amount and
invaluable in character that his claims on the attention of geologists
are unrivalled. The speaker especially referred to the novelty and
interest of the Author’s views concerning the mode of separation
of magmas, and to his suggestion that the nature of contact-
metamorphism depends on the character of the erupted rock, as
well as on the materials through which it has been ejected.

Gen. M°Mamox remarked that the Author appeared to hold the
view that the differentiation of 4 magma into a continuous series of
rocks, ranging from those of a more basic to those of a more acid
type, depended on the laws that determine the sequence of crystal-
bul_lding—thab is to say, that the more basic minerals are those
which first crystallize out from a magma, the remaining minerals
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following in the order of their basicity. Further, the Author held
that the more basic rocks were older—that is to say, were erupted
before .the more acid ones; the latter, as M. ’l‘eall.@gpla1ned,
forming dykes cutting the more basic rocks. If this ere so,
it would follow that, as the: differentiation in the general magma
progressed, the basic material would sink to the bottom and the acid

portion of the magma would remain ab the top. 'When pressuréwas

‘exercised on a fluid, or viseid, magma differentiated into layers. in
to take place, one would

the way supposed, and eruptions began
have expected the acid top layer to have been the first to have
issued from the cauldron. It was a Dity that the Author was nob
present, as he (the speaker) would very much like I |
physical process the deeper-seated and more basic portions of .the
still fluid’ magma were first erupted. o S .

" Prof. J. F. Braxm and Mr, W. W, Warzs also spoke.

like to learn by what:
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4 4, On @ Picrirm. and OTHER ASSOCIATED RoCKS at BARNTON, nowr
Evrxsuren. By Horace W. Moxexron, Hsq., I LS., F.GS.
(Read December 6th, 1893.):

Trg Barnton Branch of the Caledonian Railway leaves that Com-
pany’s Edinburgh.and Leith line immediately north of Craigleith
Statian, opposite to:Sir James Maitland’s great Craigleith Quarry.
I The Barnton line lies almost entirely on Sir-J ames’s property, and
I have to thank him for. assistance in collecting the facts I now
record. .On our last visit to the locality we first inspected a trial pif,
east of the old railway and close to it, a little north of Craigleith
Quarry. The section was as follows :—
' ‘ 1, Surface-bed, with a few large boulders:

9. Thinly-bedded sandstone, about 12 feet.
. 8..Shaly beds, with an easterly dip of Lin 4..

. s e

The first cutbing on the mew line is—aboub 1 mile from the
junction at Craigleith. Tt is 19 feet deep and entirely in Boulder
Olay. At from 3 to 4 feel below the top of the cutting there is a
remarkably even line of very large boulders, and in one place T noted
] below them a patch of yellow sand 2 feet thick, The rest of the
: sides of the cutting is formed of black clay, full of small stones.

More Boulder Clay is shown between House o’ Hill and Drylaw,
but it is not till we reach Barnton Park that we find a section
showing the solid geology. Tn the first cutting in the park the
beds of the Caleiferous Sandstone Series are seen dipping westward
at an angle of about 30° and as I bhegan my examination at the
eastern end they are here described in ascending. order. -

Diagram-Section on the Barnton Railway in Barnton Park.

10 98 7 6 5 %£3 2

11. Dolerite. - | 6. Igneous rack; 1.foot | 3. Indurated shale.
10. Piorite, through which (mica-porphyrite). 2. Black shale, . with
run veins of basalt. | 5. Indurated shale. veins of calcite,
9. Indurated shale. 4, Igneous rock, 12 feet ' |" 1. Thinly-bedded sand=-
8. Igneous rock. (mica-porphyrite). . stone.
7. Indurated shalé or
‘calm,” :

1

Much of the shale of beds 8, 5, and 7 is of a whitish colour and
very hard, of the kind locally termed ¢ camstone’ or ‘calm.” A
pimilar rock is, I believe, quarried in Corstorphine Hill,

Associated with this shale are some beds of igneous rock. Micro-
sections have been made from bed ‘No. 4 and from bed No. 6.




