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I. INTRODUZTION.

1. OPPORTUNITY AND RFASONS FOR A DETAILED SURVFY,
At the commencement of thc 1924 geological expedition to Ice-
-land, which was conduot%d by Dr. G.W.Tyrrell and the present
writer, aided by a grant from the Jarnegie Trust, the author
took advantage of his earlier arrival in Iceland by devoting
his time to a detailed survey of Videy, a small island which
lies three miles F.N.E. of Reykjavik. His interest having
been aroused by a sQZﬁdy of the curious rock specimens which
Mackenzie collected from that locality in 1810 (author, 192F),
the writer intended at first to make only a rapld examination
of the island in order to ascertain their field p%lations, {
and , 1if ?ossible, to determine their mode bf formation.
A gay's field work, however, convinced him that a more pro-
trasted survey would be amply repaid, and this was accordingly
undertaken; during two days, out of the total of ten whish

were devoted to this work, the writer enjoyed the invaluable
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assistance of Dr. Tyrrell.

The opportunity of constructing a large~scale #d geoloziscal
~map was offered through the kindness of Mr, Egrert Briem, the
owner of the farm on Videy; Mr. Briem, who possesses a unigue
blue-print of the original Danish ordnance survey of Videy on
the scale of 1 ¢ 5,000, with a vertical contour interval of
2 m., provided the writer with every facility for tracing this
map. The tracing thus obtained forms the topographic basis
of the geological map accompbanying this paper.

2. PREVIOUS WORK ON VIBEY.

Mackenzie collected 20 specimens from the neighbourhood
of the farm house on'Viéey, and the appendix to his "Travels
in Icelanad" (1812) qontains some notes on the appearance of
these specimens, and their relations in the field.

Bunsen gives analyses of two basaltie rosks from Videy
in a lengthy paper on the chemical characteristics of the Ice-
landic volcanis rocks (18851, pp. 202 and 26F).

Penck, in the course of an‘extended paper on palagonitic

and basaltic tuffs, has described a palagonite-tuff from
videy (1879, pp. 512-51%).
T7 Keilhack mentioégé the palajonite-tuffs of Videy in con-
nection with the view which hoe once held that the Palagonite-
Formation of Iceland was older than the Miocene Basalt-Forma-
tion (1886, p. Z90).

Rosenbusch guotes analyses of a palagonite-tuff from
Videy, and of the contained "sideromelan" fragments, but fails

to indicate their source (1910, p. 407).
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Thoroddsen, on his gecolojical map 6f Iceland on the scale
of 1 : 690,000, indicates Videy uniformly with the solour
devoted to the Pre-zlacial Basalt Formation; in connection
with columnar structure he twice refers to Videy in his
"Island" (1906, p. 249).

Pjeturss, who orizinally regarded an agglomerate-like

%

rock on Videy as a Pre-glacial vent (1910, p. 6), now looks
on it as a "dislocation brecoia"f%

The present writer recently described and figured one of
Mackenzie's specimens of palagonite-tuff'from Videy (1925,
pp. 209-%10, and Pl. IV., Fig. 8), and also a palagoniﬁgé—

dolerite from the same locality (ibid, pp. 285-2268, and Pl.

III., Fig. 4).

# "PAllung cines tertifiren Ausbruszhgkanals.” A«
#%xThis was the view which Dr. Pjeturss expressed to the writer
in June, 1924.

II. TOPOGRAPHIJAL AND GEOLOG:IGAL OUTL.INE.

1. TOPOGRAPEIZAL, OUTLINE.
Videy, with a length of 2 miles and an average width of
% mile, lies 2 miles E.N.E. of quk:javfk with the direction
of its greatest length occupying a N.W.-S.E. position. The
island divides into two unequal portions, the smaller, northern
portion being connected to the larger portion to the sputh by
a narrow isggzgi The island is a low table-land with an al-

most continuous, precipitous coastal ssarp which isl(ollowed jx

with little deviation by the 8 m. contour line. Rising from

this low g@jteau are ‘a numbher of knolls, the highest of whi~sh



(5)

are 21.& m . point, 200 yards S.E. of the farm house, and
0.5 m. point lying about the same distance to the W. of it;
less conspicuous are 29.0 m. point, near the junction of the
fence with the S.W. shore, and 20.1 m. point on the S.E. side

thisees
~of the issadh.

2e GECLOSICAL OUTLIRE.

The following five formations, in ascending order, can
be distinguished: 1. The Palagonite Series, 2. The Multiple
Sill, Z%. Brecscia and "Agglutinate", 4. The Grey Balalts, and
5. Late-glacial and Recent Deposits.

The Palagonite Series consists of a double, descending
Sequence of palagonite-breccia with associated palagonite-rock,
globular basalts, and fine-grained, shattered basalts. This
series has been greatly disturbed by faulting, and has been
extensively injected by igneous bodies of various Aimensions.

By far the greatest of these intrusions is the multiple
sill which intruded the palag}:xite series in et—Feast two acts; OL
that part of the palagonite-series which originally overlald,
the sill has been removed by erosion.

At the only visible junction between the sill and the
palagonite series a fault-rock is found, the breccia and
"agslutinate™, which was formed during relative movement be-
tween the sill and the palagonite series at a stage when the
former had not yet completely consolidated. This is the
rock referred to by Pjeturss (p. & ).

The above rozks are overrun by a sheet of grey basalt

whose original connection with the extensive grey basalts of
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/
Reykjavik is at once apparent; the grey ﬂ basalts are undis-
turbed and not injected.
_ Fmaus

: At the S. end of the island, and on the ismwdk, are found
Post-
Late-zlaclal or Recent beaches, while the greater part of the

whole island is covered with soil and vegetation.

III. DESORIPTION OF TEE FORMATIONS.

1. THE PALAGONITE SERIES.

The palagonite series occupies an irregular belt on the
S.W. shore. Ige qﬂgﬁes terminates at the N.W. end against the KX
breecia S. of the farm house; at the S.E. end it is covered by
rgised beach, while to the N.E. it 1s overrun by the grey
basalts. Although actual contacts between the pala-onite
series and the grey bhasalts were never seen,the mutual boun-
dary was determined, with only a small possible error, by sur-
face outcrops. Where the boundary is dotted, outcrops are
@QGking, and its position was determined by the nature of the
soil surfaces and the covering vegetation. Surfaces overlying
the palagonite.series are even, and bear a comvaratively green
grass, on ascount of the greater age of these rocks an? their
more friable ngfﬁre; while the soi] surface overlying the ZY
grey basalts reflccts the blocky gULAFSP/#f nature of these
younzger and less decompose@ rocks, and the grass ix carries z(
is distinetly less green, and has a habit of growing in

clumps. The boundaries between the individual members of the
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series are less distinet; their apparent parallelism, as i@: A
dicated hy the treﬁZh of some of the dykes and one ascurately
measured direction of strike, has been idealised on the map.
The nature and structure of the palazonite series is best
seen in the S.W. shore section; a detailed account of this
seetion, g illustrated by a continuous diagram, will therefore
be given.

The bluff headland which forms the southern eﬁgglreméty 5{
of the island (Figs. { and 2 ) is built of a friable, dark-
brown tuff, whish, from subsequent microscopis examination,
it was decided to designate "palagonite-rock", from the
homogeneous nature and highly palagonitised condition of the
vitreous fragments whish sonstitute it. In the field if 94
weathers into rounded masses whish are traversed by a rﬁde
system of joints from whish no certain bedding direction éould
be deduced. Guttiq:g the brown pa:;agonite-rock at the
southernmost point, and in a line with the fishery station,
is a vertical, greatly shattered , dyke-like body about 2 feet
thick, of a rock which is essentially similar to the mass whish
it intersects; this rock is mapped as 7 "intrusive" palagonite-
.rock, but the conjecture that it represented a palagonitised,
originally coherent intrusion, was found, on microscopic ex-
amination, to be erroneous. Just below 6.2 m. point the
‘brown palagonite-TOck merges graduq:}ly into an almost black,
vitreous rock which is indistingzuishable from the "intrusive"
palagonite-rock just mentioned.

At the southernmost point the brown palagonite-rock is
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almost free from included blocks, but as 6.% m. point is
approached angular included basaltic blocks appear in great
numbers, varying in size from that of a fist to 4 feet in
diameter. One spesimen, taken nea_r the Sg point, isa o
dense, black basalt, while near 6.7 m. point the prevalent
type 1s a dense, matt-blue basalt with a few glassy felspar
microiites, and a similar vesicular basalt in which the steam
cavities are filled with minerals.

Proceceding N.W. along the shore the tuff shanses somewhat
in character; in addition to being charged with large angular
basaltic blocks, as is seen in Pl. ] Fig. 2 , which is re-
produced from a photograph taken on the shore %50 yards N.W.
of the S. point, it cantains a host of black, vitreous frag-
ments of highest velvety lustre, and of an average size of
2 mm. This rock will therefore be designated palagonite-
breccia to distinguish it from the palagonite-rock of the S.
point.

A few yards farther N. the palazonite-breccia passes into
fine-grained, shattered basalt with occasional globula;*
structurec. The inclined égiane of junotiop has been cut by
A/fgdYtf a fault (fy), while a few yards farther N. another
fault (fé) brings the palagonite—bn:eocia against the globular
bagsalts; a few yards S. of fl the palagonite-brescia has
been cut by a sinuous dyke (dl) of coarse basalt, 2 feet in
thickness, while f, has been inject’ed by a 4 foot dyke (dy)

of a compact, blue, fine-grained ba_salt of conchoidal frac-

turs.
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The palagonite series so far deseribed is thus somposed

of a sequence of palagonite-breccia associated with palagonite-
rock, and underlain by fine-grainéd basalts with globular
structure; these two members follow conformably in the field,
aéza entirely lack the features of a surface lava flow.

Still continuing N. (Fig.3 ) the shore sestion reveals
persistent palagonite—brecci%ghioh has now developed a wellz— ﬂL
marked bedding direction; the bedding-planes, which at¢ the 7]
same time are joint-planes, divide the rock into massive,
rounded slabs which dip to the S. with a fairly consistent-
inclination of 3Z& degs. As 20.2 m. point is approached a
massive, irregular body of globular basalt appears bencath the
palagonite-breccia. This association continues, and is thrice
repeated by a series of four step faults (fz, f4s fr, and fs)
whose downthrow side is to the N; zhe plane of f, has been é/
invaded by an irregular basaltic vein de. This succession
represents a second and distinst secuence whish is older than

the one first described.

p)

To the N. of fg shattered basa 1ts are again found; these

) (

appear to be the down-faulted eonti nuation of the basalts

f

)

which form the base of the first se_quence. They show spora-
dic globﬁlar structure, and are cut, in the vicinity of the
junction of the'farm wall with the shore, by a coarse dolerite
dyke (d4) a.Specimen of which is indistinguishable from the
dolerite of the multiple sill.

The globular basalts, on which the pala-onite-brescia
rests conformably, are characterises by the spheroidal structure

(which is)
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which is associated with pillow-lavas. As the Videy examples
are certainly not lavas, the writer préfers to apply to them
the purely structural term globular basalt, especially as this
term was used by Johnston—Lavis to descrihbe prezisely the same
roek, related in the same way to palagonite-brencia, at
Reyk janes, S.W. Iceland (1895, p. 445). The glohular areas
vary from 6 inches to 4 feet in diameter, each area being
bounded by a2 vitreous skin about 2 inches in thickness; the
vitreous shells of adjacent zlobular areas coalesce to form
a continuous meshwork which is brought into relief by the
action of differential erosion. Internally the spheroids
are jointed into rude, radial zcolumns, and also, to a lesser
degree, into concentric shells; both the interiors and the
vitreous skins are somewhat vesicular.

As we continue northwards from £, it becomes manifest,

8
by the increasing severity of the shattering which the basalts
have suffered, that a centre of disturbance is beinz approa-
ched. At f¢7 the shattered basalts are faulted against a

. great blosk of palajonite-breccia in which the bedding-planes,
which are dﬁfined by layers of encl osed blosks, stand verti-
cally, while the direction of strik’e bears 78 degs. true.

In addition to appearing in the c-ntinuous section just de-
seribed, the palagonite series is r_epresented by two small,
irregular blocks whiszh were caught up by the sill, and whish

are exposed 100 yards N. of 12.8 m. point. Surface exposures

do not further elucidate the structure of the palagonite series.
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Outcrops of palagonite-breccia are observed on the rising
ground surrounding 29.0 m., point and ?1.5 m. point, and there
is also a flat-domed exposure of the same rosk on the W. side
of the ism&ggi #4¢ exposures of the associated globular
basalts and shattercd basalts were not seen.

Any estimate of the thickness of the paslagonite series is
attended by serious difficulties; the shief of these are the
total absence of bedding direction in the basalts, emst the
lack of consistent bedding in the breccia, and the severe dis-
location to which the whole series has been subjected. On the
stretch between the first appearance of the breceia north of

- f, and its termination at fg, a distance of 2Z2F m. at right

2
angles to the measured direction of strike, the dip of the
palagonite-breccia 1is fairly oonstq:nt; allowing for the
faulting the thiskness works out at 200 feet. The thizkness
of the lobular and shattered basalts may be roughly estimated
at 150 feet, glving 450 feet for the total thickness of the
older sequenée; the younger sequence of the S. end is much
less massive, and to it a ﬂg;@al thickness of 280 feet may be
attributed. Thus the total thickness of the palagonite series
mey be of the order of 700 fect.
2 THE MULTIPLE SILL.

The rectangular areas surround:;ng ?0.5 m. point and 20.1
m. point S. .of the ig@uéﬁ, and the small exposure N, of it,
are occupied by rocks which differ completely from those de-

scribed above. The boundaries between these areas and the
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grey basalts are clearly defined by surface exposures, and
changes in the soil surface and vegetﬁtio¢; the short boun- a(
dary between the sill and the brescia and agslutinate, and
between 1t and the palazonite series, is less clearly obser-
vable, and is indicated by a broken line.

Returning to the shore section (Fig. 4—),at the northern
boundary of the breccia and agzlutinate we find massive col-
umns of vesicular dolerite which are tilted southwards from
the vertiz:}al to the average extent of %0 degs.; they con-
tinue with uniform inclination until we reach the wedge of
agglutinate just N. of the jetty. A few yards S. of the jetty
the massive basal columns are cu%(g vertical ddleritic dyke 4&(’
(d5) which is 20 feet thick, and displays perfectly developed
horizontal columns. The planes of contact between this dyke
and the basal scolumns of the sill have been injected by tachy-
lytic veins, while the dyke itself has been bisected vertically
by a similar injectione. The dyke has not distyabed the
regular inclination of the basal columns, and Thoroddsen
probably had this case in mind when he wrote: "Es kommt vor
dass Basalt- oder Doleritlagen mit S#ulenstruktur von Basalt-
glngen durohsetzt sind, ohne dass d_eshalb die S#ulen sich
im geringsten verschoben haben_(Vié:sy, Stapi)" (1906,p. 249).

Occupying the area between the vertical dyke and the
breccia to the S. of it; and restiﬁ:g_on the basal columns,
is found a mass of columnar basalt of complex radiate structures
this mass is probably not uncomnected with the vertical dyke.

The rock constituting both is fine-grained and compact com-




BRE{IA & C
AQGLUIJINATE.

A
MffaJiate Cotyjlsontr.t

MULTIPLE: SILL
Racllite CoiTijaoneoE

» Jetty

Ba&a) tolurrtna

Fig. ~ . - Section
along the S.W.
shore of Videy,
between the points
C and D on the

map. Fig. 1



GEY MULTIPLE SILL
BASALTS
Rd  Gorfbopert

la.aiT,.
Raaiafe € . QloLular basalt

Sasal Columoa Column*

Fig. 5" ,  Section
along the S.W.
shore of Videy,
between the points
D and F on the map.
Fig. <4



(1%)
pared with the vesicular dolerite of the basal columns, but,
on microscopical examination, its dissimilarity to the zoarser
rock was found to be almost solely textural. The sill is
therefore a multiple one, consisting of two somponents, the
older basal columns and the younger radiate component, whinh
are structurally different but petn:ographioally comparable.

To the N. of the smaller agjlutinate exposure the upper,
radiate comnonent reanpears; the columns constituting it in;
crease in width as 20.5 m. point is appﬁg}ached, specimens of
the rock revealing a oorresfonding coarsening of grain. At
Z20.5 m. point the intrusive body reaches a vertical thickness
of 100 feet, while the rock is distinguishable from the dolerite
of the basal columns only by its lack of vesicles. Proceeding
northwards the radiate component is seen to continue, showing
variations in oolumnj diameter accompanied by considerable
variations in the orientation of the columnss this is par- -
@ﬁ0u1ar1y well Been at 12.8 m. point (Fig. S ) which is built
of finely curved, radiating columns. On the S.E. side they’

are cut discordantly by three paraf\lel injections (ds)lone

L4

foot thick’of dense blue basalt wiﬁ:h tachylytis margins.

On the N. side of ZZ#¥ 12.8 m. point, wedged between the
r;diate component and the sloping surface of thé basal 2olumns
which reappear at this place, is found an irregular mass of
breceia and globular basalt. The breccia contains angular
blocks which reach 4 feet in size; blocks of densc blue hasalt
are the commonest variety; while blocks of the dolerite of the

811l are less frequent. The mass of the globular basalt pre-
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sents an irregular triangle some 6 fect wide, whish is ac-
companied by a smaller outcrop underlying the basal columns.
Near the plane of contact between the basal solumns and the
globular basalt the dolerite of the former becomes suddenly
fine-grained and then tachylytic in the space of 2 inches,
thus showing that the sill intruded the globular basalt, and is
therefore younger than the palazonite series of which the
globular basalt is a conformable member.

A few yards farther to the N.E. the radiate component of
the sill reappears, and soon terminates unconformably against
another outcrop of the basal columns which again show their
persistent inclination to the S. These columns rise rapidly
to a height of 20 feet, and then ter minate against the grey
basalts which will be described later. |

The visible thickness of the sill is 120 feet; in this
estimgAt] 20 feet are ascribed to the basal columns, and 100
feet to the radiate component.

2. BRECZIA AND AGGLUTINATE.

In the shore section (Fig.<4- ) these rosks oscupy a2 short
stretch bounded to the S. by the vertically standing pala-
gonlte~breccia, and to the N. by the southern marzin of the
8ill; on the surface they occupy an ill-defihed, arc@?e 2763 .

At the S. end of the shore exposure the rock is a brecsisa

consisting of large, angular boulders of a coarse, vesicular

zme,{dolerite the q@@/{ as that which constitutes the basal solumns
of the sill, bedded in a scanty sandy matrix. Proseeding

i northwards, the nature of the enclosed blocks changes; in

éa{ addition to @ﬁierite blocks, which reach 2 feet in diameter,
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there appear smaller blocks of densé blue basalt, earthy pala-
zgonite, slazgy bgsalt with minerals, and velvety palagonite
chips, the matrix consisting of the same materials finely
comminuted.

About 20 yards N. of the junction with the vertical pala-
gonite-breccia the agglomerate with which we are now concerned
passes without real break into a rock to whish Dr. Tyrrell has

given the name agglutinate. Weathered masses of this rosk have

a surface of subangular protuberanq:gs which vary from 1 insh
in diameter to cobble size; they all consist of the dolerite
of the sill. On attempting to loosen a blosck with the hammer,
it as often breaks through as comes away entire. When a block
is detached it is seen to have presented moderately plane and
smboth faces to adjacent blocks, and to have cohered to these
entirely without the help of matrix. A few yards N. of the
jetty is found another small wedge of agglutinate which again
cénsists of cohering doleritc blosks withouf matfix.

While fully agreeinz with Pjet_urss that the breccia and
agglutinate S. of the jetty are not to be exvlained as the
filling of a vent, the writer think:s that the "dislocation-
breccia" explanation does not fully meet the requirements of
the case unless we make one importa nt stipulation. The co-
hering dolerite blozks of the agglu:ﬁinate were sertainly de-
rived from the maréin of the sill; if Aislocation took nlace
at a time when the sill had fully s onsolidated, the formation
of the azglutinate sould be explained only by assumﬁﬁgé that ¢/

the heat gencrated during the period in which ¥ dislosation
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took nlace was suflicient to render the blosks torn from the
margin of the sill plastic and cohe_sive. In:stead of malking
this somewhat unlikely assumption, ' the writer is disposed to
think that the dislosation was cons_urrent with the formation
of the sill, or at any rate took p}_ace late in the consolidatinn

. was
period, an? that the train of events were somewhat as follows.

~

In the act of intrusion the do lerite magma tore away

(

~

masses of the palagonite-breccia wh_ich it intrudéd, and in-
corporated them in its marging .oooling proceeded unti}] the
edze of the intrusion reached a pléz}tic condition while the
interior of the mass was still freely mobile. Faulting, which
may have been initiated at this point by the release of under-
ground support, or which may have commenced with the act o?ﬁn— %K
trusion and have continued up to this stage, broke away parts
of the semi-rizid edge of the intrusion and kneaded them into
spheroidal masses; &a slight rise of temperature, caused by this
kneading action, sufficed to render the semi-rigid units plastiec
and cohesive, thus producing on cooling the m%glrix-free ag-
glutinate. |
| 4. THE GREY BASALTS.

With the name "Doleritformation" Thoroddsen designated the
grey, ophitic, olivine-hearing lavas which ocsupy larze areas
in the S.W. and elsewhere in Iceland. Recoznising the un-
suitability of this term, which suffers in German the inap-
propiate contraction to "Dolerit", Pjeturss has abandoned it

. ~ . N
in favour of "Grey Basalts", the grey colour being the mgost
N

N
striking feature of these u{é}rabasic lavas. Pjeturss! term
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will be used in the field description.

With exéeption of the areas already de;{ribed Videy is Q(
covered by a massive sheet of the grey basalts. The positions
of the boundaries between the grey basalts and the older forma-
tions has already been given, toget:ber with the evidence on
which they were determined, and thé:ir probable accuracy. The
shore affords excellent, continuous sections, and surfasce expos-
ures are numerous. The rock is rq:markably uniform throughout,
handspecimens from extreme ends of the island being indis-
tinguishable. It 1s sharascterised by a coarseness of grain
suffisient @@)permit the macroscopiic recognition of felspar,
aug;g}e and olivine, together with a minute vesicularity which
may partly account for the grey colour and the ease with which
it breaks under the hammer.

Structurally the grey basalts, which are Tate-glacial in
age,'have close affinity to the mon:e recent lavas. Sections
sometimes show an approach to colummnar struscture, but more fre-
guently a system of joints has deveCloped dividing the rosk into
blocks whish approximate in shape to that of a keystone.
Individuai joint blozks often measu:re a yard each way, while
their bounding surfaces are always slightly convex or concave.
The significance of this system of jointing was not appreciated
until later in the summer when Dr. Tyrrell and the writer ex-
amined the magnificent sections thq:ngh Post-glacial lavas
at Fingvalla. In the Allmannagjé, the greatest of the straight
gaping fissures in which these s§ot:ions are produced, a scries

of successive basaltic ¥ flows may be seen in whish the surface
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of each flow is defined, not by a s_traight line, but by a
series‘of flat arches which are the sectional counterpart of
the flat-domed surfaces presented b_y a lava of this strue-
tural type. The interior of one o f these arches is seen to
consist of a surface layer of small, rude columns arranged
radially like the bricks in a brick arch, while the massive
interior of an arch is traversed by radial and soncentric
Joints dividing it into keystone-shaped or wedge-shaped tlosksz
The a@y& basalts on Videy are therefore considered to belong to
the flat-domed lava type (Icel. "helluhraun"), the surface layer
of small columns having becn removed by denudation, leaving

L

only the keystone-jointed interiors’ .

%* This strustural resemblance between the Late-glacial grey
basalts and the Post-zlacial basaltls was noted by the writer

in a recent paper (1925, p. 224) in which it wacs shown that

the lavas of the two periods arec_also closely related chemically.

LRE/EAAAE] B

The base of the grey basalt e¢s_carpment is always deeply

buried in a great heap of recently fallen joint blocks. The

case with which degradation takeﬁ place in the grey basalt oliff,%
is due to the wide Spacﬁghg of the Joint planes producing cor-
respondingly wide gaps between adjacent blocks, and thus en-
suring their complete detachment one from ancther. The grey
basalts on Videy differ from their Post-glacial éz}ructural
analogues in the following respect; whereas the average thick-
ness of s "helluhraun" flow, as seen in the Allmannagjé, is
perhaps 10 feet, the Videy escarpment, apparently representing

the section @@ a single flow, reaches a height of 40 feet in the

N. part of the island.
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The grey basélts on Videy show no signs of disturbance
by earth movements, nor have they suffered igneous injection.
Their total thickness may be @@vimated as 80 feet, the 24.9 m.
spot-level, near the junction of the fence with the road,
being the hizhest level above the sea reached by these rocks.

5. LATE GLAZIAL AND REZENT.

Glaclial Markingss:- On Videy, as elsewhere in Iceland, surface

cutcrops of the grey basalts are sometimes ideally moulded by
ice action, and carry series of strige whosq# direction can he 57
accurately measured. That these markings date from the last
total glaciaticn is clearly appreciable on an excursion from
Reykjav{k, situated on striated grey basalts, to Pingvalls,
wich liecs on structurally and chemically similar lavas whose
original ropy surfaces are untouched by icec.

In the road, near the fishery station at the S. end of Vidgy,
is a fine glaciated outcrop of the grey basalts; it carries a
series of well-defined striage which run N.W. at 1%8 degs. true.
Four hundred yards N.W. of this outcrop is a similar exposure
bearing stride which run in precisely the same direction. This
direction agrees with the direction of extension of Videy
itself, and of the neighbouring physiéal features: Engey,
Videyjarsung, Grafarvogur, Seltjarnarnes and the Skerjar-

{see INCEX Mar, Fiqg. )

. Tibréura The direction of the movement of ice, as measured
above, is also in good agrecement with the direction of the
glacial stride on the mainland as recorded on Thoroddsen's

geological map.

Peat and Vegetation:- The narrow belt of low gra&d running g/

E. and W. between %0.5 m. point and 20.1 m. point is occupied

.
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by a peat moss. The peat is sut a"nd dried for fuel, and in
trenches is exposed to a depth of 6 feet.

The remainder of the island is covered with grass the
nature of which appears to be intim ately connected with the
particular type of rock underlying the soil on which it grows.
The grass covering the grey basalts 1s a poor variety which has
& habit of growing in clumps, and is locally called Eﬁz;.

These clumps have the shape of a deep, inverted bowl aversging

2 feet in diameter; they lie so closely together that progress
on foot is rendered difficult. The poverty of the grass is due
to the freshness of the underlying rock, while the formation

of the clumps is best explained as the result of the aotion/ﬁy
frost in sorting and piling up the stones in the shallow sdﬂy.
Hawkes has dealt with this subject in a recent prper (ZE4Y¥L/Ads4/
1924, pp. £09 and £11).

The grass growing on the soil derived from the older rocks
on the island, the palazonite series and the multiple sill, is
rich and green, and entirely free from the clumps described
above; this grass is mowed and dried for fodder, while the
ﬁéi; affords but poor grazing,and can hardly be cut. The
fertility of the soil on these rock:s is a result of their
greater age, and their shattered an:d decomposéd condition.

Raised Beach and Storm Besch:- A raised beach of small,

uniform, well-rounded grey basalt ﬁ:hingle extends hack some
80 yards from the high water mark of the S;) shore; its land~- @

wRald boundary approximately cdjﬁcides with the 2 m. sontour®.
!

* When drawing the geological map alternate contours, 2 m.,
6 m., 10 m., etc. ¥ of the original blue-print ,were omitted.
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The possibility of this heing a storm beach is pfeoluded by
the fact that Videy receives complete protection by the main-
land from all winds except those ~oming from the west and north-
west.

The shingle covering the igpugh has more tﬁzb characters
of a storm beach; close to the high-water line, and parallel
to it, on either side of the ié&&iﬁ, the pebbles are banked

6 feet high, while centrally, between these shingle banks, the

beach is depressed 3 feet below high-water level.

Iv. CORRELATICN AND AGE OF THF PALAGONITE SFRIFS.

Whercas the geolojgical evidence on Videy suffices to de-
termine the relative ages of the formations, it is inadeouate
as a basis for the determination of their absoclute ages. The
identity of the striated, zrey besalt sheet with the Tate-glacial
grey basalts of the Reykjav{k district is certain, but to
arrive at the age of the older palagonite series we must son-
sider the evidence in other localities where comparable rosks
are exposed.

1. REYKJANES.

A complex association of palagonite-breccia, palagonite-
rock, and fine-grained basalts with zlohular stgzbtﬁre, dis~ q/
turbed by dislocation, copiously injected, and otherwise
closely corresponding to the Videy succession, is found sur-
rounding the lighthouse at Reykjanq:s, 2F miles S.F. of Reyk-
jav{k (Fig. é ). Johnston-Lavis has partly dessribed this

locality, and has advanced an hypothesis to explain the globular
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structure of the basalts (1885, p. 44F). Dr. Tyrrell and the
present writer encountered the locality in June, i924, and the
following coﬁ%&ensed description is extracted from their joint
journal.

The Bejarfell (50 m., the pres_ent site of the lighthouse)
is an inlier of palagonite-breccia associated with palagonite-
rock and globular bhasalt, and surro_unded by a Post-glacial
basaltic lava flow; 1t thus corres_ponds with the upper se-
qguence of the Videy palagonite ser;:es. The Valahnukur (4% m.,
the site which the lighthouse occupied in 1288, and from which
it was removed on account of extens_ive rescent landsliding) is
seen, on the N.W. face to consist q:f 90 feet of globular basalt
overlying palagonite-breccia dipping /47 W.E. at about %0 degs.;
on the 5., seaward face the relations of palagonite-breccia and
globular besalt are complicated, and the mass is traversed by
many irregular injections of bhasalt varying from 6 inches to 20
feet in thickness. The base of the Valahnﬂkur is covered by
sandy raiégé beach which is indurat_ed by the still younger
recent basaltic lave. The Valahnfkur globular basalt thus
corresponds with the base of the upper sequence of the Videy
palagonitc series, while the conformably underlying palagonite-
breccia is the counterpart of the rock forming the topmost mem-
“ber 'of the lower Videy sequence.

Thus the rosks of the two localities are strictly com-
parable; as regards age, the only inference thét can be made

is that the Reykjance rocks are older than the raised beach,

being separated from it by an unconformity of unknown extent.
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2.  BOTNSVOGUR; HVALFJORSUR.

Cn the S. shore of the Botnsvogur (Fig.7 ), the eastern
extreqfty of the hvalfjBréur whish is 2F miles N.E. of Reykja- ;?
vik, at a distance of 1 mile from its head, and 60 reet ahove
sea-level, a bed of palazonite-rock 20 feet thick was found.
This bed is overlain by a series of basalt flows forming the
Mélafjall towards the top of which two massive beds of glacial
till are intercalated. The palagonite-rock agrees strikingly
with the palagonite-rock o6f the upgﬁer Videy sequence.

At the head of the Botnsvogur, Zd@/¢drAL/¥L/1/ 0L/ b
Bff{YY at sea-level, an exposure of zlobular basalt was observed;
from its position relative to the outcrop of palazonite-rock
éhis slobular basalt.appears to be the sounterpart of the globu-
lar basalt of the upper Videy sequence.

On the N. side of the Botnsvogur, 200 yards E. of the farm
?yrill, a prominent scarp of fine-grained, shattered basalt was
observed; the absence in this mass of the structural features
of lava, and the resemblance which it bore to the shattered
basalts of Videy, struck the observgrs at the time and is e/
gpecifically recorded in their journal. The rocks overlying
this exposure are basaltic lavas with massive intcrecalations of
glacial till.

Tﬁe glacial intercalations in the basalts of the Hval-
fjérdur region were either not‘observed or were misinterpreted
by Thoroddsen who included them in the Miodene Basalt Formation.
That Pjeturss fully recognised the sigificance of the tills is

seen from the following: M"in den 4ltecren gquartdren Basalten,

wie z. B. am Hvalfjord, vorkommen" (1910, p. 7).
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Thus we have a ooég}lete correlative of the vVidey pala-
gonitc séries immediately and conformably underlying a series of
glacial basalts; wunless the tills in these basalts represent
the very earliest glaciation, we may infer that the underlying
palazonite series is itself Early-g lacial ind age.

Z.  GULLFOSS ANB—THR-HVETA—(ARNESSYSEA, BASINT )

Immediately below the famous w:aterfall Gullfoss, whish lies
5 km. distant on the landward side from the line of highest sub-
mergence és mapped by Thoroddsen, ﬂ:he Hv{té cnters a magni-
ficent gorge 2% miles long, with vertical walls ‘exceeding 200
feet in height. In the western wall (Fig.}' ), at the head of
the gorge, and immediately below the fall, tre following suc-
cession was observed. At the top there are two flows of grey
basalt about 12 feet in thickness; these basalts are seen in
the immediate neighbourhood to be highly glaciated.  Below
these appears aibed of palagonite-b:reccia with an estimated
thickness of 50 feet, which in its lower parts passes gradually
into basalt with well developed globular structure. Below this
" lies & 20 foot sil}l of grey basalt, fairly dense throughout,
and particularly so towards the contacts. The sill rests on
80 feet of typical fluvio-glacial sediments, conglomerate with
rounded pebbles, occasional layers of sandstone with FAfdd¢d
a few streaks of pebbles, and at lé:ast one lenticle of lami-
nated ¢Y#d¥ silt, the whole showing current bedding on a large
scale. Below these sediments appears another massive sill,
at least 50 feet thick, which rests on a conglomerate forming

N s i
_;he bed of the riZ&er. Here we havye resting on glacial

sediments sn excellent correlative to the Videy succession.
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From the foreqyang we may draw the following conslusions:
(1), that the associatiocn of zlobular basalt with palagonite-
reccia 1s significant, rather than fortuitous, and that the
former always underlies the latter; the apparent reverssl of
this order at Reykjanes is to be explained, as on Videy (pe 4 ),
as the result of the lower member q:f an upper binary associa-
tion resting conformably on the upper member of a similar
lower association; and (2), that t_his rock association in the

correlated areas,¥gf/fAfAgd and tH ercfore also in Videy, was the

result of igneous activity in Earlzy-glaoial times.

v. PETROGRAPHY.

1+ PALAGONITE-BRECCIA AND PALAGONITE-ROJK.

It is proposed to reserve a ﬂjuller discussion of the pala-
gonite-bearing rocks until the completion of an investigation
of all the rocks falling into this category which were col-
lected on the 1924 visit to Iceland. At present the writer
wishes to consider only the evidenq:e which bears on the fol-
lowing points: firstly; Given the requisite conditions, will
palagonitisation take place in any basaltic glass, or are only
certain basaltic glasses susceptible to this form of alteration?
and seccndly; Does further invest;:gatiOn of the ozcurrence and
appearance of palagonite glass support the suggestion recently
made by the writer, namely that, in addition to its usual oc-
currence in tuffs, in deep-sea deposits, and in certain dolerites
and basalts, palagonite glasé may represent extrusive or in-
trusive, vitreous, basaltic bodies ﬁhich were originally co-

herent, and to which the term palagonite-rock might approyﬁately'ﬂK
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be applied? (gp. cit., p. Z09). Incidentally to the first

inquiry a value for the Ho0 content of the products of pala-

gonitisation was obtained.

8. Hydro{i%chylyte the Parent of Palagonite. The rock which
offers the best opportunity for studying the material which has
suffered palagonitisation is a palaronite-breccia in which the
alteration process has only partially attacked the &itreous
fragments constituting the rock, and in which the unaltered
portions are sufficiently large to permit of their ﬁggg;chani—
cal separation. The specimen VA, taken at a point 100 yards S.
of the farm (seec Fig¢f4 ané& ), has accordingly been chosen
for description and discussion. Its appearance agrees closely
with Penck's description of a palag:bnite-tuff from Videy
(1879, pp. 512-51%), and the analys _es of a Videy palagonite-
tuff and of the contained "sideromelan" fragments cuoted by
Rosenbusch (1910, p. 407) appear to have been performed on a
comparable rock; the specimen of palagonite-tuff from Videy
which the ﬁg}iter selected for description from Mackenzie's
collection (op. cit., pp. 209-210, and Pl. IV., Big. ) differs
slightly from the rockx to be described.

The rock/ay composed of black, angular, vitreous fragments
which attain a diazmeter of 1% cms.; these fragments have
Smbothly curved boundaries, and are bedded in a reddish, fibrous

(PL.I ., Figs.1,A54,8)
matrix. In sectionAthree types of fragments may be obsefved;
firstly, pale-brown, slightly vesicular, entirely homogeneous

and isotropic fragments which are entirely free from micro-

lites, and which, except q@@)this last property, closely re-
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semble the unaltered core of the pq:lagonite nucleus of a
manganese nodule from the South B@\Qific figured by Murray and
Renard (1891, Pl. XVII., Fig. %); scecondly, dark-brown fragments
which are traversed by opaque flow-bands, or are dotted with
minute ore specks; and lastly, fragments of totally ovpaocue
tachylyte. The first stage of palagonitisation is marked by
the presence of brizht-yellow, bleached borders surrounding all
the translucent glassy areas, and completely renlacing the
smaller of these. It is significant that in the c=2se of the
second and third types of fragments the bleaching has left the
opague bands and the ore specks intact, proving that the bleacﬁg eﬂ
borders indecd represent an alteration of the margins and not
an éddition to them, that palagonitisation does not attack
glasses which are opaque due {g} the solution or separation of
magnetic iron, and that the hokogeneous, translucent condition
of the first type of fragment is a primary one, and not a_result
of the palagonitisation process.

The outer borders of the bleached mar-ins pass into a
finely-fibrous, yellow-red, birefracting mineral, while the
remaining interspaces are filled by a zeolite to which neither
Penck jor the present writer 3322 able to give a namec. It is a 4{
colourless, isotropic %n small fragments ard very nearly so in %
larger pieces; 1t forms a mosaic of equidimensional grains
which possess one good cleavage; 1t is insoluble in HC1, and
has a refractive index which lies definitely between 1.520 and
1.5%0; and finally, an examination of its flame spectrum

revealed persistent lime bands, potash lines for one second,
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soda continuous but not in great am_ocunt, and cesium absent.
The standard tablescatalogue no mineral with thesc properties;
the accession of potash to analsite, whish agrees in some recspzets
with the Viée%%eolite, would result in an increase of its rc-
fractive index to some value sreater than 1.487 (TLarsen), and The
Videy mineral might therefore be an impure potash analogue of
analcite; the available amount is, however, too minute for
guantitative determinations.

It was shown that palagonitisation proceeds only in
primarily translucent basaltic glasses, and in seeking for a
cause for this condition of the glass a primarily abnormally
high water content at once suggested itself. In the analysis
given by Rosenbusch (logc. cit.) the water content of the un-
altered fragments ("sideromelan") i:s 4.2% per cent; to verify
this a piece of the specimen VA was coarsely ground, and small
ohiPS'of glass, which showed by thq§@ clean, lusgtrous surfaces
that they were derived from the unaltered cores, were separated,
and their loss on ignition estimated®; the result, 4.78 per cent,
1s in good agreecment with the HoO v:alue of the older analysis.
Washington's Tables (1917) contain four "superior" analyses of
tachylyte whose avcrage HoO value is 1.1% per cent. It is
evident that the translucent glass with which we are here con-
cerned differs from tachylyte in possessing a much greater BEgO

content, and it is proposed to designate it "hydrotachylyte" in

—

% The error involved in taking "loss on ignition" as repre-
Senting "HoO" is in this_case negligible.

in preference to von Waltershausen's "sideromelan", which,
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_apart from being practically obsolefﬁe, appears to he less

accurately cxpressive than the proposcd name.

From the above it appears that palagonitisation does not
take place in the normal, almost arnhydrous tachylytes which are
characteristically opéye due to the solution or sevaration of
magnetic iron, but attacks only hyd:}ous, translucent basaltic
glasses which may be called "hydrot:aohylyte".

be The Water Content of the Produ:cts of Palagonitisation.

Given the LEs0 content of the whole rock, i.e. the unaltered
hydrotachylyte to:@gﬁher with its a:;teration products, the ERO
content of the unaltered hydrotachylyte, and also the relative
proportions of the two constituents, the EqO content of the
alteration products may be calculated. The Ho0 content of the
unaltered hydrotachylyte was 4.22 p er cent; an estimation of
the loss on ignition of the whole rock gave 10.61 per cent,
while the average relative proportion of hydrotachylyte was

46.8 per cent” . These figures give 16.1 per cent fing the

# This was obtained in the following way whish depends on thc
assumption that the specific weights of the constituents are
alike; +two areas of the slide were photographed and the com-
plete circular photographs weighed. The hydrotachylyte areas
were then cut out, weighed, their p_roportions to their re-

<9

spective complete photographs qﬂgoulated, and the average of the

ELELLIAE two results taken.

HoO content of the palagonitisatio n products. For the same

constituent Bunsen obtained 17.8F f:ronythe palagonite~rock
from Sel jadalr, Iceland; Stelger q:btained 17.02 in palagonite
specks in a zabbroid diabase from Holyoke, Massazhusetts;

Teall recorded 16.80 in palagonitc specks in a basalt from

Franz Joseph Land; and the present author found 16.21 in an
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almost completely palazcnitisecd rock from Krisuv{k, Icelana

(op. cit., p. 212, analyses I, II, III, and K respectively).

Ce The Nature of Palasonite-rock. A typical exa~ple of
palagonlte-rock was found as a dyke-like body cuﬁééggIESStgéli-
gonite-tuff of the southernmost poilnt of viafeys — If pala-
-gonite can replace originally cohe rent, vitreous basaltic
bodies, we would expect that this q:xample, with its apparently
intrusive relations, would supply the ideal case.

The handspecimen (V12) is a homogeneous, dark-brown rock
which fracturcs readily5r6vealing a vitreous, resénoid surfacc;
the fracture is quite irregular, however, never approaching the
conchoidal fraoturq of glasses. The rock further shows
numerous specks and threads of a yellowish zeolitic material,
and alsc a few, very small c¢rystals of clear felspar. In thin
section this rock is seen to be an exceedingly fine-graired
version of the palagonite—ﬁ%@k just described, with certain
differences. It contains the same variety @q vitreous frag-
ments, but in this case their maximum size is about 1 mm.
Whereas in the previous rock.the boundaries of the fragments
were smooth curves and vesicles were comparatively rare, in the
present case the vitreous particles are highly vesicular and
their bdundaries are typically embayed. In this respect the
fragmeﬁts arc sivilar to those constituting the thin red tuf?f
parting recently figurcd by the writer (op. gcit., P1. IV.,

Fig. 10). The vitreous fragments occasiorally contaln a
microlite of fresh ﬁéﬂgioclase or greenish pyroxene, but more

often these mincrals appear &s detached, broken crystal fragments
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in the cementing material. As before, valagonitisation has
resulted in the formation of yellow, bleached glass, the finely-
; . Y . T . .
; fibrous, yellow-red, birqééfraotlng mineral, and finally, the

almost isotropic zeolite; on account of the smallness of the

original vitreous particles palagonitisation is hichly advanccad,

f%#( the proport%b ogpnaltered, translucent glass being very sub-

ga sty

ordinate. There can be no doubt that this rock with its
heterogeneous constituents, its "Aschenstruktur® ans its de-

tached and broken crystal fragments, 1s a true tuff, and not

the result of alteration of an coherent intrusive body. Its
intrusive field relations may be explained by postulating a fis-
suring of the country rock, followed by, or cagsed by a blast
or exposion of steam laden with fine volcanic Adust whish even-
tually completely filled the fissure.

In applying the name "palazonite-rock" to denote a pala-
gonitised, originally coherent basaltic body, to one of Mac-
kenzie's specimens (R25%Z, op. cit., pp. %11-%12, and Pl. IV.,
Fig. 9) the writer was goveég%ed by its appearance in secticn
of which he wrote the following: "In this case ore cannot well
distinguish individual glass fragmq:hts, but the specimen:
rather givee the impression of a continuous mass of glass,".

The advanced state of decomposition of this rock, a result of

its situation in the heart of the s:iill vigorously active
solfataric region of Krisuvf%, lends uncéZ}tain'ty to the ob- ;7
Sezgatinn. Emerson re-cxanined tq:o large specimens of the
classic Seljadalr palagonite, which although described by

Bunsen as a flow of glass, was figured by Rosenhusch as a
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typical "Palagonitfels" or "Aschentuff" (1910, Fig. 68); he
%me to the following conclusion: "they scem to me to be not,
clastic in any proper sense, but to be portions of a flow some-
what brecciated by steam explosion in place...The whole seems to
me not a tuff, but a much-cracked glass," (4dgY 1905, p. 122).
In view of the similarity of hoth Rosenbusch's and Emerson's
micrographs of the Seljadalr rock Q:o the appearance of the
writer's undoubtedly detrital palago:niteﬁayék from Videy,
it seems certain that the "Aschenp:uff" interpretation of
Rosenbusch is the true one.

it thus appears that the conception of palagonitised
coherent, vitreous, basaltic bodies, to whisch palagonite-rock
might be applied, has not yet been justified; it does, how-
cver, seem desirable that the term plalagonite-rock should be
rctained, as the equivalent of "Pal:agonitfels" of the older.f
writers, to denote fine-grained,‘basaltio tuffs in which pafgjwa“%K
gonitisation has advanced to such a degree that the amount of
unaltered glass is subordinate to the amount of the pala-
gonitisation products, which so com:pletely cement the whole
as to zive it a homogeneous, vitreous appearancee.

2.  THE GLOBULAR B_ASALTS.
The specimen VL was taken from the centre of a globular

mass which was caught up by the si{il, and which is exposed on

the shore 100 yards N. of 12.8 m. ploint. It is a hizhly
vesicular, very fine-grained basalt in which minute felspar
microlites are the only maGPOSGOpiq:ally discergéble srystal-

- N
line constituents. In section thevse are seen to be labra-



dorites without fluxional orientation. Brown augite is seen
as minute intergranules, but more often € in dominantly au-
gitic, well-defined, curved cervicorn intergrowfhs with minute
felspar needles; the production of this curved cervicorn strus-
ture may be connected with the mechanical strains involved in
the formation of the globular structure. The vitreous base,
in which these minerals appear in subordinate amount, is
geﬁgbrally opaque; where it clears occasionally to a deep-
brown translucency, it is seen to be charged with ilmenite
needles. At ,the same time it has bcen attacked by palagoni-
tisation with the formation of grececnish, finely-fibrous, bire-
fracting patches; this alteration is most notiaéble in the g{
glass which immediately surrounds the many vesicles. Olivine
was not detected.

From the above two points emerge; the vesicularity of
the rock, together with the occasional transluceney of its
vitreous base, indicatesthe magma from which it was derived
was notably hydrated; and the absenoe of olivine, which feature
the globular basalt shares with the vitreous ffagments of the
associated palagonite-breccias, indicatefthat both these rock
types are derived from a magma ssaturated with respect to silica.
Recently the writer showed that the av?ilable anglyses indicated
that the Icelandic eruptives fall intoggéries, a Pre-glacial
series, in which the baqqgts are saturated, and therefore frec
from olivine, and an Inter- and Post-glacial series in which
the basalts are undersaturated and carry olivine. The period

¥ithin which this magmatic change t_ook place was that which
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lay between the commencement of the deposition of the red Jrag
ﬁzgdiments at TjBrnes, N. Iceland, and the eruption of the
grey basalts in Late-glacial times. The Early—glac#iy
palagonite series, with its saturated rocks, appears to?; pro-
duct of a continuation of Pre-glacial vulcanicity, snd thus the

7~
period in which the magmatic c¢ghange took place beccmes
<

narrowed down to that which lies be tween Farly- and Late-
o

glacial times.

It is fair to connect a magmatic change with major érustal
disturbances, and a glance at the tectoniecs of S.W. Iceland
will show that such a cause is not far to seek. It is well-
knownthat the lowlands of S.W. Icecland were produced by the
fracturing and sinking of great masses of the Palaconite
Formation plateau, and that the grey basalts flq{ﬁed this plane q(
and were subsequently zlaciated. It was not apparent, however,
until Pjeturss (1900) found undoubted ground moraines in the
breccia mountains, which are the relicts of the original
plateau, that this extensive crustal disturbance took plaoé
betweeﬁ Farly- and Late—glac{?él times, the very period for
which we now have petrographic reasons for believing that a
change in the magmatic sources took place.

2. THE MULTIPLE SILL AND TEEF JOARSER DYKES,

Although varying somewhat in texture, and in the nature
and extent of the mesostasis alteration, the rocks forming
the multiple sill and the coarser dykes di, dy4, and dej are

~
essentially similar, and are thereﬂwore probably contemporaneous,

or nearly so. As the dykes 4, and 4, are younger than the



palagonite series which they cut, i:t follows that the mul-
tiple sill is also probably younger; this agrees with the
conclusion reached from field sonsiderations (p. N*).

The writer recently described and figured one of Mac-
kenzie's specimens from Videy (op. cit., pp. 285-288, Pl. III.,
Fig. 4) which now proves to have b een taken fbﬂm the basal‘
columns of the multiple sill. It compares with four of the
author's specimens taken from various points in the hasal
cclumns, and with the rock composing the dyke dg. The con-
jecture that this rock“probably represents the hypabyssal eoui-~
valent of the ophitic (grey) basalts" (ibid, p. 28F) was
based on mineralogical similarity a:nd on Mackengzie's insuf-
ficient field notes; in the 1ight of the cvidence now avail-
able, it must be regarded as unjustifi&b%e. The rock was éd%
described as a coarse dolerite in which labradorite and augite,
often ophitically related, were present in about ecual amount;
ilmeniﬁg; appeared as an important saccessory, while the once
vitreous parts of the plentiful mes:ostasis were represented
by fibrous, doubly-refracting, agat e-structured palagonite.

The characteristic presence of this last sconstituent induced the
writer to propose the name "palazonite-dclerite" for this rock.
An examination of a number of sesctions of the rock revealed

two featurcvs which were not recorded in the above description;
they are the prcsence of small relicts of olivine within certain
of the palagonite areas, which in these cases do not exhibit

the well-ordered agate structure, and the freocuent, considerable

curvature of the traces of the prismatic ~leavages in the

pyroxenes, accompanied by progressive extincticn whish in no
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/ + - An area from a sestion of the palagonite-olivine-

dolerite from the basal solumns of the multiple

sill of Videy. a. - Augite. b. - Palagonite

with olivine nucleii. c. - Labradorite. d.

Palagonite representing an acueous, vitreous

mesostasise.



(z6)
way resembles that produced by twinning or zening.

a. Palagonitec after Olivine. An area of a slide of Mac-

kenzie's specimen R220 from the basalf columns is delineated .7/
in Fig.z7 . To the left of a prism of labradorite is seen an |
area of reddish-brown, fibrous palagonite in which the fibrcs
lie normally to the growth lines @q a well-defined agate-
structure. The writer regards this as palagonite revnlacing

an aqueous, vitreous mesostasis in the mammer already suggested
by him (ibid, p. 215). To the right of the felsvar srystal
another area of palagonite is seen; 1t contains two larger

and two smaller, optically continuous areas of olivine, and it
differs from the first palagonite area only in that its fibrous
agate-structure is less z2learly defined. In this case

pala onite is doubtless an alteration v»roduct of olivine,

but its formation was probably preceded by the growth of a red

serpentine such as repiaces a ferri:ferous olivine.

b. Arcuate Augites. A typical arcuate augite is seen in
Fig. ? which is drawnm from a section of the -olerite V1% of
the dyke dg. The cleavages are bent through 90 degs. and
present smoothly curved traces except where they encounter

a few transverse cracks; extinction is smoothly progressive,
suffering only the slightest discontinuity at the transverse
cracks. Ophitically enclosed plag:;oolase and ilmenite is
perfectly undisturbed, showing no sizns of bending or break-
ing. Distorted augites similar to these have frecuently becn
noted by previous writers. Falsoner describes and figures suzh
augites from the gquartz-dolcritcs of Linlithgow (1906, p. 140,

and P1. II., Fig. %), and Thomas and Bailey have found them
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Fig. /o . - Mechanically deformed augite from the dolerite of
the dyke d4, a rock similar to that of the
multiple sill, and very probably somtemporaneous

with it. a. - Arcuate augite. b. - Rescti-

linear, enclosed plagioslase. ¢. - Rectilinear,

enclosed ilmenite.
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in simillyd rocks from Mull (1924, p. 20%2). Falcorsesor
explains the curvaturc as a "mechanical deformation" resul ting
from "some movement in the igneous mass soon ofter the augite
had crystallised out" (log. cit.); this explanation is ocuite
aooepﬁgéble as galconer regarded mnost of his augites as of
early growth. Thomas and Bailey offer a similar exg?anatima Q
for this phenomenon in the Mull qua:ytz dolerites: "...the
crystals are sometimes cgrved and otherwise distorted...due
to intercrystal pressure through th:e movement or withdrawal
of the liquid mesostasis from the immediate neighbourhood"
(loc. cit.).

Although the appearihnoe of the present au-ites strongly
sugscests bending, agA explanation involving mechanical de- );7
formation at first seeﬁ/untenable on aocqunt of the absence of ;(
signs of deformation in the carlier formed, rectilinear il-
menites and felspars; the fYAdf following analogy, howefer, %’

may show that the objggtion,is,not valide. Given sufficient

S

time, minute forces will produce nctable deformation in highly

viscous materials; a cork placed at the bottom of a vessel 47
filled with cobbler's wax, will eventually float to the sur-
face; a bar of the same material, supported in a horizontal
position by its ends , wili gradually assume a U-shape. In

a composite experiment, in which a number of match-stalks arec
embedded centrally and lonzitudinally in such a bar of zob-
bler's wax, bending of the latter w:ill take place without de-

formation of the match—stalks, provided the bending be suf-

&#L ficiently slow. Thus, infthe case of these arcuate ausites, the



Y3

Fig./f « = Jervisorn structure in the mesostasks of the dolerite
of dyke dg. a. - Auglite of the first generation.
b. - Ilmenite of the first generatlon. Ce -
Extremely fine intergrowth of plagioclase and

augite suggesting eutestic conditions.
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writer believes that deformation s ommenced at a stage when
ilmenitc and felspar were fully for:med and mechanisally rigziA,
whereas auglite had just developed i:ts cleavage, and was not
yet rigzid. It is noteworthy that in order to explain the
formation of the agglutinate the wri:ter postulated just such
a movement in the sill, accomnanicd no doubt by a similar
movement in the contemporancous dykes, at a late stage in its

sonsolidation period (p. /b ).

Ce Jervicorn Structurc. Specimens from the margins of the

basal columns, from the radiate component, and from the dykes
dy, dg,differ from the rocks just described in the following
gespects: they are finer-grained; the typical, bright, red-
brown palagonite with occasional olivine relicts is replacsed
by greenish-black, almost opacue patzhes iy the mesostasis,

in which agate-like zrowth is discernxble only with Aifficulty;
ophitic relations bhetween augite and felspar give way to

an occasional approach to idiomorphism in basal sections of the
pyroxene of the first generation, while the mesostasis tends to
cervicorn sStructure with optically sontinuous felsvar, in-
dicating the earlier growth of the felsvar.

Typical cervizsorn structure is seen in the mesostasis of

the dolerite (VB) of dyke dg, and i:s delineated in F%g. H . %/

It consists of a sheaf-like intergrowth of felspar and augite
in which repeated branching, #esulting in secondary sheaves,
has produced an.antler—like gfowth. The felspar misrolites
of the individual sheaves are usually optically sontinuous,

while the intergranular auglte is not so; occasionally the
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intergrowth bezomes extremecly fine, suggesting cutcetic con-
ditions. Servicorn structure similar t» this, but sonsisting
almost entirely of augzite has been found in the quartz-doleritcs
of Mull, and has been described and figured by Thomas and
Bailey (op. cit., p. %0%, and Figz. 50, B).

Whereas the presenée of(yaivine in a rabidly cooled rosk
cannot be rezarded as proof that th:e parent magma was under-
saturated with respect to silica, its presence in a coarse-
grained rock, suci: as the doleripe of the bhasal columnsy is
sufficient proof of undersaturation. It thus apvears thaﬁ
-the multiple sill %ﬁ consangui%bus with younger, olivine- ’ q(
bearing grey basalts, that the period in which the magmatis
change took place (p. 3%) besomes further reduced to that
.which lies between the formation of th; palazonite series
and the time of its intrusion by the multiple sill and the
atte;ﬁidant Aykes.

N
4, ThE GREY BASALTS.

Four specimens from differenq?oints of the grey basalts #L
of Videy were found to be mutually indistinguishable, and
strictly comparable to the grey bas:aits of the Reykjav{k
district. Mackenzic's specimens from the grey b-salfs of
this locality were recently fully descrihed by the writer,
and a new analysis of the coarsest-grained member of the
series was submitted (op. cit., pp. 281-287, Tab. III., Anal.
B, and P1. III., Big. 2). 1In a set of these rocks of vary-
ing grain size a well-defined, inverse relationship was ob-

served between the proportion of olivine and the grain size of
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cach member; i.e. the amount of o_livine was found to be in-
versely proportional to the length of the period during which
olivine had been permitted to react with the liouid (ibig,
pp. 284-285). In accordance with thid the Videy grey basalts
are seen to bear a moderate proportion of olivine in keepiﬁg n{
with their moderate grain size or cooling period.

The position which the new analysis ocnupied in the
variation diagram indiszated that these undersaturated, Tate-
glacial lavas belong to a scries whish is chemisally Ais-
tinet from the Pre-zlacial series (ipid, Fig. 21, and pp. ?27-

228).

vi. THE VIBEY PALACONITE SERIES A SUB-GLAZIAL EXTRUSION,

1. ?ONQE&TIONS TO BE SATISFIED.

Before attempting to reconstru st the sonditions under
which the Videy palagonite series was formed, let us briefly
recapitulate the facts whish an hypothesis must take into
account. (2) The palagonite féries was a produnt of igneous
action in Early-glascial tiz(n}c?:;:s )Zb) The assosiation of z1obu-
lar basalt with palaonite-brescia is signifisant, rather than
fortuitous, and the former always underlies the latter (p. 23 );
the passage from the one to the other is sometimes gradual
(p.l#%), and therefore eash was probably formed under similar
sonditions. (¢) An occurrenze of the palagonite series was
found resting on glacial sediments at 690 feet above sea-level,

70 kms. from the zoast, and 5 km. on the landward side of the

line of highest submergence (pe 24 ) (d) Palagonite-breszis
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is nearly always scen to he charged with a multitude of hetero-
lg@Peoué blocks which are angular, or only slightly rq@ded (p.d).
(e) The magma whish prodused these rocks was notably hydrated
‘(gﬁiﬁb)i’oin the hydrotachylyte fragments of the palagonite-
brescia ;% was largely retained in solid solution (p. 29);

in the globular basalts and in the palagonite-rock it was
largely released to form vesicles (pp. 32, 3o ).

2e DIS@EUSSION OF A SUBMARINE HYPOTHESIS.

Submarine sruption§ Oﬂ%ruptions in whizh the volcanic pro- #L
ducts fell into the sea, have often been surgested as the
processes whereby both palagonite-tuffs agd pillow-lavas” have

expPland lionm

been formed, and undoubtedly this mede—ef—fermatiern is in many
cases the correct one. The palagonitised hydrotachylyte cores
of the mangancse nodules described by Murray and Renard (1891,

PP. 299 et _seg.), which were foudd in mid-ocean, must have o-
riginated in submarine volcanoes; the non-q@icular nature of 4%
these fragmovnts is the natural result of eruption at abysmal
depths where the prevailing pressure is sugﬁcient to restrain jx
the es(apo of dissolved water-vapour, and to foég;e the ejecta Q’
~to consolidate in the hydrotachylyte condition. The Bal-
lantrae pillow-lavas, in which the spaces between the spheroids
are somectimes filled with caloareous matter, flinty shale,

chert and jasper, arc undoubted examples of lavas which have
entered the seca. ngbmarine extrusion being an apparently
attrastive hypothesis to exgg}ain the formation of the pala-

gonite series, and one which the critic is 1likely to range

against the explanation to be offered presently, let us en-

quire whether it provides for the appearances detailed edhowve.
n Re ,aneuiou& §ecl‘;on.



(42)

When in 184F Sartorius von Waltershausen first desecribed
his discovery of palagonite in the shell-bearing tuffs of the
Val di Noto he was justified in pronouncing these tuffs a
marine formation; two years ﬁater, on finding palagonite in <«
Icelandic tuffs, both Bunsen and von Waltq@hausen édhered to )X
the idea of submarine eruption in support of which they advanced
amongst other evidence, the discovery of insluded shelly frag-
ments. Thoroddsen tells us however that the Palagonite For-
mation is frec from fossils, and thaﬁ, in the cases where in-
cluded shell remeins are found, the palagonite-tuff is no
longer in its original situation (1906, p. 291). Again, to
provide for the retention of the high, primary wate%oontent of ?X
the Videy hydrotachylytes, and also their nonembayed and only
slightly vesicular nature, submarine eruption at great Aepths
would require to be postulated. The position of the sorre-
latedvGullfoss section, which is well above the 1ine of highest
submergence - a tolerably well-de%ined line in that locality - fz
precludes submarine cruption, and a fortiori, submarine erup-
tion at great depths. Furthermore, the inecluded bhlocks in
the palagonite-breccia of Videy argue against suﬁmarine eX-
trusion; they are angular, or only slightly rounded, and are
certainly derived from above, which is deduced from the fast
that the globular basalts in:to which the palazonite-bre-cia

were ,
Passes downwards, we-s never obser%ed to carry xenoliths. %(
Were these blocks derived from the sea-floor, weJ;ould expent
them to be well—rbunded. There is no objection to applying
3 submarine extrusion hypothesis to the globular basalts

per se, but, as these rocks appear to be but a special facies
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of thc palagonite-bresscia, and were therefore formed under son-
ditions which did not differ materially from those whish ob-
tained during the formation of the brecoia, and, as the above
arguments tend to show that submarine extrusion will not account
for the palagonite-breccia, this mode of formation is also re-
garded as an unlikely one in the case of the Plobular basalts. ;%
2 THE SUB-GLACIAL EXTRUSION HYPOTHESIS.

From a consideration of all the evidence, the writer con-
cludes that the Videy palagonite-seies, a downward succession
of palagonite-breccia with irregular intercalations of pala-
gonite-rock, zlobular basalts, and fine-grained shattered bas-
alts,-were formed in Early-glacial times by a serics of
localised extrusions under the ice-sheet whisch then cé@}ered-
the country. As far as he is aware, this hypothesis has not
previously been advanced to explain the formation of either
the comparatively rare and localised occurrenses of assozia-
ted palagonite-breccia and globular basalt, or the im-
measureably greater and wider-spread Palaf%nite-Tuff and ;X
~Breccia PFormation of Iceland.

The following is the author's sonception of the secuence
ot events in the formation of the Videy palagonite—qfﬁes. 43(

A basaltic magma, probably consanguig@us with the normal, €<
over-gsaturated, Pre-glacial basaltic magma, found egress at the
base of s massive ice-sheet. Immediately vapourisation of
the proximate ice or # water took place% resulting in the re-
lease from the base of the ice-sheet of multitude of hetero-

geneous, angular or subangular blosks; oconcurrently, that part
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of the magma coming in contact with the base d the ice-sheet, 9%
was ocuenched to form hydrotachylyte with its full initial
complement of water vapQZhr retained in solid solution.
This rapid quenching resulted in the mass being traversed by
a fine network of shrinfage cracks, while further impulses from @X
below shattered the cracked mass into fragments whose maxi-
mum diameter 1is 1% cms., and inoorpora%ﬁ with them the released «q
blpcks from above. Thus were formed the smoothly curved
bound#ries and the network of fine cracks whish the hydro-
tachylytes show under the microscope.

The absence of marked vesicularity and of "Aschenstruktur" ?
in the hydrotachylytes indicatézg that approximate equilibhrium
was reached betweén the preasure of the generated steam and the
restraining capacity of the ice-sheet. Whether or no the
height of a column of ice which is theoretically reghired to @X

produce a pressure approximately equal to that generated by

steam in contact with basalt magma, is inordinately great, is

of no consequence; the extrusion is regarded as originaﬁggkng
from localised vents or comparatively limited fissures, ard wunder
which cormdilions

th&SAthe mechanical strength of the ice is added to the simple
pressure due to its thickness, thus multiéZiying its restraining
capacity many fold.

With the abeyance of the intrusive paroxysm the generated
steam oondensedav the bed of hydrotachylyte ejecta became
wvaterlozged, and palagonitisation, whose initiation doubtless
followed upon the disruption of the cracked intrusive body, i
proceded, aided by water and #evated temperature and pfessure. e&’

'Then followed another paroxysm which took much the same sourse
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as the first, the unconsolidated, waterlogged tuff-bed having
a chilling and shattering effect similar to that of the base of
the ice-sheet; and thus by repeated éthbursts a massive blan-
ket of hydrotaohyiyte breccia was accumulated and gradually
consolidated by the pressure of the overlying ine-sheet and
the cementing effect of the palagonitisation products which
were being formed. During these Jater acts the breccia was
ogccasionally fissured; the spaces produced by these fia?res g{
became regions of low pressure, and the induced blasts or ex-
plosions of steam laden with fine volcaniec ash rapidly filled
them with the fine-graincd tuff free from larger particles,
which now appears as palagonite-rock. Whereas the smoothly
curved outlines and the almost non-vesicularity of the hydro-
tachylyte fragments were due to abproximate equlibrium be-
tween the extrusive and the restraining foﬁg;es, the "Aschen-
struktur" and makkedIVGSicularity of the particles of the pala-
gonite rock were produced by the great disparity between the
extrusive pressure and the void in the newly formed fissures.

With the increase of the rig%by of the breccia-~bed, and OHK
the waning ~of the volcanic eq@gy, the feebler outbursts had g{
no longer sufficient energy to disrupt the oveflying mass;
generated steam served simply Yo arch the maés producing a
flatfﬂomed cavity which ﬁﬁ'rﬁgined uncollapsed during the a% /n(
following cooling period,in which water peroolatéd into it.
At this stage the globular basalts were formed. The magma,

emerging now with difficulty through restricted orifices, en-
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gountered the chilling effeect of thé accumulated water, and

finally solidified as a mass of globular basalt; through the

observations of ef Tempest Anderson and the work of Johnston-
Cﬁfaéavis, Lewis and others the processes whereby "globular" or

"pillow" structure is dey%Oped in the product of an extruded e{(

magma which is rapidly ocooled, and at the same time constantly

fed and urged forward by further liquid supply] is now well

understood, and need not bé further discussed. Johnston-

Lavis examined the globular basalts at Reykjanes, a locality

which was correlated with Videy on p.2/ , and expressed the

view that the occurrence is the reﬁgbant of a submarine cone

(1895, p. 445); 1in view of the presence ef—presenss of the

palagonite-breccia associated with these rocks, and thgzr pro-

bable similarity with the palagonite-breccia of Videy, to

which a submarine extrusion hypothesis could not be appled,

the writer considers it probable that the globul% basgats of ary

Reyk janes were also formed by sub-glacial extrusion.

The accumulated extruded mass now assumed such a degree of
compactness as to be almost impervious to water, and further in-
trusions from below solidified as normal, fine-grained basalts
without the structural features of lava.

One point remains to be explained; quite apart from the
repetition by faulting the Videy palagonite-series was seen to
divide into two conformable and similar sequences, the members, 27
and order of members of which are those:%br whish a mode of A/

formation has been suggested. To expfain the formation p@ 4/

the upper and younger sequence we must assume that after com-
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pleting the cycle of events detailed above, volcanic energy in-
creased greatly, and during an extrugive outburst of gfeat s
violence succeeded in breaking through the whole mass of
accumulated rock, encqbtered the base of the ioe—sﬁ@éet which “(
by this time was fully repaired and recharged with blocks,

and re-enacted the events as suggested for the first sequen@é.

VII. THE GEOLOGICAL_ EISTORY OF VIPEY.

e may now arrange in chronological order some of the
salient inductions of the forezoing pages bearing on the geo-
logical history of Videy.

In EFarly-glacial times the pelagonite-series was formed
by the sub-glacial extrusion of an oversaturated hasaltic Eﬁk&
ma. which was consangui?bus with the Pre-glacial magma; on its Q(A
formation the palagonite series greatly exceeded its present
thickness, and probably osccupied a more e#yated position. 1%(

The extensive faulting, tilting and subsidence which the
Palasonite Formation plateau of S.W. Iceland now suffered also
affected Videy; these movements gave vent to magma sources of
a mildly undersaturated type resulting in the palagonite series
being intruded by the slightly olivine-bearing Xultiple sill, rﬁK
and the coarser dykes. Then followed a period>of erosion
during whish that part of the palagonite series whish over-
lay the sill was removéZé.

During a Late-interglacial period, or a Late-glacial re-
treat, when Videy was connected with the mainlang, the lower-

lying area of Videy wb@ overrun by a massive sheet of the

markedly undersaturated grey basalts. This was followed by
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a final advance of the ice-sheet which moved seéwards in a
west-northwesterly direction, in conformity with the present-
day topographye. During this advance Videy was sufficiently de-
pressed to separate it from the mainland with the formation of
the Videyjarsund; with the final retreat of the ice the 8 foot
raised beach of.the S. end was formed. In Post-glacial and .
Recent times Videy escaped the volcanic activity which af-

feected the greater part of the neighbouring Gullbringu stla.
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EXPLANATION OF PLATE | .

Fig. I, A. - Palagonite-breccia (VA), taken at a point 100 yards .

S. of the farm on Videy, showing néZéligibly

vesicular hydrotachylyte fragments with non-
embayed boundaries suffering marginal pala-
gonitisation with the formation of isotropic
blea%sd borders, a dark, spongy, fibrous, bi- ~k{

refractigg mineral, and a solourless zeolite

(16 diameters).

Fig. I, B. - Another area of the same slide as the preceeding
in which opaque flow-bands in the hydrotachy-
‘lyte fragments are seen to be unattackéd by .
palagonitisationy(16 diameters).

'Fig. 2. - Palagonite~breccia photographed from the shore at

a point 250 yards W.W. kahe S. point of Videy; -
it is densely charged with angular basaltic
blocks which, it is thought, are derived from
the base of an ice-sheet.

Fig. 8. . g Globular basalts photographed from the S.W. shore

of Videy at a point near the junction of the
fence with the shore. The shheroids are de-
fined by a vitreous skin, and a radio—concentric

internal jointing. -
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