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Figure 1. Geological map showing distribution of
Upper Palasozoic-Triassic igncous rocks
in North Queensland. Scale : 1 inch to 30 miles
(approx. )

Figure 2, /4 simplified geological map of ring structures
southern part of Precambrian Inliecr within
BElizabeth Creck Granite Province,
(Scale: 1 inch to 6 miles (approx.)

Figure 3. Dacite ignimbrite of the first volecanic epoch.
Note compacted and welded glass shards of ground-
mass. Phenocrysts mainly plagioclase (cleaved),
some embayed quartz, some augite and iron ore.
X35, ordinary light.

Figure 4. Rhyolite lava flow of the first volcanic epoch,
containing a basalt inclusion. X18, ordinary lighs.
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ABSTRACT

There is an aggregate outcrop of 12,000 square
miles of Permian-Triassic acid igneous rocks inland from
Cairns and Townsville, North Queenslanad, The rocks consist
of ignimbrite and rhyolite, which are structurally and
magmatically related to three high-level intrusions -~ the
Herbert River, Esmeralda, and Elizabeth Creck Granites. Most
of the igneous rocks intrude the Precambrian Goorgetown
Inlier, but somec of thom intrude along a fracturcd zone on
the junction of the Inlicr and the sholf zone of the adjaccent
Palacorzoic Tasman Geosynclinc.

The Upper Palacozoic - Triassic igneous wmeriod
consists of two main cpochs, both consisting of granite,
ignimbrite, and rhyolite, In both cpochs granitc intrudcs
the comagmatic and cocval ignimbritc ond rhyolite.

Rapid horizontal movcmont ond granitic magma
through the cpizonce and major fracturing of the crust arc
postulated to oxplain the widespread intrusion of the granite.
[he granitic mogma was probably initially goncroted 5 milces
below thc surfoce of the crust by partial melting of thc
scdiments at the base of the Tasman Geosyncline. Epeirogenic
movement in the Precambrian Inlicr area formed shecet-like frac-
tures, which provided chamncls for rapid horizontal movement
of the granitic nagma. This megma was emplaced along the
fracturcd marginal zone of the Inlicr to form a thick sill-like
body of granite - the Herbert River Gronite - in the first
epoch. Magma for the second epoch was derived from melting of
the lower part of the granite of the firest epoch. Renewed
fracturing of the Inlicr area formed cauldron subsidecnce areas
and rifts, which were quickly filled with rhyolite and ignim-
brite. In these collapsed areas the granitic mogma crystall-
ized as the Elizabeth Creek and Esmeralda Granites under an
insulating cover of about 1,000 feet of rhyolite and ignimbrite.

INTRODUCTION

The region described in this paper lies inland from
the coastal towns of Cairns and Townsville in North Queensland,
ond cxtends west 250 miles to Croydon; it is rectangular, and
has an area of about 35,000 square miles (Figure 1). It was
mapped jointly by the Commonwealth Bureau of Minerzl Resources
and the Queensland Geological Survey, betwcen 1956 and 1961.
From 1957 to 1961 I was a mcmber of this joint survey and I
mainly mapped Upper Palacozoic and Triassic igneous rocks.

The work was designed to produce gcological maps at
1:250,000 scalc, but in more complex arcas maps were produced
at a scale of 1:63,360., Air photographs were used both for
controlling traverses, and for photo-interpretation ¢f inacccss-
ible arecas,

¥ Published with permission of the Director, Bureau of Mineral
Resources. .

*% Bureau of Mineral Resources, Geology and Geophysics, Canberra,
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2

I wish to acknowledge the encouragement of
Dr, N.H, Fisher, Chief Geologist, nnd othor officers of the
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GEOLOGY OF THE AREA

The following notes are meinly token from a report
by White (1961), who was ficld party leadcr in North Queensland
from 1956 to 1958,

The area consists of a broad Prccambrian Inlicr -
the Georgetown Inlicr - 200 miles long and 150 milcs wide, and
is flanked to the cast by a Palacozoic geosyne.inal zone 50 to
150 miles wide, containing 40,000 foet of sediments, The
geosynclinal zonc is the northern part of the Tasman Geosynclin-
al Zone, which cccupics most of the castern coast of Australia.
(The regional sctting of the area is best scen om the Tectonic
Map of Australia, 1960, )

Early Precambrian (Archaecan?) rocks cxzposed in the
centre of the Inlier are granulite, amphibolite, and nignatite.
During the Middle Prccambrion (Lower Proterozoic?) these rocks
were uplifted to form a geanticline, On the western edge of
the geanticline, during the Proterozoic, 30,000 fect of
sedinents, mostly pelagic, werc deposited. Also during this
uplift 15,000 feet of quartz and calcareous detritus were
deposited on its eastern flank. The Precanbrian history of
the Inlier terminated with the intrusion of the Forsayth
Batholith into the core of the geanticline, and of ulirabasic
rocks along its fracturcd castern edge. Stecp-angled thrust-
ing of the Archacan metamorphics over the Lower Proterozoic
sedinents may have accompanied both these intrusions, After
the Precanbrian the Inlier was uplifted and froctured cextens-
ively during the deformation of the Tasnman Geosyncline.

The Tasman Geosynclinal Zone in North Queonsland
contains a naximum thickness of 40,000 feet of sedinents
ranging from Upper Ordovician? to Permian, The deformation
of the geosyncline began in the late Silurian, and scrpentine
and gabbro were intruded along the south-eastern fractured
edge of the Inlier. Both scdimentation and uplift continued
in the Devonian and Carboniferous; depositional areas were
forced to contract and migrate, rcsulting in the replacenaont
of the early widespread nmarine scdimentation by restricted
freshwater sedimentation, The geosyncline was further
deformed by fracturing along the south-ecastern cdge of the
Inlicr, which gave rise to a rift.

Minor anounts of sodiments werc deposited in the area
during the late Carboniferous and Permiang inmediately after
this period the whole of the Tasman Geosyncline and the
Georgetown Inlier was land, and the Inlier continued to arch
upwards, Two major epochs of acid volcanic activity and
granite intrusion occurred in the late Permian and Triassic,
and are described in more detail in the next scction.

During the Cretaceous, sedinments were deposited in
the Great Lrtesian Basin area flanking the Inlier to the west,
The extrusion of centinental olivine basalt in the Cainozoic
near the eastern fractured Inlier edges was the final igneous
episode of the history of the area.
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GEOLOGY OF THZ UPPZR PALALDOZOIC & TRILSSIC iGﬁEOUS ROCKS

The Upper Palacoczoic to Triassic period consists of two
epochs, cach containing acid veleanics and granites (Fig.l).

First Volcanic Ipoch

Three small arceas of volcanic activity of different
ages are grouped in this epoch (Pigure 1). They aggregate
250 square miles and have three properties in connon,

(1). The arcas appecar to be situated at the inter-
section of nmajcr Precanbrian foults: +two arcas are near the
edge of the Inlicr and one is necar its centre.

(2). Thesc arc the only volcanics of the igneous
period which cen be dated: plant-bearing scdiments are inter-
bedded with the volceanics and have besn dated as Carboniferous
on the southern arca cn the Inliecr cdge, Lower to Middle
Permian on the area in the centre of the Inlier (White,1961b),
and Upper Permian tc Lower Triassic on the northern area of the
Inlier edge (White, 1961a).

3). In each area, rhyolites ond thin ipnimbrite.
sheets (16 to 50 feet) are exposed, and in the two younger
volcanics basalt containing agate anysdules is interbedded
with the acid volecanic rocks,

First Granite Zpoch

A granite, named the Herbert River Granite, intrudes:
the youngest volcanics of the first epoch, and is probably
Upper Permien or Triassic (sanmples of this, and of the
volcanics and granites cf the second epoch, have been collected
by the Burcam of Mincral Resources for K/A and Rb/Sr age
determination, The granite intruded the north-castern edge
of the Inlier and the adjacent Shelf area of the Tasman Geo-
syncline and crops out as a long and narrow batholith, trending
north-west, It has been mapped for 120 miles, with an
average width of 25 miles (Figure 1), and probably continues
100 niles to the south-east. The intrusion has been partly
controlled by roof block foundering and ring fracturing.

At the north-eastern and northern parts of the bath-
olith, the ragne assinmilated Upper Silurian/Lower Devonian
limestone (Branch,1960) and W.B, Dallwitz (pers.comm, ) reporss
that the batholith contains o hormblende - biotite granodiorite
with some unusually caleic plagioclase cores ranging fron
An60 to Ang92, Elsewherc, the batholith contains a bioctite
adamellite or granodiorite, with an average of 74 percent
silico. Mctomorphisnm associated with the batholith is slight
and consists of silicification and some recrystallization of
country rocks,

Copper and silver-lead are the main economic minerals
introduced by the batholith, and they appear tc be associated
with the hormblende granodiorite phase.

Second Velcanic Epoch

The volcanics of the second epoch are widespread over
the Inlier and along the shelf edge of the Tasman Geosyncline.
They crop out with granite in two Provinces - Elizebeth Creek
and DLsneralda. The outerop of the velcanics in the two
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Provinces aggregates 5,000 square miles, and the thiclmess of
volcanics averages 1200 feet. There is no fossil evidence
for the age of the volcanics, but they unconformnably overlic
the Horbert River Granite, and are unconformably overlain

by Lower Cretaceous sedinents: they are probably Triassic.

The volcanics occupy large cauldron subsidence
areas (the largest cxposed is 35 miles by 65 miles) and
blocks in ring complexes. The margins of the cauldron sub-
sidence arceas are controlled by najor faults in the Inlier.
Multiple injections of igneous rocks along some of the faults
suggest that the Precambrian faults were rejuvenated in the
late Palaeozoic,and, in some places; agnin in the Tertiary.

In the cauldron subsidence areas th. sequence of
events began with the building of groups of puys of viscous
rhyolite along the marginal faults and on najor faults in the
cauldron subsidence area. In sone areas the developnent of
small freshwater lakes preceded this first vuleanisn. LAfter
the initial viscous stage, the magma was enriched gradually
with volatiles, as shewn by the formation of anygdules in the
rhyolite flows, Then generally two or three grey acid ign-
inbrites were cataclysmically pceured out, each about 700 fect
thick: in one area seven igninbrite shects have been napped,
ranging fron 100 fest tc 300 feet thick.

Zach ignimbrite sheet has a distinctive colour and
mineralogy and may be napped over the whole cauldron subsidence
area, and occasionally from cne such area to another, The
thick ignimbrite sheets consist of phenocrysts of quartz and
feldspar in a groundmass of rcerystallised and devitrified glass
Prelininary universal stage work on the plagioclase to determine
high-or low-tenperature optics has yielded inconclusive results,
The only structurc within the sheets is a faint foliation of
the feldspar phenocrysts, probably induced during the conpact-~
ion of the shoot. A few thin igninmbrite shcets, about ten
feet thick, contain flattened gloss shards, Interbedded pyro-
clastics are rare. The ignimbrites in the Esmeralda Granite
Province contain small pellets of graphite (sce next section).

Eight volcanic necks have been mapped: four wore
contenmporaneous with the second volcanic epeochs; two are glders
and two are younger than the granite of the second epoch.

Some are breccia pipes; but others are dykes and ring dykes
of rhyolite with vertical flow banding, in which agglonerate-
filled necks can be recognised.

Towards the end of the seccond volcanic epoch, six
ring conplexes formed, probably from the enlarging of volcanic
necks to an unstable size (Reynolds,1956), The conplexes
have an average diameter of seven miles and consist of crescent-
shaped bleocks of volcanics and Palacozoic sedinents let down
along ring fractures, and intruded off-centre by a granite
stock.

Second Granite Zvoch

Granite intrudes the volcanics of the second epoch
and like then is restricted to the Precambrian Inlier arca
and the shelf edge of the Palacozoic geosyneline, The
Elizabeth Creek Granite Province covers 11,000 sguare niles,
and the granite outerop aggregates nore than 2,000 square
niles. The Esucralda Granite Province covers 3,500 square
niles, in which 500 square niles of granite are exposed
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(Figure 1).  In both Provinces the granite is probably
Triassic and only slightly younger than the volcanics it
intrudes, '

The granite crops out as individual stocks, or as
groups of stocks, with an average diameter of eight niles,
Ring fracturing ond vlock foundering werce the mnin intrusion
mechanisns, and the flat, undisturbed roof of an intrusion can
be found in some areas, Bvidence of forceful injection of the
nogna was found at only one locality.

Throughout the Elizabeth Creek Granite Province the
granitic rock is a leucocratic pink granite or adaricllite.
The texture ranges from a porphyritic nicrogronite to an even-
grained granite; there are no pegnatites or i ow structurcs
in the granite., ' The rock is chemically distinctive, with an
average silica content of 78 percent. Tin is the nain
econonic nineral introduced by this granite, as contact lodes
in adjacent sediments and igneocus rocks, and as greisen lodes
within the granite.

The pain gronitic rock of the Esmeralds Grenite
Province is an even-grained grey biotite granodiorite or
adanellite with an average silica content of 73 percent., In
places the rock is rich in graphite xenoliths with a maxirum
diancter of 12 inches, which wore proebably derived from the
assinilation of a country rock of Proterozoic carbcnaceous
shale.  The fact that small graphite xenoliths of% to 4 inch
diameter are exposed throughout the rhyolite and ignimbrite,
which the granite intrudes, suggests that the granite and the
volcanics are magnatically related. Gold and tin are the
nain economic ninerals in the Esncralda Granite Province.
Silicification and rcerystallization are the only metancrphic
effects around the granite stocks,

Near the central-southern part of the Inlier, within
the Elizabeth Creck CGranite Province, a ring complex crops out
in an elliptical area 16 nmiles ‘long and 9 niles wide (Figure
2). It is thought that the acid nagzma was contaminated by the
assinmilation of Proterozoic calcareous sedinents, and then
differentiated in a ncar-surface nmagnma chanber. Ten ring dykes
have been mapped, ranging from augite andesite to leucocratic
granite, Three swarms of cone sheets cut the dykes, and a
stock of granite intruded the northern end of the cenplex
(Branch, 1959),

Three microgranite dyke swarms, each chout 40 miles
long and 4 niles wide, intruded the BElizabeth Creck Granite
Province and represent the final phase of the second granite
epoch,

Depth of cover over the sranites

Field evidence of the intrusions of the second granite
cpoch suggest that some at least nust have crystallized as
nediun-grained granites under an insulating cantle of hot
igninbrite, about 1,000 feet thick., Fron the regional g22logy
it is known that the igninbrite sheets were never coverca by
scdinents before the granite was intruded, and that probably
volcanic cruptions and the gronite intrusion were contenpor-
aneous,

As scen today, the ignimbrites in the large cauldrcn
subsidence areas arec generally 1,200 feet thick: +the thickest
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igninbrite sequence found was 3,000 feoet. In all places
there 2re remnants of one flow - but never twe — above those
brescrved entirely, and granites intiude all the flows, even
the remmonts, It is envisaged thet at tho conpletion of the
second voleanic epoch the larze cauldron subside _areas

werc depressions, In the field it is seen that/Véicanics
were not greatly croded before Lower Crotaceous scdinents were
deposited with & snall angular unconformity over the voleanics,
because it is rare to find any pebbles of voleanics or graonite
in the basal sedinents. Hence possibly only one igninbrite
sheet was eroded alnost entirely in pre~Cretaceous time, and
its thickness prcbably was 1,000 feot. i

Today two erosion surfaces are expcrad in the arca:
The upper onc is the exhuned pre-Cretaceous sucsface, i.e.,
there are rcemnants of the sandstone resting on top of ranges
conposed of ignimbrite sheets; and the lower one is level
with the floor of the cauldron subsidence arca. Therecfore
probably the major erosion of the cauldron subsidence arcas
was pre-Cretaceous, and cnly 1,000 fcot or less of igninbrite
were eroded from above sone of the granites expesed today.
These are truly granites of the epizone,

AN _INTRUSION HYPOTHESIS FOR HIGH-LEVEL GRANITES.

The following facts must be taken inte account in
any theory explaining the mode of intrusion cf the high-level,
cpizone granites into the Precambrian Inlier:

s he great lateral spread of the gronites, especially
those of the second epoch, which crop out within the
Inlier 200 miles from the nearest Palacozoic goesyneline,

2 The complete lack of conteomporancous basic igneous
rocks in the arca (excepting the few square riles of
basalt in the first volecanic epoch).

3. The apperent nobility of the acid magna, both at
the surface and at depth.

4, The lorge cauldron subsidence areas, which are
gencrally bounded by a systen of straight-lined faults,
range from 20 to 60 miles across; ring-fractured blocks
range from 4 to 10 miles in diancter.

5. The intrusion of granite into coeval and conagnatic
volcenics.

6. The crystallization of mediun~-grained granite uader
& cover of only 1,000 fect.

The grenite theory of Read (1957) is not applicable
to the North Queensland Upper Palacouoié .- Triassic aranites
because there is no evidence of their being nearly 'dead' at
the time they reach their present position, although
?Carboniferous granitces of the Marccba-Mossman area in the
adjacent Tasnan Geosyncline appear to follow Read's granite
cycle. The Upper Palacozoic - Triassic granites of North
Queensland can be classified as epizone granites (Buddington,
1959): and Buddington's review stresses the nagnatic relation-
ship between volcanics and the granites of the epizone.
Buddington's review covers most of the facts listed, but it
does not adequately explein the great lateral sprecad of the
Upper Palaeozoic - Triassic granites in the enizone.
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The exposure of Upper Palaeozoic - Triassic igneous
rocks in North Quecnsland jis probably cquivalent to what one
would find a few thcusand/%% gw those exposed in the Basin
Range Prcwince and the Yecllowstone area in Nerth America, or
the igninbrite arca of the North Island of New Zealand. The
conparisim with these places is complicated, because cach arca
contains a considerable volume of basic volcanics as well as
igninbrites. The ring complex area of Nigeria (Jacobson,
Macleod, & Black, 1958) would represent the North Qucensland
arca after 2,000 feet of erosion, when nearly all the volcanics
in the large cauldron subsidence arcas have been removed; and
the granite area described by Owen (1960) in Nqrthern Portuge
would represent a level below this,

The following hypothesis nay explain the Upper
Palacozoic -~ Triassic intracratonic high-level granites cf
North Queensland. Two special conditions arc required; one
is the generation of a superhcated acid magna very rich in
volatiles, and the other is a source of energy to cause
epeirogenic uplift to continue cver a long period of time,
Both conditions are believed to be satisfied, but they will be
discussed in another publication.

: Doming of the Precambrian Inlicr area throughout the
Palacozoic caused extenmive fracturing of the Inlier and
conpression of the Tasman Geosyncline on the north-castern and
south-eastern nargins of the Inlier but conpression was nct
great. Especially in the north-cast, there is no evidence cof
Targe-scale thrusting or overturning of the Alpine type.
However, Anos (1961) has proved that the geosynclinal sedinents
have been folded twice to form overturned fcelds, and in sone
areas decollcecment fclding has taken placc. Probably a crust
of continental thickness continued eastwards under the geo-
syncline, at least as far as the present coast-line.,

2 Twenty-five thousand feet of scdinments accurmlated
in the northern part of the geosyncline, and its base was
depressed cbout five miles., By partial nmelting of the
sedinents at the base of the geosyncline (Walton,1960), and
also of the sialic crust below, a volatile-rich granitic nmagna
was forned. Some of the magna rose vertically through the
geosyncline tc form the pest-kinematic Carboniferous granites
in the Marecba-Moséman area, a few niles to the north of
Mareeba (Figure 1). A snall enount migrated laterally into
the adjacent fractured margin of the Precambrian Inlier and
was poured cut as thin flows of rhyolite and ignimbrite.

3 Increased epeirogenic movement begnan in the central
southern part of the Precambrian Inlier area during the early
Pernmian, and gradually noved northwards, This caused deep~
secated novement along some Precanbrien fault-lines and the
local nmelting of sima. Basaltic nagna noved into the sialic
crust, causing some nelting, and the two nagnmas rose along the
faults cnd poured out at the surface as basic, scrme intermediate,
and acid volcanics of the first epoch.

4. With the increased novement in the Inlier sheet-like
fractures developed in the crust at o depth of about tive niles.
This possibly occurred when the upward novement of the Inlie :
was interrupted and it momentarily sagged, causing the crust
to be compressed. The first fractures were in the edge zone
of the Inlier, parallel to the long axis of the Tasnan Geo-
syncline and in a zone about 40 miles wide, and tapped the
nagna chamber at the basce of the northern part of the geosyn-
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cline. The sudden relecase of pressure on the partly solidif-
ied, though volatile-rich, mogna, cnoused rapid nelting. ‘
Because of the great rcduction in pressure, the nagna behaved
es an ignimbrite at the surface, and moved rapidly into the
fracturcd edge zone of the Inlier as a thick sill-like body

of granite. Here, the crust was domed because of the incresse
in volune of the magna, and pre-existing lines of wealmess were
ovcened under tension, The fractured crustal blocks were
slightly moved, then detached to sink into the magna to be
assimiloted, and finally the magme rose rapidly to tseke their
place, and solidified as the granite of the first epoch.

5a The solidification of this batholith rartly stobil-
ized the area, but pressure increased, and in the Triassic
cxtensive sheect-fracturing of the whele Inlier area occurred
at a depth of about five miles or less. Again the nogna-~
sourcec at the base of the Palacozoic geosyncline was taprped,
and acid nagna rich in volatiles moved out ropidly, under
tension, as a thick sill-like body through the crust ( as
described in stage 4). (A structural analogy is with a
dclerite sill, mapped by New Zealaond geologist in Antarctica
at least 1,000 miles long, 60 niles wide, and 800 feet thick
(Dr, C. Harrington, pers. corm.), This exanple shows that a
sualler sill-like hody of granite nagma (200 miles by 50 miles)
is structurally possible under cxceptional crustal and nagnatic
conditions,) The rarity in the world of high-level granites
similar tc those in North Queensland indicates that the cond-
itions for their fornation were nrobably unusual,

6. Most of the lower part of the Herbert River Batholith
of the first epoch was nmelted, mainly by a great reduction of
pressure rather than any marked increase of tenperature, to
provide the magma for the second epoch (a total of about
2,000 cubic miles, including rock assimilated in the Inlier).
Because cf only partial renmelting, o moagma rich in silica and
poor in calciun was formed which was the source of +he igneous
rocks in the Elizabeth Creck Granite Province. As the nagma
wedge noved forther west it assimilated more country rock
(including carbonacecus siltstone) and formed the graphitic
granodiorite nogna of the Esmeralda Granite Province.

Te The movement of magma through the crust caused
fractured crustal blocks of the Inlier to becone unstable; these
blocks subsided into tie magna and some were assinilated, The
nagna rose rapidly, and quietly occupied the space of the
foundered blocks: this phase become self-propogating. A
trensfer of relative positions of the magma and the crustal
blocks, without assimilation, must have becn the nost important
nechanisn in the rise of the nagna towards the surface, If all
the crustal blocks had been assinilated, the magna would have
required an unrecasonably high degree of superheat, and there .
would have heen narked local chenges in its composition; the
promounced differences which would thus have arisen between
areas in the Inlier and those in the geosyncline are not in
fact present.

S Sone of the magna was squeezed up alonz fractures
and poured out at the surface as viscous rhyolite flows, As
the nagna reached the surface pressure was rapidly released in
the top of the magma chamber, This 2llowed complete lique-
faction and boiling off of the upper part of the nagna over
vast areas of the chanber, Once beiling-off was started at
one point it would trigger off the sane recaction at other
places over the whole Inlier area. Igninbrites pcured out
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fron fissures at the surface (possibly 700 cubic niles of
igninbrites were poured outht the one tine).

The nunber of igninbrite sheets indicates that
stages 7 and 8 were repeated one to seven tines,

2 Where the nagna was depleted most, the overlying
crust sagged, oand extension fractures very rapidly outlinecd
large cauldron subsidence areas; (some resenbled grabens)
along which large crustal hlocks sank. This stopped the
eruption of igninbrite, and subsurfaoce block foundering was
accelerated, At shallow depths cylindrical or conical
fracturing became proninent.

10 The surface cf the arca was stabili:.d by ccnsolidated
igninbrite sheets. The negna, which was stoping its way %o
the surface, finally filled the space renaining after crustal
blocks dropped from the base of the igninbrite shoots., The
nagna crystallized as a nediun-grained granite under sn insul-
ating nantle of hot isnirbrite about 1,000 fcet thick. Dyke
swarris filled any remaining tension fracturcs.

Al Rapid ncvement of the mosma through the crust is
e¢ssential to the cnplacenent ncchonisn ovtlined, tc prevent
freezing at an early stoge. The cutpouring of 700 cubic niles
of magna in the huge ignimbrite sheets of the sccond voleanic
cpoch would take onc, or scveral,days. This indicates the
speed at which large volumes of nagma may be transferred fronm
within the crust to the surface, and coppariscn of this time
with the length of the voleanic and intrusive cpech of the
Lake Toba eruption (van Bemmelen, 1939), sugzsests that the
second epoch, from stage five to stage ten, probably occupied
one to five million years.
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Figure 3. Dacite ignimbrite of the first volcanic epoch.

Note compacted and welded glass shards of
groundnass, Phenocrystse mainly plagioclasc
cleaved), some embayed quartz, some augite

iron ore. X35, ordinary light,
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