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SUMMARY .

The geology of the eastern portion of the Central Highlands
of New Guinea was ma{ped on vertical aerial photographs at a
scale of approximately 1 inch = 4200 feet and plotted at/scale o
of 1 inch to 2 miles. The Bena Bena Formation, the Goroka
Formation and the Bismarck Granodiorite, all tentatively judged
to be pre-Permian in age, comprise the basement complex in this
area. Upper Cretaceous, Eocene, Oligocene, Miocene and younger
rocks unconformably overlie the basement complex. The Miocene is
the most widespread of these and contains the greatest thickness
of sediments, :

The main orogeny since the Palaeozolic started during the
Miocene with the deposition of thiek volcanics. Both basement
and younger sediments were folded during the subsequent culmins-
tion of the orogeny which probably happened during the late
Pliocene. Faulting, which accompanied the folding, is continuing
at the present time,

INTRODUCTION
Cceleqy This report describes the results of mapping carried out
w7 onee during 1956 and 1957 by field parties of the Bureau of Mineral

w“

__Resourcesgy Canberra. The work was the first investigation under-
>< takefi by the Bureau in a continuing programme of regional mapping
of areas in Papua and New Guinea.

The 1956 New Guinea regional party consisted of N. J.
MeMillan and J. E. Johnson, and operated from June till November,
inclusive., G. Siedner, of the Territory of Papua and New Guinea
Administration Resident Geologlcal Staff, was a member of the
party for the first 6 weeks. The 1957 party consisted of E. J.

: Maloneiand K. K. Hughes, and operated from July till November,
a " Ineclusive.

LOCALTION

The area mapped includes portions of 11 sheets of the New
Guinea 1 - mile series. Parts of Obulu, Toro, Chuave, Mt, Otto
and Bena Bena 1 - mile areas were mapped during 1956. The Mt.
Otto and Bena Bena sheets were completed during 1957, together
with Finintegu and parts of Dumpu, Amari, Onga, Gonomi and
Kainantu 1 - mile areas. Eaeh of these i - mile areas is bounded
by 20 minutes of longitude and 15 minutes of latitude, and com-
prises approximatelz5§90 square miles in area. The map area lies
within longitudes 145°00'E. and 146°05'E, and within latitudes
5030'S. and 6920'S. The total area mapped is approximately 2,000
square miles. (See locality diagram Text figure 1l.).

The area 1nvest1§ated lles east of the Western Highlands
mapped by Rickwood (1955). It ineludes the Upper Ramu area

wvhich Mackay investigated briefly in 1954, Roeks of the basement
complex were known to erop out in this area, but they had not beer
previously mapped in any detail. The main purpose of the survey
vas to assess the economic potential of the basement complex and
to establish the stratigraphie and structural relationships of the
complex with the overlying Mesozoic and Tertiary rocks.

Most of the area Investigated lies within the Main Ranges
physiographic provinece, at an elation of 5,000 feet or more and
has a cool, tropieal ciinate. The 1957 party operated from the
Ramu Valley for about eight weeks and the climate there is hot,
humid and enervatinge.
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ACCESS

A road links Lae with the Eastern Highlands, crossing the
area mapped from east to west, Numerous smaller roads branch off
this, giving access to much of the highlands. These roads are all
suitable for use by four-wheel drive vehicles under almost any
weather econditions. The majority are trafficable by conventional
vehieles, under normal circumstances.

Airstrips are located at many places in the area. The
fields at Goroka and Kainantu in the Highlands and at Gusap and
Dampu in the Ramu Valley may be used by e C. 3 alrcraft. Other
fields, suitable only for light aireraft, are situated at
Asaloka, Keglsugl, Bundi, Rintebe, Arona and Aiyura.

A good network of foot tracks exists throughout most of
the map area. These are maintained by the Administration for
patrol purposes. Government rest houses are situated at intervals
of about two or three hours walking along these tracks, except
in the Bismarck Range where they may be six to eight hours walk
apart. Native paths through the grass and timber are common in
many places, and are extremely useful. There were few tracks and
paths on the northern slopes of the Bismarck Range, and this
proved a considerable hindrance to the investigation in that area.

Goroka was used as a supply centre for both the 1956 and . .
1957 partles. This town is the administrative centre for the
Eastern Highlands District. It contains an adequately stocked
government store, as well as good mail and telegram services, and
several well stocked general stores. Goroka has s population
of 350 Europeans, and, besides belng an administrative centre is
rapldly becoming an important agricultural centre,

MEIHOD

Vertical aerial photographs of the whole area are
available and can be obtained from the Royal Australian Air Force.
See Aerial Photograph Index, Text Figure 2. They were used
exclusively for topographie control and for the loecation of roek
exposures. Uncontrolled photo mosalecs were first used for base
maps on which the information was plotted as it was obtained.

This method was soon discarded because the control between adja-
cent sheets was inadequate and the scale too small for the amount
of informstion being collected. Later, base maps were made in the
flield from the aerial photographs. These were found to have only
limited use due to discrepancies caused by the great change in
relief over short distances.

Slotted template compilations of the 1 - mile areas were
subsequently produced by National Mapping Office, Canberra. Most
of these were avallable early in 1957, and the 1957 party was
thus able to plot the data gained in the Bena Bena, Mt. Otto and
Dumpu areas directly ento a controlled base map. fho compilations
for the Kainantu and Finintegu 1 - mile areas were not available
until early 1958. The final geological map is based on the

glotted template compilations, reduced from photo-scale to 1 ineh
to 2 nile scalee. 2

It was originally intended to complete the mapping of
this area during the 1956 season. However, the geology was soon
found to be much more compliecated than was expected. This
necessitated a high density of traverses and spot investigations,



and resulted in less thon half the area being mapped thot yeare

The area was completed during the 1957 season, but the same density
of traverses could not be maintained. <This 1s particularly true

of the least accessible portions of the northern slopes of the
Dicmarek Nange, vhere the relationships of tho stratigraphic

vnits are stili rabher vasue.

Spot heights helow 10,000 feet elevation werc rececorded with
oIy type cneroid baromoters. Higner elevations verc measured
with a bank of three cireraft gltimeters.

Tho pood aceess roads throughout the Goroka-Kainantu area
made it possible to map mueh of that area by means of one day
troveorses from o series of base eamps. A Landrover was available
to oneh party, and was used for transport as noar as possible to
the ctarting point of o traverse, and for returning Lo the bage
campe ot all the area was so easily accessible, howcver, and
maeny longer traverses were necessarye 7The 1956 party mapped
the Buadi arca during a continuous six week traversc. The 1957
perty also spent six weeks on continuous traverse, mapping part
of the northern slopes of the Bismarck Eange.

Outerops are confined mainly to the valleys, so that most
invostigations were mode in the stream channels. Ua tracks and
nabive $ralls, contacts between rock types were approximated, but
it vas usually impossible to obtain fresh speceimens,

Hative labour is plentiful, and in rmany areas is the only
feasible means of transporting supplies. fHowever, aerodromes
gre scattered throughout this part of New Guinea and, in many
cases, alrcraft are nmore efficient for transporting stores and
personnel.

ACTTIOWE. G S

The authors wish to extend special tharks to lMr. W, Seale,
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for the considerable and varied assistance received during the
SUTVEY e :
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lMew Guineca is the largest island of the East Indian
Archipelazo (sce van Demnelen, 1949, p.2). It is divided politic-

aé;ﬁm'ﬁﬁdéllyfinto Hetherlands New Guinea on the west and the Australian

wi

g

..~ aministercd Territory of Papua and Hew Guinea on the east. The

Main Ranges (termed Central Ranges of llew Guinea by van Bemmelen,
1949, p.5Y) constitute the major physiographic region of the
islarnd. Thoy extend from near the "neck" of lietherlands New
Guilnea to the castern extremity of Papua, a distance of more than
1,200 miles. They are flanked on the north by the Central
Lepression, o lowlands region occupied by the Sepik, Ramu and
Markham Rivers, and on the south by the Southern Foothills.
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The map area 1c located in Australian New Guirea. It lies
almost entirely within the llzoin Ranges except for a amall portion
castward of Bundi wnieh is part of the Contral Depresclon.

Five dlstinet shysiogrephle features arc reegogziacd In the
£ep arcae sour of those gre within tio loin Langos, cnd the f1fth
36 tho DRam Valloy. (Sce Physiographie Skoteh [lap, woxt Figuzrc3BRe)e

Tho Bisnarek Range i1s the most imporlant of the four distivet
foaturos within the lain Ronges prescnt in the map crea.e It 1s o
north west trending chain of nmountalms, adout 129 niles leag, ond
oecupios by far the greoater part of tho 1an arcaes 4L 1g somolires
eallcé $ho Licoavck ountains (Geological Sketeh np 2of Dastern low)
Guinco, I19L5). Tho range is bounded on the north cast by the Contra
Depression, horc secupled by the morth-tutst flowlng Pexu River. It
i bordomod on the soutietest Dy the Goroka Velley ond, northevest
of tho rap area, by tho Jimnl Liver Volloy. 7Tho sovthern end of
the Bicmavek Dange divides, roith of Kalnpmbn, into g nusmher of
spurs wihleh trend south emd ot agalnst tho Ckane lighlands.

In the map arca, the visoarck Range reaehos an clevation of
15,500 foet ot ifb. Uilheln. <%he mext highest pock is I. Otto,
114630 Loot, located to the morth of Gorokn. Scveral other peaks,
for the noge¢ part unnamod, oxeced 9,000 feet In clovation,

A ehaln of nmountaing trends Zo.uil=0nst Yzon the Jicnarek

Aange north of Dauloe Those moursal.s rln dore eclled the Asaro
Nange.

A pzmber of intoroontanc hasing
of How Guincce Yhroe of thesc, tho Go
Valleysg, aro situased in tho mDap areds

exre found In the Haim Ranges
roiee Kalncnbu and Arong

“ho Okapa Higalends, imeluding tke hignlands clong the scuthe
erin bouwndary of the man area, avd the Noma Valley, a part of Shc
Ceatral deprossion, arc the ronagining two physilographlie reglons
reeognized in this arvea.

LOPQGANTT

j-fcinmang_b LATI0 e (?I)nergil

Yo ruggod, stoop, morih cagt sloping zeme loecatced betueocn
tko 1ino of peaks of the Bicoorek Donpe and the Rom DNiver £1oode
plain 1o $opographicolly distinet Lrom oo gouth-wostormn slones of
ohe angce Thls stcen zome is called the Tomu Fall, o nome vwhilen
s boen uscd loeally for many ycors.e In general, %ho elevation of
v20 torrein on tho liamu Fall drops from 10,000 feot to less than
14000 foot in q distanceo of toa milcs or lesse The gredient on
vhe couthe-itogtorn slopos of the Reage is cteep inm como plaees
rolatively gentle in othorse Ia gencoral 1% involves o drop of up
to 54000 feet over o Gistonce of four o ton miles.

The Toom Fall 1s bozlered by the T£1lcol nlain of the Nomu
River alonp o felrly streight lince 3y coatrost, ¢he houndonry of
the southewost Slopes ic Very vagUe. Lo tho Soutl-tmabern aslopes,
vhe Jisnorel nagge droas up Lnto o nunber of?spurs conarated by
feirly paturc river valloyse The gpure oither slono down to the
lovel of the Internontame basims or oxtend south to the Okopa
Siphlandse

]

]

©
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tho Maru Pall oxhiblis a very youlhful topsgronhye %5 is
drained by cuifi-flowling, casecading streange of whileh the larger
are difficult and, in some placeg, dangerous to negotiate. “he
rivers occupy steep-sided, V-shaped, genorally fairiy straight

valleys, though, in places, a tortuous drainage pattern is
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developed. Many of the straight river valleys appear to be
fault-controlled. Valley walls usually range from 15 to 40

degrees in slope, though almost sheer gorges, up to 100 feet in
height, are found in places. Tihe junctions of the larger tributar-
les wi%h the maln streams, are accordant, but the majority of the
minor tributaries join as water-falls,

The rivers draining the eastern end of the Ramu Fall flow
north-east at right angles to the trend of the range, and discharge
directly into the Ramu River floodplain. In the Bundi area,
however, the rivers draining the Ramu Fall flow north-east until
they reach a distinet, south-east trending depression. Thereafter,
the drainage is into the south-easterly flowing portions of the
Baia and Inbrum Rivers wiiich occupy the depression. The Bala and
Inbrum Rivers eventually turn north and flow into the Ramu River.
A gently rounded massif, about three miles wide by about fifteen

K. miles long lies parallel to the south-east trending depression
\\ \'andfbetween it and the Ramu River. T7<;

[/T‘( ot S e S Bi R

, The topography of the south-west slopes is rugged close to
the divide, with high, sharp ridges and steep slopes, and a
youthful s%ream pattern, but becomes relatively subdued a short
distance away from the divide., The main streams occupy wide
valleys in an early mature stage, with extensive alluvial deposits,
They are separated by divides considerably more rounded than those a
the Ramu Fall,

The south-west slopes are drained by tributaries of the
Purarl and Ramu River Systems., These two systems are separated
by a range of hills forming the headwaters region of the Komperi
River and linking the Bismarck Range and the Okapa Illighlands.
Many of the rivers dralning the south-west slopes, such as the
Karmanuntina, Dunantina and the Komperi itself, flow through
mature valleys for many miles., They are then rejuvenated, flowing
through narrow valleys for several miles before joining a major
tributary of the Purari River. This rejuvenation is present also
in the Upper Ramu River. It 1s reflected in the latest level of
erosion in the intermontane basins,

Mature soil profiles are widely developed on the south-
west slopes, particularly in the river valleys. More extensive
agriculture and a denser indigenous population in this area
reflect the difference in topography between it and the Ramu Fall.

Numerous upland valleys of mature topography are present
in the Bismarck Range on both sides of the divide. These valleys
are usually about 8,000 to 10,000 feet above sea level. One such
valley is located north of Mt., Otto. It is about 15 to 20 square
miles in area and is drained by meandering streams which become
rejuvenated at the valley edge. Similar mature valleys are found
on the south-west slopes of the Bismarck Range near Mt. Kerigomna.
A typilcal example is the valley of the Gemboli River. This river
follows a2 meandering course across the valley and has built up
alluvial terraces at a number of plaeces. On reaching the valley

W/ edge, 1t cascades stepwise for about 1,000 feect to join the upper
part of the Chimpf River.

The mature topographyof these valleys has greatly assisted
soil development. Black soil up to three feet thick, rests directly
on deeply weathered bedrock. The vegetation consists mainly of
thick forest. Open grassland occurs in some valleys which have
been deforested, possibly by fire. Alpine grassland is common at
elevations above 10,000 feet,
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dsare Range.

The Asaro Range 1s located along the south-western edge
of the Goroka Valley, extending south from Daulo. The mountains
rise to an elevation of between 6,000 and 8,500 feet, and trend
in a north-west direction. In general the mountains are steeper
on the north-east than on the south-west. Youthful rivers occupy
V-shaped valleys and flow swiftly over falls and boulder beds
until they reach the Goroka Valley where the grade lessens and
a late youth to mature aspeet is assumed.

Soil development 1s not advanced, mainly owing to the
steepness of the uplands. The vegetative cover is about 80 per
cent kunai and kangaroo grass and 20 per cent shrubs and trees.

Antermentane Basing

The Goroka, Kainantu and Arona Valleys are the three
intermontane basins recognised in the area. The floors of these
valleys are occupied by sub-horizontal lake or alluvial deposits,
which produce a distinetive topography.

Goroka Vallev

The Goroka Valley is the largest of the three. It
extends along the Asaro River from near its headwaters to its
junetion with/Bena Bena River. , The valley is bounded on the

// south-west by the Asaro Range,/on the north-west by the Kerigomna

Plateau and on the north-east ‘by the Bismarck Range. Gently
undulating uplands constitute the south-eastern boundary of the
valley, a few miles south~east of the Asaro-Bena Bena junction.
Some of these uplands have a hummocky surface controlled by the
underlying bedrock, These hummocky areas occur in patches from
a few acres to several square miles in extent,

The valley is approximately 23 miles long by about 6
miles wide, and is occupled by a level, gently sloping plain,
eroded into steps and terraces to a depth of 100 feet. The
elevation of the plain averages 5,200 feet south-east of Miruma,
5,100 feet near Goroka and 4,600 feet near its south-east bound-
ary. OStreams flowing south-west out of the Bismarck Range and
north-east out of the Asaro Range assume a late youth to early
mature aspect on reaching the Goroka Valley. The alluvial
deposits of the plain extend up some of these stream valleys for
several miles,

Two main rivers drain the Goroka Valley. The largest,
the Asaro River, rises north of Miruma and flows south-eastward
to the southern edge of the map where it changes course., It
cuts across the Asaro Range in a south-westerly direetion to join

-the Wahgi River. The second largest, the Bena Bena River, rises

¢

in a low saddle of the Bismarck Range. It flows south-west
across the Goroka Valley and joins the Asaro River. Both these
_streams meander across the plain and, in places, have ewt

-----

|n\secL rhe \\u-u Yo a l*k 09 100 S‘-‘,t
The beds of the Asaro and Bena Bena Rivers contain well

rounded boulders ranging from one to two feet in diameter. The

boulders are smaller near the centre of the Goroka Valley, but

near the edges of the valley, the average size increases and
some boulders are ten feet across, or more.

In general, the surface of the Goroka Valley is stable
compared with both slopes of the Bismarck Range. Consequently,
brown to black soil profiles are well developed in many places.
Kunal and kangaroo grassland covers most of the valley. Pine
trces and casuarinas, for the most part planted by natives,
occur in stands and individually in the vicinity of native
villages., Stream valleys are bordered on each side by "pit
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Eaigantu and Arona Vallevs -

The Kainantu and Arona Valleys are located in a roughly
triangular area between the southern foothills of the Bismarck
Range and the Okapa Highlahds. A low range of hills, ineluding
the Yonkie Dome, links the Blsmarck and Kratke Ranges and
separates the Kainantu Valley, to the west, from the larger

Arona Valley. These valleys are simlilar to the Goroka Valley,
though considerably smaller and more extensively eroded.

They are occupled by a dissected, level plain econsisting
of flat-lying lake deposits, The original lakes were drained
by the Ramu River, which has eut back through the Blsmareck
Range and pirated the original drainage system, thus initiating
a new cyele of erosion. During this cyele of erosion, the lake
deposits have been eroded to a depth of over one hundred feet
and, in many stream beds, the original bedrock is now exposed.

The average elevation of the dissected Kainantu Plain
is about 5,200 feet near Kainantu., The Arona Plain is lower,
being about 4,400 feet in elevation near Arona Agricultural
Station. )

Qkapa Highlands

The Okapa Highlands consist of the uplands along the
southern boundary of the map area, including those which mark
the southern boundary of the Goroka Valley. They are linked
to the Bismarck Range by sueh north trending lines of hills as
the Yonkie Dome. Topographically, they are similar to the

‘ southern foothills of the Bismarek Range. The relief in these
" highlands 1s of the order of 2,000 feet, the highest ridges
rising to about 7,000 feet in elevation. The divides are steep,
. though somewhat rounded, and the larger streams, at least, are
o c»en/ in a late youthful stage. /Oftem grassland :
g and thick forest growthy cover about equal areas.
South of the map area forest predominates.

Ramu Valley

The Ramu Valley constitutes the north-east boundary
of the area mapped. The valley is occupled by an extensive,
level floodplain, bullt up of a considerable thickness of
stable alluvium. The Ramu River and its tributaries have
incised this plain to depths of up to 40 feet. Gently
sloping scree deposits debouch from the major valleys in the

Ovy/’Ramn Fall, and fan out 16 the valley floor. The elevation of
the floodplain is 1,350 feet near Gusap and drops te 600 feet
near the northern margin of the map.

A large, low-lying swampy area ocecurs south of the Ramm
River, betweer the Tauja and the Aimi Rivers. This area is
drained and, eecs#Sionally, flooded by the meandering Marea
River which eventually flows into the Ramu River. The southern
margin of this area 1s roughly in line with the linear

depression occupled by the south-east flowing part of the
Imbrum River.

Open grassland with sdattered trees covers most of the
Ramu Valley, though thick forest predominates around the
Marea River.
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Glaciatlon of Mt, Wilhelm

The glaciation in the Mt. Wilhelm area was mainly
restricted to areas above 11,000 feet in elevation. However,
morainic material was deposiéed in some of the larger valleys
at elevations as low as 10,000 feet. The extent of the glaciation
is revealed by the distribution of distinetive morphological
features, many of which are visible on the aerial photographs.
These features include eirques, some of which contaln lakes,
hanging valleys and U-shaped valleys.

Johnson (1958) describes glacial features observed in
a traverse to the summit of Mt. Wilhelm up a tributary of the
Chimbu River. In that valley, a small terminal moraine was
developed at 10,500 feet above sea level. The river, above the
moraine, occuples a U-~shaped valley, wibh No spurs projectdmg
into the valloy‘Q/a is mainly straight or follows
large radius curves. Tributary streams oecupy hanging valleys,
200 to 300 feet above the valley floor. Two large lakes, Lake
Runde and Lake Piunde, are present in the valley. Lake ﬁiunde
is upstream of Lake Runde and between them is a 400 feet high
step in the valley floor. The lakes occupy what are possibly
dissected cirques, rock basins with steep sides rising to 1,000
to 1,500 feet above the valley floor. A steep walled 2,000
feet deep cirque is located above Lake Piunde at the head of the
valley.

Noakes (1939, unpub.) recorded a depth of 172 feet in
the centre of Lake Plundo. Therefore, this rock basin is the
result of super-scooping

and was certainly produced by glacial
action. € p el = Pl e s et —B Y

Cirques were visible on the aerial photographs at the
heads of most of the valleys leading down from the summit. In
many of these valleys, morphological evidence of glacial action
is even more abundant than in the valley traversed.

ELORA_AND FAUNA
ELORA

The following is baded on observations made in the
field, using the classification ocutlined in “The Resources of
the Territory of Papua and New Guinea" Vol. I, 1951.

Four main groups of vegetation are present in the map
area. These are grassland, lowland and mid-mountain forest,
moss forest and alpine vegetation.

Grass,consisting mainly of kunal and "kangaroo", covers
most of the in%eruontana basing and the lower slopes of {he
mountains surrounding them. This part of the map area contains
the bulk of the population, who have been responsible for almost
total deforestation of the area. Grass is the main vegetation
in the Ramu Valley and on the northern foothills of the Bismarek
Range, where repeated burning off has resulted in deforestaticn.

Lowland and mid-mountain forest occupy most of the map
sheet not covered by grassland and below an elevation of 8,000
feet. This forest is, for the most part, very thick with dense
undergrowth, Ponotraiion on foot is a slow and arduous process
where no track is avallable.

Alpine vegetation occuples a few acres on the three
small knobs which e¢ollectively form the top of Mt. Otto. The
same type of growth occurs on the eastern slopes of Mt. Wilhelm,
above 11,000 feet. It 1s characterised by stunted, twisted
trees sparsely scattered amongst shrubs and low grasses,
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The moss forest is found between the alpine vegetation
and the mid-mountain forest. The trees in the moss forest are
generally smaller than in the mid-mountain, but grow closer
together and are accompanied by dense undergrowth. The main
charaecteristic of the moss forest is the thick moss which
covers the ground, tree trunks and lower branches allke.

1 AU

‘Indigenous mammals are rare in the map area, with the
exception of rats. These are common, particularly in the walls
and roofs of XKunai houses. Wild pligs are present on the Ramm
Fall but are not numerous. Bird life is more plentiful and
varied, at least in areas well away from native villages. Many
types of birds, including eassowaries, cockatoos, parrots and
pigeons were seen in the forest on the Ramu Fall and numbers
of ducks were seen near the Ramu River. The pigeons and ducks
supplied excellent eating as a variant from tinned meat.,

Very few snhakes were seen during either season. No
death adders were seen in the Ramu Valley, an area where they
were once plentiful. Presumably repeated burning off of the
kunail has greatly reduced their numbers.

Leeches were the most troublesome of the pests encounter-
ed in the area. They are abundant on the Ramu Fall at elevations
below 6,000 feet, and in the timbered parts of the Ramu Valley,
particularly in £he swampy area about the Marea River. Leeeh
bites often became infected, resulting in sores which were very
difficult to heal. Mosquitoes were a source of discomfort in
the Ramu Valley but were uncommon at higher elevations. Sande
flies and the extremely persistent and numerous sweatfllies were
troublesome during the day in some areas.

2V IO e 0

The first geological investigation in the Central
Highlands was made by N. He Fisher, then Government Geologist
of the Territory of Papua and New auinea. He visited the area
in 1937 and collected fossiliferous limestone specimens from
Mt, Hagen and Chimbu. These were examined by Miss I. Crespin,
then Commonwealth Palaeontologilst.

K. Washington Gray collected Mesozoie fossils from
Mingende in 1939. A4s a result, L. C. Noakes, the Assistant
Government Geologist, was sent to the area in 1939, He carried
out the first systematic work in the area, measuring and
sampling the Mesozolc and Tertiary section in the Lower Wahgi
and Chim Rivers, His samples were examined pet»olosically by -
A. B. Edwards, palaeontologically by M. '« Glghsnexr and alss by
Miss Crespin. The results of Edwards' and Glabsner's examinations
were published in 1953. .

N. H. Fisher carried out a reconnaissance of the area,
between Kaiapit and Bena Bena in December, 1940 - January, 1941,
Quznhis maps and notes were lost when the Japanese invaded New
uulneae.

Ge As V. Stanley and K. Llewellyn, of the Australian
Petroleum Co., made the first post war investigations in the
area. They conducted a reconnalssance survey through the Central
Highlands in 1949, M. F. Glaessner (1950) examined the
samples they colleected and recognised Permian foraminifera in a
specimen of limestone from Kuta.

F. Ko Rickwood, in his "Geology of the Western High-
lands of New Guineag" (19%5) deals mainly with an area of whieh
the eastern edge 1s a few niles to the west of the area covered

during the present survey. In 1954, N. J. Mackay (1955) made
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The oldest voeks fn the gres consist of a mstamorphie
complex in which two formations, tho Llena Dsna and Gorcka Pomeatian:
are recogniszed. These are mtmm by a vasty differentiated or
eemuﬁc intrusive mass, ranging in mpasid@ from guarts diorite

§Moﬂw and, mrc rarely, to gabbro. This intrusive is
¢d the Bismarek Gfanodloﬂu.

— Zhe utmgphic complax m& the W gimsmu
&8 & To 28
et M‘Wm by Bemriety ot 362

m mmsszm comtains mamt of ‘@pgar cmtmms,
' 33 of Lower and

and a such greater thickne
8 and voleanics.

Both the basement and tm youngsy sedipentary suecession
wore invelved in the folding orogeny Mﬁtmmnﬁmm
Plioecene. 'i'hn basenent was foldsd -pte a mmsboy of vast,
inal aret _menstsafrgieahmsmje:hgxsmmgg

imentazy mantle gently or a few plaees htly
faMWummﬁmtumw,wmmtﬁgbs %
batween, these arches, PWromy wer?

———

One sush areh 1s present in this ares. It is( o
towsnphieauy in the Bismarck Renge which contains all the
cuterop of the Pelasosoie basement. Cretacecus, Zocens, Oligocene
mﬁimndimts out south of this arch in the Goroka

and north of it in Bundi arca. Only Hiocens sediments
}mrmgwmatzmmmmemm.

The Pliocene orogeny wa panied by considerable
intrusive and sxtrusive m vity. The vulcanise contimied inte
t&t mﬂmq, mwitiag gutpourings on a grand seals in

aoent aveas.s Fanlting, m ated during the orogeny, is still
' vawc,mumwﬁhf@rmﬂﬂfthé aplift of the
Bimmk Eengee

Quatemary rocks in the ares consist of extenzive
alluvial, lacustrine and pledsont deposits and minor voleanics.

The accompanying table, Table 1, introduces ard briefly
dogerides the rock units mapped in ths ma. Bast Indisn
alphadetical Tertiary sone symbols are used in this reporte
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STRATIGRAPHY

In 1922, E. R. Stanley published a list of metamorphie
rock types occurrlng in the Central llighlands of New Guinea, Ile
based his list on a study of the pebbles and boulders found in the
streams flowing out of the DBismarck Range, onto the Ramu River
floodplain. In the map accompanying his report, he showed the
metamorphic complex extending from the Dutch border to south of
lorobe. ©Stanley regarded all of the metamorphie rocks as being
Palaeozoic or Pre-Cambrian in age.

Fisher (194%) applied the name "Kaindi Series" to the
metamorphic sequence intruded by the Morobe Granodiorite and
eropping out in the area south of the Lower Markham River. He
considered them to be at least as old as the Palacysole bubt noted
that there wvere probably several systems representede Dre IFe W
Whitehouse collected fosslils from a greywacke outcrop in the
Snake Diver valley in 1943, Glaessner (1949) assigned these
fossils to the Cretacecus. It has not been established that
these fossiliferous beds are part of the "Kaindi Series”.

Mackay (1955) discusses the metamorphic rocks which
crop out over a wide area around Kainantu. He regarded these
rocks as being Palaeozoic in age.

Rickwood (1959) applied the name Omung Metamorphies
t0 the rocks intruded by the Kubor Granodiorite and the Bismarck
Granodiorite. Near the Kubor Granodiorite, the Permlan Kuta Group
unconformably overlies the Omung Metamorphies.

Zwo formatlons, the Goroka and ena Lena Formationms,
vere recognized in the metamorphic rocks ecropping out in the area
p of the present survey, the western toundary of which is located
. & few miles to the east of Rickwood's arca. The Goroka Formation
"~ is intruded by the Dismarck Granodlorite. It contains rock types
PN ghich are similar to some described by Rieckwood in the Omung
TOUp.

: The lena Bena Formation is nowhere directly in contact
‘ ! wvith the Bismarek Granodiorite. Its relationship with the
not well fnewn Goroka Formation is wague but it is possibly older. In many
places it exhibits a' higher degree of regional metamorphism than
. is common in the Goroka Formation.

GONOZA FORMATION

The Goroka Formation crops out over a large part of

the map area. On the southern slopes of the Bismarck Range it
extends from the western edge of the map sheet to the headwaters
region of the Dunantina River. On the northern fall, it extends
from the main mass of the Bismarck Granodiorite to the north-
easterly flowing part of the Ramu River. A small wedge of the

| gggg?tion crops out north of the Bismarck Granodiorite in the

Y 1 area.

The formation was first studied in a west-north-west
trending line of outcrop, about 25 miles long, situated to the
north of Goroka. The formation 1s intruded by the Bismarek

A Granodiorite, which erops out in at least 13 separate exposures
) and must be elose to the surface throughout this area. In this
area the Goroka Formation shows strong contact metamorphism.

The dominant roeck types in the formation near Goroka
are grey biotite schist, andalusite biotite schist and black,
commonly quartz veined, schistose siltstone. Knotted schist,
containing light grey patches about 1/8 inch across, of
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andalusite and felspar, is common near the intrusive contacts.
These metamorphic rocks were apparently derived from impure
sandstone or greywacke and siltstone. The sedimentary bedding
is commonly preserved and, in many cases, the schistosity is
parallel to the bedding. The indlvidual beds are from a few
inches to a few feet thick. In some of the coarser rocks,
graded bedding is visible.

Grey-green phyllite is found interbedded with
andalusite schist over a large area north of Asaro government
rest house. The phyllite is bedded, slightly calcareous in

~ places and commonly knotted with-riece—gresin—sized patchess

Buff gneiss, containing lit-par-1it injections of components

of the Bismarck Granodiorite crops out to the west of the
phyllite sequence. The rock types in the Asaro area, though
more highly metamorphosed, are comparable in part wi%h Rickwood's

. Omung Group, as exposed along the road beside the Chimbu River.

: ; afe
i Bsdix on p fmphibolite 4s conspicuous in the Goroka Formation,
northwest of Goroka. They are altered basic sills, and possibly

flows, interbedded with the gneiss and schist of the formation.
In most places the amphibolite bodies were found to be rather
shallowly dipping. The degree of metamorphism strongly suggests
that these sills were intruded prior to the original deformation
of the Goroka Formation.

Soft, black, carbonacé\pus schistose siltstone
crops out in the formation about six miles east of Goroka,
apparently conformably underlying roeks of the Bena Bena
Formation. Small lenses of grey, finely laminated limestone
are included in this sequence, Buff, hard, massive quartzite,
composed of more than 90% quartz, crops out in beds up to 200 feet
thick, interbedded with the black siltstone. Minor amounts of
conglomerate are also found in this sequence.

Grey micaceous schist, containing lenses and beds of
light grey limestone, crop out eas% of the Bena Bena River,

south of Geppavi Hill, The limestone is recrystallized in part
and occurs in beds up to two feet thick It was closely examined
for mierofossils but none were found. ﬁowever, Dr. E. Reiner,

of the Co S. I. Re 0.y collected a specimen of limestone from this
locality, containing undoubtei organic remains. These were thin,.
radiiting laminase, up to 2 gﬂb. across, indicating the presence of
¢orals, o ‘ ' g '

,

long by one mile wide, was mapped north of t =

in the Bundi area. This part of the formati consists mainly
of dark grey, blotite-andalusite schist, knotted in places near
the batholith. These roecks are regarded as Palaeozoie in age
because they are intruded by the Bismarck Granodiorite. They
are placed in the Goroka Formation because of their lithological
similarity to the rocks of that formation. They are separated
by-a fault from fossiliferous Tertiary "e" stage sediments to
the north-east.

¢ o |
A thipk wedge of Goroksa Formaté;y, about 14 miles

The sediments of the Goroka Formation cropping out
in the headwaters region of the Bena Bena River show considerably
less contact metamorphism than those cropping out north of
Goroka. These sediments consist essentially of black, schistose
siltstone, in part calecareous or carbonaceous, greywacke, partly
silicified quartz greywacke and sandstone, mica and sericite
schist, and rare cordlerite hornfels. Quartz muscovite phyllite
crops out in a few places. The siltstone is commonly pyritic
and quartz veined. It is very similar to the black, schistose
siltstone cropping out north of Goroka.

A black siltstone sequence crops out over much of
the northern fall of the Bismarck Range, from the Tauja River

south-east to the Upper Ramu River. This sequence consists main{y
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of quartz veined siltstone and calcareous silistone, pyritiec in
places and commonly schistose. It includes some greywacke,
silicified quartz greywacke and sandstone, calcarenite, phyllite,
quartz muscovite phyllite, mica schist ana rare albite-actinolite
schist.

This sequence was mapped by a series of creek traverse
extending into the Bismarck Range from the Ramu River Valley. They
are overlain by north-easterly dipping Miocene "c® stage limestone
and siltstone, but the contaet was not exposed. They were first
thought to be Miocene in age because of their similarity to the
Miocene siltstone. However, this idea was rejected for a number
of reasons. First, a lens of Eocene "a" or "b" stage calcarenite
was mapped near Dumpu, disconformably underlying the Miocene and
overlying the black siltstono sequence, It is thus, in this area,
Eocene or older in age. Further, no micro fossils were found in
any of the specimens collected out of this sequence,

A traverse across the black siltstome sequence was made
up the 0ija River, over ths Bismarck Range and into the headwaters
region of the Bena Bena River, In this traverse, it was found that
. 1t was impossible to separate thls sequence from the Goroka
Formation. It is, therefore, tentatively included in the
Palaeozoic Goroka Formation.

Only a relatively small number (45) of specimens were
collected from this siltstone sequence and examined for micro-
fossils. More detalled sampling may well reveal that Tertiary or
Mesozole sediments constitute a part of the sequence.

BENA _BENA_FORVALION

The Bena Bena Formation 1lneludes the metamorphic rocks
eropping out in the vieinity of the disused Bena Bena airfield
and on both sides of the Bena Bena River Valley for a distance of
elght miles from the Goroka Valley. The formation extends east
to the Ramu River, cropping out on both slopes of the Bismarck Range.
It oecupies a nor%h-oast trending, slightly elliptical area, some
30 miles long by about 18 miles wido. Along its so“thern boundary,
it is unconformably overlain by Miocene or unfolded Quaternary
sediments., Its northern and western boundary is against the
Goroka Formation. Neither the position of the northern boundary
nor the actual relationship involved between the two formations
are definitely established,

This formation contains rocks which have undergone
considerable regional metamorphism. In places, the grade of the
metamorphism reaches the albite-eplidote-amphibolite facies. Some
specimens show evidence of a second stage of dynamic metamorphism
which has modified the fabrie developed during the first stage.

The most common rock types in the formation include
green actinolite-chlorite schisty quartz muscovite schist, with
small garnets developing in places; knotted hornblanda-feispar
gn:é;si granltic gneissy garnet quartzite; mica schist and

ornfels. :

Many rocks in the formation are considerably less
highly metamorphosed. These include metamorphosed siltstone,
greywacke, felspathic siltstone and arkose. Felspar porphyroblasts
are present in many of these rocks. The growth of the
porphyroblasts is controlled in part, by the ecomposition and
texture of the original rock. The bedding of the sediments is
preserved in many cases, and modified by reerystallization to
produce a pseudo-gnsissic banding.
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‘a-gnelss are present in many places. South
of Rintebe, pink gneissic material was first mapped as granite
intruding éhe Bena Bena Formation. Thin sectlon examination,
however, revealed that much of the felspar consisted of secondary
porphyroblasts, and that the rock was probably a metamorphosed
arkose.

Specimens of gnelissic granite were collected beside the
Karmanuntina River, some two miles east of the Finintegu airfield.
Similar material was collected from the north slope of the
Hagulagaby River valley, cpposite the head of the vehicle track.
Both these were almost identical in texture and composition to
specimens of granitic gneiss collected from the metamorphosed
sediments cropping out throughout the area. In many places, the
granitic gneiss was interbedded with sediments showing few effects
of the metamorphism.

Quartz sericite schist 1s extremely common in the
formation. It ecrops out in the Bena Bena River area in beds from
a few inches to tens of feet thick, interbedded with actinolite-
chlorite schist. An apparently contlnuous sequence of quartz
sericite schist, nearly 1,500 feet thick, was mapped in the area
north-west of Rintebe. A quartz mica schist sequence of the
same order of thickness crops out south-west of Hengenofi,

Sheared and metamorpnosed basic sills and small intrus-
ives are present in the formation in a few places. Many of
these now consist of tremolite schist,

There are marked differences between some of the rock
typaes in the Bena 3Bena Formation. These differences may be due
to initial differences in the sediments from which they are
derived, Thus, the commonly felspathic gneiss-schist-
metasediment sequence was apparently produced by metamorphism
of quartzose, felspathlc and argillaceous sediments, such as
those derived from an “acid" land masse On the other hand, the
actinolite-chlorite schist ecould be produced by metamorphism
of basiec tuffs., -

The relationship between the Goroka and Bena Bena
Formations is not fully understood. The contact between the two
was studied only in the Bena Bena - Dunantina Rivers area and
isy in part, arbitrary. The formations are quite distinect in
hul%, but the actual boundary between them 1s not always clear
CUle

West of the Bena Bena River, black schist of the
Goroka Formation possibly underlies %he green actinolite-
chlorite schist of the Bena Bena Formation. Farther south
it appears to overlie the Bena Bena Formation. In the head-
waters region of the Dunantina River, roeks ecorrelated with
the Goroka Fomation overlie the Bena Bena Formation. These
two formations may posses§/conformable, interfingering
relationship.

It is possible, however, that the Bena Bena Formation
contains two units separated by an unconformity. There is a
suggestion of an unconformity in the area south-east of
Hengenofi. In that area, tighitly folded gneiss and schist
crop out in a creek section. Immediately above them, mica
schist crops out in a strike ridge. The mica schist shows
no sign of the complex folding revealed in the creek section,
but does dip in the direction of plunge of the tight
structures. The tight folding may simply fade out up the
section and may never have affected the mica schist. The
section between the tightly folded gnelss and the mica schist
is not exposed, If the unconformity does exist, however,
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- then the younger unit would include the mica schist -
actinolite - chlorite scdhist sequence of the Bena Bena River
area, This would explain some of the differenees in lithology
within the Bena Bena Formation, referred to above.

Whether or not. such an unconformity exists, the Bena
Bena Formation cannot be subdivided on the basis of the
present mapping.

" " oys I

On the Ramu Fall, particularly southward from Guebe,
the stream valleys contaln numerous large blocks, up to 20
feet across, of brown to green, arenaceous limeséone, and
rounded boulders of crystalline, white limestone. This type
of limestone was not found in known Tertliary or Cretaceous
rocks in the mapped part of the Ramu Fall.

One mass, exceeding one mile in length, was found in
situ about two mllas north of Yanderra, near the Imbrum
River. In this area, banded, light-brown to light-green

7 ., /‘"¢4,v:8renaceous limestone gnd conglomerate were found unconformably
/J§y¢nx 27 " oyerlying the & o Thirty feet of consolidated

boulder conglomerate directly overlies the Bismarck Granodior-
ite. The econglomerate contalns boulders of granodiorite and
hornfels, the latter probably derived from the Goroka Forma-
tion, Tilted, evenly bedded, arenaceous limestone, having a
maximum thiekness of about 250 feet, crops out above the
conglomerate, Differential erosion of the bands causes a
very characteristie corrugated surfacee.

Several samples were examined for fossils but none
were located. Fossils may be found higher up the precipitous
- 0 ~uhifve 1imestone face and a close examination of the white limestone
v.nne . found as floaters may aid in establishing the age of these
ya rocks.

. Two outliers of the basal conglomerate were mapped in
- \{ the Imbrum River valley, near Karimoki.,

It seems unlikely that the arenaceous limestone and
conglomerate are part of the Cretaceous and Tertiary sequence
cropping out on this part of the Ramu Fall. They may be
?%u§gglent to the Permian Kuta Group, mapped by Richwood

9 .

MESQZIC

Noakes (1939) made the first systematic examination
of the Mesozoic rocks in the Central Highlands. He measured
and sampled a section along the Chimbu and Lower Wahgl Rivers
and introduced the term Wahgl Series to include Mesozoiec and
Lower Tertiary sediments. alaeontological examination of
his specimens by Crespin, (1940, unpublished) Glaessner, (1943;
and Edwards and Glaessner, (1955) revealed that the Wahgi
Series included Upper Jurassic, Cretaceous and Tertiary rocks.
Edwards and Glaessner (1953) and later Riekwood (1955)

. subdivided the Wahgl Serlies and that name is no longer in use.

Sediments of Upper Cretaceous age were the only
. Mesozolic rocks found in the area of the present survey.
They crop out in foury widely separated localities:- near
Watabung, Kami, Bundl and Guebe.



- 16 -

UPPER CRETACEOUS
WATABUNG AREA

Fossiliferous Upper Cretaceous rocks crop out in an
area two miles long by half a mile wide, situated about one
mile north of Watabung Patrol Post. The rocks include light
grey mudstone and grey shale, with lenses of grey, fine grained
limestone. This shale and mudstone is soft, ealcareous and
greasy when wet, Silty lenses are present but not abundant.
The limestone lenses are discontinuous and range from a few
inches to fifty feet in thickness.

The southern boundary of these Cretaceous rocks
is a fault vwhich separates them from Miocene "f1-f2" stage
tuff and greywacke. The Daulo Volcanies, alsoe of "fi1-f2" age,
overlie them around their roughly eircular northern boundary.
The Daulo Volcanics were apparently extruded on an eroded
Cretaceous surface. This lens of Cretaceous was a high area on
that land surface and is now exposed after the erosion of
comparatively thin volcanie cover.

Numerous basic dykes, similar in composition to
the Daulo Volcanics, intrude these Cretaceous roecks. The dykes
are amygdaloidal or vesicular, indicating that they were intru-
ded at shallow depths.

The sequence dips at various angles to the north.
Continuous exposures are rare and the maximum thickness can
only be estimated. It 1s about 1,000 feet.

Certain bands within the sequence contain an
abundance of foraminifera. The most important species present
are Pseudorbitoides sp. cf. B. lsraelskli Vaughan and Cole and

, Brotzen., Crespin and Belford (1957)
refer these rocks to the Upper Senonian. ,

This sequence near Watabung does not appear to have
any equivalents in the Wahgi-Chimbu section. Their age, however
is the same as that of the Mango Marls (Rickwood,1955) which
erops out some 120 miles to the west,

EAMI_AREA

Upper Cretaceous limestone, shale and mudstone
crop out in three separate localities south of Kami, near the
southern boundary of the Bena Bena one mile area, émall blocks
of grey, fossiliferous limestone are found on the north-west
slopes of Mt. Trulatrulaga, about ten miles east of Kami, In
general, the lithologies are similar to those at Watabung. The
limestone in the Kaml area is recrystallized in places due to
intrusions of post-Miocene serpentinite.

It was impossible to estimate the thickness of the
Cretaceous sediments cropping out south of Kami. The area is
one of complex faulting and exposures are generally poor. It
was, also very diffieult to work out the relationships between
the Cretaceous and younger sediments. In places, the
Cretaceous rocks are in contact with Eocene limestone, else-
where with Miocene "f1-f2" shale. East of Kami, the éretaceous
limestone may be an erosional remnant. It is surrounded by
Miocene "e" stage sediments but no contacts were seen. Eocene
and Cretaceous rocks oceur within 200 feet of each other sbout
500 feet east of the junction of the Tufa and New Tribes Mission
roads. There are no signs of faulting in the viecinity and it
seems likely that the two units are conformable.
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The Cretaceous rocks contain P ’

runcana stuartl, Neoflabellum sp., and ef. DJA]J.QI&%-
Crespin and Jelford (1957) sugges% that these rocks belong to

the Maestrichtian stage.
BUNDI_ARDA

The first published account suggest that Cretacecus
roeks occur near Bundi was made by Erni in 1944, He described
” manian ammonite, ; (Erni), which
w8 collected from natives in the area but its original source
is not known. It is comparable with fossils collected near
Mingende, about 50 miles to the south-west, and may have been
"traded" into the district.

Fossiliferous Upper Cretacecus rocks crop out north of
Bundl Airstrip;  in a triangular area about three miles long by
one mile wide. The Bundi Fault forms the south-west boundary
of these Cretaceous rocks and separates them from Miocene "e'
stage sediments. Eocene sediments appear to overlie them
conformably along their southern margin, east of the Bundi fault.
They are separated by a possible fault from Miocene "f1-f2"
volcanics eropping out to the north.

Double-keeled Globotriuncang were found in a number of
specimens, establishing theXR Upper Cretaceous age of these
rocks. DBelford (pers. comm.) tentatively judges them to be
Senonian.

The dominant lithology is a slightly calcareous, dark
grey shale. Light pink to dark grey limestone lenses, ranging
from 1/8 inch to several feet in thickness, are common.,
general the bigger limestone lenses are lighter in colour. The
sequence 1is crumpled and dragfolded, and is intruded by many
basic dykes, few of which are more than five feet wide. The
dykes probably represent an intrusive phase of the liiocene
extrusivese.

There is probably about 1,000 feet of Cretaceous
sediments in this area but, because of the folding, it is
difficult to estimate the %hickness accuratelye.

GUEBE AREA.

A &fault wedge of rocks, at least 2 miles long and more
than ¢ mile wide, is located at Guebe, eight miles north-west
of Bundi. These roeks also contain double keeled ﬁlgh*;zu%gana
and are thought to be Senonian. {(Belford, pers. comm.). <They
are definitely not older than Turonian.

These rocks are bounded by the Bundi Fault on the
north-west and by another fault on the south-west. Lithologic-
ally, they are very similar to the Cretaceous at Bundi. Lime-
stone 1s not as abundant and the shale seems to be darker.
They are intruded by numerous amygdaloidal and vesicular basiec
dykes, ranging up to several hundred feet in thickness. It 1is
possible that some of these igneous rocks were extruded,

Summazy of Cretaceoug

The Cretaceous rocks crovping out in the map area on
the southern slopes of the Bismarck Range are soft, calcareous,
grey shale and mudstone containing lemses of light coloured,
fairly clean limestone. They are probably Maestrichtian in age.
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There are no Maestrichtian rocks in the Wahgi-Chimbu section
a few miles to the west. The Mango Marls, whieh ecrop out
about 120 miles to the west, are equivalent in age dut no
limeatone was described in £h¢ type section.

The age of the Cretaceous rocks eropping out on the
Ramu Fall is not definitely established. The presence of double
k{{llod indicates that they are definitely Turonian
oY later age. Cenomanian ammonite, deseribed by Erni,
indieates that some roeks of that age may crop out in the area,
but none were found during the present .survey. The Cretaceous
rocks seen are mainly dark grey to black shale containing
diseontinuous lenses of limestone. The limestone is generally
darker coloured than that found south of the Hismarck Range.

ZERALARX

Tertiary rocks wers first discovered in the Central
Highlands of New Guinea by N. H. Fisher in 1937. He e¢collected
specimens of what was subse tly ealled the Chimbu Limestone
from a locality near the Chimbu Airfield. Fisher's samples
were examined Miss I, Crespin and were shown to be Eoeens
in age. (Crespin, 1938). Noakes, in 1939, named a thiek
limestone se in the \vahgx-m’u-bu section as the Chimbu
Limestone. Crespin (1940, unpublished) showed that this rock
unit contained Eocens and Oligocene roeks. In 194041 Fisher
collected limestones from several loealities in the area betweer
Bena Bena and Kalapit, all of which were assigned by Miss
Crespin to the Miocecene. Riekwood (1955) tentatively assigned
%ﬂl marls which overlie the Chimbu Limestone to the

r Mioeens.

BOCLNE

Eocene rocks were mapped in the viecinity of Bundi
and Dugpu on the northern side of the Bismarck Range and near
Kami at the southern end of the Goroka Valley.

Bundi _Area

The largest body of Eccene rocks was mapped at Bundi
vhere they oeccupy an area four miles long by pe s one mlle
wide., Diagnostic fossils were found at a few ties but
most outcrops were mapped as Eocene on the basis of lithologiea:
aimilarity to the fossiliferous rocks. The southern boundary 1i:
tcntativc{y placed at the Bundi Fault. Here, Mioceene "¢ stage
shale is faulted against roeks whiech are regarded as being part
of the Eocens sequence.

Near Bundi, the Eocene may conformably overlie the
Cretaceous. One mile sast, in a stream section it is faulted
ainst volcanies at present correlated with the Miocens "f1-.£2
stage. In the Ua River, the Eccene is faulted against post-
Miocens serpsntinite nn& peridotite intrusives.

. There apz:r to be more than 3,000 feet of sediments
exposed in the sect one mile east of Bundi, It 1s impossible
to estimate the trus thickness exposed in the Ua River sections
because of probable repetition by folding and faulting.

The mcksumedasmmmempmtmthnw\
area, are mainly black shale and slate, caleareous in part, with
interbedded grey gresn sandstons. Thay contain a few s of
limestone ranging from & fraction of an inch to 20 feet in
thickness. The limestone i3 a grey to eream coloured, massive
rock, containing angular fragments of green shale up to two



- 19 -

inches long. Conglomerate beds from one to 20 feet thick are
common, particularly in the section cne mile east of Bundi.
The conglomerates contain subangular fragments of quartzite,
dolerite and banded slaty shale. The fragments are from 1/%
ineh to eight inches in length and in places, are oriented
perallel to the Deddinge.

Numerous granodiorite, diorite and some bas’c rocks
intrude the sequence, particularly in the Ua Lilver s:ction.
Thece minor intrusives have been extensively metasrzftized.
Quartz veins are conmonr in some placeS. ’

These rocks are vogaided as Hocene "g" ox "b' gtege
by Crespin and #elford (1997). This is based on the presence
of fromments of tests of Lummulites and llig in
limestore speeinens collected fron three localities,

“he roeks cropping out in the east-flowing tributary
of the “anja liver, some twelve miles east of vundl, are Included
in this Eocene seguence. L0 fogsiis vere found in the block
shale and slate cropping out in this ereek but tiey arc
lithologically simllar to Uhe fossiliferous kocene rociis.
Intensc shearing and quartz veining, and the regularity of the
drainane revealed in the aerial pho%ographs suggest these rocks
are bounded on the south-west by a fault. This feult is probably
the eoatinuation of the Dundi Fauit, vhich bounds the Eocene
farther to the wost.

Lumnn Arog

Posgliliferous calcarenite crops cut in a few small
exposures on a hillside, two miles west of Dumpu airfield.
The calcarenite underlies liloesne "e" stage limectone and
sediments cropping out 200 feet higher up tie hill. It contains
aumerous L 3 and was assigned to the Bocene "a% or

"B stage, by welford. (Personcl commumiesztion).

Bami _Area

The third area of outecrop of the Eocene is in the
Kami area, where "a" or "b" stage rocks erop out west of the
Asaro Fauﬁt. liortheuwest of Kami, the Lceenc rocks dip to the
wvest and are overlain appavently unconformably by westward
dinping conglomerate of the lilocone “f1.f2" gtage. The
relationships betveon the Locene and the other rocks in the
area are ot elear. It appears to overlie conivormably the
Haestrichtian limestone and shale in the vieinity of the New
Yrlbes iiission, iiowever, the relationship is obscured by
folding, foulting and the intrusion of larze magses of poste
:ilocene serpentinite,

ihs only fossiliferous Docene in the area consists of
fine-grolned, massive or thin bedded, light grey to mauve
coloured Globigerina limestone. Some calcareous groy shale
eropping out in the area is tentatively included ir the Eocene.

Crespin and Belford assigned these rocks to the
pocene "a" or "b" stage on the basls of the focgils contoined
in the limestone. They recognlsed the speecies lwpruld

bagelensis, Llscocvelina cf. pratid, and Agtinceveling agster.

LaOGLIET

Oligocene "e" stage roclis were recopnized ot and
near Acaro, at ueppavi Hill and at a loecality i miles east
of Geppavi {111,
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At Asarp, the rock i a massive, light codoured
foraniriferal linestones HNe contacts were observed but the
valoeozolc foroka i'ormation crops out a few hundred feet
npstream from the limestone. At Urabagss :7ill, less than a
~ile 10 the southewesh, the 0lipocene limestone unconformably
overiies hoth the yoroka ¥ormation and o cmnll stoek of the
Sdgnarek Cronodiorite, At the contact there are a few round-
od pebbles of uartz aad granodiorite, up to one inch in
dlameter, These neour ne individuel pebblos or in thin,
discontizuons conslorercte lensces The limestone grades
vovard into dark grey caleareous shale which moy be Upper
Olizocene or Lower locene., ‘e Lover JOligocene rocks at
Azaro and Jrabagza gill are less than 200 feet in thicknesse.

Thae 0lizocene index fossll, hgnru i Jus,
=08 the o2lr dlasrostie form dresent in the sampies collected,
Grespin ol welford (1057) refer the sequence to the ‘e

staze beeanse of the ahgserce of typical Upper Oligocene

formse

3 Ja

A 50 foot thick lens of lirectore, lithologically
gimiler to that ot Asarc, crops out at Genpavl Hill., This
lirectone ccntsaing obundant § itog dutermediug and is
alao referred to the "e! stages It is zeparated by a shear @
zore from schists of the Goroka Tormation cropping out to the
southe .0.tuko north, fossiliferous shale and siltstone,
probably conformably imderlying the Oliszocene Limestone, are
exnosed in road cuttinrgs. The Top 50 fect of siiule is vedded
g foasiliferous. The sequence containe 2 to ) feet taiek
heds of conzlomerate and, lower dourn the ill, it 1s separated
from the Voroga Formation by massive conilomerates The
conglomerate consists malnly of unsorted, subangular schist
Tragments, from two to three inches long, .4 15 intruded by
basic dykes. The age of the shale and conglouerate is not
known but may e Eocene,

Oligocene e staze rocis crop oul adout 28 miles
to the eacte They consist of groy-grecn, hard to soft
anleareous sihale, intruded by small hasice dyizes, aud contain
Lrmuiites lnteryedinse The sequence is ahout 100 feet thick,
it probably directly overlies the Goroka Formation. ‘thouegh
oRnosuves are poor in this area, it 1s thought tnat vere
et stage roeks overlsp the Uligoccne. Certainly, no Uligocene
roeks wvere found cnst of here.

SITUCENE

HHocene cedinonts and voleanles gre the most
widely dictributed of the Tertiary rocks in this part of New
Guinea. “hey inelude scdiments and volcanies of "e® and
"f1-£2" stages. i'or the purposed of this report, the e
ctage ineludes the umermost part of the 0lizocene and all of
e bower Hilocene.

il Fiee oy pp
fa g it (‘i

] Hoeks of the Ye" stage crop out on the Re 1 Fall
near Jundi and Guebe, ond alons the foothllls of the ..ismarek
fanme. South of the Uismarel anze, thoy cron oab belween
Lisaro and Jaulc, aad from the lena Jena River to the eastern
wavgin of the map sheet,
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The rocks cropping out from the Balac River to the
Ua River, a distance of 13 miles, are regarded ac belonging
to the one sequence. Diagnostic Ye" staze fossils were
collected at only two widely separated localities in this
area. iowever, becauce of stratigraphic continuity and
cimilar lithology throushout, the whole cequence 1s cone
gidered to be Ye" staze.

“his large hody of rocks is senarnted by a fault
from the Bismarck Granodiorite and the Goroka Formation,
cropping ovt to the south-wests a4t ils northe-east boundary,
it is faulted against Cretaceolt.s, Locene zand other Miccene
10ckS. '

wlaeek to dark grey shale and slale are the most
cormon rock types in the sequernice. ©mall lenses of dark
sTe7 e wlobleerins limestone are common in the sequence
in some places. & 200 foot taick band of bedded, grey
foseiliferous limestone crops out 1% miles west of Guebe,
ou the daia Bivere It is conformably onciosed within the
black slate sequence. ieveral smaller bands of limestone,
up to a few feet in width, cron out elsevhere but only one
containg diagnostic fosgils,.

‘the Baila liver scetion may invoive as much as
$,000 feet of sediments. Chearing was oocerved in several
vlaces, but 1s not thought to be of regional importance.
It prcoably has not resulted in significant additions to
vhe apnarent thickness of the szsction.

The age of the rocks 1s based on the presence

or the following foraminiferas- ﬁnj.ml?_pgns w,
5. orbitoides, Lepidocvelina (Eulepldina) cf.

aad L. gerbeeki. One cample from the Baia Niver seetion
contained Yogreulinells.

toclisy tentatively referred to the "e" stage,
crocp out north of the “undi and Imbrum Diver Faults. These
coavain Globigerina in places. They are mapped as "“e®
stiage because of their litholojical similarity to the
fossiliferous "e" stage rocks in the vieinity., It is quite
pussible, nhovever, that tley belong elseunere in the
stratigrasnic colunn,

iliocene sedirents crcp out along tihe south-west
mavgin of the Ramu-Maricham Valley from the vielnity of
Wararals to about eight miles north-west of Dumpu airfield.
Thece scdlreuvs consist of lenses of limesioney up to 200
foet thick and several miles long, interbedded with black
ciltstone, shale and greyvacke,

A fairly complete section through the Miocene
sequence is exposed in the crcek Jolning the Ramu River,
orposite Gusap airfield. The youagest limestone lens in
cals scetion contains f1-£2 foraninifcera, including
Operculina. Lower leascs in the section contain Ye!
stuge fovaninifera. YThe sequence examined consists of
approximately 10,4000 feet of massive and thin bedded
areys grey-blue or cream coloured limestone, sandy
limestone, marl, black siltstone and shole, brown friable
greywacke and tuff. +he siltstone is sheared 1n places and
chows some tight, minor folding. ©Several micro-diorite and
ihomsblende-felspar vorphyry dykes inlrude the sequence
aad have produced some loeal hardening of the siltstone.

‘"he lMioceae rocks are not so extensive to the
norvth-west of this section. They consist of black schistose
siltstone and shale interbedded with limestone lenses.
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The limestone lenses contaln only "e" stage foraminifera and
are apparently equivalent to the lower part of the seetion
measured south of Gusap airfield. They crop out as dip slopes,
having a relief of up to 1,000 feet. Their strike is
consistently north-west, except where they are affected by
fa~lting, as in the outcrop west of Dumpu airfield.

The l[iiocene sequencq{ cropping out in the vicinity
of the Wararals consists of limestone, ecalcareous greywacke,
sandy mudstone and siltstone, Thinly bedded, impure marl is
common, and 1s silicified and contact metamorphosed in the
vieinity of diorite and quartz diorite intrusives. A
distinctive rock type is a thinly banded prehnite~epidote
hornfels, intruded by quartz micro-diorite. This rock was
possibly originally a calcareous arkose.

Andesitic flows, crystal tuffs and agglomerate, with
minor micro-gabbro dykes, crop out in the road cuttings of
Cassam Pass, These volcanics are presumably lliocene "e"
stages They are lithologically similar to the volcanics inter-
bedded with fossiliferous "e" stage limestone cropping out
south of Xainantu.

Diagnostic "e" stage foraminifera were found in
almost all the limestone lenses in the sequence, though some
specimens contained only corals and algae. The genus
2piroeclvpeyg was renresented in most specimens. In some, 1t
was associated with the subgenus Egnn;glﬁnidina, in others with
Eulepidina. The characteristic lower "e" stage 'specles, E.
murravana and E. insulaenatalls, were recognized in many
snecimens (Crespin and 3elford, personal communication).

The relationship of the Miocene sequence to the
underlying vrocks is not lmown. The bulk of the outcrop
information in the Miocene was obtsined from the ridge out-
crops of limestone and the lmmediately underlying siltstone
beds. The black schistose siltstone sequence, which underlies
the lMiocene, crops out only in the stream channels. In every
case, there was a zap of some miles hetween the Miocene and = _
the closest outcrop of the underlying rocks. T LS

] Y
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The base of the lilocene was placed more or less
arbitrarily immediately below the lowest limestone horizon.
west of Dumpu airfield, the base of the Miocene 1s established
more accurately. Fossiliferous Eocene "a" or "b" stage
calcarenite crops out some 200 feet below “e" stages limestone
apparently with a disconformity but noA?nconformity. ? e §<

In the Wararais area, the dip of the limestone
lenses becomes shallower towards the south-west where a large
intermediate intrusive body croos out. No contact was seen
but it 1is possible that the Miocene overlies the intrusive
unconformably.

ASREODATLO gy el Prv

n folded sedimentary cequence, mapped as "e" stage,
crops out between Asaro and Paulo in an east-west trending
area about eight miles in length by three miles in width.
This sequence is overlain in the eastern part of the area
by thin Quaternary deposits but 1s exposed in the stream
channels., The Asaro Niver Fault bounds the sequence on the
south-west and separates it from the f1-f2 stage Daulo Volean
ies. The sequence overlies the Goroka Formation along 1its
north-western margin and overlies Lower Oligocene rocks at
- * Unahagga Mill.
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Insufficient fossil evidence was found to establish
accurately the boundary between the Lower Oligocene and the
"a" gtage sequence. 1lts boundary is only approximate.

The sequence consists mainly of grey to dark grey shale
and mudstone, in plaeces calcareous, with lenses and thin beds, up
to a few feet thick, of grey green, slightly calcareous greywacke,
conglomerate and limestone, The conglomerates econtain rounded
pebbles about one ineh in diameter, of grey to cream chert
and granodiorite, the latter probably derived from the Bismarck
Granodiorite. The limestone is light to dark grey or pink in
colour, hard, dense and fine grained., Dark grey limestone
lenses are common west of Asaro.

Two large bodies of limestone cropping out near Korfensg
are included in this "e" stage sequence. LFast-dipping conglomer-
ate beds, underlying the limestone, are exposed in Korfena
Waters. The conglomerate unconformably overlies the Goroka
Formation. The limestone contains poorly preserved Globicerina
but no diagnostic fossils. It is hard, dense, finely erystalline
grey, generally massive and calcite veined. fhese rocks are
included in the "e" stage because the larger limestone mass
grades upwards and laterally into calcareous grey shale,
simi%ar to fossiliferous "e" stage shale cronping out to the
south.

The sequence probably contains both Upper Oligocene
and Lower Miocene rocks. Crespin and Belford (1957) assigned
it to the "e" stage, on the basis of the following fossils which

were recognised in several samples: Spirogclvpeus ?ﬂ:ﬁﬁ:i&ﬂinig
Le.n*dmumz (Eulepidina) cf. lnsulasnatalls, L. (Hephrolepid-

dpa) cf. gumairensig var. y Necalvelolina pvgmea, G¥psin
howehind and Miogvpginoidasg o Some samples contaln
Qperculinells and all contain Glgbigerina.

The thickness of this sequence is estimated at 8,000
feetes Thilis is based on the section exposed in a stream in the
southern part of the area, where there appears to be no
repetition due to folding or faulting,.

i R -

“"e" stage rocks crop out in an east-west trending
area, extending from the south-east end of the Goroka Valley,

near the Bena Bena River, to beyond Aiyura. These rocks attain
their maximum developmen% south of the map area.

An outlier of "e" stage rocks was mapped at the
western end of this area, three miles north-east of Geppavi
Hill. A bed of conglomerate crops out at the base of these
rocks, unconformably overlying the Goroka and Bena Bena
Formations. The conglomerate is from 5 to 50 feet in thickness
and contains well cemented cobbles of granite, dolerite and
%uartz up to two inches in diameter. The contact with the

alaeozolc rocks is extremely well exposed in the north flowing
stream near the western end of the outlier. The roecks above
the conglomerate are bedded, grey, fossiliferous limestone and
hard, calcareous greywacke.

The unconformity at the southern end of the outlier
is not exposed but grey schist of the Goroka Formation crops
out about 100 feet south of the overlying limestone. The

outlier appears to occupy the core of a small syneline in the
basement complex.

The "e" stage sediments cropping out along the
southern margin of the map area are markedly different in
lithology from those cropping out in the Asaro-Daulo area and .
on the Ramu Fall. 1In both the latter areas the sediments /<. ::$”
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 Aifunka. North of Hengenofi, conglomerate constitutes a consider-
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of fine clastics and limestone with, in some places, subordinate
conglomerate ncar the base. In this area, the basal "e" stage
sodiments consist of a considerable thickness of conglomerate and
coarse clastics. These pass upwards into calcareous siltstone,
shale and marl with interbedded limestone lenses. These, in turn,
are succeeded by interbedded limestone and volecanicse

A bed of conglomerate, from 500 to 1,000 feet thick
directly overlies the Palaeozoic basement between lengenofl and

able proportion of the basal section but erops out in discontinue
ous lenses. The conglomerate consists of subangular pebbles,
cobbles and boulders of igneous rocks, quartz, blue slate and
schist, and other metamorphic rocks in a grey or brown, commonly
ferruginous greywacke matrix. liany of the metamorphic and igneous
fragments are completely decomposed. In one place, the conglomer-

‘ate contained fairly well rounded pebbles, mainly of quartz, while

the larger fragments were quite angular.

The remainder of the basal "e" stage in this area con-
sists of friabley brown, white flecked, fine to coarse grained,
micaceous greywacke and griti black and white, calcareous grey-
wvackes grey to dark blue, finely bedded silts{one and carbonac-
cous shale, in places thinly interbedded with brown greywackej
fine, blue, micaceous siltstone, in places hardenedj yellow,
friable mudstone and claystone.

The folding in the sequeonce adjacent to the Palacozoic
basement makes it difficult to estimate the thickness of the
coarse clastics., They are probably more than 2,000 feet in
thickness.

The sediments overlying the coarse clasties consist of
grey to black, thinly interbedded siltstone and sandy siltstone,
calcareous in part, grey calcareous mudstone, marl and silicified
marl. Near the base, the siltstone contains numerous lenses and
thin beds of greywacke., The sequence includes several lenses of
limestone, some of which contain diagnostic "e" stage fossils.
Silification and pyrite mineralization along joint surfaces is

common in the sequence near igneous intrusives and immediately
below the overlying volcanics. :

The fine-grained, calcareous sequence crops out in a
south-east trending area, extending from near the Bena Bena River
to the southern boundary of the map area. To the south-west, they
are overlain by f1-f2 stage sediments and volcanics. On the north-
ern slopes of Mt. Trulatrulaga, a lense of fossiliferous "e" stage
limestone is overlain by 50 feet of schistose siltstone and then by
the Daulo Volcanics, apparently conformably. Near the Bena Bena
River, a sequence of fossiliferous "f1-f2" stage shale and mudstone
oveflle the "e" stage rocks, and are in turn overlain by the Daulo
Volcanicses Apparently, the Daulo Volcanics overlap the "f1-f2"
sediments to the south-east and directly overly the "e" stage.

The complete "“e" stage sequence in the Hengenofi
area is about 4,000 feet in thickness.

The easternmost outcrop of coarse clasties referred to
the "e" stage is in the Okapa Road section, where about 1,500 feet
of conglomerate, greywacke and mudstone crop out. Farther east, ir
the Aiyura-Arona road section, the rocks cropping out are basic
volcanics, andesitie and basaitic lava flows, tuffs and agglomer-
ates, intruded by numerous dioritic and gabbroic bodies. The
volcanics are similar to volcaniecs interbedded with "e" stage lime-
stone, which crop out south of the area. In 1940, N. H. Fisher
collected specimens of “e" stage limestone from a creek one mile
north of this road, four miles east of Aiyura. It seems probable
that the volcanics are "e" stage.
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Diagnostic fossils were recognized by Crespin and
Belford (personal commmication) in specimens from four
limestone lenses in the "e" stago uquenm. Th'so include

Banded chert crops out éorth of Daulo in an oval area
zinilos long. The cheft is evenly bedded in beds
o::l; cfliargtiun ﬁf anminc!i to g;zaral feet in ﬁclm.u.
gs ¢ y yellow colour rey
black bands are also present, The roeck is of nni?
sizey hard and dense, and breaks with a eonchoidal fracturo

The econtaet of the chert and "e" stage roeks to the
south and north, though defined within a few feet in many
places, could not be studied because of soil cover, Cone
glomerato and breceia beds crop out near the southern eontact
where "e" stage shale apparently conformably overlies the chert.
Rounded masses of reerystallized limestone, two feet in
dmt:t:r, are enclosed in the chert beds noar the southemn
contact,

The chert beds are either part of the lower "e" st
or are older than "e" stage. This econelusion is based on h.
presence of chert pebble conglomeratepeds at the chert - “e"
stage contact. Further, the "e" stage shale appears to mrly
the chert beds, withmt any sign orr faulting.

’n-:znﬁzlgi ) Q A a\‘\

Three groups of "f1-f2" stage rocks are recognized in
the area, They are fine grained calcareous sediments, the
Daulo Volecanies and the Asaro River Conglomerate, a groywam
conglomerate sequence Gerived from the Daulo volmies. The
calecareous sediments are exposed near Hatab and Kami in the
Highlands, and in a small area on the Ramu F south of
Gns:g. rh.ld. The Daulo Voleanies crop out near Watabung and

south-west corner of the map area, The Asaro River
Conglomerate crops out between the two main areas of outerop
of the Daulo Volecaniess

Some roeks oropring out in the Bundl area are tentatively
assigned to the "f1-f2 They are voleanics and
sediments lithologically shilar to the Daulo Voleanies and
assoclated sediments.

n "
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"fi.f2" stage sediments erop out west of Watabung in the
Marifutica River ro they are conformably overlain by Daule
Voleanics., A north-west trending fault wedge of these sediments
crops out at Watabung. The we is faulted against Daulo
Voleanics to the south, and st Upper Cretaceous ndinntn
and Daulo Volcanies to the north, The base of this sequence wa

not seen but in all probability they overlie the Chimbu Lime-
stone to the south.

The lowest beds of the sequenece comprise mainly

fossiliferous grey shale and mudstone, caleareous in part,

eontaining interbedded lenses of grey 11mestcne. The lenaas

range in thickness from a few inches to 200 feet. Bedded

grsywa.cke constitutes most of the upper part of the section.
he greywacke gon-n-'l%lj_ots not eontain tominitora but plant

Corn sien ik ts and co £ g tsare at
Mpdiing 1,3% observe %w*fi?t long 3 ineh wiét. t:roat
lenses

eet of section eontains msiu disoon
eonglomerate generally three or reur feet thick, but in places
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up to 40 feet thick. The pebbles range up to eight inches in

ter and inelude dolerite, limestone and greywacke in
approximately equal amounts. The limestone fragments generally
contain micro~fossils. They include limestones of Upper
Cretaceous, Eoecene and Oligoecene age and of the "e" stage and
if1-f2" stage. Thus, the plant bearing greywacke and enclosed
conglomerate were produced by erosion of rocks of all these
agesy ineluding part of the "f1.f2" stage.

The shale and limestone of the sequence contain the
following fossils, indicating their "f1-f2" aget=

are also present,

The "f1-f2" sequence in the Marifutica River area
includes at least 5,000 feet of sediments, intruded by numerous
dykes sills of {lu Kenangil Intrusives. In places, the
ecaleareious shale and limestone are silicified and reerystallized
over a distance of up to 40 feet from the intrusive contact.

A fairly thick section of "f1-f2" stage rocks

crops out east and north-east of Kami, at the south-eastern end
of the Goroka Valley. The fino-ﬁrdmd sediments at the base
appear to overlie conformably "e" stage rocks cropping out to the
north, Volecanies, correlated with the Daulo Voleanies, fomm
the top part of the "f1.f2" section here, The sedmnzs, below
the volecanies, consist mainly of grey calcareous shale and
mudstone containing a few thin beds of grey green caleareous

reywacke, Limestone crops out as discontinuous lenses, rang
g:‘ a few inches to tens of feet in thickness. The limestone is
groyito light grey, finely erystalline, hard, dense and generally
massive,

%
L

TS

Although a few fragments of lamellibranchs were
found, only the miecrofossils MQfxﬂm and vere
use in dating. In the absence of other for era,
sequence is regarded as being "f1.f2" stage, (Crespin and
Belf ord’ 1957).

Some 400 to 500 feet of fossiliferous "f1-f2"
stage sediments crop out due south of Gusap Airfield, These
sediments are at the top of a 10,000 feet thick sequence of mainly
"e" stage sediments, They consist of a limestone lens contalning
"f1-f2" stage fossils, interbedded with ealcareougs siltstone and
shale., Apparently, 1£ is the result of sedimentfion in this area
continuing through from the "e" stage into the "f1-f2" stage.

The limestone specimens contained some species of

% as well as corals and algae. (Belford, personal
ca 1@.)0

DAULC VOLCANICS

The extrusive, basle igneous rocks of the "f1.f2"
Staﬁ are herein named the Daulo Volecanies, The type loeality
is in the vieinity of Daulo (latitude 6° 2'S., longitude 1%
14'E.) situated at the mountain pass between the Goroka Valley
and the Marifutica River valley. The body of extrusives :Aigod
in this area is at least twelve miles long bz about five s
wideos It is bounded on the north-east by "e sediments
at the Asaro River Fault. At Watabung, a wedge of "fi-f2"
sediments is feulted against the volecanics, Last of the wedge,
a remnant of Upper Cretaceious is exposed, unconformably overlain
by the Daulo Voleanies. West of Watabung, the voleanies overlie
"f1-f2" stage sediments. In most places in the Marifutica River
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valley the lower 100 to 200 feet of Daulo Voleanics is
characterised by agglomerate, commonly overlying conglomeratic
n91-£2" sediments. In some places, tuffs are interbedded with tThs
azgloneratc.

The volecaniecs consist mainly of hornblende-feldspar
porphyries, vesicular and amygdaloidal in part., Amygdules are
filled withk caleite, analcite, heulandite, penyite and chiorite.
Flow lincs are eommone.

Bagt of Kami, o body of voleanles crops out in an area
six miles long by about three miles wide. These voleanies are
correlated with the Daulo Volecanies. They are underlain by "fi-
£2" gtage sediments. In general, these volecanics are finer
grained than those at Daulo, are not commonly porphyritic and
arc serpentinous in many places.

vhe Asaro River Conglomerate is a thick sequence of
greywacke and conglomerate, interfingering with the Daulo
Voleanics. The unit crops out to the south west of the Goroka
Valley. The type area is in the Asaro River (latitude 6° 13'S.,
longitude 145° 25'C.) west of Kami. The conglomerate contains
well rounded pebbles, cobbles and boulders of Daulo Volecaniese.
Some tuff, agglomera%e and lava flows zre interbedded with the
conglomerate and greywacke in the north, but these beccme less
inportant farthey to the south. Tongues of voleanics again
become common in the formation at the southern end of its area
of outerop, near the Daulo Volcanics in the Kami area.

The Asaro Hiver Conglomerate crops out over an area
at least nine miles long by five miles wide. To the north-east,
the Asaro DRiver FPault separates them from the Goroka Formmation.
Towvards the south-west, they probably disconformably overlie
Eocene limestone and shale. At the southern end of their area of
cuterop, they are faulted against upper Cretaceous shale and
limestone, and are probably intruded by serpentinite. The uni¢
nay attain a maximum thickness of 10,000 feet,

Lenscs of light coloured, fine-grained limestone
are fairly common within the conglomerate. These were sampled
by Dr. E. Reiner of the C. Se I. Re O« They contain "f1-£2"
stage foraminifera, thus dating the Asaro River Conglomerate aud
the Daulo Voleanies,

Volcanics, tentatively regarded as “£1-£2" stage
crop out over a large area in the vicinity of Bundi. These are
mainly basie voleanies, lava flows, tuffs and agglomerates. In
places, the volecanics overlle "e" stage sediments, and are
possibiy contemporanecus with the Daulo Voleanies. ilo fossils
ggre found in the volcanics or in the sediments associated with

NCMe

PLIOCENE
IF VOLCANICS

The Aifunka Voleanicg are a succession of basic to
intermediate voleanic rocks whieh unconformably overlie the
[iocene sediments in the vicinity of Aifunka,, south-west of
Rainantu. They consist of fine-grained and phyritic andesite
lavas, with quartz porphyry and porphyritic augite basalt as
flows or sills and dykes. Approxin:tely 100 feet of thin bedded

fff with a few thin flows constitute the top of the succession.
eds of agglomerate are present in the sequence, particularly
near the base.

Ift, Munefinka, located west of
narrov mass of rockerisiné to 8 geigﬁf ogiifaﬁgaFggf.isle igng
&g e
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valleys and are spread out in fans across the valley floor.
However, the drainage in the valley is now actively eroding the
deposits., The Asaro River, formerly the main agent of sediment-
ation, has cut its channel through the hills to the south to a
lower level than the valley floor. It has now ineised the
Quawternary deposits to a depth of 100 feet.

The deposits in the Goroka Valley are mapped as
Quaternary undifferentiated. They range in colour from light
grey to dark grey, olive brown. They are commonly carbon-
aceous, containing whole ‘ee trunks, twigs, leaves and finely
maceraeed debris. The sediments consist of éhinly bedded or
massive clay, silt, sand and gravel. The coarse beds are
usually crossbedded and occur in irregular bodles, suggesting
channel fillings. An exception is a well bedded, 100 foot
thick cobble conglomerate, extending over an area of about one
square mile, north of Kani.

The fragmental material in these beds consists of
the more resistant roek types cropping out in the surrounding
hills., They include voleanics, granodiorite, quartz, limestone
and some metamorphie rocks. Shale and other sedimentary
fragments are rare.

KAINANIU BEDS

The Kainantu Beds consist of some 100 feet of flat
lying, fairly well bedded cobble and pebble conglomerate,
gravel, sand and clay. They produce a distinetive pattern
on the aerial photographs and are easily distinguishable from
the younger alluvial deposits. The Kainantu Beds were
probably deposited under lacustrine conditions in the Kainantu
and Arcna Valleys. Subsequently the Ramu River eut back
through the Bismarck Range, drained the lakes and pirated their
drainage system. At present, the Ramu River has ineised deeply
into the lake deposits, in many places exposing the underlying
bedrock.

The cobbles in the conglomerate beds are mainly
quartz, quartzite, diorite, gneiss and other resistant igneous
and metamorphic rocks. HNear Munefinks, the conglomerate
contains mainly quartz fragments. This is beeause the bulk
of the source material here is the basal Miocene eonglomerate,
and only the quartz fragments in that econglomerate survive
the two perlods of weathering.

RAMU _VALLEX

The Ramu Valley is an extensive level plain
occupled by an unknown thickness of alluvial deposits. *hs
alluvial material originates in the piledmont fans issuing
Hrth from the steep valleys in the Bismarek and Finisterre
Ranges. The piedmont materisl is redistributed across the
Ramu River flood-plain which occupies the entire floor of the
valley. At present, the Ramu River has eut into the valley
floor to a depth of about 40 feet. The alluvial deposits of
the valley consist mainly of eobble and pebble beds, gravel,
silt and clay. Huge boulders, ten feet and more across, are
common in the piedmont faq[i 1ssu1ng out of the mountains,

QUATERNARY VOICANICS

Quaternary volcanics wvere mapped by Mackay in
1955, at two localities, some eight miles north of Kainantu.
The volcanies eonsist of sub-horizontal rhyolite flows and
rhyolitic breecia, uneonformably overlying the Bena Bena
Formation. They are approximately 600 feet thieck and are
deeply dissected.
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These voleanics are regarded as being late Pleistocene
in age. They are similar to volecanics cropping out in the Wau
area, which overlie the Plelstocene deposits.

Alluvial deposits were mapped in many of the river valleys
on the southern slopes of the Blsmarek Range, such as the Bena
Bena and Dunantine Rivers. These deposits are essentially the

- same, in composition and origin, as these in the Goroka Valley.

Swamp deposits are being laid down in some places, such
as the large, swampy area, four miles north-west of Kalnantu.
The deposits consist largely of black, carbonaceous silt.
Ferruginous material is being deposited in some parts of this
swamp, rather in the manner of a bog iron ore deposit.

LGNEOUS INIRUSIVED

1

There are several groups of intrusive rocks cropping out
in the area, some of which represent different perliods of intrus-
ion. One group, the Kenangi Intrusives, is formally named in -
this report. The remaining groups inelude the Bismarck Granodicer-
ite intermediate to basic intrusives of unknown age, acld to basic
late=Tertiary intrusives and late-Tertliary basic and ultrabasic
intrusions. Two small, metamorphosed granites of probable
Palaeozolc age were also mapped.

Metamorohosed Dalagozoic Infrusives
This group includes two falrly small igneous bodies.

- The first crops out over an area of about 16 square miles in the

Karmanuntina River Valley, two miles east of Finintegu alrfield.
K smalleTr body crops out north of the Hagulagaby River, opposite
the end of the road.

Both these granitie bodlies are gneissic in texture,
They are similar in lithology, consisting of 30 to 40f quartz,
50 to 70% felspar, 1 to 10% biotite, muscovite and aeccessory
iron ore and sphena. The felspar is mainly albite and orthoclase
or perthitic’orthoclase in nearly equal amounts. Both these
granites have undergone considerable deformation, with the
result that 1t 1s difficult to be sure they are of magmatie
origin and not highly metamorphosed arkosic sediments. The
smaller body may bext be described as a cataelastic granite.

These two bodies intrude the Bena Bena Formation.
Because of the degree of deformation they have undergone, it is
suggested that they were intrudeé during the Palaeogoie.

BISHARCK BATHOLFFH Gio: o

The Bismarck Granodiorite (Rickwood, 1955) erops out in
the Bismarck Range at Mt, Wilhelm and for many miles to the
south-east and north-west. Thirty two igneous bodies believed
to be related to the batholith were mapped. The largest of
these extends from the headwaters of the Asaro River to the
wostern edge of the map area and, according to Rieckwood (1955),
for a further 50 miles to the north-wast,.

The other 31 bodies are very much smaller stocks which
crop out to the south~east of the main mass, The batholith is
believed to plunge gradually to the south-east. These smaller
bodies are possibly due to irregularities in the shape of the
roof of the batholith and to small stocks arising from the main
massSe
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Noakes (1939, unpub.) made the first systematic investiga-
tion of these rocks. He referred to them as the Wilhelm Granite.
In 1950-51, Rickwood (1955) remapped part of the batholith and
referred to it as the Bismarck Granodlorite. The batholith
contains a wide variety of rock types, including granite, quartz
oligoeclase rock, gabbro and ultrabasics as well as the more common
granodiorite and quartz diorite.

The Bismarck Granodlorite is fairly similar in lithology
and disposition to the Kubor Granodiorite which is known to be pre-
Permian in age. The two intrusives are probably of the same age.
A small stock of the Bismarck Granodiorite is unconformably overlain
by Oligocene sediments at Urapagga Hill. Therefore, the batholith
1s certalnly older than the Oligocene and cannot be related to the
intrusive epocn associated with the late Tertiary Arogeny.

wxamination and sampling of the main mass was confined to

g+ > the Yanderra, Bononi, upper Asarc River, Pombameri-Keglsugl and

?

Mt. Wilheln areas. The petrological sample locality Bap. shows thn;f

relationship of these areas to the mass as a whoite: Mrs, K.
Lovering of the Bureau of Mineral Resources examined 57 thin
sections of specimens collected from the main mass and a further
20 sections of acld and basic dyke rocks intruding it,

At Yanderra, the batholith 1s mainly grey, jointed grano-
diorite. Some specimens sre porphyritic. The granodiorite consits
of laths of partly serleitised oligoclase (60%), grains of horn-
blende and blotite, interstitial quartz and orthoelase and acecessory
megnetite and apatite. The hornblende is commonly altered to
biotite, actinolite and penninite, Sphene is an aeccessory in many
of the specimens from this area, some of which have been extensive-
ly sheared and crushed, :

Franlte and a rock econsisting almost exclusively of
quartz and oligoclase were the main variants in the rock types
found in this area.

The porphyritie phase of the granodiorite consists of
large, zoned plagioclase grains in a fine grained groundmass of
hornbiende feldspar, quartz, chlorite and apatite. It may represent
a separate intrusion.

In the Bononi area, the batholith is commonly granodiorite
similar to that found ot Yenderrs, Zoned plagloclase, either
oligoclase or oligoclase and andesine, makes up 50 to 65% of the
rock. Interstitial guartz (20%) and orthoclase (5%), laths of
hornblende (5 to 10%) and fragmental biotite (56) are the other
major constituents. Accessory minerals include magnetite, apatite,
seeondary venninite and less commonly, zireon. OSphene was a
conspicuous accessory in some specimens.

The south-eastern end of the mailn mass of the Bismarck
Granodiorite was studied in the valleys of the upper Asaro River
and its tributaries. Here, the batholith consists mainly of quartz
diorite with some more acid variants including tonalite, granodior-
ite and quartz oligoclase rock. °}Zrystalline, equigranular texture
is most common though porphyritie¢/ types do occur. Some of the
specimens are extensively fractured and crushed. Some show gneissic
texture and may be part of an earlier intrusion. Zenoliths of
country rock are common in the batholith in this area, near the
contact with the Goroka Formation,

The quartz dlorite eonsists of fairly basiec, zoned
plagioclaze, relict pyroxene, hornblende and some interstitial
quartz and orthoclase. Magnetite, apatite and sphene are the
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accessories, The plagioclase consists of andesine grading to
oligoclase at the margins. In some specimens the andesine
surrounds residual blebs of labradorite. Secondary sericite
replaces some zones in the feldspar.

The variation in the batholith in the Asaro area lies
mainly in the percentage of feldspar and quartz. Plagloclase
;anges ;rom 45 to 65%, orthoclase from 0 to 15% and quartz from

to 30 .

The rock types of the batholith cropping out in the
Pombameri-Keglsugl area are substantially the same as found in
the upper Asaro River area. A specimen of granodiorite from this
area 1ls typical of much of the Bismarck Granodlorite. It
consists of subhedral grains of zoned plagioclase (55%), quartz
(20%), interstitial orthoclase (30%), brown biotite (7%), green
amphibole (5%) and accessory magneti%e, sphene and gpatite. The
plagioclase 1s zonad from andesine to acidie oligoclase. Some
sections of similar rocks show amphibole replacing pyroxene.

Porphyritic quartz diorite is a more basic variant
which is fairly widespread in this area. The pnenoecrysts have
cores of bytownite grading abruptly to a margin of oligoclase.

In some specimens from this area, ferromagnesians comprise up
to 30% of the rock. They include hornblende, actinolite, pyroxenc
and biotite.

The rock types of the batholith in the Asaro-
Pombameri-Keglsugl area are significantly more basic than those
in the Yanderra-bononi area. In the Yanderra area, oligoclase
is the dominant feldspar, quartz is common and pyroxene rare.
In the Asaro area, andesine is the dominant feldspar, quartz
is less abundant and pyroxene is a common, though minor,
constituent.

The Bismarck Granodiorite is well exposed on the
slopes of Mt. Wilhelm above an altitude of 12,000 feet. The
rock types cropping out in this area are mainly basie and ultra-
basic in composition, quite different from the remainder of the

pe- oo batholithe. These rocks were sampled during a single traverse
oy % from Lake Piunde to one of the peaks on the summit ridge of Mt.
" wilheIm., Basic rocks are widely distributed in this area but
thei;nrelationships with the remainder of the batholith are
not owne.

On the sumiait ridge of Mt. Wilhelm, the rocks are
mainly black and white, coarse-grained gabbros. They consist
of unzoned plagloclase (60%), ranging in composition from
bytownite, (An75) to labradorite (An55), pyroxene (25%), brown
hornblende (5%), magnetite (5%) and accessory apatite. The
pyroxene is mainly diopside with some hypersthene and is
commonly partly altered to chlorite.

A more basic variant is a pyroxenite consisting of
hypersthene (60%) intergrown with magnetite (20%), bytownite
(10%) and chlorite (2%) replacing what may have been olivine.
Another variant is hornblendite consistin% of pleochroic
yellow-brown hornblende (75%), bytownite (15%), pyrite (5¢) ana
some chlorite, epidote, calcite and clay minerals,

A black and grey stratified rock, about 100 feet
thick, 1s exposed on the slopes of Mt. Wilhelm, above Lake
Plunde., The rock is a troctolite consisting of layers of



dunite and peridotite, interspersed with anorthosite.

These basic rocks are possibly part of an intrusion
which preceded the granodiorite-diorite intrusion of the
Bismarck Granodiorite.

The 1solated bodles related to the batholith are
generally very similar in composition to the main mass,
They range from granodiorite to diorite in composition and
contain numerous xenoliths of the Goroka Formation. The main
differences between the smaller stocks and the main mass are
in texture and graimsize. They are generally finer-grained,
darker in colour and the smaller stocks, at least, are
perphyritic.

The largest of these bodies crops out around
Mt. Otto, north-east of Goroka. It is mainly quartz diorite
with some orthoclase-ricin dififerentiates, The feldspar 1s
mainly andesine with outer zones of olisoclase. The orthoclase
content is as high as 15% in some specimens.

The second largest stock crops out a few miles
to the south of the Mt. Otto stocke. It is mainly s diorite
wlth some more basic, gabbroic phases. The diorite consists
of laths of labradorite, plates of green hornblende, magnetite
and accessory apatite and sphene. A little quartz is present
in a few specimens. Remnants of pyroxene surrounded by
amphibole occurg in soue specimens from this stock.

Numerous dyke rocks intrude the Bismarck Batholith., -
They include quartz dolerlite, andesite porphyry, oligoclase
hornblende porphyry, amphibolite, basalt, aplite and other
acidlc intrusives. The dykes are commonly intruded along
joint planes in the batholith. Many of these intrusives are
possibly late stage differentiates of the original magma.
However, some of them exhibit some peculiar features. A group
of amphibolite dykes intruding the batholith in the Yanderra
area were found to be recrystallized. The dykes are about 10
feet in wildth and have sharp contacts with the granodiorite
but no detailed investigation of thelr relationships was made.
Under the circumstances, there is nothing to indicate the cams
of the recrystallization. Cause

Intrisives of Unknown Age

The intrusives grouped under this heading intrude
the Palaeozoie rocks. Their relationship to the Tertiary
sediments is not knowvm. Included in this group are the
Yonkie ttock, the Cassam Diorite, a number of granodiorite
bodies in the vieinity of the Pumassi River, gabbro and
granodiorite east of Aifunka and several small granodiorite
and diorite bodies intruding the Bena Bena Formation.

The Yonkie Stock is apparently a composite
intrusion. It consists mainly of hornblende sabbro, in
places metasomatized to mongonite and granodiorite. A more
basic phase, consisting of olivine gabbro and verging on
pyroxenite 1n some specimens, is also present in the mass.

s specimen of hornblende granodiorite was collected from the
northern end of the ¥onkie Mass. The minor intrusives
associated with thils intrusive consist mainly of olivine
miecro-gabbro., It is possible that this mass is the result
of an initial gabbroic intrusion and a later, more acid
intrusion. This could explaln why several specimens show
signs of belng altered from an original hornblende gabbro
composition to a final monzonitic composition. ‘The felspars
in these specimens have calcic cores surrounded by rims of
orthoclase or sodic plagloclase.
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The igneous intrusive exposed near Cassam is a horn-
blende diorite. It consists of 50 to 60% plagioclase,
orthoclase, 5 to 10 quartz and accessory biotite, augito,
sphene and 1ron ore. The granodiorite specimen from the
northern part of the Yonkie Stock is extremely similar in
composition to this diorite. North-west of Cassam, there is
a estion that "e" stage sediments unconformably overlie
the Cassam Diorite. The contact was not seen but the lenses of
limestone close to the diorite dip shallowly north-east off
the intrusive while those farther away dip much more steeply
to the north-east.

The Pumassi intrusives consist of six granodiorite
bodies all similar in composition. They are much more acid
than the other intrusives included in this TOoup. Thcy are
ecomposed of approximately 20% quartz ioclase, 1
orthoclase, 1 hornblende, 1 biot{t. aad minor accessory
minerals. Sun. of these 1ntrusives may be part of the one mass.
They were exposed in creek sections and it ic not possible to
tell from photo interpretation whether they link up or not.
They are almost certainly comagmatic. The Pumassi granodiorite:
are differentiated from the Bismarck Granodiorite because they
contain a much higher percentage of biotite than is usual in
that mass.

Olivine gabbro crops out in a land-slip a few miles east
of Aifunka. Granodiorite crops out east and south of the
gabbro. The relationship between the two is not known, but

be part of the one composite mass, possibly l!lillr to
the Yonkie Stock which contains the same diversity of roeck
types. The relationship of these intrusives to the "e" sta
sediments is not known, The basal "e" stage conglomerate dips
shallowly to the south-west away from the granodiorite. The
gabbro exposed in the landlip is overlain by agglomerate
correlated with the Aifunka Volecanies. The gabbro and agglomer=-
ate ere similar.in wéathered outerop and in overall composition.
Also, some of the minor intrusives in the Aifunka Voleanies are
lithologically similar to the gabbre. Thus, the gabbro is
possibly associated with the Aifunka Voleanlea of Pliocene age.

Kenapzd Intrusives

The Kenangi Intrusives consist of sills, dykes and
stocks of granodiorite, diorite and hornblende gabbro. They
intrude both "e" stage and "f1-£2" stage rocks., They erop out

1n1{nbetwucn Kenangi and Watabung, and north of Wa along
e of the Asaro Fault. Few outcrops of Kenangi Intrusives
were mapped intrud the Daulo Voleanies. The two are litho-
logie similar it is possible that they represent intru-
sive and extrusive phases of the one magma.

The intrusives range in size from stoecks, more than
one mile across to dykes only a few inches in wiath. Many of

the smaller intrusions have a fine-grained chilled marzin
usually not more than two inches wide, which grades 1lporcopt1b1y
into the coarser-grained part of the 1ntru:1an. In places, the
dykes and sills are veslcular and amygdaloidal, indicating thgt
they were intruded at shallow depths.

The Kenangl Intrusives are mainly grey-green po itie

ineluding andesine porphyry, diorite porphyry itic
dolo Itc and hornblende-pyroxene porphyry Scno of zha larger
stocks are granodioritc. The phnnoo ysts are gonly enh.ﬁr:l,
and range from a 0 @ 1f inc
The ground-mass is / c
amounts of felspay, amphi -10
guartx with acces ory 1

lspar is mainly within the

C
u{.biotito, :Elorito and ©'"°
te, apa and pyrite. The
anAcoino-labrndorito range.
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A hard, siliceous zone is developed in the Lower Miocene
shale adjacent to the larger Kenangi Intrusives. This meta-
morphic aureole is pyritic in many places. Two samples of the
pyritic hardened shale were assayed for gold and yielded
results of &4 and 6 dwts. per ton.

The Kenangi Intrusives are thought to be equivalent to
the Ga Intrusives, cropping out to the west, (Rickwood, 1955),
and go the Late Porphyries of the Edie Creek area. (Flsher,
1944),

Late Tertiary Intrusives

The largest body intruding the Tertlary sediments i1s a
hornblende gabbro cropping out in the Dunantina River. This
mass is about seven miles long by about three miles wide.
Several small stocks and numerous dykes of similar lithology
crop out to south and south-west, intruding "e" stage and f1-f2
stage sediments and the Daulo Voicanics. The smaller intrusives
are very similar to the Kenangl Intrusives and are almost
certainly equivalent.

The hornblende gabbro consists of 65 to 70% plagioclase,
25% hornblende and accessory pyroxene, orthoclase and iron ore.
In some specimens, the percentage of augite 1is much higher and
the rock 1s a gabbro. The minor intrusives include andesine
porphyry, hornblende-andesine porphyry, micro-dlorite and
porphyriéic dolerite. One stock of granodiorite crops out east
of Kami,.

The late Tertiary intrusives cropping out on the Ramu
Fall are all of falrly small size. They range in composition
from granitic to dioritic. Dozens of grey-green, pyritic intru-
sives crop out in the Bundi-Guebe area, particularly in the Ua
River sectlon, and farther to the south-east in the Oija River
- section. They range from dykes a few feet in thickness to
stocks one quarter of a mile across. They consist of porphyritic
andesite, andesite, micro-diorite, micro-granodiorite and rhyo-
dacite. In the Bundi area, these intrusives are generally
oriented in a north-west direction. Many are intensely sheared
and schistose, and some are undoubtedly associated with zones
of shearing. Metasomatism also has affected some of these
minor intrusives.

No orientation of the intrusives in the Oija River section
was noted. Some bodles showed alteration effects but none were
markedly schistose.

Other late Tertiary intrusions cropping out on the Ramu
Fall include hornblende diorite, micro-gabbro, altered syenite,
trachyte and rhyolite. Rhyolite intrudes "e* stage sediments
near Wararais and a similar rock type intrudes the Eocene
sediments west of the Tauja Fiver. Doth these consist of 20 to

30% quartz, 60 to 70% felspar and accessory iron ores, biotite
and hornblende., '

halo Tertlary Bagic and Ultrabaglc Intrusives

These include bodies of serpentinite, peridotite and
gabbro. They were mapped in the vicinity of Kami and in the
Bundil area of the Ramu Fall,

Two masses of serpentinite were mapped south of Kami,
the largest more than two miles long by one mile wide. The
rock is dark green, schistose and soft. It was intruded into
Cretaceous and Eocene rocks probably at the same time as the
late Tertiary faulting and folding. The serpentinite has re-
crystallized the Cretaceous limestone but has not affected the
assoclated shale to any extent.
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SIRUCTURAL GEOLOGY

The major structural feature in the map area is the
predominant north-west trend. This trend existed in Mesozoie
and Tertiary time, being reflected in the long axis of the
depositional basins. It was more firmly established as a result
of the late Tertiary orogeny. The trend is reflected now in
the north-west striking axis of the geanticlinal Palaeozoie
block, in the strike of the axes of the Tertiary Yaveufa and
Orlowat Synelines, in the linear Ramu-Markhem Valley and in the
strike of the "e" stage sediments along the margin of that

valley andl lastly, in the strike of such faults as the Imbrum,
s

?undi and Asaro Fault. (See Structural Sketeh Map, Text Figure
LR T o O/A \, "l:\
2 Jeev9 \ ¢

Folding e

The outcrop of the Palaeozoic rocks, the Bena Bena
and Goroka Formations and the Bismarck Granodiorite, is found
in a north-west trending belt extending diagonally across the
map area. This belt is the dissected crest of a geanticlinal
arch topographieally expressed as the Bismarck Range. The
development of this arch may have commenced earlier than the
Tertiary. Land masses of Palaeozolc rocks possibly existed in
much the same place as the present Bismarck Range during most
of the Mesozoic and early Tertiary. The presence of conglomere
ate beds at the base of the "e" stage sediments cropping out
between Hengenofi and Kainantu gest the existence of a near
land mass to the north. The foiging and faulting of the late
Tertiary orogeny accelerated the process of uplift of these
areas, a process which is continuing at the present time,

: The broad arching was superimposed on the original
folding in the Palaeozoic sediments without greatly modifying
the earlier trends. Many steep dips were measured in the Bena
and Goroka Formations but almost as many dips of less than

were recorded. In general, the impression is not of tight
folding. The structures which can be traced are rather broad,
gently plunging folds with, in many places, the flanks of the
folds strikgng at right angles to one another. In some areas,
there are indications of overfolding. The Goroka Formation
sediments on the Ramu Fall are much more tightly folded. The
trend of the folding is mainly north-west, and this folding is
probably due to the Tertiary orogeny.

Sediments of Upper Cretaceous to Miocene age are

exposed along the south-western and north-eastern flanks of
the arched Palaeozoic rocks. In the south-west of the map area,
Cretaceous and Terti sediments erop out in a broad synelinal
structure between the Bismarck Range arch and the Kubor Range
arch, south-west of the map area. This syneline, called the
Yaveufa Syneline, was probably an actively sinking basin of
deposition during most of Tertiary time. It was certainly so
when the 'f1-f2"stage voleanics and associated sediments were
laid down. The syneclinal strudture involves mainly the fi.f2 -
stage volcanics and sediments., The axial nlane of the syncline

ars t steeply to the south-west and was traced over a

: out eighteen miles. The Orlowat Syneline, a few
miles to th-east of the Yaveufa Syneline, involves "e"
stage and 1-§§?st&go_tudinunts. It was also probably an
active basin of deposition during those times. The bulk of the
Orlowat Syneline is located south of the map area. Its axial
plane is apparently vertieal.,
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L Lot The Yaveufa and Orlowat Synclines are more or less) -
T .. ,.,.parallel though-slightly off line. > Cretaceous roeks crop out
st 80 @ faulted and intruded zone south of Kami, between the south-

east end of the Yaveufa Syncline and the northe-west end of the
Orlowat Syncline. It is possible that this zone is a ruptured
anticlinal structure separating the two synclinese.

Tightly folded "e" stage sediments crop out west of
Urabagga Hill., This tight folding is possibly due to the sedl-
ments being compressed between the Palaeozoic basement and the
extremely competent mass of the Daulo Volcanics.

Cretaceous, Eocene and Miocene sediments crop out in the
north-east of the map area in a number of fault wedges. The area
is one of intense faulting and intrusion. The sediments are
steeply dipping but, generally, their relationships are concealed
by the faulting.

The eastern end of the Bismarck Range arch is flanked by
ng* stage sediments to the north and south. They erop out along
the north-east flank, striking north-west and dipping at a more : -
or less’constant angle of 45° to the north-east. Some minor
folding was found in this sequence, involving the siltstone and
shale. The limestone lenses are apparently monoclinal,

Mainly broadly folded "e" stage sediments, dipping at
15° to 30° in most places, crop out south of the Palaeozoic
block. North of Hengenofi the basal "e" stage sediments are very
tightly folded. This locai tight folding is possibly due to the
intrusion of a body of gabbro to the north-west and crumpling
of the sediments against the Palaeozoic basement.

Faulting

Most of the faults which were mapped in the area trend
north-wvest, parallel to the main structural trend. Two groups of
north-west striking faults were recognized, the Asaro-Watabung
Faults and the Bundi-Imbrum Faults,

The Asaro Fault separates the Asaro Range to the south
from the Goroka Valley to the north. The fault is still active,
as is evidenced by its displacing alluvial fans on the edge of

jxl the Goroka Valley. At Watabung,wgfgault wedge trends nearly B
- parallel to the Asaro Fault but;wedges out ¥ Tew miles south- .
Loss¢  yest of Watabung. The boundary\feu&% his wedge are probably
veewte i'ghe southeeastern extension of the Gorgme Thrust Zone (Noakes,
1939) which repeats the section exposed in the Chimbu River Valley:

The faults in the Bundi-Imbrum River area have resulted
in wedges of Cretaceous, Eocene and Miocene rocks being faulted
against one another and the Palaeozoic basement., The Imbrum Fault
is the most important. It 1s expressed topographically by a long,
narrow depression and a marked change in the direction of flow
of the Imbrum and Baia Rivers. It is suggested that an easterly
striking extension of the Imbrum Fault is the southern boundary
of the swampy, low lying area drained by the Marea River,

The Bundi Fault 1s located southe-west of the Imbrum
Fault, These two faults meet near Guebe in the north-west
corner of the map area. The eastern extension of the Bundi
Fault possibly joins the Imbrum Fault east of the Tauja River.
Thus, these two faults may enclose a crescent shaped wedge of
Cretaceous, Eocene and !Miocene sediments.

South-west of the Bundi Fault, and more or less
parallel with it, is a major fault separating Miocene sediments
from the Palaeozoic basement. This fault trends east and
possibly joins the Bundi Fault.
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These three faults dip stee§l§/;o the north-caste. They
are planes of differentlal UPLifty rcsulting from the Tertiary
orogeny. The existence of othsf north-usst strilting faults
in the Bismarck Range is suzgested by alignment of the drainage
in places. These structures are evident in the zerial photographs
though they vere not mapped on the ground. It seems probable that
ruch of the uplift in the Bismarck Ronge is duc %o movement of
fault blocks along planes of differential uplift.

The north-cast trending Helwig Fanlt is the only major
structural feature in the map area wvhich does not parallel the
goneral trend, This fault displaces HMlocene and Eocecne sediments
near the Ramu River., It strikes roughly north-north-cast, and
is expressed topographically in the precipitous fault secarp
vhich constitutes the peak of lMt, Helwlg; in the Bena Bena Gap
vhich is the lowest divide in the Bismarck Rangey and to some
extent, in the dircetion of the Bena Bena River. North-east
tronding faults near Kami and cast of Geppavi Hill are nearly
on line with the llelwig Fault and are tentatively linked up with
it. This fault marks the south-eastern boundary of the
Goroka Valleye. .

Little is known about the cnvironment of deoposition of
the Palacozolce sedinments. The Bena Bena Formation seems %o
consist of elements representing more than one environment of
deposition or representing deposition from more than one source,
The abundant arkosic material in parts of the formatlion may
indicate rapid deposition in a near source positiocn, the scdi-
ments possibly being derived from s rapidly rising land mass.
The green actinolite chlorite schist of otheor parts of the
f‘orréation9 howvever, does not seem to beleng in such an environe
TienTCe

The Goroka Formation contains an abundance of fine
clastics, particularly black quartz siltstone and carbonaceous ><L
siltstone, The fine grainsize may (reflect distance from source
or the slov crosion of a fairly low .land mass. . L Aeshe,

The Permian rocks overlapping the Efbor Granodiorite
(Rickwood41955) were deposited In seas of/limited extent. They
are novhere exposed in the area of this report nor are they
reported in areas to the south. The suggestion of Permian age
for the "corrugated" areraceous limestone unconformably overiying
the Bismarck Granodiorite ncrth of Yanderra, should be considered
with the utmost caution.

Considerable thiclmesses of Jurassic and Cretaccous rocks
are oxposed to the west and south of the Goroka area. In the
Goroka area, however, only remnants of Upper Cretaceous sediments
vere found. Apparen%ly, the Upper Cretaceous seas transgressed
to the north-east and the Upper Cretaceous rocks at Watabung and
at RKami resulted from that transgression. The Upper Cretaceaous
€ac§s at Dundi probably represent the initial sedimentation in

at arca.

The distribution of the Bocene rocks indicates that the
Upper Cretacedus and Eocene seas were more or less co=-extensive
in the Goroka and Bundi areas. The presence of Oligocene
sediiments direectly overlying the Palaecozoie basement at Urabagga
and Geppavi [ills indicates a further northe-casterly trans-
gression of the seas after the close of the Eocenc. It is alse
further confirmation that part, at least, of the present Bismarck
Eigge ves a positive area during most of Iesozoie and Tertiary

Ce
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No Oligocene rocks were found in the Bundi area, bgz/;s
quite possible that detailed investigation vould reveal thedr
presence., At all events, the Bundi arca vas one of almost
continuous sedimentation from Upper Cretaceous to Miocene. This
sedimentation apparently did not extend far to the south-east,

as only Mioccenc sediments are found flanking the Palaeozoic roecks
along most of the Ramu Fall.

Yhe transgression on the south side of the Dismarck Range
vhich was initiated during the Oligocene continued into the carly
Miocene. Rocks of the "e" stage probably overlap the Oligocene
at Urabagga Hill, and certainly do so at Geppavi Hill., The "oV
stage rocks directly overlie the Palacozoic basement along the
gouthern and north-castern margins of the map areca.

The Miocene seas probably covered considerably morc of
the basement than the present outcrop limits of [liocene sediments.
However, it seems likely that much of the present outerop areg
of the Palacozoic rocks was land during the [Miocene time also.
In particular, the conglomerates and coarse clastics of the basal
"o® stage near Hengenofi and Aifunka sugrmest the existence of a
Palacozoic landmass at no great distance to the north.

Trends in the "e" stage limecstone lenses indicate that,
at some time during the "e" stage, the seas were continuous around
the south-eastern end of the Palaecozoic block, There are no
equivalents of the basal "e" stage coarse clastics of the Hengonofi
arca in the Mioecene section of the Ramu Fall., The latter seem to
be equivalent to the calcarcous sediments, limestone lenses and
volcanies which overlie the coarse clastlec sequence. Pogsibly
the transgression of the [locene seas into the Ramm-lMarkham Valley
arca took place after the deposition of the coarse clastiec
sequence to the south of the Palaeozolc bascment.

The oxtent of the Miocene depositional area contracted
during the "f1-f2" gtage. HNowhere are "f£1-f2" scdiments found
ovorlapping the "e" stage. Further, fossiliferous cobbles of
"f1-£2" stage, "e" stage, Eocene and Upper Cretaceous lirestone
were collccted from a conglomerate below the base of the Daulo
Volcanies. This indilecates that rocks of all these ages were
exposed to erosion during the "f1-f2" stage. Probably, the con-
traction of the Mlocene seas in the "f1-£2" stage is related to the
rapid sinking of the depositional basins to accommocdate the very
great thicknesges of "f1-f2" stage volcaniecs and sediments
deposited.

The Daulo Volecanics were poured out under partly
terrestrial conditions. The vast thickness of the Asaro River
Conglomerate is made up of Daulo Volcanie material, redeposited
under marine conditions, with a few lenses of fossiliferous
limestone. These two units were deposited on a surface consisting
of "f1-f2" stage, "e" stage, Eoceno and Upper Cretaceous rocks.

GEOLIORPHOLOGY

A fairly close relationship exists betueen the topography
and the major geological features in the eastern Central Highlands.
Thig is mainly due to the recent date of the major orogeny and the
rapld erosion rate. The depth of weathering, however, tends to
obscure the less outstanding geological changes and makes photo-
interpretation almost impossible.

] The Bismarck Range directly reflects the folding and
uplift of the Palacozoic block. The amount of uplift increases
towards the north—west{ culninating at Mt, w11h.elmf vherc the

%is%arck Granodiorite exposed at an elevation of over 15,000
eel e

Within the Bismarck Range, the détailed topography ig
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controlled by the hardness of the vrock types. In gencral, the
metamorphies are fairly resistant and produce a rugged topography.
Phe most rugged features in the Range arc the scarps of "e"

stage limestone which crop out along the northern foothills
beside the Ramu-llarkham Valley. <The Bismarck Granodiorite
veathers rather casily. At many places ih the range, mature
valleys are developed at elevations of 8,000 fect or more, on
rocks of tho Batholith, It is possible %hat sone of these upland
valleys arc produced by more rapid erosion of the intrusive rocks
than of the contact metamorphoscd aureole about the intrusion.

The many faults in the Bismarck Rangc are commonly
oxprossed topographically in the very straight courses folloved by
sone streams. <Typical examples are thne south-ecast flowing parts
of the Inbrum and Baia Rivers. '

The Asaro Range, with peaks rising to over 8,000 fect,
is composed of the f1-f2 stage volcanics and sediments deposited
in the Yaveufa Syncline. At the southern end of the Corola Valley,
£he Daulo Voleanies weather into inmumerable, small rounded
hummoecks, The reason for this unusual and distinctive norphology
is not knoun.

The Goroka Valley is possibly a downefaulted blocl, in
vhich Quaternary deposits have accunulated., The south-western

boundary of the Goroka Valley closely follows the line of the
Asaro Vauvlt, and the southe-eastern boundary follows that of the
Helvig Faulé.

There has been no large scale mining activity in the
Bastern Central Highlands. Alluvial gold won by individuvals or
small parties of Europeanr prospectors represents the bulk of the
mineral wealth produced in the area. Though some prospectors have
received good returns for their labours, the total value of gold
production is not impressive, At preseat,the aumber of Europeans
engaged in gold mining in the area is on {he declinec. Houeover,
over the last few years, the nunber of natives engaged in goldmine
ing has greatly increased., The natives can operate successfully
on roturns which are too low to interest a Buropean.

The bulk of the gold produced in the map arca has been
won in the Upper Ramu arca. Yonkle Creek, Aifunka, Ornapinka,
Barola and Wasananka Crecks have all yieclded appreciable —
quantities of pold, though no accurate figures for quantity
produced are available. Table 2, below Eivessdetails\of total
proguction in tho Uppor Ramu axed fron 195849 0 1957-58,
inclusive. :

Ne
mgcd s'SGM‘fQ

YEAR Fine Ogzs. [Elne Ozs. Eine 0zs. LOTAL VALUE
1948 1,309 71 - £1%,105
1949/50 1,335 2 - 18,352
1950/51 1,206 2 . 18,710
195i/52 995 71 - 15,492
1952/53 1,299 102 — 20 4 2Ll
1953/ 1,073 71 o 16,%13
1954/55 1,141 73 - 17,856
1955/56 1,501 117 063 234506
1956/ 1,864 117 J042 29,166
1957/58 1,538 86 24,070

The only lode mining in the arca is at Aifunka vhere
gold-garnet-magnetite lodes are being worked by underground mining
methods. In general, the lodes are conformably associated with
andesitic volcanies, the Aifunka Volcaris.
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They are possibly the result of partial replacement of
agglomerate lenses within the volcanics. The Territory of
Papua and New Guinea Mines Departme:t completed a drilling
programme at Aifunka during 1958, designed to determine the
grade and extent of the ore bodies. The results are not
promising. :

Gold won in Ornapinka, Barola and Nasananka Creeks
and in some other tributaries of Ornapinka Cresk, was mainly
derived from a coarse, blocky, quartz pebble conglomerate.
This forms a conspicuous unit in the Pleistocene Kainantu
beds in the vicinity of Mt., Munefinka. In this area, the
source of the Kainantu Beds was partly the basal Miocene
conglomerate. This contained a small proportion of guartz
with other, more abundant rock fragments., Howaver, on erosion
of the [iocene conglomerate, most of ine rock fragments
veathered away, thus leaving mainly quartz fragments for
inclusion in the Kainantu Beds..

A similar concentration process may be responsible
for the vorkable quantities of gold contained in the quartz
pebble conglomerate. The gold was possibly shed by the
Palaeozoic metamorphic rocks, concentrated in the [fiocene
Conglomerate and reconcentraﬁed in the quartz pebble conglomer-
ate beds. At present, the Pleistocene conglomerate is being
most intensively worked on Barola Creeck.

In Yonkie Creek, a Pleistocene alluvial terrace is being
sluiced for gold. The eource of the gold is apparently
associated with the Yonkie Stock. The fineness of this gold
is much greater than of that mined at either Barola Creek or
Aifuvnka,

At Efontera Creek, fairly good gold values have been

' found in a boulder conglomerate in the Kainantu Beds. This

conglomorate contains mainly granodiorite and volcanie fragments,
and little or no quartz.

Production of metals other than gold consists of
several hundred pounds of hand picked copper ore, mainly
malachite and covellite. Thls was mined from a small, dyke=-
like lode near Yonkie Creek.

?

e = During the 1956 and 1957 surveys, mineralization of one

(- emmo;{:'u

A g

sort or another was found in many places but never in-interests
quantities., Thirteen specimens were collected from various
localitles and assayed for gold. Two samples were collected

of silicified, pyritic Miocene shale, intruded and metamorphosed
by a body of Kenangl Intrusives. These twc samples were hand-
plcked to contain the most intense pyrite mineralization. The
assays showed they contained 4 and 6 dwts. of gold per ton.

An assay of 5 dwts. of gold per ton, was recorded for
one sanple of quartz and pyrite stringers in silicified
Goroka Fommation, collected 63 miles north-east of Goroka.

Calcarejfous, cupriferous veins within the Bismarck
Batholith near Yanderra were sampled and assayed at 4% dwts. of
goid per ton. Natives are working the streams in this area for
gold.

Ass ays of 3 and 4 dwts. per ton were rccorded for
samples of quartz veins in the Goroka Formation near the Seventh
Day Adventist saw mill, north of Goroka. The remaining samples
assayed at only 1 cr 2 dwts. or traces of gold.

Small scale copper mineralization was cbserved in the
Goroka Formation adjacent to a small intrusive, 7 miles south-
west of Gusap airfield. Mineralization, other than pyrite, was
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seen at a few other localities. Pyrite mineralization was
expremely widespread, particularly in the vieinity of 1lntrusive
bodies. Specimens of mixed sulphide ores, mainly pyrite and
zine sulphide, were collected near Efontera Creek in 1958,

This deposit is not very extensive however,

The prospects of finding large scale economic
mineralization in the Eastern Highlands do not appear to be
bright.
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STRATIGRAPHIC TABLE.

Age Formation Estipated iax.
Thickness
( R -
( Undifferentiatec 100t Clay, siit, sand, gravel and boulder heds. Alluvial and
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