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ABSTRACT

The entire succession lying above the Bobonaro Scaly Clay
olistostrome in Indonesian Timor is included in a new group, named
the Viqueque Group. This group is subdivided into the Batu Putih
Limestone, Sabaoe Limestone, Noele Marl, Noil Lakoe Marl, Soe Lime-

stone and Noilbesi Conglomerate Formations. Twenty six members are

recognised within these formations. The detailed stratigraphy and

~sedimentary history of these units are described. The Viqueque

Group is shown to range in age from the Late Middle Miocene (N15)
to Quaternary (N23).

The overall Soro Uplift of Timor is shown to have consisted
of phases of uplift lasting from Late Middle Miocene (N15) to Late

Pliocene (N21); from uppermost Late Pliocene (N21) to Early Pleis-
tocene (N22); and from the Late Pleistocene (N23) to the present.

Evidence is also presented for a stable phase in Late Pliocene
(Early N21) times and phases of subsidence during the Late Pliocene
(N21) and during the Pleistocene (at approximately the N22/N23
boundary).

The Mataian Orogeny is shown to be Pleistocene (N22) in age
rather than Late Pliocene as previously supposed. A further phase of

folding named the Bidjeli Phase, is shown to have taken place during

the Late Pliocene (N21) in Timor and to have been preceded by a less

important phase of folding in Middle to Late Pliocene (Early N21) times.
The Central Basin of Timor is shown to comprise three structural

sub-basins, the Kupang Bay, Bokong and Noele Sub-basins, each of which
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is bounded by a number of major fractures. These sub-basins were
formed in the Late Pliocene (N21), at a time probably coincident with
subsidence along the Timor Trough. The implications of Viqueque
Group history for the Late Miocene to Pleistocene development of the

Wetar Strait-Sahul Shelf region are discussed.
Finally, similarities are shown to exist between modern

sedimentation in Kupang Bay, Timor, and the sedimentation of certain

units of the Viqueque Group.
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INTRODUCTION
This thesis is the result of geological field and laboratory

work carried out between June 1966 and June 1969 on the Late Miocene
to Quaternary deposits of Indonesian Timor.

The main object of the research was to establish the strati-

graphic succession and nature of the equivalent in Indonesian Timor of
Audley-Charles' Viqueque Formation of Portuguese Timor, and to

determine the nature and extent of the Late Tertfary basins within

which the formation was known to have been deposited. To this end

a total of eleven months was spent in the field, in Indonesian Timor,
during which time many detailed and general stratigraphic sections
were measured, and a large number of samples collected. Microforam-
iniferal analysis was conducted by Mr. D. J. Carter of Imperial
College, London, on samples from the most important type sections.

The initial stratigraphic work was preceded by field geological
mapping on a 1:50,000 scale, of selected parts of the Late Tertiary
basins. This, the first detailed mapping of this portion of Indonesian
Timor, was necessary in order to plan and meaningfully interpret the
subsequent stratigraphy, and was supplemented by reconnaissance mappind
and photogeological work.

Finally, a semi-detailed sedimentological study of the modern
day embayment of Kupang Bay was conducted in érder to determine the
similarities, if any, which might exist between this embayment and
certain stages in the Tertiary evolution of the structurally related

onshore Tertiary sub-basins.
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Chapter 1. General stratigraphy of the Viqueque Group

(A) Lithostratigraphy

The earliest detailed stratigraphic subdivision of the Plio-
Pletistocene rocks of Indonesian Timor can be attributed to De Bruyne
(1941), who distinguished five major 1ithostratigraphic units

comprisiﬁg, from the base upwards, 'Globigerina limestones and marls'

(Zone 1), 'Limestones and calcareous conglomeratic sandstone' (Zone II),
'Soft clays, marls and sandstones' (Zone III), 'Marls, sands, foramin-
iferal limestones and oyster beds' (Zone IV), and finally an uppermost
~unit of 'Terrace conglomerates' and 'Coral limestones'.

These five units were correlated by Van Bemmelen (1949)
directly with the later ones of Hopper (1942), who recognised a
‘Batuputih' unit, a 'ribbed sandstone' unit, upper and lower ‘grey
siltstone' units and an 'uplifted coral reef' unit. It would appear
from Hopper's description however, that at least part of his upper
grey siltstone unit is equivalent to part of De Bruyne's Zone III
(Table 1).

Although both of these workers recognised the gross litho-
stratigraphic divisions of the Plio-Pleistocene succession of
Indonesian Timor, both were restricted in their areas of study and
neither attempted formal definition or subdivision of the litho-
stratigraphic units, one of the major obstacles presumably being
the widespread lateral and vertical facies changes which characterise
the succession.

Although prior mention of the Neogene succession of Portuguese
Timor had been made by Weber (1911, in Wanner, 1956), the first
recognition of.these rocks as a stratigraphic unit was made by

Grunau (1953) who named them the 'P1io-Pleistocene Series', but
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Table 1. Stratigraphic subdivision of the Viquegue Group
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later amended this to 'Viqueque Series' after the town of Viqueque on
the southern coast of Portuguese Timor, where the rocks are well
exposed.,

Formal definition of the Viqueque Series of Grunau and its
recognition as a lithostratigraphic unit in Portuguese Timor was
first achieved by Audley-Charles (1965), who amended the name to
Viqueque Formation and distinguished as members of this formation
the Lari Guti Limestone, the Dilor Conglomerate and the Seketo

Block Clay. These members were each later given formation status
by Audley-Charles (1968).

Because of the much greater extent, complexity ang thickness
of the Plio-Pleistocene succession of Indonesian Timor, the whole
of the post-Bobonaro Scaly Clay succession, ranging in age from
Late Middle Miocene to Recent is here included in a group, named
the VIQUEQUE GROUP. This group is taken to include:

(a) the Indonesian Timor equivalent of Audley-Charles'
Viqueque Formation of Portuguese Timor (comprising, in
Indonesian Timor, the BATU PUTIH LIMESTONE FORMATION
and the NOELE MARL FORMATION)

(b) a new formation, missing over most of Portuguese Timor,
named the SABAOE LIMESTONE FORMATION

(c) the NOIL LAKOE MARL FORMATION, possibly equivalent in part
to the Dilor Conglomerate of Audley-Charles (1968)

- (d)  the lithostratigraphic equivalents in Indonesian Timor

of Audley-Charles' Baucau Limestone and Ainaro Gravels

of Portuguese Timor, defined in this thesis as the SOE

LIMESTONE FORMATION AND THE NOILBESI CONGLOMERATE

FORMATION.
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The Viqueque Group so established {s fundamentally different
lithologically from the entire pre-Middle Miocene succession, thus
satisfying one of the prime stratigraphic characteristics of a group
according to the British code of stratigraphic nomenclature
(Harland et al. 1972).

These formations and their relationship to the stratigraphy
of Hopper, De Bruyne, and Audley-Charles are tabulated in Table 1.

The complexity of the vertical and lateral changes in

Tithology within the Viqueque Group of Indonesfan Timor has neces-
sitated the recognftion within these formations of twenty six members,
each of which is defined in this thesis in accordance with the rules

of the British code of stratigraphic nomenclature (Harland et al.
1972). The increasing tectonic instability under which the Viqueque
Group accumulated and its overall regressive nature {s reflected by
the fact that twelve of these members occur within the uppermost

two formations, the Soe Limestone and Noilbesi Conglomerate Formations
respectively, which together represent a time span of only 0.7 million

years, compared with approximately 10 m.y. for the remaining four

formations of the Viqueque Group. Most of the following detailed
stratigraphic account is therefore concerned with the development
of the Batu Putih Limestone Formation, the Sabaoce Limestone Formation,
the Noele Marl Formation, and the Noil Lakoe Marl Formation, during
which time most of the Late Neogene and Quaternary development of
Timor took place.

This detailed stratigraphic subdivision has revealed that

the Late Tertiary history of Timor took place not by means of a
single uplift (the 'Soro Uplift', Audley-Charles, 1968) but by way
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of a series of movements which may be regarded as phases of

the Soro Uplift.

(a)

(b)

(c)

(d)

(e)

(f)

These movements are:

a Late Middle Miocene (N15) to Late Pliocene (N21)
phase of uplift, here named the FATU LAOB UPLIFT

a phase of tectonic stability in Late Pliocene times
(Early N21), here named the SABAOE STABLE PHASE

a Late Pliocene (Late N21) phase of subsidence, here

named the BIDJELI SUBSIDENCE
a Late Pliocene (Late N21) to Early Pleistocene (N22)

phase of uplift, here named the NOELE UPLIFT.
an Early Pleistocene (N22) to Middle Pleistocene (N23)

phase of relative subsidence, here called the SOE
SUBSIDENCE

a Middle Pleistocene (N23) to Recent uplift, here called
the NOILBESI UPLIFT.

Furthermore, in addition to the Mataian- phase of folding

of Audley-Charles (1968), evidence is presented in this thesis for

phases of movement (a) at the end of Batu Putih Limestone deposition

(N20 to Early N21) and (b) at the end of Sabace Limestone deposition

(Early N21) in addition to minor local movements in the Late Miocene

to Early Pliocene (N18-N19) and in the Late Pliocene (Late N21).

Reference should be made to Table 1, in which these events

are tabulated.
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(B) Chrono- and Biostratigraphy .

According to Felix (1915) the coral limestones of Niki
Niki (equivalent to the Soe Limestone Formation of this thesis)
contain a ratio of 65.5/34.5 of living to extinct coral species,
and are therefore of Upper Pliocene age.

De Bruyne (1941) however, regarded the entire sequence
(comprising his five stratigraphic units) as Plio-Pleistocene on
the basis of its molluscan fauna. Later, Brouwer (1942) assigned
an Upper Miocene to Lower Pliocene age to the ‘Batu Putih S;ries'
(equivalent to the Batu Putih Limestone of this thesis) on the
basis of its similarity to the Globigerina marls of this age in

Java. The age of the Viqueque Series in Portuguese Timor was

attributed by Grunau (1953) to the Plio-Pleistocene on the basis

of molluscan evidence. This was later amended by Gageonnet and
Lemoine (1958) to Upper Miocene (T f2) to Lower Pleistocene. Audley-
Charles (1968) later used various lines of evidence to date his
Viqueque Formation as Upper Miocene to Upper Pliocene, and included

within the latter the Dilor Conglomerate and the Seketo Block Clay,

attributing only the Baucau Limestone to the Pleistocene.

Analysis of samples from the writer's type sections of the
Viqueque Group in Indonesian Timor by Carter (unpublished report
dated 1970a) resulted in a detailed foraminiferal zonation of the
Viqueque Group. This helped both to confirm the succession and
assisted in the correlation of widely separated Viqueque sections
throughout the island.

By means of these dated type sections it will be shown in

this thesis that the lower part of the Viqueque Group, comprising
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the Batu Putih Limestone, Sabaoe Limestone and Noele Marl Formations
ranges in age from Late Middle Miocene (N15) to Early Pleistocene
(N22) in both Indonesian and Portuguese Timor. Audley - Charles'
original Viqueque Formation (equivalent to the Batu Putih Limestone,
Sabaoe Limestone and Noele Marl of Indonesian Timor) is therefore
somewhat younger than he stated. An indication that the lower part

of the Viqueque Group ranges up into the Pleistocene is obtained from
the placing of the Pliocene/Pleistocene boundary at the base of a

thick series of turbidites in the Noele Marl type section (Carter,
unpublished report dated 1970a). From this it can be concluded.that

the deposition, subsequent strong (Mataian) compressive folding,
uplift and erosion of these turbidites, all took place within the
Pleistocene, although the latest of these events can be shown to
have taken place in Indonesian Timor not later than the N22/N23
boundary.

Dating of the lowermost member of the Batu Putih Limestone
has similarly shown that the Viqueque Group extends downwards as
far as the Late Middle Miocene (N15) and that the Miocene/Pliocene
boundary (N18/N19) falls in the middie of the Batu Putih Limestone
succession,

Accordingly, although the Viqueque Formation, Dilor
Conglomerate, Ainaro Gravels and Suai Formation of Portuguese Timor
are positioned in Table 1 as originally dated by Audley - Charles
(1968), the Viqueque Formation actually extends upwards to the N22/
N23 boundary of the Pleistocene.



Chapter 2. Distribution of the Viqueque Group

(A) Indonesian_Timor

The SW-NE trending Late Tertiary basin of central Indonesian
Timor which Van Bemmelen (1949) called the Central Basin is divided
in this thesis into three structural sub-basins (Fig. 1), comprising,
from west to east: (i) the Kupang Bay Sub-basin of probable Quaternary
origin, containing sediments of Pleistocene (Soe Limestone Formation)

and Recent age, together with isolated outliers of the Late Middle
Miocene to Late Pliocene Batu Putih Limestone Formation; (i1) the

Bokong Sub-basin, containing 1400 metres of Viqueque sediments; and
(ii1) the Noele Sub-basin, containing 1300 metres of Viqueque sediments.
In both the Bokong and Noele Sub-basins all six constituent formations
of the Viqueque Group are represented.

Separating the Kupang Bay and Bokong Sub-basins, and the Bokong
and Noele Sub-basins are the Tjamplong-Naifallo and Soe-Kapan Highs
respectively, consisting mostly of Bobonaro Scaly Clay with thin
cappings of the Soe Limestone Formation.

To the south of the three sub-basins are the Oekabiti, Panite
and Kolbano Highs, consisting mostly of Bobonaro Scaly Clay and older
rocks with cappings of Soe Limestone Formation and occasional outcrops
of the Batu Putih and Sabaoe Limestone Formations.

Lying to the north of the three sub-basins is the Northern
Mountains High, from which most of the Viqueque Group has been
removed. Sediments belonging to the Batu Putih Limestone, Sabaoe
Limestone and Soe Limestone Formations have, however, been recorded

in part of this region (Fig. 1).



(B) Portuguese Timor

Sediments belonging to Audley-Charles' Viqueque Formation
occur mainly in a number of south coast basins in the region of
Matai , Beco, Colitie, and Viqueque (Fig. 1). Some of these are
known to extend offshore. Field reconnaissance and sampling of
parts of the Colitie and Viqueque Basins by the writer has revealed
that the Sabaoe Limestone Formation of Indonesian Timor is not
represented, most of the succession belonging to the Noele Marl

and Batu Putih Limestone Formations.
North of the south coast basins, Audley-Charles' Viqueque

Formation outcrops consist only of Batu Putih Limestone, with a
thin, unimportant development of Sabaoe Limestone Formation in an
outcrop near Bere Cole on the north coast.

An important fact apparent from this distribution is that
the deep water Noele Marl Formation, which comprises most of the -
succession in the Bokong, Noele, Matai , Beco, Colitie and Viqueque
Sub-basins, is absent from the entire region to the north, the
§oe Limestone or Baucau Limestone resting unconformably upon the
Batu Putih and Sabaoe Limestone Formations.

Also apparent is the approximate alignment of the depoaxes
of the Indonesian Timor and Portuguese Timor Viqueque Basins. The
Viqueque Group/Formation outcrops occurring in central Indonesian/
Portuguese Timor north of Matai- appear to belong either to the
Batu Putih Limestone Formation or Soe Limestone and Noflbesi
Conglomerate Formations, and do not 1ie in an easterly structural
continuation of the Central Basin of Indonesian Timor, as was formerly

thought (Audley-Charles, 1968).
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Fig. 1: Viquedue Groupédistribution in fndonesian and Portuguese Timor
Majorfstructurallsubi- basins\include:

(a) The Kupang:Bay:Subeé basin; containing the éatu Putih Limestone and
Soe Limestone Formations in addition to Recent deposits. -
(b) The Noele and Bokong Sub - basins containing the Batu Putih Limestone, -
Sabaoe Limestone Noele Marl Noil Lakoe Marl Soe Limestone and |
Noilbest Conglomerate Formations, } | |

(c) The Matai. Beco Colitie and Viqueque Sub - basins of Portuguese

Timor, containing (i) the. equivalent of ‘the Noele Marl and Batu Putfh

Limestone Formations (ii) the Dilor Conglomerate Formation of
Portuguese Timor and (iii) the approximate equivalent of the Soe Limestone p,'
and Noilbesi Conglomerate Formations of Indonesian Timor. comprising,
in Portuguese Timor, the Baucau Limestone. Ainaro Gravels and Suai
"Formations. o " 5 ", L
Note ‘the apparent alignment of the depoaxis Joining the
ifdepocentres of the Indonesian Timor sub - basins with that joining
those of the Portuguese Timor sub - basins. F:(v7 | L
0utcrop distribution in Portuguese Timor from Audley - Charles |
(1958) Data from Indonesian Timor outside mapped area from Audley - ‘

Charles (personal communication) and reconnaissance mapping.
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Chapter 3. The Batu Putih Limestone Formation

(A) Introduction

The Batu Putih Limestone is the lowermost formation of the
Viqueque Group and comprises a series of distinctive white calcilutites
and tuffs with subordinate m&rls, which unconformably overlies the
Bobonaro Scaly Clay in Indonesian and Portuguese Timor, The white lime-
stones which constitute most of the succession were noted by De Bruyne
(1941) who placed them in Zone I of his Central Basin stratigraphy and
by Hopper (1942) who named them the ‘'Batu Putih Series'. Similar
limestones were also described by Audley-Charles (1968) from the

south-coast basins of Portuguese Timor, and included in his Viqueque

Formation.

(B) Distribution

Due to the extensive cover of younger deposits, the formation
does not crop out over mosf of the Noele and Bokong Sub-basins. The
most extensive outcrops are present (a) along the southern edge of the
Bokong Sub-basin, mostly along the Nofl Bokong and Noilmina Rivers;
(b) in the region south of the Bokong Sub-basin, where scattered outcrops
overlie the Bobonaro Scaly Clay; (c) along the southern edge of the
Noele Sub-basin and (d) along the north-western edge of the Noele
Sub-basin (Fig. 2). Lithologies corresponding to those of the Batu
Putih Limestone have also been described from the northern mountain
region. (J.5,Noakes, personal communication) from eastern Indonesian
Timor (L.Giani, personal communication) and from Roti and Sabu

(Audley-Charles, unpublished report dated 1970). Samples from the last
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Fig. 2: Distribution of the Batu Putih Limestone Formation

A,B: Outcrops of the Bokong - Batu Putih fault zone. 'B' includes
the type sections of the Batu Putih Limestone Formation and of the
Tanah Runtu Member,
C: Outcrops of the Panite High
D: Outcrops of the Noele Sub - basin southern margin
E, F: Outcrops of the Noele Sub - basin northern margin.
Outcrop 'F' includes the type section of the Fatu Laob Member in
the Kali Sabaoe.

Evidence for the extension of the formation beneath the
Bokong and Noele Sub - basins comes in part from the presence of
Batu Putih Limestone clasts in diapiric extrusions of Bobonaro

Scaly Clay occurring within the sub - basins.
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three localities were confirmed as being of Batu Putih Limestone
age by Carter (unpublished report dated 1970a). A small outlier

of the formation is also present on the south side of Kupang

Bay (Fig. 2).

(C) Stratigraphy

(1) The type section

The type section of the formation in this thesis (Fig. 3)
was measured on the south side of the River Noilmina, at the village
of Batu Putih ('white rocks') on the south side of the Bokong Sub-basin,
where the formation crops out as a series of white cliffs.

In the outcrop, as in most others in Timor, two major units
can be recognised, consisting of (a) a lowermost seriés of calcilutites
and white vitric tuffs (the 'calcilutite unit') and (b) an uppermost
series of grey foraminiferal marls with rare tuff interbeds and
occasional, fine grained, graded arenites (the Fatu Laob Member).

In the type section these units attain an aggregate thickness of

187 metres.

Underlying the calcilutites of the lowermost part of the
type section in outcrops between Tacari and Bokong, west of Batu
Putih, is a thin succession of olive-green, shiny clays, white lime-
stones, tuffs and thin, graded arenites here named the Tanah Runtu
Member. Foraminiferal analysis of this succession by D. J. Carter
(personal communication) showed it to belong to zone N15 of
(Blow, 1969) or to the Late Middle Miocene, suggesting a consider-
ably older age than Batu Putih Limestone samples from the type
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Fig. 3: Batu Putih Limestone Formation

Type section, measured 200 metres southeast of the village of

Batu Putih, Bokong Sub - basin. Note the presence of the two
principal units of the formation, the Fatu Laob Member and the
calcilutite unit. The third unit of the Batu Putih Limestone, the

Tanah Runtu Member, is not present in the type section, but

precedes the latter in age. The contact of the calcilutite unit
of the type section with the Bobonaro Scaly Clay is therefore

probably a tectonic one, as in most other localities in Timor.

For location of section see Fig. 2



CHRONO- LITHOSTRATIGRAPHY
STRATIGR LITHOLOGY ENVIRONMENT
ML
& Sabaoce : L Coarse Shallow water, - A
= | Limestone 220- e Lo Calcarenite High energy
S Fmn. : 1e
210-5]
— o 2l
Q i [200-F5L5] Grey marly Partially shallow,
wlZ § S5 Calcllutite and Partially deeper
ﬁ ; @ '90':3‘.'. Tuff Water marine
ol=z < T
Ol < | 1801z
:E L=
& | 170- =T . — —
= : White Deep water
e I
— Foraminiferal Open marine
S 150 : ' ; Calcilutite
[ : Fractured
140-1_1 ' o
I > —~
@ | Batu 50 - _ _ =
< | Putih - —_ 93
5 Limestone | . 1 Brittle white Deep water, <=3
g = | Fmn 1207 = o
Wwlo Calcilutite Open marine 2
Ol g | -~ 3
-% o~ L Fractured 3 S
o [ @
w | F 100-1 < <
= , I @ W
_<JI @ | : -
2 901 ]
Jo
Z | o~ I
< | ao-T L e e e e —
::J' g ’ White Deep water
704
ala 5 5 Bloturbated Open marine
g =~ 60- Calcllutite
w 5 Fractured
= 50 :
3 ’
40-
19
30§ ] +
20t
<) A — | scal t
o Bobonaro — 7 | Scaly clay with Deep water
= Scaly clay | !0 =|{ Exotic blocks Open marine
= 2




‘5'

section and elsewhere in Timor. The resulting age range extension
of the Viqueque Group also suggested a Late Middle Miocene date as
the youngest date of emplacement of the Bobonaro Scaly Clay olisto-

strome (Audley-Charles and Carter, 1972).
In the type section, the boundary between the Batu Putih

Limestone and the overlying Sabaoe Limestone Formation is a transitional
one, and is taken as the uppermost occurrence of a marl interbed within

the transitional marl-calcarenite sequence between the two formations.

In the type section this boundary also corresponds to the first appea-

rance of the coarse conglomeratic calcarenite which constitutes most
of the overlying Sabaoe Limestone succession. Elsewhere in Timor the
formations are locally unconformable.

The boundary between the Batu Putih Limestone Formation and
the underlying Bobonaro Scaly Clay is taken as the first occurrence
of a white calcilutite or white vitric tuff bed. In most parts of
Timor, this boundary is a tectonic one, due to the widespread shearing
between the competent limestone of the Batu Putih Limestone Formation

and the underlying, highly plastic Bobonaro Scaly Clay.

(i1) The Tanah Runtu Member

The Tanah Runtu Member consists of a series of interbedded
white calcilutites, white vitric tuffs with small calcilutite clasts,
sheared olive-green porcellaneous clay'and thin-bedded, graded, lithic
arenites (Plate 1, A and B). In the only exposure of this member so
far discovered, on the south side of the Bokong Sub-basin, east of

Batu Putih (Fig. 2), only 3m. of succession are exposed, and neither

iy
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Plate 1: Batu Putih Limestone Formation, Tanah Runtu Member

A: Rhythmically interbedded, white calcilutites and sheared brown
clay, near Tacari, Bokong Sub - basin. Note the 'boudinage’
structure of the calcilutites, suggesting plastic deformation.

B: Part of a thin arenite unit within the Tanah Runtu Member.

Note the extreme fineness of the bed and the presence of ripnle

bedding at the top.
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the lowermost contact with the Bobonaro Scaly Clay, or uppermost
contact with the Batu Putih Limestone Formation calcilutitesunit
is seen (Fig. 4,A). The similarity of the interbedded clays to
those of the underlying Bobonaro Scaly Clay suggests that the
succession be placed below that of the Batu Putih Limestone type
section at Batu Putih. This has been confirmed by D. J. Carter
(personal communication) whose foraminiferal analysis suggested

an N15 (Late Middle Miocene) age for the Tanah Runtu Member.

Depositional Environment of the Tanah Runtu Member

The similarity of the olive-green clay to the underlying
Bobonaro Scaly Clay suggests either (a) reworking and resedimentation
of sea floor outcropping Bobonaro Scaly Clay or (b) sea-floor deposition
of an original volcanic tuff and subsequent in-situ alteration by
shearing. Evidence suggesting the latter is provided by an observed
transition in outcrop from a light olive-green, compact, unsheared
sediment which exists near to the contact with massive calcilutite
beds, to a dark-brown, much sheared, soapy, scaly clay which exists
near the central part of individual clay units.

Abundant evidence of current reworking exists, however,
within the Tanah Runtu Member, such as reworked calcilutite pellets
within the vitric tuff beds, and the presence of small clasts of
rocks of Pre-Bobonaro Scaly Clay age within the porcellaneous clay.
A derivation from existing Bobonaro Scaly Clay outcrops by current
distribution, and later modification by shearing therefore seems the
most 1ikely explanation for the similarity of the Tanah Runtu Member

to the apparently allochthonous Bobonaro Scaly Clay.

W |
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No reliable indications exist as to the depth of deposition
of the Tanah Runtu Member. The derivation of the Bobonaro Scaly Clay
by sliding from ‘uplifted sea floor' to the north of Timor
(Audley-Charles and Carter 1972) however, clearly 1mpi1es a considerable
north-south gradient towards Timor at the time of emplacement of that
formatfon (Fig. 5, A). It is thus likely that a considerable depth

of water was present over the south coast of Timor at that.time. It

will be shown in this thesis that the first stage in the depositional
history of the Viqueque Group included an uplift (the Fatu Laob Uplift)
from Late Miocene (N18) to Late Pliocene times (N21). During this
uplift from unknown, but probably bathyal depths, calcium carbonate
deposition would be expected to begin at, or around the local

calcite compensation depth (Van Andel and Moore, 1974). One of the

" factors affecting this might have been the influence of bottom-
hugging ocean currents, known to have a significant effect on present
day Pacific Ocean sedimentation (Horn et al. 1970). The influx

of these bottom-hugging (and therefore cold) currents into an environment
which was only just at the calcite compensation depth would be

enough to cause cessation of calcium carbonate deposition and allow

a layer of reworked Bobonaro Scaly Clay to be deposited. The shifting
of the ocean currents on a seasonal or longer basis might thus produce
an alternating clay-calcilutite sequence.

The graded arenites which exist within the Tanah Runtu
éequence are interpreted as turbidity current deposits. All consist
of very fine, 1ithic sands, displaying abundant ripple and parallel
lamination indicating a derivation from the north {Fig. 5,B).
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Fig. 4: Batu Putih Limestone Formation

A: Tanah Runtu Member, type section, showing rhythmic intercalation

of limestone and clay, with subordinate tuff and arenite beds. The upper
and lower contacts of the member with the calcilutite unit of the Batu
Putih Limestone Formation, and the Bobonaro Scaly Clay respectively
are not exposed.

A: White calcilutites

B: Lithic arenite

C: 0live green clay

D: White vitric tuff

B: Fatu Laob Member, type section. Note increasing proportion of

higher energy, sandy marl towards top of succession, reflecting shallowing
during final stages of Fatu Laob Uplift.

Numbers correspond to sedimentary units, letters to facies
mentioned in the text.

C: Fatu Laob Member: Summary of lithology and depositional history of

the type section.
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Grading is well-developed, most beds grading into clay through

silt at the bed tops. Beds possessing such features are usually
of distal derivation (Walker, 1967).

In addition to the very distal aspect of these turbidites
the absence of clay or terrigenous material in the calcilutites of

the northern part of the Noele Sub-basin suggests that as late as

N18 times during the Fatu Laob Uplift, deep, open water conditions

existed in the northern part of Timor. The land area from which these

turbidites were derived must therefore have been situated outside

the 1imits of the present day island (Fig. 5, B) and may have been

the Middle Miocene volcanic island arc suggested by Audley-Charles
et al.,(1972) to have been present north of Timor at that time.

Persistence of the north-south gradient present during Bobonaro

Scaly Clay emplacement would have facilitated southwards flow of these

arenites toward the present day Central Basin of Timor.

The presence of well-developed tuff horizons within the
member does, however, suggest that the figure of 1800 kilometres
suggested by Audley-Charles et al., (1972) for the separation of the
volcanic arc and Timor may be too great. It would seem necessary to

postulate a considerably nearer source than this for both arenites

and tuff.

(ii1) The calcilutite unit A
Succeeding the Tanah Runtu Member in the Batu Putih region,

and forming most of the Batu Putih Limestone Formation elsewhere in

Timor are a series of white, compact, foraminiferal calcilutites,

white vitric tuffs and occasional, thin-bedded lithic arenites.
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Fig. 5: Palaeogeography of Batu Putih Limestone deposition

A. Middle Miocene palaeogeography of Indonesian Timor
(after Audley - Charles and Carter, 1972).

Double arrows indicate direction of emplacement of
Bobonaro Scaly Clay. Single arrows show presumed direction of
palaeoslope across Timor.
B. Suggested palaeogeography of Tanah Runtu deposition in the
Late Middle Miocene.

A: Location of Tanah Runtu Member type section

B: Direction of derivation of Tanah Runtu arenites,
inferred from ripple cross - lamination direction.
C: Suggested palaeogeography of calcilutite unit and Fatu Laob

Member deposition
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The calcilutites are characterised by abundant, visible,
pelagic foraminifera and rare, usually broken, valves of thin-shelled,
pelagic lamellibranchs. Indistinct burrows occur in parts of the
sequence, and well-preserved feeding traces of Zoophycos were noted
in the calcilutites of the Colitie syncline in Portuguese Timor
(Plate 2, B). Interbedded tuffs within this calcilutite sequence
achieve a maximum thickness of 12 metres with individual particles
extending in diameter to medium sand size. Beds are often graded
and some possess parallel or convolute lamination (Plate 2, A). Rare
tests of pelagic foraminifera are found within the tuffs.

Convolute and wavy bedding are also seen within the inter-
bedded, fine-grained 1ithic arenites, which range from 15 to 100 cm.
in thickness.

Environment of deposition

The depositional environment of the calcilutite unit appears

to have been one of consistéently low energy, above the calcite

compensation depth (3900 metres in the Miocene equatorial Pacific
(Van Andel and Moore, 1974)) but below the level at which abundant

benthonic 1ife was supported. The abundance of pelagic foraminifera

and lamellibranchs, and the very low percentage of clay material in !
the calcilutites suggests an open marine environment with insignificant
land influence. At the same time the environment was evidently subject
to the incursion of turbidity currents carrying terrigenous debris, and
to large amounts of volcanic ash settling from the water. By analogy
with the preceding member, the source of both volcanic ash and

terrigenous debris is assumed to have been the uplifted sea floor
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Plate 2: Batu Putih Limestone Formation, calcilutite unit

A: Interbedded white calcilutites and vitric tuffs, south of
Noilmina. Note the fine lamination of the tuff horizons. In the
uppermost part of the lower tuff horizon this lamination assumes
a semi - convolute form.

B: Traces of Zoophycos burrows in the Batu Putih Limestone

calcilutite of the Colitie syncline, Portuguese Timor.
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north of Timor (Fig. 5, C).
The occurrence of reworked belemnites in the Batu Putih

Limestone of the Kolbano district (M.G. Audley-Charles, personal

communication) suggests possible high energy reworking in that

region during deposition of the calcilutite unit.

(iv) The Fatu Laob Member

The Fatu Laob Member (Fig. 4, B and C) comprises a series
of grey, foraminiferal marls, thin arenites, vitric tuffs and thin,

muddy calcarenites, which forms the uppermost stratigraphic unit

of the Batu Putih Limestone Formation. The member is widespread
in occurrence, being present in both Bokong and Noele Sub-basins,
in the region south of the Bokong Sub-basin, and in Portuguese
Timor.

The type section of the member (Fig. 4, B) was measured
in the Kali Sabaoce east of Kapan, where the succession {s 29 metres
thick. The following sedimentary facies are recognised within, and
immediately preceding, the type section:
Facies A

Consists of white to grey, structureless calcilutite, with

abundant tests of Globigerina and some white, comminuted, thin-shelled

molluscan material. This facies represents the uppermost part of the

preceding calcilutite unit of the Batu Putih Limestone Formation
and is assumed to have been deposited in a low energy, open marine

environment.
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Facies B:

Comprises white tuff beds, some of which display ripple,
and/or parallel lamination. The beds are usually graded, and display
abrupt bases and transitional tops.

Facijes C:

Consists of friable grey marl, with an abundant admixture
of terrigenous clasts. Tests of foraminifera and comminuted

molluscan debris are frequent. The occurrence of large terrigenous

clasts and comminuted shell debris suggests periodic introduction
of the former, and reworking of both, by high energy currents, and
the environment is interpreted as shallow water marine, above wave
base.

Facies D:

Comprises fine, compact grey marl with Globigerina tests.

This facies shows little evidence of reworking and is assumed to have
accumulated in an opep . mariﬁe environment, below wave base.
Facies E:

Consists of fine quartz arenite displaying parallel and
wavy lamination. The beds are parallel-sided and are assumed to have
been deposited by subaqueous currents, possibly turbidity currents.
Interpretation

Study of the vertical distribution of the above lithofacies
in the Kali Sabaoe section suggests that the facies with the deepest

aspect, that is facies A, occurs at the base of the section, and that
with the shallowest (facies C), although being interbedded throughout

with the deeper water facies D, becomes gradually predominant, until

at the top of the section it passes transitionally into the base of
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the shallow water Sabaoce Limestone Formation (Fig. 4, C). This

shallowing of the succession, marking the end of the Fatu Laob
Uplift, is recorded in Timor wherever the complete section (Bobonaro
Scaly Clay to Sabaoe Limestone) is present.

The occurrence of clasts of older rocks within the Fatu

Laob Member in the northern part of the basin indicates erosion

of land in the vicinity. In spite of this, however, thick beds

of arenite or conglomerate do not occur in this generally regressive
sequence, terrigenous material being limited to isolated clasts and
sandy admixtures within the marls. This is in direct contrast to
the succession in the northern part of the area, during the later

Noele Uplift, which includes thick turbidite deposits and strongly

implies that the area now occupied by the Northern Mountains was

one of relatively low relief throughout the Fatu Laob Uplift and

until well into Sabace Limestone times. The very well-sorted, fairly
mature turbidites of facies 'E' above, which occur in the marl member,
would support this hypothesis, and suggest that only later did the
relief of the northern area become pogitive enough for widespread

subaerial erosion.

D. Microfauna

The following foraminifera have been identified from the
type section of the Batu Putih Limestone Formatfon by Mr D.J. Carter
(Unpublished report, dated 1970a):
(a) Planktonics

Globorotalia cultrata menardii Globigerina nepenthes

G. tumida tumida (sinistral) Pulleniatina spp.

G. subcretacea Sphaeroidinella dehiscens
G. acostaensis pseudopima Globigerinoides gomitulus

G. cultrata cultrata G. ruber
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Globigerinoides conglobatus

G. quadrilobatus gp.

G. obliquus obliquus

(b) Benthonics Cibicides spp.
Textularia spp. Uvigerina spp.
Spiroplectammina spp. Bulimina spp.
Miliolacea Planulina spp.
Nodosariacea Orissodorsalis spp.

Carter's analysis confirmed the depositional environment
and general history of deposition of the Batu Putih Limestone as
set out earlier and in Kenyon (unpublished report, dated 1970).
Carter suggested that deep, tranquil, open sea conditions were
indicated by the benthonic fauna present from the base of the Batu
Putih Limestone Formation up into the basal portion of the Globigerinoides

quadrilobatus fistulosus zone (the upper part of the Fatu Laob
Marl Member). At the top of the Fatu Laob Member, Carter found

increased percentages of Uvigerina, Nodosariacea, Cibicides spp. and
particularly Miliolids, suggesting some degree of shallowing.

E. Age of the Batu Putih Limestone Formation.

Samples from the three principal units of the Batu Putih
Limestone Formation as defined in this thesis range in age from
N15 (Late Middle Miocene) to N21 (Late Pliocene). Specifically,,the
exposed part of the Tanah Runtu Member appears to be N15 (Late Middle
Miocene) in age, the calcilutite unit, N18 to Lower N19 and the
Fatu Laob Member Upper N19, N20 and lowermost N21. The apparent
absence of samples covering the gap from N16 to N17 may be a result

of the extensive shearing which has occurred between the Batu Putih
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Limestone Formation and the Bobonaro Scaly Clay and the absence of

a continuous section of the formation in Timor. The calcilutite
composition of the formation as a whole, and the high proportion of
drifted planktonic foraminifera tests to sediment is indicative of

a slow depositional rate; thus the apparent absence of two planktonic

zones in a tectonically complex succession may be easily explained.

Carter (unpublished report, dated 1970a) has also suggested from
foraminiferal analysis that zone N20 may be strongly condensed or

even completely missing in Timor.

F. Nature of the Batu Putih Limestone/Bobonaro Scaly Clay interface.

Owing to the widespread presence of large exotic blocks in
the immediately preceding Bobonaro Scaly Clay (Audley-Charles 1968),
‘the initfal depositional surface of the Batu Putih Limestone Formation,

and therefore of the Viqueque Group, must have been highly uneven.
Evidence of this, and possibly early diapiric behaviour of the
Bobonaro Scaly Clay is seen in outcrop south of the Central Basin,
three miles south of Batu Putih along the River Noilmina, where an
inftfally thick Batu Putih Limestone succession can be seen to thin
rapidly northwards against a present day high of Bobonaro Scaly
Clay.. This thinning is accompanied by the development of a slight
angular unconformity in the middle of the Batu Putih Limestone
succession, which increases in intensity towards the old high.

The thinning 1s also accompanied by a steepening of dip and faulting.

Many such highs must have been present on this original surface.
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Chapter 4. The Sabaoe Limestone Formation

A. Introduction and Sdmmary

The Sabaoe Limestone Formation is defined as a series of.
shallow water and marginal marine skeletal calcarenites and marls of
maximum thickness 228 metres, which succeeds the Batu Putih Limeséone
Formation in Indonesian Timor. In the type section, the contacts with
the Batu Putih Limestone below and Noele Marl above are transitional.
Elsewhere they are locally unconformable. In addition to the Sabaoe

Limestone. of the type section, two locally occurring members, the
Noilmina Limestone Member and Fatu Antoni Member are defined.

Evidence is presented for the existence of intertidal, barrier
bar, lagoonal, beach{ shallow shelf, deep shelf and shelf edge envir-
onments during Sabaoe Limestone deposition. Three distinct physiographic
provinces are shown to have existed in Timor during the Late Pliocene,
comprising a northern positive area, a central subsiding negative area
and a.southern shelf area. A hinge zone is shown to have existed between
the southern shelf and central negative areas and to have been situated
in the region of the Bokong - Batu Putih fault zone.

The depoaxis of the central negative area is shown to have lain
on the south side of a postulated major east - west fault zone present
between the northern positive and central negative areas. The depositional
history of Portuguese Timor during Sabaoe Limestone times is also
discussed.

Finally, the age of the Sabaoe Limestone Formation is shown

to be earliest Late Pliocene (N2]).
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B. Previous work

The Sabaoe Limestone of this thesis appears to be equivalent
to the 'ribbed sandstone' of Hopper (1942) and to the ‘Zone II' of
De Bruyne (I1941). Neither of these authors attempted formal definition
of the unit. The Sabaoe Limestone Formation was not recognised by

Audley - Charles (1968) in Portuguese Timor. The present investigation
in that part of the island suggests it is confined to an unimportant

single bed in a north coast Viqueque Formation outcrop.

C. Distribution of the Sabaoe-Limestone Formation

The Sabaoe Limestone Formation crops out within the Central
Basin of Indonesian Timor in the following three major regions (Fig. 6):
(1) the Noele Sub - basin
(i1) the Bokong Sub - basin
(1i1) the Panite High.
Limestones of equivalent age to the Sabaoe Limestone have also been

identified by Carter (unpublished report, dated I971b) from the Kolbano

region.

D. Stratigraphy

(1) The Sabaoe Limestone Formation of the Noele Sub --basin

Outcrops of Sabaoe Limestone Formation are found in four
principal areas in the Noele Sub - basin(3, 4, and 5 in Fig. 6). Froﬂ
forth to south these are (a) the northern margin, in the rivers Sabaoe
and Bidjeli (5); (b) the Noele anticline (3); and (c) the southern

margin in the Oemenu river (4).

(a) Northern basin margin outcrops: the type section of the Sabaoe

Limestone Formation

The Sabaoe Limestone Formation crops out along the north - west
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Fig. 6: Distribution of the Sabaoe Limestone Formation in

Indonesian Timor.

1; Outcrops of the Bokong Sub ~basin southern margin

2: QOutcrops of the Panfte High

3: Outcrops of the Noele Sub - basin centre

4: Outcrops of the Noele Sub - basin northerp margin (including
the Sabaoce Limestone Formation type section)

5: Outcrops of the Noele Sub -basin southern margin (including
the Kali Oemenu section

6: Approximate position of the Kolbano High.
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margin of the Noele Sub - basin in a prominent, thickly forested
escarpment south of Kampong Sabaoe. This escarpment is crossed by
the Bidjeli and Sabaoe Rivers, along each of which the formation and
its upper and lower contacts with the Noele Marl and Batu Putih Limes-
tone Formations respectively are clearly exposed.

The type section of the formation (Figs. 7 and 8) was
measured in the River Sabaoe, beginning at the first occurrence of
a cemented calcarenite bed, in the transitional zone with the Batu
Putih Limestone Formation and extending upwards to the Noele Marl
Formation contact, distinguished as the uppermost occurrence of a

cemented calcarenite bed.

Lithofacies development

The type section (Fig. 7) consists of an overall upwards -
fining sequence, beginning above the Fatu Laob Member of the Batu
Putih Limestone with coarse calcarenites, clay pellet conglomerates,
clays and sands, and passing upwards into a sequence of cross - bedded
calcarenites and marls. The succession ends with a predominantly
marly sequence before passing transitionally into the Noele Marl

Formation. The following major subdivisions are recognised:

(A) The marly calcarenite facies

(B) The calcarenite - conglomerate facies association
(c) The calcarenite - marl facies association

(D) The marl facies

Unit (A): The marly calcarenite facies

The base of the Sabaoe Limestone is marked by a number of

parallel - bedded, grey, bioturbated, marly skeletal calcarenites,
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Fig. 7: Sabace Limestone Formation, type section, Kali Sabaoe,

Noele Sub -basin. Detailed stratigraphic section, showing
upwards gradation from a shallow water calcarenite and conglomerate
sequence to a predominantly deeper water marl sequence.

Note also the arrangement of the sequence into a number
of upwards - fining sedimentary cycles, those in the lower part of
the sequence consisting of conglomerate, calcarenite and mar]
elements in ascending order and those in the upper part comprising

calcarenite and marl elements.

The transitional passage from the Batu Putih Limestone

Formation and that into the overlying Noele Marl Formation are

also shown.

For location of this section see Fig. 6.
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Fig. 8: Summary of Sabaoe Limestone Formation stratigraphy, 1ithology

and depositional history as shown by the type section, Kali Sabaoe,
Noele Sub - basin. Note the phases of basinal shallowing, stillstand
and deepening accompanying the deposition of the.unit and responsible
for the marked range in depositional environments under which the

sediments accumulated. For precise location of this section see Fig. 6.
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which follow transitionally from the grey Globigerina marl of the

Batu Putih Limestone Formation. Cementation is confined to certain
intervals, the resulting differential erosion giving the beds a

'ribbed' appearance (Plate 4, C).

Environment of deposition

The relatively high energy sediments of unit (A) mark the
beginning of the emergence of Timor during the closing stages of the
Fatu Laob Uplift in Late Pliocene times. Similar muddy calcarenites
have been described by Houbolt (1957) from the Persian Gulf, where they
are accumulating in water depths generally greater than three fathoms.
Marly skeletal calcarenites are also present in Kupang Bay, at depths
of between 5 and 17 fathoms.

A form of cementation similar to that of the unit (A) beds
was described from the Persian Gulf by Shinn (1969); who demonstrated
its formation in offshore environments in water depths less than 30
metres.

A shallow water marine depositional environment of the order

of 6 to 33 metres deep is therefore postulated for unit (A) sediments.

Unit (B): The calcarenite - conglomerate facies association

Succeeding the parallel - bedded calcarenites of unit (A) are
a series of upwards - fining, terrigenous - carbonate cycles averaging
20 metres in thickness. Each cycle begins, sometimes via a minor
erosional surface, with a coarse conglomerate (Plate 3, B), which is
followed by a coarse, sandy, bioturbated, skeletal calcarenite and

finally by a marl or clay sequence (Plate 3, C).

Depositional environment

The pronounced upwards - fining of the lowermost cycle of
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Plate 3: Sabaoe Limestone Formation, Kali Sabaoe and Bidjeli

sections.

A: Slumped, shallow water marly calcarenites in the upper part
of the Sabaoe Limestone Formation type section, Kali Sabaoce.
B: Coarse lag conglomerate at the base of a conglomerate -
calcarenite marl cycle, Sabaoe Limestone Formation, Kali Bidjeli.

C: Lower and middle parts of a calcarenite - marl cycle,

Sabaoe Limestone Formation, Kali Sabaoe.
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Plate 4: Sabaoe Limestone Formation

A: Widely spaced beds of marly calcarenite with Globigerina marl

interbeds, Noele anticline section. Note the irregular cementation
of the calcarenite beds.

B: Part of the type section of the Noilmina Limestone Member, west
of Noilmina, Bokong Sub - basin. Note the disconformity near to the
base of the section, the apparent deformation of beds above and
below this disconformity being due to downward throw on the Bokong -
Batu Putih fault zone to the south (right) of the type section.
Alternating hard and soft beds similar to those seen in (A) can also
be seen.

C: Parallel bedded skeletal calcarenites of the Kali Bidjeli
section. Note the projecting cylindrical tubes (bioturbation)

accentuated by differential cementation.







38.

unit (B) and the lag conglomerate at its base are reminiscent of the
features produced by present day lateral migration of intertidal
distributary channels along the Dutch Wadden Sea (Van Straaten, 1950
and Klein, 1964) and the Wash (Evans, 1965). The diminished import-
ance of lag conglomerates in cycles 4 to 6 of unit (B) however, the
predominance of calcarenites, and the presence of marl interbeds,
suggest the interaction of high and low energy processes such as those
associated with barrier beaches or bars migrating over lagoonal sed-
iments (McKee and Sterrett, 1961). A similar explanation was advanced
by Burri et al (1971) for the cycles in the Barrhemian Orgon Limestone
of south Provence. Other cyclic near - shore carbonate sequences

have been described from the Lower Carboniferous of South Wales

(Dixon and Vaughan, 1911), from the Upper Viséan of Belgium (Pirlet,
1963) and from the Pennsylvanian of East Nevada (Dott, 1956).

The accurulation of a thick sequence of cyclic sediments such
as those of the Sabaoe Limestone Formation does not necessarily imply
rapid vertical movements of sea level such as those postulated by
Dixon and Vaughan (1911). Such a sequence can be produced by simple
lateral migration of high and low energy environments, coupled with
regional tectonic subsidence and a relatively rapid rate of deposition.

It 1s suggested that this process operated during Sabaoe Limestone

deposition.

Unit (C): The calcarenite - marl facies association

Unit (C) is characterised by cyclic calcarenite and marl
sequences with rare conglomerates. Cross - bedding is present only
in the calcarenites of the lowermost cycle (Fig. 7, cycle 7). A thick,

slumped unit of calcarenite is present in the upper part of this

[
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sequence (Plate 3, A).

Environment of deposition

The much reduced occurrence of cross - bedding, the absence

of intertidal lag conglomerates, the overall fineness of the sequence
compared to unit (B) and the presence of the thick, slumped sediment

mass are evidence of a deeper environment of deposition than that
concluded for the previous unit. The deepening appears to have become

more pronounced in cycles 9 and 10.

Unit (D): The marl facies

The uppermost unit of the Sabaoe Limestone Formation is

characterised by a succession of grey, silty, Globigerina marl

containing abundant, comminuted, thin - shelled molluscan debris. A

thin sequence of cemented calcarenite occurs at the top of this unit.

Unit (D) sediments represent the beginning of the deep water
sedimentation which later led to the deposition of the overlying

Globigerina marls of the Noele Marl Formation.

The phase of subsidence responsible for the deepening depos-
itional environment of the Sabaoe Limestone Formation in Timor is here

named the Bidjeli Subsidence, after the village of Bidjeli in the north-

western part of the Noele Sub - basin.

Derivation of the terrigenous material within the deeper water parts

of the Sabaoe Limestone Formation

Apart from the silt component of the marls of unit (D), very

little terrigenous material, either interspersed, or in the form of

turbidite sandstones, has been noted in the deeper water parts of the
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Sabaoe Limestone of the northern basin margin. The area north of the

present Bokong and Noele Sub - basins was probably therefore not of

sufficient relief during Sabaoce Limestone deposition to supply great

quantities of terrigenous material and is assumed to have consisted

either of a number of individual islands or of a low - lying shelf area,

perhaps with: a number of isolated, low emergent areas.

Summary: Depositional history of the Sabaoce Limestone Formation of

the northern margin of the Noele Sub - basin

The following stages are proposed:

Stage 1: The Fatu Laob Uplift

Uplift of the northern margin 6f the sub - basin from deeper
water to shallow shelf environment. Deposition of unit (A) towards the
end of this uplift.

Stage 2: The Sabaoe Stable Phase

Further uplift to point of maximum regression. Deposition of

intertidal, mixed calcareous - terrigenous sediments in the northern

part of the sub - basin,
Stage 3: Bidjeli Subsidence

Deepening of depositional environment. Deposition of offshore
barrier bar calcarenites and marls.

Stage 4: Acceleration of the Bidjeli Subsidence

Rapid offshore deepening leading to slumping. Deposition of

low energy marls.

(b) The Sabaoe Limestone Formation of the central and southern parts

of the Noele Sub - basin.

The Sabace Limestone Formation crops out in the central part
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Fig. 9: Sabaoe Limestone Formation, Noele anticline section, Noele

Sub - basin.

Exposed section showing good development of foraminiferal

and molluscan calcarenites with foraminiferal marl {nterbeds. Note

the high proportion of the latter and the poor development of

cross - bedding.

For location of section see Fig. 6.
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of the sub - basin in the Noele anticline (Fig. 9), and in the southern
part in the Oemenu river. The succession at these localities consists
of 22 and 11 metres respectively of grey, marly, foraminiferal and
shelly calcarenite with interbeds of grey, foraminiferal marl (Plate 4, A).
Cross - bedding is rare and bioturbation abundant. In both sections
the contact with the overlying Noele Marl Formation is unconformable.
The base of the Sabaoe Limestone Formation is not seen in the Noele
anticline, but is strongly unconformable where exposed in the Oemenu

section.

Depositional environment

Both sequences correspond to unit (A) of the type section and
are similarly interpreted as offshore, shallow water carbonates of

deeper shelf origin. The reduced percentage of marl in the southernmost
outcrop compared to that in the basin centre suggests a shallower

environment of deposition.

(i1) The Sabaoe Limestone Formation of the Bokong Sub - basin

The Sabaoe Limestone Formation crops out in the Bokong Sub -
basin only at the extreme southern margin (Fig. 10) adjacent to the

Bokong - Batu Putih fault zone, where the following subdivisions are

recognised; .

(a) The Kali Bokong section

(b) The Noilmina section (containing the Noilmina Limestone
Member)

(c) The Fatu Antoni section (comprising the Fatu Antoni Member)



Fig. 10: Sabaoe Limestone Formation:
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the Bokong - Batu Putih fault zone at the southern edge of the

Bokong Sub - basin.
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(a) The Kali Bokong section

About twelve metres of marly calcarenite similar to unit (A)

of the type section is exposed in the strongly faulted, northward
dipping succession immediately north of the Obernaik - Kupang road

intersection east of Bokong.

(b) The Noilmina sections

The Sabaoe Limestone Formation crops out in the Bokong - Batu
Putih fault zone between Tacari and Noilmina as a series of bright
yellow, well - sorted, foraminiferal calcarenites, of maximum thickness
25 metres, defined as the Noflmina Limestone Member. In addition to the
high proportion of foraminifera, heavy mineral grains occur in laminae
or along ripple surfaces in flaser bedding. Unidirectional, planar and
trough cross - lamination is abundant in sets averaging 75 cm. in
thickness. Inferred current directions throughout the sequence are from
south to north. An angular discordance is present within the sequence
(Fig. 11, section 401 and Plate 4, B). Oversteepening and slumping
of cross - bedding also occurs.

The member is succeeded transitionally by a thin succession
of grey, marly, shelly calcarenites (Fig. 11), which passes transitionally

upwards into the Globigerina marls of the Noele Marl Formation.

Environment of deposition

The high degree of sorting, abundance of cross - bedding and

the occurrence of abundant heavy minerals suggest deposition in a very
high energy, shallow water environment. Similar foraminiferal
calcarenites have been described by Van Andel and Veevers (1967) from

positions on the edge of the Sahul Shelf opposite Timor; from the edge
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Fig. 11: Sabaoe Limestone Formation: Noilmina sections, Bokong

Sub - basin. Stratigraphic sections showing sequences fining upwards
from foraminiferal calcarenites of shallow shelf origin to marly
calcarenites of deeper shelf origin to deeper water, offshore
Globigerina marls of the Nde]e Marl Formation.

Section 401 includes the type section of the Noilmina Limestone

Member.

For location of sections see Fig. 10.
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of the Gulf of Mexico (Curray; 1960) and from the Guyana Shelf
(Nota, 1958).

The transitional passage of the member into deeper water,

marly calcarenite of the upper part of the section (Fig. 11) marks the
beginning of the Bidjeli Subsidence in the Bokong Sub - basin.

(c) The Fatu Antoni section

The Fatu Antoni Member consists of a series of structurally
inverted, coarse conglomerates, of maximum exposed thickness 26 metres,
which form the hogback hill of Fatu Antoni, directly north of Tacari.
The succession (Fig. 12) consists of a mixed carbonate/terrigenous
conglomerate containing a wide variety of coral, mol]uscan,vcalcilutite,
clay, sandstone and echinoid debris. The terrigenous debris is derived
from the Batu Putih Limestone and Bobonaro Scaly Clay Formations.
Rounded clasts of chert and flint are also common. The sequence is well
bioturbated, cross - bedded and possesses a calcite cement. The upper
and Tower contacts of:the sequence are not exposed, but are probably
transitional, as in other Sabaoe Limestone units of the region. The
member appears to be a lateral equivalent of the Noilmina Limestone Member
to the east and the marly calcarenites of the Kali Bokong section to

the west, both of which crop out along the same present - day structural

strike (Fig. 10).

Environment of deposition

The very coarse nature of the deposit, abundance of marine
invertebrate remains, and absence of features of fluviatile deposition

strongly suggest that the Fatu Antoni Member is a beach conglomerate.
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Fig. 12: Sabaoe Limestone Formation: Fatu Antoni Member, Bokong Sub-

basin. Type section {llustrating uniform development of cross -
bedded, coarse calcirudite of predominantly beach origin.

For location of section see Fig. 10.
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(iii) The Sabaoe Limestone Formation of the Panite High

Outcrops of Sabaoce Limestone Formétion south of the Bokong -
~Batu Putih fault zone consist exclusively of yellow, foraminiferal
calcarenites of the Noilmina Limestone Member. These outcrops vary from
1 to 30 metres in thickness. An angular unconformity between the Sabaoce
Limestone Formation and underlying Batu Putih Limestone is present north-

west of Panite(Plate 5, A).

Environment of deposition

The depositional environment of the region south of the Bokong
Sub - basin is 1ikely to have been very shallow water marine, of much

higher energy than that which existed within the sub - basin to the

north.

(iv) The Sabaoe Limestone Formation of the Kolbano region

Outcrops of Sabaoe Limestone Formation appear to be generally
absent due to erosion in the greater part of the region south of the
Noele Sub - basin. Carter (unpublished report, dated 1971,b) however,
reports a possible N21 age for certain samples collected by Audley -
Charles from within imbricate thrust slices amongst the Cretaceous of the
Kolbano mountains. Although Carter's determination states only a
general N18 to N21 age range for some of these samples, his description
of them as 'pale buff, sandy, glauconitic 1imestone! identifies them as
lithologically, if not chronologically equivalent to the Sabaoe Limestone
Formation of the Central Basin to the north.

Assuming that the Sabaoe Limestone Formation samples are indeed
from the imbricate thrust slices themselves, the latest age of this
thrusting must obviously be post - Sabaoe Limestone. As the major period

of compressive movement in the history of the Viqueque Group took place
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Plate 5: Sabaoe Limestone Formation, southern platform reaion:

A: Gently dipping Sabaoe Limestone beds (1) unconformably
overlying steeply dipping Batu Putih Limestone Formation (2).
Bobonaro Scaly Clay crops out in the valley area below the Batu
Putih Limestone.

Location: three miles north - west of Panite.
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during deposition of the upper part of the Noele Marl Formation, it might
be assumed that compression in the Kolbano region, and incorporation

of the Sabaoe Limestone also took place during that time. Evidence against
“this is the apparent absence of sediments of Noele Marl Formation age
within the imbricate thrust slices. There is evidence furthermore, in

the form of unconformities within the Sabaoce Limestone Formation of the

Oemenu section in the southern part of the Noele Sub - basin (to the
north of the Kolbano mountains) that some compressive movements diditake
place at the end of Sabaoe Limestone deposition. These compressive
movements may have been of sufficient strength to cause reactivation

of previously existing 1mbricate zones in hthe Cretaceous Kolbano

structure.

(v) The Sabace Limestone Formation of Portugquese Timor

Beds in equivalent stratigraphic position to the Sabaoe Limestone
Formation of Indonesian Timor have not been described from Portuguese
Timor. Examination by the writer of Audley - Charles (1968) original
type section of the Viqueque Formation in the Viqueque anticline revealed
an apparent transitional passage from the marls of the Batu Putih

Limestone Formation into the Globigerina marls and turbidites of the

succeeding Noele Marl Formation. No outcrops of the Sabace Limestone
Formation were found in:either the Colitie or Viqueque basins. An age
determination by Carter (unpublished report, dated 1971a) of samples
collected from these successions suggested the presence of a considerable
hiatus between the Batu Putih Limestone and Noele Marl of these
successions. This hiatus appears to have lasted from uppermost Early
Pliocene to lowermost Late Pliocene. The Sabaoe Limestone Formation

does outcrop, however, in the northern part of Portuguese Timor as a
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series of calcarenites and calcirudites achieving a maximum thickness
of 4 metres. This unit is here named the Bere Cole Member, from the
village of Bere Cole near the type section. In the latter, the member
follows transitionally from the Batu Putih Limestone calcilutite unit,
and is overlain unconformably by the reef limestone of the Baucau

Limestone Formation (Soe Limestone equivalent).

The Lari Guti Limestone

Audley - Charles (1968) described a series of foraminiferal
calcarenites and reefs, which he named the Lari Guti Limestone, from
the mountains directly north of the south coast Portuguese Timor basins.
Although the Early Pliocene age of these suggests slightly earlier
deposition than the Sabace Limestone Formation of Indonesian Timor, it
is probable that the beds were deposited in the shallow water
environment that must have existed as the Portuguese Timor peaks emerged

during the Fatu Laob Uplift.

E Microfauna

The following foraminifera have been identified by Mr. D. J.
Carter (unpublished report, dated 1970a) from the Sabaoe Limestone
Formation:

(a) Planktonics

Orbulina universa Sphaeroidinella dehiscens
Globorotalia cultrata menardii Globigerinoides:gomitulus
G. subcretacea G. conglobatus gp.

G. acostaensis pseudopima G. quadrilobatus gp.

G. borealis

G. cultrata cultrata

Pulleniatina spp.
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(b) Benthonics

Textularia spp. Globocassidulina spp.
Spiroplectammina spp. Planulina spp.
Miliolacea Orissodorsalis spp
Nodosariacea Peneroplidae

Uvigerina spp.
Cibicides spp.

F. Age
Samples from the Oemenu and Noele anticline sections of the

Sabaoe Limestone Formation were assigned a lowermost Late Pliocene
age by Carter (unpublished report, dated 1970a), who placed them in the

lowermost part of his Globigerinoides quadrilobatus fistulosus zone,

equivalent to the lower part of the N21 zone of Blow (1969).

G. Palaeogeographic development of the Central Basin during Sabaoe

Limestone deposition

The following palaeogeography is postulated for Sabaoe Limestone

times (Fig. 13, A and B):
(1) A _northern positive area; coinciding with the present day Northern

Mountains, and consisting of a low lying land area, a shelf region or

an archipelago of small islands of low relief. Although the Sabaoce
Limestone does not outcrop north of the Central Basin, the existence of

a more positive region to the north is inferred from (a) the shoreline
facies in the Kali Sabaoe section of the Noele Sub - basin; (b) the
northwards derived slump sheet in the uppermost part of the same section
(Fig. 14) and (c) the dominance of the region to the north of the Central
Basin as a positive area throughout most of Viqueque deposition and at

the present day.
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Fig. 13: Sabaoe Limestone Formation

A. Sabaoe Limestone Formation palaeogeography, illustrating three -
fold physiographic subdivision of Indonesian Timor into (1) a northern
positive area; (i1) a central basinal area (comprising Bokong and
Noele Sub - basins) and (i11) a southern platform area.

B. Diagrammatfc north - south cross section across Central Basin
near close of Sabaoe Limestone deposition, 1llustrating rapid
deepening of the sub - Sabaoe Limestone depositional surface (cross -
hatched) towards active northern fault zone.

Note the resulting transition from high energy, shelf
calcarenites in the south to lower energy, marly calcarenites in the
basinal area to the north. The beach conglomerates of the Fatu Antoni
Member occur in the region of the southern hinge zone between the
above regions. |

Diagram is a composite one, using evidence from both

Bokong and Noele Sub - basins.
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Fig. 14: Sabaoe Limestone Formation: Correlation of stratigraphic

sections from the Bokong and Noele Sub - basins and Panite High.
Note the rapid northwards thickening of section in the Noele
Sub - basin and the marked difference in depositional environment
between sediments deposited in the sub - basins (deeper shelf marly
calcarenites) and those deposited to the south of the basinal areas
(shallow water shelf calcarenites).
Inset: A. Bokong Sub - basin.
B. Noele Sub - basin.
C. Panfte Hioh.
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That this region possessed only moderate to low relief is suggested
by the general lack of clastic detritus in the Sabaoe Limestone Formation

of the northern part of the Noele Sub - basin.

(ii) A central basinal area, the extent of which coincided approximately

with that of the present Bokong and Noele Sub - basins. Throughout
this generally negative area, deposition took place mostly under

conditions of deeper shelf sedimentation, so that the resulting calc-

arenites are marly and contain interbeds of deeper water Globigerina
marl., '

Evidence from the northern basin margin sections of the Noele
Sub - basin suggests that the northern part of this negative area
formed the depoaxis of the Central Basin area. ' This depoaxis, situated
just to the south of the boundary between the northern positive and
central negative areas i; evidenced by (a) the rapid thickening of the
Sabaoe Limestone succession northwards across the Noele Sub - basin
and (b) by the disappearance of the upper and lower unconformities of
the Sabaoe Limestone in the same direction (Fig. 14). Deposition in this
region apparently did not keep pace with subsidence, producing an at
first gradually, then rapidly deepening succession present in the Kali
Sabaoe and Bidjeli sections. The'half graben' shape of the Central
Basin at the end of Sabaoe Limestone deposition and the rapid subsidence
of the northern part of the basin suggests the existence of a major
east - west fault zone between the Central Basin and northern positive
areas. Rapid subsidence along this fault zone, and production of a
rapidly increasing south - sloping gradient between the two regions
presumably led to the southwards slumping of the calcarenites found in

the deeper water, upper part of the Sabaoe Limestone succession of the
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type section.
Although outcrops are not present in the central and northern

parts of the Bokong Sub - basin, the existence of marly calcarenites
in the Kali Bokong section at the extreme southern edge of the basin

suggests similar conditions.

(i11) A _southern shelf area

The region south of the Noele and Bokong Sub - basins appears

»

to have been one of very shallow water deposition, producing the

well - sorted calcarenites of the Noilmina Limestone Member, which occur

throughout this region.
Between regions (i1) and (iii) a southern hinge zone must

have been present. Along this hinge zone were deposited either at
jsolated, or at numerous, now unexposed locations, beach conglomerates

of Fatu Antoni type and well - sorted, yellow, foraminiferal

calcarenites.

With the possible exception of the northern positive region,
subsidence appears to have affected most regions of Timor at the close
of Sabaoe Limestone times, so that even the calcarenites of the Noilmina
Limestone Member occurring along the southern hinge line pass
transitionally upwards into deeper water, marly calcarenites before

giving way to the Globigerina marls of the Noele Marl Formation.
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Chapter 5. The Noele Marl Formation.

(A) Summary
The Noele Marl Formation {s defined as a series of grey

Globigerina marls and subordinate sandstones of maximum measured

thickness 710 metres, which occurs in the Noele and Bokong Sub-

basins of Indonesian Timor and in the south coast basins of Portuguese

Timor. The following formal stratigraphic units of the formation
are defined: (a) the Ofua Sandstone Member of Early N21 (Late
Pliocene) age, shown to be a fan-valley deposit; (b) the Oemenu
Sandstone Member of Late N21 (Late Pliocene) age, interpreted as
a deep water density flow deposit from a shelf source; (c) the Nuanain
Sandstone Member of N22 (Early Pleistocene) age, comprising turbidites
deposited in the suprafan area of a submarine fan complex, with a fan-
valley distributary channel (the Fautao Conglomerate Bed); (d) the
Nanfua Sandstone Member of N22 (Early to Middle Pleistocene) age, of
proximal fan-valley or submarine canyon origin; (e) the Tanah Putih
Marl Member, of Late N22 (Early to Middle Pleistocene) age, of
brackish lagoonal origin; (f) the Obernaik Member, also of Late N22
age, of shoreline/shallow marine origin and (g) the Samé Conglomerate
Member of N22 (Early Pleistocene) age, interpreted as a base of slope
proximal turbidite deposit.

The Noele Marl Formation is shown to be of Late Pliocene
(N21) to Early Pleistocene (N22) age, the Plio-Pleistocene boundary
being placed at the base of the Nuanain Sandstone Member.

The age of the important Mataian folding of Audley-Charles

(1968) 1s shown to be Pleistocene, rather than Pliocene as previously
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supposed, and is shown on tentative evidence to have begun at the
Pleistocene/Pliocene boundary, and to have continued until the close
of Tanah Putih Marl deposition (Early to Middle Pleistocene, N22)
in the Bokong Sub-basin and Nuanain Sandstone deposition (N22) in
the Noele Sub-basin.

In addition to the widespread production of clastic material
which followed the onset of the Mataian- Orogeny, a brief period
of clastic deposition is shown to have been associated with the
close of the Bidjelian folding phase earlier defined. A period of
relative tectonic quiescence is shown to have existed between these
two phases and to have been associated with the buildup of well-
sorted shelf and/or beach clastic sediments on the distant

(northern) shoreline.

B. Stratigraphy of the Noele Marl Formation of the Noele Sub-basin.

(i) The Noele Marl Formation type section: Noele Sub-basin

southern margin.

The thickest, best exposed and least tectonised development
of the Noele Marl in Timor is that cropping out in the vicinity of
Noele in the Noele Sub-basin (Fig. 15). This succession, where
exposed along the rivers Oemenu and Fekufatu (Fig. 16) is chosen as
the type section of the formation. It extends from the contact with
the Sabaoe Limestone Formation to the base of the Nuanain Sandstone
Member (see below) in the Oemenu River, resumes at the base of that
member on the southern 1imb 6f the Noele anticline, two miles to
the north, and is completed on the northern 1imb of the Noele anticline

in the Fekufatu River. The type section ends at the contact with the
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Fig. 15: Noele Marl Formation, type section, rivers Oemenu and

Fekufatu, Noele Sub - basin.

For exact locality see Fig. 16.
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Fig. 16: Noele Sub - basin location map, outlining major areas of
Noele Marl Formation outcrop referred to in text. These.are, from
north to south: (a) northern basin margin outcrops, including the
Kali Sabaoe section (1); (b) the succession of the Noele anticline
northern 1imb, with the principal section along the River Fekufatu
(2); (c) the Noele anticline southern 1imb succession, with
measured sections along the River Fekufatu (3); and (d) the southern
basin margin outcrops, including measured section along the River
Oemenu (4). The type section of the Noele Marl Formation comprises
sections (2), (3) and (4).

The dashed 1ine corresponds to the approximate present
day limits of outcrop of the pre - Soe Limestone Formation portion

of the Viqueque Group in the Noele Sub - basin.
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dark green marls of the Noil Lakoe Formation.
The type section comprises seven major stratigraphic units:
four arenite units, distinguished as members of the Noele Marl

Formation and three intervening units of Globigerina Marl (Fig. 15).

At the base of the section, lying unconformably above
the calcarenites of the Sabaoe Limestone Formation is a series of
bioturbated sandy marls containing abundant, comminuted molluscan

material. This lower marl unit is succeeded by a thick arenite

and conglomerate unit, the Ofua Sandstone Member. Lying above this
is a thick sequence of grey Globigerina marl (the middle marl unit)
containing occasional, thin-bedded, graded arenites. Another
sandstone member, the Oemenu Sandstone Member succeeds these marls
and comprises four thick, fine-grained, convolute-bedded arenite
units, the highest one of which is succeeded directly by the Nuanain
Sandstone Member, consisting of rhythmically bedded sandstones and
marls with minor conglomerate development. Another thick marl develop-
ment (the upper marl unit) succeeds the Nuanain Sandstone Member,
and the type section ends with the Nanfua Sandstone Member, which

is overlain conformably by the dark green marls of the Noil Lakoe

Formation.

Age.
Foraminiferal analysis of samples from this type section

by Carter (unpublished report, dated 1970a ) has revealed that the
Noele Marl Formation ranges in age from Late Pliocene (N21) to
Early Pleistocene (N22). The Plio-Pleistocene boundary, characterised

by the first appearance of Globorotalia truncatulinoides, is placed




62.

by Carter at the base of the Nuanain Sandstone Member, A Microfaunal

distinction is also made between Early and Late N21 zones, this

boundary being placed at the top of the Ofua Sandstone Member.
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(a) The Ofua Sandstone Member.

The Ofua Sandstone Member (Fig. 17) forms the basal
sandstone unit of the Noele Marl type section. The member is 29 metres
thick in the type section, which extends from the base of the first
massive sandstone in the Noele Marl Formation, to the junction with
the overlying Globigerina marl.

Five facies can be recognised within the member and the
immediately preceding marl section.

Facies A _

Consists of a massive, grey marl with abundant comminuted
shell debris and tests of Globigerina and other planktonic‘foraminifera.
This marl represents the 'standard' deep water marine marl occurring
throughout the Noele Marl Formation.

Facies B
Consists of white, friable, sometimes graded, tuff beds,
displaying parallel and/or convolute lamination.

The absence of reworked terrigenous material within the beds,

the graded bedding and the presence of occasional Globigerina tests

suggests deposition of originally subaerial material by vertical
settling in a marine environment.

Facies C 3

| Interbedded within the marl sequence are numerous, graded
lithic arenites, mostly less than 30 cm in thickness. These display
the 'A', 'B' and 'ABD' intervals of Bouma (1962) and are therefore
interpreted as the products of turbidity currents.

Facies D

Most of the Ofua Sandstone Member comprises beds of coarse,
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Fig. 17: 0fua Sandstone Member, type section, River Oemenu.

Letters refer to facies types (see text); Roman numerals

to major environmental units: 1: pre - channel marls/turbidites
(facies A and C); 11: main channel sequence (D and E); 111:

channel abandonment sequence (E and A) and 1V: post - channel

4 L‘ B

basinal marls. Section also shows wide range of grading types
amongst conglomerate units (facies D), from 'normal’ (e.g. bed 29);
reverse (25) to non - graded (30).
The Ofua Sandstone Member extends from the base of unit 11
to the top of unit 111.
For exact position of this section within the Noele Marl
Formation type section see Fig. 15.
[ J
g
6
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lithic arenite and conglomerate. The beds range in thickness from
1 - 5 metres. Graded bedding, clay pellet inclusions, erosive bases
and rapid lateral thickness changes are common throughout the section.
Large (up to Im. diameter), isolated, rounded and angular boulders
occur in the thicker beds (Plate 6). The grading of some of the beds
of facies 'D' and their intercalation with deep water marl of facies
'A' suggests deposition by some form of turbidity current. The
coarseness, thickness, lateral impersistence, absence of grading and
erosive bases which characterise the coarse conglomerate beds are
difficult to explain by turbidity current deposition a]éné. and
the advocation of traction currents and/or sliding (perhabs initiated
by the passage of turbidity currenté)is necessary to exp\éin their
deposition. Traction currents have been advocated for the deposition
of similar deposits by Stanley and Unrug (1972).
Facies E

Comprises thick-bedded, convolute and parallel-bedded,
medium grained lithic arenites which are interbedded with and
succeed the conglomerate units of facies 'D'.

These beds appear to be the result of deposition by turbidity
currents of much lower density than those responsible for.facies ‘D'

arenites and conglomerates.

Environment of deposition of the Ofua Sandstone Member.

Conglomerate and coarse arenite sequences similar to the
above, which occur in deep-water successions usually mark the positions

of former distributary channels on the surface of submarine fans, or

of the submarine canyons which feed these channels (Horn et al 1971).
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Plate 6: Ofua Sandstone Member, River Oemenu, Noele Sub - basin.

Basal part, showing mostly unit 11 conglomerates and sandstones.

A lens of large boulders can be seen within the latter.
About 25 metres of section are present in the lower

photograph.
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Most published accounts of cores obtained from the surfaces
of modern submarine fans report the apparent confinement of the
gravel and coarse sand fraction to the most proximal part of the fan.
Consequently, the Ofua Sandstone is 1ikely to have been deposited in
the region of Normark's ‘upper fan' (Normark 1970) or possibly
within a submarine canyon to the shoreward of this zone. This inter-
pretation is reinforced by the presence of boulders within the arenites
of facies 'D', suggesting derivation from the canyon walls. Similar
boulders in submarine canyons have been reported by Shepard and Dill
(1966), Piper (1970) and.McKerrow and Campbell (1960).

Interpretation of the Ofua Sandstone Member as a fan-valley
infilling is suggested also by the arrangement of facies in the type
section (Fig. 17). At the base of the sequence is a series of inter-
bedded arenites and marls of facies A and C (unit I). This is
succeeded by the erosive base of a thick succession of facies D
arenites and conglomerates (unit II). A sequence of finer and more
thinly bedded facies A and D conglomerates, together with facies E
sandstones succedds these (unit III), and this unit is followed at
the top of the section by a thick marl sequence (unit IV).

This essentially upwards-fining sequence suggests (a)

deposition of Globigerina marls and turbidites (unit I ) in a deep

water, basinal environment; (b) incision of coarse, submarine canyon

or fan-valley deposits into this low energy sequence; (c) filling

of this channel by conglomerates and arenites of facies D ahd E (unitd);
(d) gradual abandonment of the channel, possibly by lateral migration,
and the reception of finer, ‘channel overflow' deposits (unit III)

from the main channel, now some distance away and (e) final
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abandonment of the channel and a return to deposition of facies 'A'

Globigerina marls (unit IV).

Provenance.

The sandstone units of the Ofua Sandstone Member contain 15%
of green schist clasts similar to those comprising most of the Lolotoi
metamorphic complex of Timor. Audley-Charles (1974) has shown that
the present day outcrop of the Lolotoi Complex is confined to the
mountains north of the Central Basin.

Although rare exotic blocks of Lolotoi are also present in the
Bobonaro Scaly Clay of the regions north and south of the Central Basin,
it does not seem conceivable, except under conditions of exceptioha]
sorting and deposition, that the erosion products from those to the
south could have been concentrated so much as to form 15% of the
coarser units of the Ofua Sandstone Member.

The northwards thinning and eventual disappearance of the
member (Fig. 18) away from its type section can be explained in part
by postulating the existence of a high on the site of the present Noele
anticline during Ofua Sandstone deposition (see later). The avoidance
of this positive high by the southwards-flowing submarine channels
would account for the much thinner Ofua Sandstone section present on

the southern limb of the anticline and for the absence'of the member

on the northern limb.

The depositing channels must have fol]owed a course to the

east or west of the Kali Sabaoe section in the northern part of the

Sub-basin, in which the Ofua Sandstone Member i{s absent. The sinuous
nature of most present-day submarine channels is well-known (Shepard

and Dill 1966).
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Fig, 18: North - south regional correlation of the Viqueque Group

of the Noele Sub - basin, showing lateral changes of thickness and
facies of the Noele Marl Formation. Note: (i) the lateral
transition from Nekana Sandstone Member in north to Nuanain
Sandstone Member in south; (ii) the southwards appearance and
thickening of the Ofua and Oemenu Sandstone Members and (iii) the
half - graben shape of the Noele Sub - basin at the end of Noele
Marl deposition.

For location of sections see Fig. 16.
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The deposition of the Ofua Sandstone Member represents a brief
incursion into the Central Basin of clastic material probably
associated with the closing stages of the Late Pliocene tectonism

(the Bidjeli Folding)



7.

(b) The Oemenu Sandstone Member.

The Oemenu Sandstone Member succeeds the middle marl unit

of the Noele Marl type section and is itself overlain conformably

by the Nuanain Sandstone Member (Fig. 15). In the type section

(Fig. 19) the member is 36 metres thick and comprises four beds of well-

sorted, mixed lithic and quartz arenites, varying in thickness
from 3 to 10 metres. Grey Globigerina marl is present between each
arenite unit. The type section extends from the base of the first
arenite bed to the top of the fourth. Beds resembling those from
the type section are also found in the Noele anticline section
(southern 1imb), where the member consists of two arenite units,
each about 5m thick.

The following four major facies are recognised in the
type section: '

Facies A.

This facies comprises thick-bedded, fine to medium-grained,
well- sorted, lithic arenites with abundant comminuted molluscan and
other skeletal debris. Parallel, ripple drift and convolute bedding
are present throughout the beds but show no preferred vertical
sequence. (Fig. 20 and Plate 7).

Size grading within facies 'A' sequences is generally
confined to thin, isolated beds which precede the main arenite units
(Fig. 19). The latter are not graded. Other sedimeﬁkary structures
include water expulsion structures and horizons of well-rounded,
plastically deformed clay pellets (Plate 7). In one bed post
depositional flowage of such a layer has occurred. Layers of
carbonaceous plant debris, up to 2 cm thick are found throughout

each bed.(Plate 7).
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Fig. 19: QOemenu Sandstone Membex, type section, River Oemenu, Noele

Sub - basin.

Numbers 1 to 4 refer to the main sandstone units, comprising

facies A. Preceding, and interbedded with these are Globigerina marls

(facies B); thick bedded, graded arenites (facies D) and thin bedded,
graded arenites (facies C).

The type section of the member extends from the base
of sandstone unit 1 to the top of unit 4.

For stratigraphic position and geographic location see

Figs. 15 and 16 respectively.
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Fig. 20: Detailed section of arenite units 1 and 2 (see Fig 19),
showing convolute lamination (A); ripple cross - lamination (8);

graded units (with—Bouma—A;—B—and—E—intervals); (C); parallel

laminated units (D) and massive units (E). Note also the relatively
constant grain size of both units.
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Plate 7: Oemenu Sandstone Member, River Oemenu, Noele Sub - basin

Detail of part of sandstone unit 4 (Plate A) and
sandstone unit 1 (Plate B). Visible in 'A' are a number of well
rounded marl clasts in a fine sand matrix. Plate 'B' shows ripple
cross - lamination, parallel lamination and layers of carbonised

plant debris.

Note the fineness and high dearee of sorting of both units.
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Interpretation.

Although the thick arenite units themselves do not display
size grading, the small scale convolute laminatibn of the kind

occurring in facies 'A' sandstones is often taken as indicative of

turbidity current deposition (Sanders 1960) although there are abundant

examples of convolute lamination not produced by turbidity currents
(Dott and Howard 1962). Although diagnostic turbidite characteristics
are absent from the Oemenu sandstone units, it is suggested that their
thickness, rapid deposition (inferred from the abundance of convolute
lamination and water expUlsion structures), lateral sedimentation
(indicated by ripple-drift bedding, parallel lamination etc.) and

lack of erosion surfaces or breaks in sedimentation must have been
effected by some form of density current.

Density flows of sediment. from shallow-water areas usually
contain an admixture of many grain sizes, producing in the resulting
deposit some form of size grading (Kuenen 1964). The source material
of facies 'A' sandstones was either (a) originally well sorted,
suggesting that the sediment originated from a shallow, shelf or beach
environment, or (b) it was originally poorly sorted, but lost most of

the coarser fraction during the initial stages of deposition.

The thickness of the beds and consistency of grain size strongly suggest

the first altetpative as most 1ikely. Shepard and Di1l1 (1966) have
shown that reworked, nearshore and beach deposits in California

are 1ntercepFed by the heads of submarine canyons, which become filled
- with prograding fine sands and matted organic debris. The latter

is thought to have caused the slumping of the sediment in large masses.

A mechanism such as this would explain (a) the considerable thickness
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and lateral extent of facies 'A' sandstones; (b) the abundance of
carbonised plant debris; (c) the excellent sorting and (d) the
abundance of comminuted shell debris of apparently nearshore origin.
The environment of deposition of facies 'A' sandstones can
therefore be interpreted as moderately deep water marine, into which
well-sorted sediment derived from a shallow water source was
introduced by a high velocity current displaying rapid and frequent
fluctuations of velocity. This current is thought to have been
some form of density current and to have originated in a canyon head.
Facies B.
Consists of grey, slightly silty marl with tests of
Globigerina and some comminuted, thin-shelled lamellibranch debris.

Interpretation.

The predominantly muddy nature of the beds and the occurrence
of pelagic foraminifera suggest a.deep water, low energy environment
of deposition.

Facies C.

‘ Comprises thin bedded (less than 50cm), fine to medium grained,
lithic arenites. The majority of beds are graded, display parallel
lamination, and are similar to those occurring elsewhere in the
Noele Marl of the Central Basin, with the difference that a wider
range of 'Bouma units' (e.g. ABC, ABCD, AD etc. ) is present. This
fact may suggest a more distal environment of deposition, and agrees
with the observation that these are the most southern (i.e. furthest

from inferred source) of any of the turbidites in the Noele Sub-basin.

i



7.

Facies D.

Comprises very thin-bedded (less than 5cm), very fine
grained, graded 1ithic arenites, interpreted as having been deposited
from the distal parts of the major density flows.

The arenite units of the Oemenu Sandstone Member contain
approximately 20% of clasts of metamorphic green schist, assumed to
have been derived from the Lolotoi Complex. For this reason a
northerly derivation is suggested.

Fauna.

The following foraminifera have been identified by

\'\9,

)

Mr D.J. Carter (unpublished report, dated 1970a):

(a) Planktonics

Orbulina universa

Globorotalia cultrata menardii

G. tumida_tumida (sinistral)

G. subcretacea
G. borealis

G. acostaensis pseudopima

—

Pulleniatena spp.

Sphaeroidinella dehiscens

(b) Benthonics
Ammobaculites spp.

Textularia spp.
Spiroplectammina spp.

Miliolacea

Nodosariacea

Uvigerina spp.

Globigerinoides gomitulus

G. ruber

G. quadrilobatus gp.

G. conglobatus gp.
Globigerina bulloides

G. parabulloides

G. juvensis

G. calida praecalida

G. rubescens

Bulimina spp.
Hoeglundina spp

Cibicides spp

Bolivinita quadrilatera

Planulina spp

Orissodorsalis spp.

Globocassidulina spp
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Age of the Oemenu Sandstone Member,

A young N21 age (i.e. Late Pliocene) has been assigned
to the Oemenu Sandstone Member by Carter, who considered the N21/N22
boundary to fall at the base of the immediately overlying

Nuanain Sandstone Member.
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(c) The Nuanain Sandstone Member.

Summar

The Nuanain Sandstone Member is defined as a series of
interbedded arenites and marls which was deposited in the centre
of the Noele Sub-basin during Early Pleistocene (N22) times. The
member is shown to have been deposited by turbidity currents in
the suprafan area of a submarine’ fan complex.. Evidence is presented
for a northerly derivation, from a shoreline situated in the centre
of the present northern mountain complex.

A thick conglomerate (the Fautao Conglomerate Bed)
occurring near the base of the succession is described and interpreted
as the infilling of a former fan-valley distributary channel on the fan
surface. Reconstruction of the palaeogeography of Timor during
Nuanain Sandstone deposition strongly supports a post Nuanain
Sandstone (i.e. post Early Pleistocene) origin for the Wetar Strait
(Audley-Charles and Hooijer, 1973).

Introduction.

The Nuanain Sandstone Member comprises a thick series of
rhythmically bedded 1ithic arenites and foraminiferal marls which succeeds
the Oemenu Sandstone Member in the type section of the Noele Marl

Formation.

The type section of the member (Fig. 15) was measured
along the upper reaches of the River Fekufatu (Fig. 16) on the southern
limb of the Noele anticline, beginning at the contact with the Oemenu

Sandstone Member and extending upwards as far as the conformable contact
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with the upper marl unit. The latter boundary is taken at the top
of the uppermost arenite bed of the Nuanain Sandstone Member.
The member is 310 metres thick in the type section.

Four major facies are distinguished:

Facies A: Globigerina marl

Consists of a greyish-white to olive green, sandy,:structureless

marl containing abundant Globigerina and other pelagic foraminifera.

No skeletal remains were observed.

Interpretation

The fine nature of facies 'A' beds, the lack of benthonic
invertebrate remains and the abundance of pelagic foraminifera
suggest an open sea, moderately deep water environment of deposition.
The coarser particles are assumed to have been derived from the
interbedded, unconsolidated sandstone either by current di§turbance
or bioturbational inmixing. |

Facies B: Graded arenites; thick bedded.

Comprises graded lithic arenites, varying in thickness from
15cm to 1%m (Fig. 21). Most beds display (a) constant lateral
thickness; (b) some form of grading; (c) sedimentary structures
corresponding to units A and B of Bouma (1962), and are interpreted

as turbidites.

Types of grading

Most beds consist of a non-graded, coarse, lower portion and
a thicker, upper, graded unit (Fig. 21 and Plate 8). The junction
between the two units is usually sharp. A second sharp break in

grading is present in the upper unit of some beds.
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Fig. 21: Nuanain Sandstone Member: Section 613. Detail of part
of the type section, 11lustrating sedimentary structures, grading
types and bed thicknesses of the exposed section. Note (a) the
predominance of delayed grading (e.g. beds 24, 66, 96); (b) beds
displaying normal grading (83, 87); (c) ungraded beds (2, 125);
(d) beds displaying Bouma unit A only (60, 83, 121); unit B only
(139, 125, 145) and unit AB only (18, 43, 66, 90).

For stratigraphic location of this section see Fig. 15.
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Plate 8: Nuanain Sandstone Member, type section, River Fekufatu,
north of Noele, Noele Sub - basin.

A: Facies 'B' bed displaying delayed grading. Note poorly sorted,
non - or poorly graded coarse basal unit and irregular, slightly
erosive bed base. Lying above this basal unit is a poorly graded
unit of medium sand, and above the lamination near the centre of the

bed (at pencil tip) the bed consists of fine sand.

B: Thick, facies 'B' turbidite bed displaying parallel lamination

(Bouma 'B' interval) throughout.

Pencil is 24 cm. in length.
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In many beds the basal coarse layer is laterally impersistent,
and may be present only in scours at the bases of the beds.

This type of grading was described by Migliorini (in Kuenen
and Menard 1952) from the Macigno Sandstones of Italy and later
named 'delayed grading' by Birkenmjaer (1959). It was reproduced
in early experiments by Kuenen ( 1952) by prolonged feeding of
a turbulent suspension from its source. An earlier experiment by

Kuenen (1951b) in which a very dense suspension was used, produced

a lower, ungraded portion from a turbulent wedge of dense sediment
and an upper, graded portion from settling of suspended materials.
Concentration of coarse grains of up to 50% by volume

form at the base of a turbidity current, under certain conditions,

as the ‘traction carpet' of Bagnold (1956). As the flow regime decreases,
‘freezing' of this carpet is known to produce a bed:of poorly or
non-graded coarse grains with a sharp top. Of the suggested mechanisms
that of Kuenen (1951) does not satisfactorily account for the much
greater thickness of the upper graded portion of facies 'A' sandstone

beds compared to the lower, ungraded portion. The later mechanism

of Kuenen (1952) and that of Bagnold are both 1ikely to result in the
observed graded sequence, and may be interrelated, in that constant
feeding of a suspension would be likely to result in a greater
concentration of grains and hence in the development of a traction
carpet.

Although this type of grading has beén described before,
it appears to be both rare in occurrence and much more poorly and

erratically developed in other turbidite sequences. It is however
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a remarkable characteristic of turbidites throughout the Viqueque
Group, being well developed in (a) the Same Member of Portuguese
Timor and (b) the Nekana Sandstone Member, in addition to the

Nuanain Sandstone Member, Moreover the grading bears 1ittle relation
to bed thickness, being equally common in both thin beds (15cm)

and very thick beds (2 metres). It can therefore be concluded that
conditions conducive to the development of this grading were
widespread in the Central Basin and in Portuguese Timor south coast

basins during Early Pleistocene (N22) times. There is considerable

evidence that the final form of a turbidite bed is largely a function
of the basin profile over which the depositing turbidity current flowed
(Walker 1967). Not only is the basin profile 1ikely to have been

remarkably similar in the basins of both central Indonesian Timor

and the present south coast region of Portuguese Timor during this time,
but also somewhat unusual among turbidite sequences in that the

initiation of turbidity currents may have taken place only 15 kilometres
to the north, at the top of the relatively steep northern basin slope.

There is also some evidence to suggest that the basin floor palaeoslope
may have been slightly reversed (i.e. south to north) during the

beginning of Nuanain Sandstone deposition. The development of an

‘overcharged' condition, with a well developed traction carpet at the
base of each flow and its subsequent 'freezing' on encountering the
rapid decrease in gradient at the foot of the slope could be easily

accounted for under these conditions.

Other types of grading

Another form of grading present in the turbidites of the
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Nuanain Sandstone Member is the 'normal' type of Birkenmjaer (1959),
in which the grain size of a particular bed decreases gradually and
regularly from the base to the top of the bed. The sequence also contains

rare examples of multiple grading.

Development of the Bouma sequence

The following combinations of Bouma units occur in facies
'B' sandstones: (a) 'A' sequence only, in which beds consist only
of a structureless graded or non-graded division (Plate 8 A); (b)
'B' sequence (graded or non-graded) with parallel lamination present
throughout the bed (Plate 8 B) and (c) 'AB' sequences, with parallel

lamination appearing only towards the tops of individual units.

Facies C: Graded arenites; thin bedded

Comprises very thin-bedded (less than 15cm thick) fine,
lithic arenites containing abundant comminuted shell debris. The
latter is often concentrated near the base of each bed.

Interpretation

The fineness and grading of these beds suggests that they
may have been deposited from the lateral or distal extremities of thé.»
major turbidity current flows. Similar beds havé been described by
Horn et al. (1971) from cores taken at various distances from the
main avenues of flow of the Atlantic turbidity currents.

Facies D: The Fautao Conglomerate Bed

A single conglomerate unit, 3m in thickness is present near
to the base of the Nuanain Sandstone Member of the type section

(Figs. 15,22). The bed itself persists laterally for 100m.
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Fig. 22: Nuanain Sandstone Member, section 614: Section of the

lower part of the unit, showing the development of thin, fan -
valley conglomerate units, the uppermost one of which is named the

Fautao Conglomerate Bed.

For stratigraphic location of this section, see Fig. 15.
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Measurement of the exposed profile (Fig. 23) reveals marked lateral
thinning, accompanied by a decrease in coarseness, clasts in the
thickest part of the unit attaining a maximum diameter of 30cm,
decreasing at the extreme edge to 5cm. This decrease in coarseness
is accompanied by an increase in perfection of grading, the extreme
southern (lateral) edge of the channel displaying grading of
‘normal' type, in contrast to the delayed type of the channel core.

The thickness and coarseness of the unit, together with its
wedge-shaped (presumably originally lens-shaped before erosion)
geometry and erosive“base suggest its origin as a fan-valley
distributary (Normark and Piper 1969) on the surface of the Nuanain
Sandstone submarine fan in upper Noele Marl times.

Sections measured in the succeeding turbidite sequence (Fig. 23)
show that the thickness of the latter increases markedly over the
thickest part of the conglomerate, suggesting that after cessation of
deposition in the channel, a depression coinciding with the channel

axis was preferentially filled by turbidity current deposits.

Interpretation

Normark (1970) subdivided the surfaces of modern submarine fans
into three areas: an upper fan, characterised by large, leveed fan
valleys, a mid - fan (or suprafan ) with many smaller distributary

channels, and some channel remnants or depressions, and a lower fan,

characterised by an absence of channels (Fig. 24). Because the facies 'D’

conglomerate lens has been shown to be a small, abandoned distributary

channel, and because few other channel remnants are present in over

300 metres of succession, it is concluded that the conglomerate lens



Fig. 23: Nuanain Sandstone Member, Fautao Conglomerate Bed.

Transverse profile, measured by Abney level and tape, showing

i - main channel sequence (D); pre - channel turbidites and marls (A);

post - channel turbidites and marls (B) and erosive channel base (C).
For stratigraphic position and geographic location of the

channel see Figs. 15 and 16 respectively.
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Fig. 24: Nuanain Sandstone Member

A. Model for deep sea fan growth, from Normark, (1970). The regularity
of bedding, and other features, and the presence of only 3 minor
distributary channels in over 300 metres of shccession suggests
deposition of the Nuanain Sandstone Member in the suprafan area of

this model (B).

B. Indonesian Timor, showing distribution of the Bobonaro Scaly

Clay (stippled). From Audley - Charles, (1973). The Nuanain

Sandstone shoreline 1s 1ikely to have been on the site of, or north
of , the thick dashed 1ine in the figure. The position of the

Nuanain Sandstone Member type section is also shown (A).
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and the Nuanain Sandstone Member in which it occurs was deposited

in the area of Normark's (lower) suprafan.

Provenance of the Nuanain Sandstone Member

Although no sole marks were observed on the base of any bed,
a northerly derivation for the turbidity currents of Nuanain
Sandstone times is strongly suggested by the abundance of metamorphic

(Lolotoi Complex) fragments throughout the succession.

Palaeogeography of Nuanain Sandstone times

Evidence has been presented which suggests the deposition
of the Nuanain Sandstone Member on a flat basin floor, immediately
to the south of the northern basin margin, down which flowed turbidity
currents carrying detritus from exposed regions of Lolotoi Complex
rocks. That this northern basin margin was still relatively distant
during Nuanain Sandstone times is suggested however by the absence of
any slump structures suggestive of a nearby gradient, and by the
parallel sided and undisturbed nature of the facies 'B' beds, which
suggest deposition on a relatively horizontal surface. Evidence from
the overlying succession elsewhere in the Noele Sub-basin however
suggests that coarse conglomerates and sandstones displaying channeling
and slumping were being deposited to the north and later prograded
southwards over the surface of the Nuanain Sandstone Member as the
succeeding Noil Lakoe Formation. This fact, together with the
present day distribution of Lolotoi rocks, appearing through the
Bobonaro Scaly Clay cover, strongly suggests that the site of the
northern shoreline was in the region of the middie of the present-

day .Northern Mountains (Fig. 24). That it could not have been further
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south than this is suggested by the need to accommodate the Noil
Lakoe Marl Formation facies belt between the shoreline and the
Nuanain Sandstone Member, and the fact that the Lolotoi is still
to some extent mantled by the Bobonaro Scaly Clay south of the
suggested shoreline (Fig. 24).

Any attempt to interpret Early Pleistocene palaeogeography
must consider the age and origin of the Wetar Strait which separates
Timor from the Inner Banda arcs by a sea 3,000 metres deep. The
excellent rounding of the clasts within the Nuanain Sandstone is
suggestive of prolonged river transport such as that afforded to the
gravels of the present day River Noilbesi during their passage from
the Northern Mountains to the south coast. Such prolonged transport
would not be possible if the northern positive area extended only
as far as the present north coast of Timor in Nuanain Sandstone

times. It seems likely therefore that the Wetar Strait developed

after the deposition of the Nuanain Sandstone Member. This conclusion

accords with the Pleistocene land connection between Timor and Alor

postulated by Audley-Charles and Hooijer (1973) on the basis of

quite different evidence.

Fauna

The following foraminifera have been identified by
Mr D.J. Carter (unpublished report, dated 1970a):
(a) Planktonics:

Orbulina universa Globorotalia borealis gp.

Globorotalia cultrata menardii .

G. subcretacea | G. tosaensis tenuitheka

G. acostaensis pseudopima Pulleniatina spp.

G, tumida tumida (sinistral)
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Globigerinoides gomitulus

G. ruber

G. conglobatus gp.

G. quadrilobatus gp.

(b) Benthonics:

Textularia spp.

Sbiroplectammina SPe.

Miliolacea
Nodosariacea

Uvigerina spp.

Protoglobulimina sp.

Bulimina sp.

Age

Globigerina bulloides

G. parabulloides

G. rubescens

G. juvensis

G. calida praecalida

Hoeglundina sp.
Cibicides sp.

Bolivinita quadrilatera

Globocassidulina spp.

Orissodorsalis spp.

Planulina spp.

On the basis of the above foraminifera Carter

(unpublished report, dated 1970a) has determined the age of the

Nuanain Sandstone Member to be Early Pleistocene (N22), the N22/N2]

boundary beihg placed at the base of the member.

S
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(d) The Nanfua Sandstone Member

The Nanfua Sandstone is the uppermost member of the
Noele Marl Formation type section and comprises a series of thick
bedded, coarse clastic units each similar to that of the younger
Ofua Sandstone Member. These clastic units are interbedded with
subordinate marls.

The base of the member (see Fig. 15) is taken at the
abrupt junction of the massive sandstones with the underlying
ubper marl unit and extends upwards as far as the junction with
the green marls of the Noil Lakoe Formation, which succeed it.

The member is 42 metres thick.

Each clastic uniﬁ begins with a series of thick-bedded,
coarse, poorly-sorted lithic arenites with thin, interbedded conglom-
erate.units. The latter possess transitional upper and lower surfaces
and show no internal size grading. The clasts are composed largely
of Lolotoi metamorphic rocks.

Succeeding these are fine-grained, thick-bedded arenites
with convolute bedding. These pass transitionally upwards into
grey Globigerina marls.

Each of these main clastic sequences rests with a strongly

erosive base on a series of foraminiferal, sandy or tuffaceous marls

with thin, interbedded, graded arenites.

LS The arenites of the basalvpart of each main clastic unit

are characterised by layers of plastically deformed pellets of

grey marl. These pellet layers appear to be more abundant in beds

with highly penetrative and lobed bases, suggesting efther (a) scouring
and erosion of the marl substratum by a high density current or

(b) post depositional flowage and loading of a sandstone bed into

VoL o B % s e
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Plate 9: Nanfua Sandstone Member, River Fekufatu, Noele Sub - basin

Lowermost parts of two upwards-fining sequences, showing
(A): erosive base of main unit (1) cutting into pre - channel,
laminated marls; (B): thin, non - graded conglomerate units at the
base of an upwards - fining sequence; (C): detail of part of the
lower portion of the unit depicted in (B) showing (i) coarseness
of clasts; (i1) rounding; (iii) possible imbrication and (iv) non-
graded, transitional nature of each conglomerate unit.

For location of member type section see Fig. 16.
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the underlying, still unconsolidated marl, and incorporation of the
lobes into the underlying bed as clay pellets.

The four sedimentary divisions of each main clastic unit
are directly comparable with those described from the younger
Ofua Sandstone Member of the Noele Marl type section and the Nanfua
Member is similarly interpretea as a high energy, submarine
channel deposit. This is in accordance with the situation of the
member between the submarine fan deposits of the Nuanain Sandstone
Member and the slope deposits of the Noil Lakoe Marl Formation
(see later) and suggests deposition in a submarine canyon or very
proximal fan valley, present in the northern part of the Sub-basin

during upper Noele Marl times.

Age

Samples from the Nanfua Sandstone Member have not been
analysed for microfaunal content. However, the member is clearly
younger than the Nuanain Sandstone Member (Early Pleistocene, N22),
and older than the post Noil Lakoe Marl Formation unconformity,
which corresponds approximately to the N22/N23 boundary. The member

is therefore Late N22 (Early to Middle Pleistocene) in age.
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(11) The Noele Marl of the Noele Sub - basin northern margin:

The Kali Sabaoe section

A thick and almost continuously exposed sequence of Noele
Marl exists along the Kali Sabaoe in the northern part of the Noele
Sub - basin (Fig. 25). The succession extends from the top of the
Sabaoe Limestone Formation as far as the unconformable contact with
the Noilbesi Conglomerate in the region of Oenasse.
The section is divided into nine units, beginning with a thick

sequence of silty, Globigerina. marl with molluscan debris ( unit 1),

which passes upwards into a silt - free Globigerina marl (unit 11).

The upper part of the succession consists of a serfes of four units
of interbedded sandstones and marls (units 111, V, V11 and 1X)
separated by thick marl sequences (units 1V, V1 and V111). Units
1i1 to 1X are collectively grouped as the Nekana Sandstone Member of

the Noele Marl Formation.

Units 1 and 11: Silty Globigerina marl and Globigerina marl

Units 1 and 11 form the uppermost part of a continuous, upwards-

fining regressive sequence, which begins with the shallow water
calcarenites of the Sabaoe Limestone Formation type section, and ends

with the silt - free Globigerina marls of ynit 11. Apart from (a) the

silty admixture and comminuted shell debris of unit 1 and (b) the
complete absence of any turbidite beds both units resemble the 'normal’

marl of the Noele Marl Formation.

s e




97.

Fig. 25: Stratigraphic section of the Noele Marl of the Kali Sabaoe,

Noele Sub - basin northern margin.

For location of this section see Fig. 16.
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Fig. 26: Summary of stratigraphic units, facies and environmental
history of the Noele Marl Formation of the Noele Sub - basin

northern margin.



FORMATION

NOELE MARL

UNIT FACIES

e NEKANA MEMBER e,

NEKANA No. 4 \ c
!

MARL A
[
NEXANA No.3 B
A
MARL A

NEKANA No.2 1]
\ 3

MARL Al
c

NEKANA No. 1 /J
B

~A

MARL A
SHELLY MARL a'

ENVIRONMENT

DEEP WATER; PROXIMAL

PROX{MAL TURB. CURRENT

FAN HEAD CHANNEL SANDSTONES

DEEP WATER, PROXIMAL
PROXIMAL TURB. CURRENT
DISTAL TURBIDITY CURRENT
DEEP WATER, PROXIMAL
DEEP WATER ', PROXIMAL

PROXIMAL TURBIDITY CURRENT
PROXIMAL TURBIDITY CURRENT
DEEP WATER , PROXIMAL
PROXIMAL TURBIDITY CURRENT
DISTAL TURBIDITY CURRENT
DEEP WATER ', DISTAL

DEEP WATER, DISTAL

DEEP WATER , PROXIMAL

ot \.

PROXIMAL

DISTAL

PROXIMAL

N
7

7PROGRADING OF FACIES TOWARDS BASINCENTRE

BASINAL DEEPENING

L e e S S

B L L S

e




99.

(a) The Nekana Sandstone Member

Summar

The Nekana Sandstone Member is defined as a series of interbedded
lithic arenites and marls forming the uppermost exposed part of the
Noele Marl succession of the Noele Sub - basin northern margin. The
member is shown to have been deposited towards the north - western
proximal edge of the main submarine fan complex of Early Pleistocene
(N22) times. Four major incursions of this submarine fan into the Kali
Sabaoe region can be demonstrated, each being accompanied by progradation
of facies belts from the northern margin, producing an upwards increase
in proximality. The member {is tentatively correlated with the Nuanain
Sandstone Member of the southern and central parts of the basin, the
relative position of each member on the submarine fan complex being

indicated by an analysis of turbidite structures.

Introduction

The type section of the Nekana Sandstone Member (Fig. 25) 1is 450 metres
thick and extends from the appearance of the first arenite bed at the
base of the member to the unconformable contact with the massive conglom-
erates of the overlying Noilbesi Conglomerate Formation. MNine facies

are recognised (Figs. 26 and 27):

facies A
This consists of structureless, light grey marl containing the

tests of Globigerina and other pelagic foraminifera. MNumerous small

gastropods and occasional, thin shelled lamellibranchs are also present.
The latter, together with the pelagic foraminifera, suggest a low energy,

open sea environment of deposition. The absence of wave and current’
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Fig. 27: Nekana Sandstone Member, Noele Marl Formation, Kali

Sabaoe section: Detailed section of each of the four major
sandstone/shale units (Nekana sandstone units 1 to 4), {1lustrating
facies development. Note (a) the gradual increase and decrease at
the base and top respectively of each unit of the proportion of
turbidite sandstone beds, representing gradual incursion and final
waning stage of each fan unit; (b) the interval of maximum sandstone
development in the central part of each unit, deposited during

the time of maximum incursion of the submarine fan; (c) the general
increase in the proportion of proximal facies types from Nekana

unit 1 to unit 4, and (d) the general increase in bed thickness

from units 1 to 4.

For stratigraphic and geographic location of these units
see Figs. 25 and 29 respectively.
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produced structures suggests that this environment was reasonably deep.
Facies A' ‘

This facies comprises structureless, silty marls containing
an abundant admixture of comminuted molluscan debris. Most of this
appears transported, and may be related to the increased current activity
associated with the deposition of the turbidites (facies B to E) which
accompany this facies. |

Facies B
Consists of thick bedded, graded, 1ithic arenites containing

intermixed molluscan debris (Plates 10 and 11). Most beds are greater
than 20 cm. in thickness and display Bouma units A, B and AB. The upper
portion of most beds grades up into clay.

The well developed grading and regularity of thickness of these
beds suggests deposition by turbidity currents of relatively distal
aspect (when compared to other turbidites in the same sequence). The
absence of slump pr similar structures suggests deposition on a surface

possessing negligible slope.

Facies C

This comprises non - graded, fine lithic érenites with molluscan
debris. Pulses of coarser material occur at intervals throughout these
beds, which range in thickness from 10 to 150 cm.. One oftthese beds was
observed to pass laterally into a regularly graded facies 'B' arenite,
suggesting an origin by local flow variations of an individual turbidity
current.

Facies D

Comprises interbedded yellow clays and thin bedded, lensed,
lithic arenites. Loading, sedimentary penetration and disruption of the
latter within the clay are extremely common. These sedimentary features

suggest extreme fluidity of the clay and therefore rapid deposition, and
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Plate 10: Nekana Sandstone Member, Kali Sabaoe section

A: Middle and upper portions of Nekana no. 3 unit. Note increasing
marl intercalation towards the top of the section.

B: Detail of the lowermost part of a facies 'B' sandstone bed
showing graded shell lag layer of scaphopod, gastropod, lamellibranch
and coral debris and penetration of this shell lag into the
underlying marl.

For location see Fig. 29 (inset).
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Plate 11: Nekana Sandstone Member, Kali Sabaoe:

A: Basal and middle portions of a facies 'B' sandstone unit,
displaying grading of delayed type and coarse, basal unit with
abundant, comminuted molluscan debris;

B: Basal shell lag layer of a facies 'B' turbidite unit, showing
abundant scaphopod debris and upper layer of plant debris.

For location see Fig. 29 (inset).
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all are features of proximal turbidite deposition. Lateral disruption
(i.e. extension) of the layers may also suggest deposition on a slope.
Facies E

Comprises thick bedded (up to 115 cm.) graded arenites, some
of which display multiple and delayed grading. The tops of most beds
end abruptly in the fine sand fraction. Clay pellet layers are frequently
seen at the tops of beds. Sedimentary penetration of the bases of the
beds into the underlying mud occurs.

The thickness, and complex type of grading displayed by this
facies suggests deposition by turbidity currents of relatively high
energy; sedimentary injection, clay pellet inclusions and multiple and
delayed grading being features of deposits of very proximal turbidity
currents.

Facies 1

The thickest and coarsest arenites are found within the
uppermost Nekana unit (unit 1X) where they consist of very coarse lithic
arenite with numerous shell lag and clay pellet conglomerates. Two
units, each about 10 metres thick are present. Each possesses a highly
erosive base.

Facies J

Comprises beds of white tuff, which display parallel and ripple
cross lamination. These tuff beds occur at intervals within the marl
sequences. The presence of ripple cross lamination suggests that deep

water bottom currents may have played a part in their deposition or

redistribution.

Carbonaceous debris

Occurring both within the various sandstone facies and as

isolated laminae in the marls are layers of carbonised plant and wood ’
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material (Plate 11). These are often found towards the top of
individual units, indicating deposition from the less dense 'tail’
of the turbidity currents. Distribution by ocean currents or
possible settling directly from floating material are thought to be
responsible for the isolated layers found within the marl facies.

Uchupi et al (1967) noted that most of the woody debris beyond the

continental shelf appears to be associated with turbidites and suggested

transport by this mechanism,

Depositional environment of the Nekana Sandstone Member

Comparison of detailed stratigraphic sections (Fig. 27) of each
of the main sandstone/marl units (designated Nekana sandstone units 1 - 4)
reveals (a) a general upward increase { from Nekana sandstone unit 1 to
unit 4) of the sandstone/marl ratio and (b) a general increase up the
succession of the proportion of proximal facies types present in the
main sandstone section of each unit. Thus sandstone unit 1 consists
principally of 'distal' C/B turbidites, unit 2 of C/B turbidites with a
number of ‘proximal' E and D units, and unit 4 of two thick sandstone
units of facies 1. In unit 3, a temporary reversal of this trend towards
proximality is suggested, although it is significant that both the
sandstone/marl ratio and the general bed thickness of the facies 'B'

sandstones in this unit are significantly greater than in Nekana

sandstone unit 1.

Most sandstone successions within basinal sequences are now
known to have been deposited as submarine fan complexes at the base of
the continental slope. The relative thinness of each of the Nekana
sandstone units, the low dip of the succession and the almost complete

exposure has permitted the measurement of a north - south cross section

across one of these units (Fig. 28). The length of the exposed unit
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Fig. 28: Controlled cross - section along the exposed part of
Nekana sandstone unit no. 2, showing marked wedge - shape, the unit
thickening towards the basin centre (south). Note also the
increasing proportion of marl in this direction.

The increasing basinward proportion of marl visible
between the vitric tuff and the base of the submarine fan unit suggests
efther depositional thickening towards the basin centre or marked

erosion of part of the marl sequence by the base of the

submarine fan unit.
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Fig. 29: N.W. - S.E. profile across the Noele Sub - basin
northern margin. Reconstructed from a continuous section along
the Kali Sabaoe between points X and Y (inset) and restored to

pre - tilted condition. Diagram shows actual present - day
relationship between measured sections in Nekana submarine fan
units 1, 2, 3 and 4. Position of the Noil Lakoe Marl Formation
above 1s diagrammatic, but inferred from evidence elsewhere in the
Noele Sub - basin. Approximate field locations of individual
submarine fan sections shown in inset (points 1 to 4). For

general location of Rivers Sabaoe and Bidjeli see Fig. 16.
0 (inset): village of Oenasse.
Lines A and B are postulated time 1ines, 1ine C plane of present day .

erosion.
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(700 feet), maximum exposed thickness (100 feet), wedge shaped profile,
orientation perpendicular to the basin margin, turbidite composition
and basinward intercalation of marl leave no doubt that the unit
represents a single submarine fan complex, deposited during a time when
turbidity current activity was focussed in this part of the basin.

It was earlier concluded by facies analysis that the Hekana
sandstone units showed a progressive increase in proximality towards the
top of the succession. By restoration of the Kali Sabaoe section to
jts pre - tilted condition, the position of each of the Nekana sandstone
unit sections relative to one another at the end of Nekana deposition
can be demonstrated (Fig. 29).

Present day submarine fans are known to alter their position
as the locus of supply (often in turn due to migrating delta lobes)
alters. Two interpretations of the resulting profile are therefore
possible. The first involves the progressive progradation of the fans
southwards from the basin edge (Fig. 30) so that the lower part of the
resulting succession at any one point consists of turbidites deposited
in the distal fan area, and the upper of deposits from the proximal area.
Occasfonal lateral migration of the fan complex allows the deposition
of a low energy marl unit between successive fan lobes. However, the
same succession could result simply from lateral migration of the fan
complex along the basin margin with no accompanying facies progradation,
the proximality index of turbidites being a function also of the distance
from the main avenues of flow (Horn et al, 1971). Of these explanations,
the first is favoured because of (a) the regular upwards increase in
proximality of the units and (b) the relatively long period of time
represented by the thick Nekana succession, during which some basinward

progradation of facies belts is almost certain to have occurred.
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Fig. 30: Northern basin margin palaeogeography during deposition
of the Nekana Sandstone Member. Diagram attempts to account for the
observed upwards increase in proximality of units 1 to 4 by
progradation of {ndividual submarine fan units.

Lines 1 to 4 mark supposed successive stages in the
progradation of the northern basin margin. Points 1 to 4 mark
the approximate present day positions of the type sections of each
unit. Note the supposed position of each of the first three units
towards the edge of the prograding submarine fans.

The shaded area represents diagrammatically the approx-
imate area of deposition of the equivalent Nuanain Sandstone Member
of the southern part of the basin. ' '

Scale is approximate only.
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That the Nekana sequence itself was situated throughout its deposition
on, or near the edge of the area of influence of the prograding submarine

fan complex is suggested, however, by the overall fineness of the deposit

and by the abundance of comminuted shell debris of the kind which might
be expected to be widely transported by turbidity currents and easily |

carried to flow extremities. It is therefore concluded that deposition

of the Nekana units in the Noele Sub - basin took place toward the edge

of a prograding submarine fan complex (Fig. 30).

Relationship to the Nuanain Sandstone Member of the central part of the

basin

Although no microfaunal dating of the Nekana Sandstone Member
has been attempted, its occurrence in a similar stratigraphic position
to that of the Nuanain Sandstone Meﬁber of the central part of the basin
suggests an Early Pleistocene (N22) age. The differences in 1ithology
and sedimentary structures of the Nekana beds, in particular the eroded
base of most beds, wide range of grain size, erratic bed thicknesses
and occurrence of clay pellets are indicative of a much more proximal
environment than that in which deposition of the Nuanain Sandstone

Member took place. This accords well with the more northerly occurrence

of the Nekana Sandstone.

(b) Palaeogeography of the northern basin margin during Noele Mar]

deposition
It was concluded earlier that the absence of turbidites or other

arenites within the Batu Putih and Sabaoe Limestone Formations of the
Kali Sabaoe section was an indication of the probable low relief during
Late Miocene to Late Pliocene times of the region to the north of the

basin. Evidence for the persistence of this northern palaeogeography
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during all but a brief period (the Ofua Sandstone Member) of Noele

Marl deposition is provided by the continued absence of turbidites, the
first appearing and marking the base of the Nekana Sandstone. It is
significant that the basal part of this arenite sequence and the sandstone
portion of the slightly earlier Oemenu Sandstone Member of the southern
part of the basin consist of sediment with a high proportion of fine, well

sorted sand and comminuted shell material of the kind associated with

shallow shelf or stable beach environments. Later, the accelerating

uplift of the northern mountains led to an abundance of coarse, river

produced detritus, which therefore becomes increasingly coarser and

more abundant up the succession.
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(1i1) Palaeogeography of the Noele Sub - basin during Noele Marl
deposition '

The following history of deposition is proposed for the Noele
Marl Formation in the Noele Sub - basin:

A marked transgressive phase (the result of the Bidjeli
Subsidence) lasted from Middle N21 to Early N22, during which time
gradual deepening of the whole of the Noele Sub - basin led to a

replacement of the shelf carbonate deposition of Sabaoe Limestone

times (Fig. 31,A) by deep water Globigerina marls (Fig. 31, B).

The -relatively rapid subsidence of the northern part of the
Sub - basin, which began in Sabaoe Limestone times, appears to have
continued throughout deposition of the lower marl unit of the Noele
Marl Formation, which therefore shows an overall thinning to the south
(Fig. 32). In the southern part of the basin (Oemenu and Noele
anticline (south) sections) slight folding of the Sabaoe Limestone rocks
occurred prior to the beginning of the transgression, producing an
angular unconformity with the overlying Noele Marl Formation. This
unconformity is not present furiher north (Fig. 32).

The widespread marl sequence (lower marl unit) deposited
during the early stages of the Bidjeli Subsidence is.remarkable for
its lack of associated sandstones, suggesting that the low relief
of the region to the north of the Central Basin which existed in
Batu Putih Limestone and Sabaoe Limestone times persisted into the
Noele Marl Formation, with perhaps a brief period of elevation
produced during the Bidjelian phase of folding, and the resulting incursion
of the southwards flowing submarine channels of the Ofua Sandstone
Member into the sub - basin (Fig. 31, C). This first Noele Marl clastic

phase was however, of short duration, and was followed by another extensive

period of marl dposition, represented by the middle marl unit (Fig. 31, D).
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Fig. 31: Noele Marl palaeogeography; Noele Sub-basin

A. Final phase of Sabaoe Limestone deposition, showing northern

land area of low relief (A); subsiding, shallow water shelf area with
calcarenite deposition (B) and the emergent Kolbano High (C). Also
shown are the Sabaoe Limestone depoaxis (D) and the northern boundary
fault (E).

B. Palaeogeography of lower marl unit deposition, showing widespread
deep water, open marine conditions (A) represented by marl stipple;
probable direction of derivation of the clay mineral fraction of the
marls (B) and the depoaxis of lower marl unit deposition (C).

C. Ofua Sandstone Member deposition, depicting southwards flowing

submarine channels (C); open marine Globigerina marl deposition (B)

depicted by marl stipple; and the postulated position of the

northern land area (A).

D. Palaeogeography during middle marl unit deposition, showing
widespread, open marine conditions (B); direction of derivation

of clay mineral fraction (A) and submerged Kolbano High (C). The
northern land - mass at this time was either completely submerged

or existed relatively far to the north of the present northern
positive érea.

E. Oemenu Sandstoné and lowermost Nekana Sandstone Member deposition,
depicting extent of sandstone deposition (B); open sea, deeper

water Globigerina marl deposition (C) and the northern shelf area

from which most of the clastic material was probably derived (A).

F. Palaeogeography during Nuanain Sandstone Member deposition, showing
Nuanain Sandstone submarine fan complex (C) and its postulated
northwards transition into Noil Lakoe Marl Formation slope deposits

(B). Also shown are the northern land area (A); Globigerina marl

deposition away from the fan complex (D) and the present day outcrop

and assumed position on the submarine fan of the Nekana Sandstone Member (E),

S
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Fig. 31 (contd.)
G. Palaeogeography of upper marl unit deposition, showing open

marine Globigerina marl deposition (D) possibly caused by lateral

migration (E) of the Nuanain Sandstone submarine fan complex (C).
Also shown are the postulated Noil Lakoe Marl Formation slope
deposits to the north of the submarine fan complex (B) and the
postulated northern 1and area (A).

H. Deposition of the Nanfua Sandstone Member in the Noele area
during southwards progradation of the northern basin margin facies
belts: (A) northern land area; (B) Noil Lakoe Marl Formation
slope deposits; (C) Nanfua Sandstone deposits; (D) open sea

Globigerina marl deposition.
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The cessation of coarse clastic deposition at this time suggests

lateral migration of the submarine channels away from the western part
of the Noele Sub - basin or temporary subsidence below sea level of

the source area to the north. Lateral channel migration is considered
unlikely by itself to produce an almost totally arenite - free sequence,
deposition at large distances ffom the main avenues of flow of
submarine channels being characteristic of modern turbidite sequences
(Horn et al, 1971). Temporary cessation of uplift, or subsidence of
the source area is therefore implied.

Both stratigraphic (appearance of the first arenites) and
foraminiferal (Carter, unpublished report, dated 1970,a) evidence
suggests that towards the end of the middle marl unit deposition, a
widespread regression began to take place. This regression, the result
of what is here called the Noele Uplift, corresponded to the initiation
of the Mataian Orogeny, and had as its first effect the transport of
erosional products from the rapidly rising northern mountain region
into the basin to the south, resulting in deposition of the Oemenu
Sandstone Member (Fig. 31,E). The 1ithology of these sands suggests
that a shelf region of greater or lesser extent was present to the north
of the Noele Sub - basin during at least the latter part of the middle
marl unit deposition.

Deposition of the Nuanain and Nekana Sandstone Members followed,
as an increasing quantity of fluviatile detritus was delivered to the
basin by southwards flowing turbidity currents, producing a prograding
series of submarine fans (Fig. 31,F).

Cessation of turbidity current deposition in the Noele Sub -
basin, possibly caused by lateral migration of the fan complex, permitted
the deposition in late Noele Marl times of a thick sequence of Noele

Marl, represented by the upper marl unit (Fig. 31,G). A return of
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clastic deposition followed towards the end of Noele Marl deposition,
with the appearance of a proximal series of submarine canyon infillings
(the Nanfua Sandstone Member) which prograded over, and incised
themselves into, the preceding marl sequence (Fig. 31, H).

Noele Marl deposition was brought to a close in the Noele
Sub-basin by the southwards progradation over the Central Basin
deposits, of the slope marls and conglomerates of the overlying Noil
Lakoe Marl Formation (Fig. 31, H).

Uplift to sea level of the Noele Sub-basin and the closing
stages of the Noele Uplift were approximately coincident with the

climax of the Mataian Orogeny, during which extensive folding of

the deposits of the Noele Sub-basin occurred.

Age of the first Mataian compressive movements

Correlation of stratigraphic sections across the Noele
Sub-basin, using the base of the Nuanain Sandstone Member as datum
(Fig. 32) provides some evidence for the existence of a high on the
site of the present Noele anticline at least as early as the
beginning of Nuanain Sandstone deposition. That it probably was

not in existence substantially earlier than Ofua/Oemenu Sandstone

times 1s suggested by the absence of apprciable thickening of the
lower marl unit southwards from the Noele anticline (Fjg. 32).
Initiation of growth on the Noele anticline may, however, have

begun during, or immediately before the shedding of clastic
debris into the Central Basin during Ofua and Oemenu Sandstone

deposition,
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Fig. 32: North - south regional correlation of the Viqueque Group

of the Noele Sub - basin, using base of the Nuanain - Nekana

Sandstone Members as datum. This correlation clearly shows the
probable existence at the beginning of Nuanain Sandstone deposition

of a high on the site of .the present Noele anticline. The existence
of this high at an even earlier date may be the reason for the
thickening of the northwards derived Oemenu and Ofua Sandstone Members

southwards from the Noele anticline south 1imb sectfon.
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D. Stratigraphy of the Noele Marl Formation of the Bokong Sub - basin

The Noele Marl of the Bokong Sub - basin can be divided for
the purpose of description into the following three areas(Fig. 33):
(i) The Hoele Marl of the southern basin margin, exposed on the
northern side of the Bokong - Batu Putih fault zone.
(i1) The Noele Marl of the basin centre, exposed beneath the cover
of Noilbesi Conglomerate and Soe Limestone.
(ii1) The loele Marl of the northern basin margin, overlying the

southern edge of the older autochthon.

(i) The Noele Marl Formation of the southern basin margin

The Noele Marl outcrop of the Bokong Sub - basin southern margin
is confined to a relatively narrow zone immediately to the north of the
Bokong - Batu Putih fault zone, where the strong northerly dip associated
with the downthrow has exposed some 720 metres of succession. Althodgh
somewhat complicated by minor faulting, the most continuous section is
that of the Kali Bokong (Figs. 34 and 35), in which a thin development

of Globigerina marl is succeeded conformably by an interbedded series of

graded arenites and marls belonging to the Nuanain Sandstone Member.

The succession is completed above a faulted contact, by a thick sequence

of fissile marls, 'varved' silts and thin, graded sandstones comprising

the Tanah Putih Marl Member,

(a) The Nuanain Sandstone Member of the Bokong Sub - basin

In the Bokong Sub - basin, the Nuanain Sandstone Member consists
of a series of thin bedded (7 to 50cm.), 1ithic arenites with interbeds
of massive, grey, foraminiferal marl. Most of the arenite units (98%)

display the 'normal' grading type of Birkenmjaer (1959), the remainder

Ji 4, ™
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Fig. 33: Bokong Sub - basin location map, showing the three
principal regions of outcrop referred to in the text. These are:
(a) the southern basin margin, comprising mostly outcrops within,
and on the northern side of the Bokong - Batu Putih fault zone, and
including the main section along the River Kali Bokong (comprising
the Kali Bokong section (1) and the Tanah Putih Marl sectfon (2));
(b) outcrops of the basin centre, showing the approximate position
of the slump sheets referred to in the text (3) and (c) the
northern basin margin outcrops, including the Obernaik Member (4).
The entire width of the present day Bokong structural
sub - basin is shown in this location map. The sub - basin extends
from Bobonaro Scaly Clay outcrops in the extréme northwestern

corner to those south of the Bokong -~ Batu Putih fault zone.
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Fig. 34: Stratigraphic section of the Noele Marl Formation of the

Bokong Sub - basin, measured along the Kali Bokong.

For location of section see Fig. 33.
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Fig. 35: The Nuanain Sandstone Member of the Kali Bokong section,
Bokong Sub - basin.

Note (a) predominance of Bouma A units (e.g. bed 1) or AB
units amongst the graded sandstones; (b) thinness of bedding
displayed by the latter; (c) general abundance of clay pellet
inclusions (beds 6, 10, 13) and (d) occurrence of vitric tuff

beds near top and bottom of succession.
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being ungraded. The thicker arenite units (greater than 20 cm.)aare
characterised by ‘Bouma‘' intervals A, B, or ABC and the thinner units
by 'Bouma‘' interval A only.

Lithologically, the beds are similar to those of the Noele
Sub - basin, with clasts derived from the Lolotoi, Cribas, Bobonaro
Scaly Clay and other pre - Viqueque formations. Some matrix is present,

although most of the intergranular space is filled by calcite cement.

The coarsest fraction of some beds consists of comminuted molluscan
and coral debris.
The marls are grey, massive, silt - free and break with a

conchoidal fracture.

e tr i
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(b) The Tanah Putih Marl Member

Summary
The Tanah Putih Marl Member is defined as a series of interbedded

marls, silty mudstones, silts and arenites forming the uppermost part
of the Noele Marl Formation in the Bokong Sub - basin.

The environment of deposition is determined as a shallow
water, brackish lagoon, which is shown to have existed in the Sub -
basin during Early Pleistocene (N22) times. The succession appears to
have been strongly affected both by the final stages of the Noele Uplift,
which produced a markedly regressive sequence, and by movement on the
adjacent Bokong - Batu Putih fault zone, which produced contemporaneous

deformation within the Tanah Putih Marl succession.

Introduction

The Tanah Putih Marl Member forms the uppermost part of the
Noele Marl succession of the Bokong Sub - basin southern margin,
succeeding the underlying marls and arenites of the Nuanain Sandstone
Member above a faulted contact and being itself succeeded unconformably
by the Noilbesi Conglomerate Formation or the Noetufi Marl Member of the
Soe Limestone Formation.

The type section begins at the first appearance of grey, fissile
marls and shales above the massive marls of the Noele Marl Formation and
continues upwards to the unconformity with the overlying massive
conglomerates of the Noilbesi Conglomerate Formation.

The member is confined in distribution to a broad zone on the
northern side of the Bokong - Batu Putih fault scarp (Fig. 33), where a
total of 500 metres of succession was measured.

The succession (Figs. 36 and 37) consists of a series of

interbedded marls, mudstones and silty mudstones with thin silt laminae
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Fig. 36: Tanah Putih Marl Member: Type section, measured north of

Tacari, Bokong Sub - basin.

For location, see Fig. 33.
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Fig. 37: Tanah Putih Marl Member: Detail of part of the lower

portion of the type section (see Fig. 36), showing alternation

of grey, silt - free marls ( facies A, unlaminated ), laminated
silty marls (facles B), graded arenites and boudin - 1ike graded
arenites. Note the restriction of the abundant molluscan fauna

to the silt free parts of the succession (facies A).
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and thin - bedded, graded arenites. The marls are distinguished from those
of the remainder of the Noele Marl Formation in béing visibly well -
bedded and in possessing a slight fissility. The thin - shelled
lamellibranchs and visible planktonic foraminifera of the Noele Marl

Globigerina marl are noticeably absent.

Lithology
The section comprises the following three major facies (Fig.37):

Facies A
Consists of silt - free grey mudstone or marl, within which
interbedded arenites or silt 'varves' are rare or absent. Except for

the restriction of the megafauna to one species of gastropod and the
absence of visible Foraminifera or comminuted shell remains, this facies
resembles marl occurring elsewhere in the Noele Marl Formation.
Facies B

Consists of thinly bedded, grey, silty mudstone, usually with
many 5 mm. thick, graded silt laminae, all of which display an abrupt
base (sometimes loaded) and transitional top. This facies contains no
visible fauna. The absence of original soft - shelled fauna is suggested
by the undisturbed condition of the silt laminae and general absence
of bioturbation.
Facies C

Within the mudstones of facies 'B' are occasional, thin (20 cm.)
beds of graded, 1ithic arenite (facies C), varying in grain size from
fine to medium. Most beds display 'Bouma' A interval only: “Sedimentary
pinch and swell features are common within deformed marl masses,
particularly in the steeply dipping beds near ts the Bokong - Batu
Putih fault zone.
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The following foraminifera have been identified by Mr. D. J.

Carter (unpublished report, dated 1970b):

Benthonics
Facies A
Brizalina sp.

Bolivina sp.

Fursenkoina schreibersiana

Siphonoperta sp.

Quinqueloculina lamarckiana

Hyalina baltica

Facies B

Ammonia beccarii

Bolivina sp.

Cibicides lobatulus

Planktonics

Globigerina bradyi

G. juvensis
G. bulloides

G. cf. bulloides

Globigerinoides quadrilobatus gp.

Ammonia beccarii

Fursenkoina schreibersiana

Cassidulina laevigata

Globorotaloides variabilis hexagona

G. gomitulus
G. ruber gp.

Derived materials

Globigerinita ambitacrena

Globorotalia scitula scitula

G. subcretacea

G. cultrata exilis

G. crassaformis crassaformis

According to Carter, (op. cit.) planktonics from the lower levels of

the Viqueque Group (Batu Putih Limestone and Sabaoe Limestone Formations)

are common in the coarser arenite beds.
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Age of the Tanah Putih Marl

Carter (op. cit.) argued that the Tanah Putih Marl is a younger
part of the Noele Marl Formation and suggested its equivalence to the
upper part of the Nuanain Sandstone in the type section of the Noele
Marl Formation.. This accords well with the observed position of the

Tanah Putih Marl in the field.

Environment of deposition

| The combination of (a) a restricted molluscan fauna, (b) a
paucity of indigenous planktonic foraminifera and (c) a low energy
environment dominated by gastropods and fish is strongly indicative of
lagoonal deposition. This interpretation is supported by the occurrence
of the Tanah Putih Marl Member between the open marine Nuanain Sandstone
below and the overlying, .fluviatile Noilbesi Conglomerate Formation in
a generally regressive sequence.

The graded 1ithic arenite and silt layers suggest the distribution

and deposition of land - derived terrigenous material within this
lagoon by turbidity currents. In the case of the silt laminae this may

have been by direct outflow of fine suspended material from the

river mouths as the'courants turbides de surface' of Duff et al (1967,p.35).
Surface hugging clouds of suspended material can be seen offshore from
the south coast rivers of Timor during the flood season, and a similar
mechanism was invoked by Horn (1969) to explain thin, graded, silt varves
occurring in the mudstones of the Lower Cretaceous of S. E. Alexander
Island in the Antarctic.

The restriction of the megafauna to the silt - free marl and
clay (facies A) rather than to facies B mudstones and turbidites suggests
that the environment was particularly unfavourable during the introduction
of the latter (i.e. during the introduction of sediment - charged river

water), suggesting that the lagoon was brackish rather than hypersaline.
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Palaeogeography of the Bokong Sub - basin during Tanah Putih Marl

deposition
The following factors suggest that the Tanah Putih Marl

lagoon was widespread over most of the Bokong Sub - basin during Early
Pleistocene (N22) times:

(1) The thickness (500 metres) and wide lateral extent of the
deposit in the southern part of the basin and its dip beneath younger
rocks to the north;

(i) The diagnosis on the basis of the microfauna by Carter (op. cit.)
of a shallow water, brackish environment of deposition for the lowermost
part of the Tanah Putih Marl sequence and the description of the
remainder of the sequence as 'strongly regressive'. Clearly, a
considerable subsidence is implied by the deposition of 500 metres of

~ shallow water sediment, and although some of this was probably due to
movement on the local Bokong - Batu Putih fault zone, the behaviour of
the Central Basin as a tectonic unit throughout much of Viqueque
deposition suggests that the basin as a whole may have been subsiding

at this time.

(ii1) Carter (unpublished report, dated 1970b) noted the presence of
derived foraminiferal material within the Tanah Putih Marl from the

Batu Putih Limestone and Sabace Limestone Formations only. This clearly
implies that the Central Basin, with its widespread younger deposits

was still submerged and suggests the southern Panite High, the Tjamplong -
Naifalld'High, the Soe - Kapan High or the northern mountains as the
main source of the derived material (Fig. 41,C). The similar present -
day height of the sub - Soe Limestone unconformity on each of these
highs suggests the possible emergence of all of them, although develop-
ment of extensive drainage systems on either the Tjamplong - Naifallo

or Soe - Kapan Highs at that time seems unlikely because of their probably

s iy < v g st
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restricted extent. Similarly, the fineness and maturity of grading of
many of the Tanah Putih Marl arenites suggest a source more distant
than that of the adjacent Panite High, although this was probably
emergent and of low relief at that time.

The palaeogeography of the Bokong Sub - basin during Tanah
Putih Marl deposition therefore appears to have been that of a shallow
water, brackish lagoon, which extended southwards from the northern
mountain area as far as the discontinuous, emergent islands of the
Panite High, through gaps in which a connection with the open sea was
maintained. The lagoon was probably confined to the west by the
Tjamplong - Naifallo High and to the east by the Kapan - Soe High.

Clastic material was introduced at intervals into the lagoon by rivers

draining the northern mountain area and distributed by surface suspension

and turbidity currents.

JRU G—
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Plate 12: Drag folding in the Tanah Putih Marls, 400 metres north of
the Bokong - Batu Putih fault zone, Bokong Sub - basin.
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(ii) The Noele Marl Formation of the centre of the Bokong Sub-basin.

The Noele Marl of the central part of the basin is largely
obscured by the overlying Noilbesi Conglomerate Formation, but is
present in a few isolated outcrops along the rivers Kali Cacu and
Noil Noni in the western part of the basin. The most continuous
exposure is that along the banks of the Kali Cacu at localities 52/53
(Fig. 33), where the Noele Marl Formation consists of a remarkable

series of slumped and folded beds (Fig. 38) of massive Globigerina

marl, overlain unconformably by a thick series of interbedded, graded,
lithic arenites and foraminiferal marl, tentatively correlated with the

Nuanain Sandstone succession of the southern basin margin. That these

folds are due to local slumping, rather than to a major pre- or intra-
Nuanain Sandstone Member phase of movement is suggested by (a) the
apparent lack of a similar phase of movement at this time elsewhere in
the basinal succession and (b) the lateral passage of the slumped beds

(although the actual transition is not exposed) into an unconformity

of very small angular discordance. Although this slumping could be
related to either (a) local basin floor faulting or (b) the northern
or southern basin margins, a much more likely source would appear to

be the Naimona diapir to the west (Chapter 10). This is suggested by
(a) the easterly transition into normal, although slightly disturbed

strata, (b) the time of growth of the diapir, which can be shown to
have been at least as early as intra- Tanah Putih Marl (i.e. immediately
post- Nuanain Sandstone deposition) and (c) the apparently consol-
idated nature of the marl at the time of its slumping, giving rise to
the imbrication and faulting seen in Fig. 38. It might be argued

that a considerable angle of repose, such as that on the flanks of

an actively growing diapir, would be required to dislodge such

sediments.
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Fig. 38: Locality 52, Kali Cacu, Bokong Sub - basin, illustrating
penecontemporaneous sediment disturbance in the lower marl unit
below the Nuanain Sandstone Member. Sequence comprises: (i) lower,
sand free marl unit (A), showing probable slump folding (E and F);
imbrication (G) and small ‘parasitic slumps' (D); (41) upper,

graded arenite and marl sequence of the Nuanain Sandstone Member (B).
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Elsewhere in the central part of the basin, outcrops consist mainly of
similar interbedded graded arenites and marls and massive, grey,
foraminiferal marls. These exposures correspond respectively to the
Nuanain Sandstone Member and lower marl unit sections of the Bokong
Sub - basin southern margin, and indicate a similar, open sea,
moderately deep water environment of deposition, into which clastic

material was introduced from the north.
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(ii1) The Noele Marl Formation of the northern basin margin:

The QObernaik Member

Introduction

The Noele Marl reappears to the north west of the downwarped
Noilbesi Conglomerate Formation as a complex series of conglomerates,
arenites and marls, 142 metres thick, which laps onto the Bobonaro
Scaly Clay and Cribas Formations between Obernaik and Lelogamma (see
Fig. 33). The exact relationship of this Obernaik Member to the Noele
Marl of the southern and central areas is therefore difficult to

determine on field evidence alone. Lithologically, the member appears

to be the northern basin margin equivalent of the Tanah Putih Marl,
deposited as a shoreline/shallow water marine complex during Early
Pleistocene (N22) times.

The type section extends from the contact of the basal

conglomerates (Fig. 39) with the underlying Globigerina marl, to the

‘unconformity with the reef limestone of the Soe Limestone Formation.
" The following facies are distinguished:
Facies A:

Comprises an extensively bioturbated, structureless, fine arenite
with oysters and other molluscs. The oysters are very thin shelled,
flat, unbroken and in apparent life position. Facies A occurs throughout
the lower and middle parts of the succession, but becomes gradually
finer with increasing admixture of lutite. The molluscan fauna persists
throughout.

The arenitic composition and fineness of the deposit suggest a
low to moderately high energy, somewhat turbid, shallow water marine
environment of deposition.

Facies B:

Consists of lensed and parallel - sided, sometimes graded,
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Fig. 39: Obernaik Member, type section, Bokong Sub - basin northern
margin. Letters refer to facies types (see text). For location |
of section see Fig. 33.

The base of the section is taken at the base of the first
conglomerate unit in the exposed Noele Marl Formation of the
northern basin margin. The top is taken at the unconformable

contact with the overlying Soe Limestone Formation.
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arenites found interbedded with the lowest occurrence of facies A.
These arenites are highly bioturbated.

The grading and lateral continuity of the arenites suggest
deposition by turbidity currents. The presence of in situ oysters
suggests a shallow water environment of deposition and emphasises the
fact that caution should be exercised when attaching depth significance
to turbidity current deposits. Similar shallow water turbidites have
already been described from the Tanah Putih Marl Member and evidence
has been presented by Kuenen (1964) for turbidite deposition in 20
metres of water.

Facies C:

Consists of poorly sorted conglomerates, some of which display
low - angle cross stratification. One example of graded bedding was
noted. The clasts, which attain a maximum diameter of 8 cm. are mostly
derived from the Lolotoi Complex.

Facies D:

Represented by a single bed of fine calcarenite, within facies A,
containing in situ gastropods.
Facies E:

Consists of grey clays with plant remains and abundant, large
(10 to 15 cm. in length) gastropods.

Lying below the Obernaik Member are grey, massive, sand free
marls containing occasional, thin shelled lamellibranch debris. These

sediments belong to the Globigerina marl of the Noele Marl Formation.

Depositional environment of the Obernaik Member

The abundance of shallow water molluscs (e.g. Ostrea),

bioturbation and cross - bedding throughout the succession suggests

deposition in a moderately to very shallow water marine environment.
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Age
The member is included in the Noele Marl Formation because

of (a) its occurrence below the pre - Soe Limestone Formation unconformity

and (b) the presence below it of marl of 'normal' Noele type. The
relatively deep water aspect of both lower marl and Nuanain Sandstone
Member sequences of the southern basin edge almost certainly implies
shorelines during the deposition of these members some distance to the.
north of Obernaik and at a somewhat higher elevation, particularly as
these members in the southern part of the basin appear to have since
subsided relative to the Obernaik Member. It is therefore concluded
that the latter was deposited along the northern basin margin of the
Tanah Putih Marl lagoon during Early Pleistocene times, the conglomerates
and sands being the basin edge, ‘coarser clastic equivalent of the fine
arenites of the Tanah Putih Marl. This suggested relationship is illus-
trated in Fig. 40.
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(iv) Summary: Palaeogeographic development of the Bokong Sub-basin

during Noele Marl deposition ..

Deposition of the Noele marl in the Bokong Sub-basin
was similar to that in the Noele Sub-basin from Late Pliocene (N21)
to Early Pleistocene (N22) times, producing a deep water marl/
turbidite succession (Fig. 41, A and B), the latter marking the first
signs of the Mataian: orogenic phase and Noele Uplift. Apart from
minor slumping, there is no evidence either before or during deposition
of this deep water succession, to suggest that the compression
associated with this uplift had begun to affect the basinal succession.
The earliest movements which can be dated in the Bokong Sub-basin
are those which affected the succeeding Tanah Putih Marl Member,
probably during its deposition, which on foraminiferal evidence
appears to be Late N22.

The resulting compression produced (a) a steepening of dip
on the Bokong- Batu Putih normal fault zone, causing penecontemporaneous
or immediately post-depositional rupturing of the Tanah Putih Marl
arenite beds and (b) a post- Tanah Putih Marl series of NNE-SSW
wrench faults with combined left-lateral displacement of 5 kilometres
in the Bokong- Batu Putih region. This wrench faulting was
accompanied by E-W, gentle folding and is discussed later.

The deposition of the Tanah Putih Marl Member itself
evidently took place in-a shallow water, brackish lagoon (Fig. 41 c)s
which extended over much of the Bokong Sub<basin in upper Noele Marl
times and was bounded to the north by a land area of moderate relief
and by an intervening belt of shoreline clastics and marls
(the Obernaik Member). To the ‘south of the -lagoon and
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Fig. 40: Diagrammatical cross - section of the Bokong Sub - basin
during early stages of Noilbesi Conglomerate deposition, i1lustrating
supposed relationship of Obernaik (6) and Tanah Putih Marl (5) mem-
befs of the Noele Marl Formation. Also shown are pre - Viqueque
formations (1); pre - Noele Marl Formations of the Viqueque

Group (2); lower marl unit of the Noele Marl Formation (3); the

Nuanain Sandstone Member (4) and the Noilbesi Conglomerate Formation

(7).
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Fig. 41: Noele Marl palaeogeography, Bokong Sub - basin: Depicting

(A) lower marl unit deposition (Early N21); (B) Nuanain Sandstone

deposition (N22) and (C) deposition of the Tanah Putih-Marl and
Obernaik Members (Late N22).

1: Postulated land area of northern Indonesian Timor;

2: Present day distribution of deep water Globigerina marl;

3: Turbidites and marls of the Nuanain Sandstone submarine fan
complex of the Bokong:Sub-- basin;:4: Turbidites and marls of the
Nuanain submarine fan complex of the Noele Sub - basin;

5: Open sea Globigerina marls; 6: Present day outcrop of the

Nuanain Sandstone Member; 7: Postulated land area; 8: Shoreline
marls and arenites of the Obernaik Member; 9: Tanah Putih
Marl Member marls and arenites; 10: Present day outcrop of the
Obernaik Member; 11: Present day outcrop of the Tanah Putih Marl
Member; 12: Possible open sea marl deposition to the south of the
Panite High.

Positions of (a) the submarine fan complexes (b) the
margins-of the Tanah Putih Marl lagoon and (c) the northern land
area are tentative only, and based on evidence from the outcrops

shown in the diagrams.
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separating the latter from the sea lay an island, or series of
islands, on the site of the present Panite High.

Considerable subsidence of the Bokong Sub-basin appears
to have taken place during deposition of the Tanah Putih Marl
Member, probably by means of downwarping of the basin centre in

response to the Mataian compressive forces.

Finally, in Late N22/Early N23 times the Noele Marl of
the Bokong Sub-basin was uplifted above sea level, resulting in
the production of the widespread unconformity which now separates
the formation from the succeeding Soe Limestone and Noilbesi

Conglomerate Formations.
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E. The Noele Marl succession of the Portuguese Timor

south coast basins.

(1) General

The Noele Marl Formation is represented in the two south
coast basins investigated by the writer (the Colitie and’Viqueque
Basins). by interbedded Globigerina marls and silty marls with arenite

and conglomerate beds. The succession in these basins and those in
the similar Matai? Basin were first described by Audley-Charles (1968),
who chose as his type section of the Viqueque Formation the

successfon on the southern 1imb of the Viqueque syncline in the basin

of the same name. In all of these localities the arenite and conglom-
erate beds are much thicker and ‘coarser and the main marl development

much thinner than in the corresponding succession of Indonesian Timor.

(1) The Same” Member
The upper part of the Viqueque successfon in the Colitie

syncline of southern Portuguese Timor consists of grey -foraminiferal
marls and silty marls with interbeds of 1ithic arenite and conglomerate
(Fig. 42). Although the succession bears a superficial resemblance

to the Nuanain Sandstone Member of Indonesian Timor the many important

~ differences of detail which exist lead to the conclusion that
palaeogeographic conditions within the two basins were very different.

The type section, 262 metres thick, was measured along the Samé-

Betano road, and extends from the appearance of the first arenite in

the Noele Marl succession to the top of the last.

Description

Most of the coarse beds in the Colitie syncline possess

some form of grading, and -all are interbedded with a Globigerina,
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Fig. 42: Same Member: Type section, measured along the Same -

Betano road.
Note the thickness (up to 1.5 metres, e.g. bed 43), coarse-
ness (bed 32), irregularity of bed bases (beds 9 to 16), presence
of abundant marl clasts (beds 6, 26, 38) and thick slumped unit
(bed 44), all of which are features of extremely proximal turbidite

successfons, Compare this section with the type section of the

Nuanain Sandstone Member (Fig. 21).
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apparently deep water,marl. For this reason, and because of the
presence of other features such as parallel lamination these beds

are interpreted as the deposits of various forms of turbidity current.

The following sedimentary features testify to the nature

of the environment:
(i) The majority of beds display the ‘delayed grading' described

from the Nuanain Sandstone Member. In the Samé Member this grading type
is seen in beds less than 10cm thick, the non-graded lower part of
these beds often being well developed and of wide lateral extent.

This observation suggests the possession of a great degree of mobility
by the depositing medium and provides further support for a 'traction
carpet' origin,

(i1) Large (up to 60cm diameter), well-rounded boulders occur cin
some of the thicker beds.

(i11) Marked lateral changes of thickness and lenticularity of the
sandstone beds are common,

(iv) Sandstone bed bases often penetrate the marl on which they rest.
Isolated terrigenous clasts are often present in this marl beneath
the sandstone beds. These features suggest that the mud was in an
unconsolidated state before the deposition of the turbidites.

(v) Most beds consist of Bouma units A or AE. Parallel lamination
is generally rare, only one example of an AB sequence being noted.
(vi) Marl pellet clasts derived from the finer interbeds occur
within the coarser units.

(vii) Some small scale slump structures involving several metres

of succession occur.

(viii) No palaeocurrent indicators were observed within the Noele

Marl sequence of the Colitie syncline. Four determinations of
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Plate 13: Proximal turbidite beds of the Same Member type section.
Note variations in bed thickness, erosive bed bases and

delayed grading in thin beds (B) and thick beds (A).
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ripple cross lamination direction within the succeeding Noil Lakoe
Marl Formation showed current directions implying movement from SE to
NW.

Environment of deposition

In addition to the very much coarser nature of the Samé
succession compared to the Nuanain Sandstone succession,the presence
of slump structures, boulders within graded beds and lenticularity
of the units suggests a much more proximal environment of deposition
than that ascribed to the Indonesian Timor equivalent. In such an
environment the high rate of deposition of both coarse and fine units
results in extreme instabilityof the succession and the presence
of even a slight slope is enough to cause slumping (Lewis 1971;
Shepard 1955). Similarly, the high rate of deposition of the mud
or marl leaves little time between incursion of turbidity currents
or slumps for pore water to be expelled by compaction, thus
facilitating penetration of sediment-charged currents and subsequent
settling of the deposited clasts into the mud. This feature is
not found in the turbidites of the Nuanain Sandstone.

The interpretation of the environment of deposition of the
Same succession as more proximal in aspect than that of the Nuanain
Sandstone is in agreement with the relative positions of the two units
with regard to the areas of older rocks from which they appear to
have been derived. The Same type section lies only 5km south of the
southern edge of a Lolotoi thrust sheet, whereas the nearest similar
outcrop in the Central Basin is 15km north of the Nuanain Sandstone

Member type section.



Fauna

The following foraminifera have been identified by

Mr D.J. Carter (unpublished report, dated 1971a):

(a) Planktonics

Orbulina universa

Globorotalia cultrata menardii

G, tumida tumida (sinistral)

G. subcretacea

acostaensis pseudopima

.G._.
G. borealis gp.
Pulleniatina spp.

Sphaeroidinella dehiscens

(b) Benthonics

Ammobaculites spp.

Textularia spp.

Spiroplectammina spp

Miliolacea
Peneroplidae

Nodosariacea

Uvigerina spp.
- Protoglobulimina spp

Bulimina spp.

Age

Globigerinoides gomitulus

G. ruber

G. conalobatus gp.

Globigerina bulloides

G. parabulloides

G. juvensis
G. rubescens

Hoeglundina spp.

Cibicides spp.

Bolivinita quadrilatera

Globocassidulina spp

Oridorsalis spp.

Elphidium spp.
Pseudorotalia sp.

Amphistegina sp.

Calcarina spp.

Ceratobulimina pacifica

Carter (op. cit.) assigned an N22 (Early Pleistocene)

age to samples from the Sam€ Member type section of this thesis.



]490

F. Factors affecting sedimentation of the Noele Marl Formation

Most members of the Noele Marl Formation consist of two
basic 1ithologic elements; an endogenetic or basin derived element,
represented by the normal marls and‘clays,\and an exogenetic
element, consisting of the gravity displaced, resedimented arenites

and conglomerates which are interbedded within these.

1. The endogenetic lithologies

(a) Source

The term 'marl' has been adopted in this work to describe
fine grained sediments consisting of admixtures of between 30 to 40%
carbonate mud and 60 to 70% terrigenous material, mostly clay mineral
particles. Much of the terrigenous component probably originated’
by vertical settling of clouds of suspended matter similar to those
which today travel long distances from the mouths of rivers on the
south coast of Timor. The Bobonaro Scaly Clay which must have mantled
large areas of the northern mountains at the time of Noele Marl
deposition would have provided a widespread and readily eroded source
of clay minerals.

A large proportion of the carbonate fraction of the marl

consists of the tests of pelagic foraminfifera such-as Globigerina,

which presumably settled to the floor of the basin after death.
Much of the finer carbonate material is likely to have been derived

from a comnminution of carbonate benthonic remains on the shelves

fringing the Central Basin, and also from onshore erosion of the two
preceding carbonate units of the Viqueque Group, the Batu Putih Limestone

and the Sabaoe Limestone Formatfons.
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(b) Depth and distance from land

In the previous account of the Noele Marl, the abundance of
carbonate material and the absence of structures indicating current
disturbance have been used as evidence of a fairly deep water

environment, above the calcite compensation depth (minimum 3,500m)
but below general wave base. Examination of the various Noele

Marl successions, at least in Indonesian Timor, reveals that nowhere
in the now exposed succession were these limits exceeded, although

it is 1ikely that the upper part of the Noele Marl, deposited

towards the end of the Mataian uplift and subsequently eroded was

of a relatively shallow water aspect.

(c) In situ fauna

A proportion of the carbonate fraction in some parts of the
Noele Marl succession consists of comminuted molluscan debris, mostly
derived from in situ destruction of 1ame1]ibrancﬁ shells. A portion
of the shelly debris in the marls interbedded with the Oemenu and
Nekana Sandstones appears to have originated from the sandstone units

and to have been redistributed by bottom currents.

Sedimentation of the finer beds of the Noele Marl is
therefore chiefly a function of depth of water ( the sediment - water
interface being-below wave base ), the distance from land (far enough
to allow the settling of pelagic organisms, but near enough to allow
a large contribution by river - derived suspended material), the
abundance of readily erodable terrigenous and carbonate onshore deposits,

and finally the local presence or absence of benthonic molluscan debris.
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(ii) The exogenetic lithologies

In the accompanying diagram (Fig. 43), the various types of
exogenetic assemblage which occur in the Noele Marl are tabulated.

An immediate difference is apparent between those sediments deposited
during the main Viqueque folding phases and those deposited during the
intervening period of quiescence.

The Bidjelian exogenetic assemblage comprises the Ofua
Sandstone Member. The pre - Mataian exogenetic assemblage comprises
the Oemenu Sandstone Member. This is of much finer grain size than the
later sandstones and contains a very large proportion of comminuted,
shallow water molluscan debris and occurs within a thick, otherwise
sand - free marl sequence. It was concluded in an earlier section that
the emerged land at that time was tectonically stable and of relatively
Tow relief.

The main Viqueque uplift and compression was marked within the
Noele Marl, however, by the appearance of thick arenite and conglomerate
sequences of a much coarser nature than the earlier members. This
Mataian exogenetic assemblage comprises the thick turbidites of the
Nuanain Sandstone, which consist of much coarser, pooriy sorted, well
rounded material, presumably derived from delta fronts fringing the then
growing northern mountains. These sandstones were not allowed to remain
for long in a shallow water environment and consequently do not contain
as much shell material as the Oemenu Sandstone Member. Some of the shell
material which is present was probably derived from the erosion of the
earlier Sabaoe Limestone.

Also forming part of the Mataian exogenetic assemblage are the
coarse submarine fan deposits of the Nanfua‘Sandstone and most of the
Noele Marl of Portuguese Timor.

It is clear therefore, that the relative development of the

coarser units within the Noele Marl is closely related to the occurrence
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Fig. 43: Relationship of the main clastic units of the Noele Marl

Formation to periods of onshore tectonic activity.
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of the main tectonic episodes. Within each of the assemblages however,
marked differences exist between individual members. Because most of
the beds can be attributed directly or indirectly to deposition by
turbidity currents, and because the latter change in character away from
source, many of these differences are a direct function of distance
from source. For example, the thinner bedding and finer grain size

of the Nuanain Sandstone compared to the Nanfua Sandstone is a direct
consequence of the position of the former in the central part of the
submarine fan complex, compared to the slope or base of slope position

of the latter.
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Chapter 6. The Noil Lakoe Marl Formation

A. Introduction

The Noil Lakoe Marl Formation consists of a series of blue -
green marls and clays with interbeds of conglomerate, arenite and occas-
jonal coral debris. The formation succeeds the Noele Marl Formation

conformably and is itself succeeded unconformably by both the Soe

Limestone Formation and the Noilbesi Conglomerate Formation. It
achieves a maximum thickness of 450 metres in the Noil Lakoe syncline

north of Noele.

B. Distribution

Present day distribution of the Noil Lakoe Marl Formation
(Fig. 44) is confined to (a) the north - western part of the Bokong
Sub - basin in the region of Kampong Fatu Kona; (b) the central and
north - central part of the Noele Sub - basin, mostly in the Noil Lakoe
syncline, and (c) the Colitie syncline of Portuguese Timor.

The formation was formerly distributed more widely than the
present - day outcrop would suggest, pre - Soe Limestone Formation
erosfon in the southern part of both the Noele and Bokong Sub - basins
having removed most of the Noil Lakoe Marl Formation and the upper part

of the Noele Marl Formation.

C. Stratigraphy

(1) The Noil Lakoe Marl Formation of the central part of the Noele

Sub - basin: the type section

The Noil Lakoe Marl Formation crops out along the Noil Lakoe
in the Noele Sub - basin, from Noil Noni village to the junction with
the Noe Ko. U River, a distance of approximately 10 kilometres (see
Enclosure 1). Over most of this outcrop, the formation is horizontal
or gently dipping. Three major facies can be recognised in the type
section (Fig. 45):

PN —
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Fig. 44: Noil Lakoe Marl Formation distribution:

A. Bokong Sub - basin (containing the Fatu Kona Member type section).
B. Noele Sub - basin (containing the Noil Lakoe Marl Formation

type section).
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Fig. 45:~ Noil Lakoe Marl Formation, type section, Noil Lakoe,

Noele Sub - basin,
Note the presence of conglomerates and slumped beds
within the middle and upper parts of the succession, reflecting

the increasing influence of the northern basin slope.

For location of section see Fig. 44.
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Facies A:
Consists of green, shell free, marls and clays with
occasional, thin arenite interbeds, or varves of graded, fine
green arenite. Underlying this lowermost facies, via a transitional
contact, is a series of grey marls containing a thin shelled molluscan
fauna and a number of interbedded, thin bedded, graded arenites. This

latter sequence appears to belong to the upper part of the Noele Marl

Formation. The contact betweennthe two formations is taken at the
base of the green marls of the Noil Lakoe Marl Formation.
Facies B:

Facies 'A' is succeeded transitionally by a succession
of green and grey micaceous, sandy marls containing thick beds of
non-graded, coarse cobble beds and coarse arenites. Many have
transitional upper and lower surfaces. The marl of this sequence
is sandy and is characterised by the presence of isolated, larger
terrigenous clasts.

Succeeding facies 'B' is the strongly erosivé base of the
conglomerates of the Noilbesi Conglomerate Formation.

Several small, angular discordances, probably related to
slumping are present within the facies 'B' succession.

Facies C:

Occurring within the above fa;ies 'B' succession is a thick
conglomerate unit with a maximum exposed thickness of 7 metres. The
conglomerate consists of a variety of very poorly sorted, well-
rounded clasts of green Lolotoi metamorphic debris, which become finer
towards the top of the unit. Also present are aAnumber of large,
(60 cm. diameter) contorted clasts of green-grey‘marl (P1ate 14)

similar to that occurring above and below facies 'C'.
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Plate 14: Noil Lakoe Marl Formation, type section, Noil Lakoe

River, Noele Sub-basin.

A: Photograph showing eastern contact of facies 'C' conglomerate
lens (on right) with interbedded grey-green marls of the facies 'B'
sequence (on left). Fluviatile conglomerates of the Noilbesi
Conglomerate Formation can be seen cutting into both facies in the
upper part of the photograph.

b: Photograph of the lowermost exposed part of the facies 'C'

conglomerate lens showing large light-coloured clasts of marl at

the base. Note the poorly sorted nature of the deposit.
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The conglomerate passes laterally into interbedded marl, eastwards

I3
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via an abrupt channel wall (Plate 14) and westwards via increasing

jintercalation of marl.

Environment of deposition of the Noil Lakoe Marl of the type section

The increased proportion of coarser clastic debris, non - i
graded nature and lensing of arenite and conglomerate beds, and the é
occurrence of structures related to slumping all suggest a considerably
more proximal environment of deposition than that deduced for the
underlying Noele Marl Formation. This interpretation is supported by
the occurrence of the facies 'C' conglomerate unit within the

sequence. The lens shaped geometry of this unit, upwards - fining,

poor sorting and occurrence of large marl clasts all suggest the

infilling of a large submarine channel by a high energy, erosive process.

The deposit is therefore interpreted as a fan valley or submarine {

canyon conglomerate. That it is of a more proximal type than that

encountered in the Nuanain Sandstone Member of the underlying Neele
Marl Formation is indicated by its much steeper walls, coarser infilling i

and larger clast size.

(i1) _The Noil Lakoe Marl Formation of the Bokong Sub - basin:

The Fatu Kona Member.

The Noil Lakoe Marl Formation of the northern part of the
Bokong Sub - basin crops out in the vicinity of the village of Fatu
Kona as a series of grey - green,.sandy marls with beds of coarse
clastic detritus of (a) terrigenous (Lolotoi Complex) or (b) shallow
water carbonate origin. Sequences of predominantly carbonate debris
pass laterally over the scale of several hundred metres into sequences

of predominantly terrigenous origin. These sediments are named the
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Fatu Kona Member. The member has an estimated maximum thickness of

80 metres, and is overlain unconformably by reef 1imestones of the

Soe Limestone Formation. The base of the member is not seen, but the
unit is assumed to pass transitionally into the underlying Noele Marl
Formation. Detail of part of the type section is depicted in Figure
46.

(a) Beds of terrigenous (Lolotoi) derivation

Facies A:
Consists of thin bedded, poorly graded conglomerate beds, of

mainly Lolotoi clasts. Most beds possess abrupt, undulating bases and
transitional or abrupt tops. Many beds end abruptly in the gravel

size grade and most consist only of Bouma unit ‘A’.

Some facies 'A' beds consist of large, angular Lolotoi clasts
(up to 12 cm. diameter) throughout and show an abrupt change in grain
size near to the top of the bed, where a very rapid grading down
to coarse sand occurs. The coarse fragments appear to float in a matrix

of coarse sand or gravel. This type of grading is similar to that

observed in the turbidites of the Nuanain Sandstone and in the Sameg

Member of Portuguese Timor.

Interpretation of facies 'A' beds

The coarseness of the beds and their occurrence within a marl
sequence contdaining marine fauna suggests deposition by a high energy
submarine current. The grading suggests that this submarine current
was a turbidity current, but the occurrence of large, floating clasts
throughout suggests that it was one within which adequate size grading

and differentiation of clasts towards the nose and base had not yet

taken place. Other evidence of a proximal environment of deposition
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Fig. 46: Detailed section of part of the Fatu Kona Member of the

Noil Lakoe Marl Formation, showing abundance of coarse arenites and

conglomerates of facies 'B', containing coral and other carbonate

debris. Note the wedging and lensing of individual beds, reflecting

the proximality of the environment.

For approximate location of section, see Fig. 44.
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Plate 15: Noil Lakoe Marl Formation, Fatu Kona llember,

Bokong Sub - basin,

A: Thick facies 'A' (Lolotoi derived) conglomerate unit preceded and
surrounded by green marl. Note the coarseness of the deposit, crude
grading and angularity of the clasts.

b: Lower part of a non - or poorly graded facies 'E' unit of mostly
carbonate derivation. Note the abundance of gastropod and coral

and molluscan debris, and the lack of a well defined bed base.
Underlying the bed is a unit of grey marl.

C: Photograph showing a well graded, facies 'D', predominantly
carbonate unit. Note well defined bed base and top, coarseness of
deposit and darker, scattered terrigenous (Lolotoi) clasts.

Location of beds: River Noil Noni, near Kampong Fatu Kona,

Bokong Sub - basin.
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is provided by the occurrence of ‘delayed grading' discussed in connection

with the Samé and Nuanain Sandstone Members of the previous chapter.

Facjes B:

Comprises thick beds of ungraded congliomerate or coarse arenite.
The clasts, which are predominantly of Lolotoi derivation, are angular,
vary in size from 2 to 20 cm. in diameter, and possess a sandy mud
matrix. Lateral thickness changes on the scale of several metres are
common within the coarse beds. In places, the arenite and conglomerate

beds succeed one another directly. In others, thin, usually discontinuous

beds of green marl, often highly charged with fine, terrigenous debris,

intervene.

Interpretation

The absence of grading and extreme coarseness of the deposit,
together with the suspension of clasts within the sandy mud suggest a
form of subaqueous mudflow as the depositional agent. The proximality
of the deposits as a whole and the association of slump structures
suggest that the northern basin slope was relatively close. Submarine
mudflows, originating on delta s]opes building out from the northern

mountains, must have been relatively frequent during this time.

Facies C:

Terrigenous debris in a variety of sizes also occurs isolated
or in thin layers within the marl sequence. Isolated boulders, some
angular, and varying in size up to 30 cm. diameter are sometimes found
on bedding planes, occasionally with evidence of distortion of the
marl on which they rest. These boulders could have been emplaced by

downhill s1iding on the mud surface of the submarine slope. Alternatively,
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they could have been transported by Kelp hold - fasts (Shepard and Dill,
1966) or by entanglement in floating tree roots.

(b) Beds of carbonate derivation

Facies D:
Comprises thick, (30 cm.) well graded beds of rounded coral and

molluscan debris with abrupt bases and transitional tops, interbedded
with grey marls containing a shelly gastropod fauna. The sedimentary
structures of these beds thus compare directly with facies 'A' of the
terrigenous beds, and a similar depositional mechanism can be invoked-
namely very proximal, poorly developed turbidity currents. The abundant
coral and molluscan debris of facies 'D' beds suggests derivation from
a reef front or reef related environment.

Other beds included in this facies possess a structureless
Tower part and a graded upper portion, suggesting a depositional mechan-

ism similar to that invoked for the corresponding beds in the terrigenous

sequences.

/

Facies E:
Consists of thick beds of coral and molluscan debris with abun-

dant marl matrix. These beds are not graded and display no well -

defined base, the underlying marl passing transitionally into the marl
matrix of the bed (Plate 15). These beds correspond to facies 'B' of

the terrigenous beds. The abundant Turritella gastropods which they
contain, however, possess a preferred orientation. This feature has

been reported from many mudflow deposits (Bull, 1972) and in conjunction
with the lack of abrasion shown by the gastropods and coral debris further
suggests transportation from the fronts of coral reefs into deep water

by mudflows.
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Facies F:

Consists of Qrey marls containing lensed layers of coral and
molluscan debris, interstratified with, and passing transitionally
upwards into boulders of coral and coral limestone up to 1.25 metres
in diameter. This facies occurs in-an jsolated outcrop east of the
village of Noil Noni and is assumed to belong to the uppermost part

of the Fatu Kona Member succession.

(ii1) Palaeogeography of Indonesian Timor during Noil Lakoe Marl

deposition (Fig. 47).
During Noil Lakoe Marl deposition, the Noele (Mataian)

Uplift, combined with the progressive prograding of facies belts south-
wards from the northern positive area resulted in generally shallower
water, much more proximal environments of deposition in the northern
part of Timor. Thus, Noil Lakoe Marl environments range from deeper
water, offshore (e.g. facies 'A' of the Noil Lakoe Marl type section)
to reef front transition (Fatu Kona Member, facies 'F') of probably
much shallower water origin. During this time much terrigenous debris
was introduced into the basin from the northern positive area via
deltas, positioned between growing shoreline fringing reefs. This
situation is closely paralleled by the present day configuration of the
southern coast of the island, where rivers carrying terrigenous debris
cut through a discontinuous fringe of coral reefs. The resulting
succession is therefore one in which sequences of predominantly
carbonate derivation pass laterally into sequences of terrigenous

derivation.
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Fig. 47: Palaeogeography during Noil Lakoe Marl deposition.

Diagram showing probable relationship of the present Noil
Lakoe Marl outcrop to inferred Noil Lakoe Marl palaeogeography.

The submarine fans shown to the south of the northern basin
slope are conjectural, but probably existed as a southwards

progradation of the fans of Noele Marl times.
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general, and the association of graded beds and the abundance of

planktonic foraminifera suggests a slightly deeper, more open water

environment of deposition than that implied by tidal or subtidal

environments.

D. Microfauna

The following microfauna have been identified by Mr. D. J.

Carter (op. cit.) in samples taken from the writer's sections in the

Noil Lakoe Marl Formation of the Colitie syncline, Portuguese Timor.

Planktonics

Orbulina universa

Globorotalia cultrata menardii

Globorotalia tosaensis tenuitheka

Pulleniatina sp.

G. subcretacea

G. acostaensis pseudopima

|

G. borealis gp.

G. truncatulinoides

Benthonics

Ammobaculites spp.

Textularia spp.

Spiroplectammina spp.

Miliolacea

Peneroplidae

Nodosariacea

Uvigerina spp.

Protoglobobulimina spp.

Bulimina spp.

Sphaeroidinella dehiscens

Globigerinoides gomitulus

G. conglobatus gp.

G. quadrilobatus gp.

Hoeqlundina spp.

Bolivinita quadrilatera

Planulina spp.
Orissodorsalis spp.

Elphidium spp.
Amphistegina spp.

Calcarina spp

Baculogypsina sp.

Schlumbergerella sp.
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E. Age of the Noil Lakoe Marl Formation

No direct age determination has been attempted on samples
from the Noil Lakoe Marl Formation of the type section. However,
microfaunal analysis by Carter (op. cit.) of samples from the southern
1imb of the Noele anticline section of the Viqueque Group (in which
the Noil Lakoe Marl Formation is missing) suggests a Late N22
(Pleistocene) age for the underlying Nuanain Sandstone Member of the
Noele Marl, whilst a Late N22 age determination is also given by Carter
for the Noetufi Marl Member of the succeeding Soe Limestone Formation.
On this evidence the age of the Noil Lakoe Marl Formation must be
Late N22.

Samples from the Colitie syncline MNoil Lakoe Marl Formation
have been examined by Carter (op. cit.) and suggest an equivalence to
the upper part of the Nuanain Sandstone Member of Indonesian Timor
(planktonics) or to the Noetufi Marl (benthonics), again suggesting

a Late N22 age for the succession.
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Chapter 7. The Soe Limestone Formation

A. Summary
The Soe Limestone Formation is defined as a series of

reef limestones, sandstones, marls and calcarenites, of maximum
thickness 117 metres, which overlies the Noele Marl/Noil Lakoe

Marl Formation unconformity in Indonesian Timor. Nine members of

the formation are recognised and interpreted as the deposits of

reef, open lagoonal, restricted lagoonal, fresh water lake, reef

platform and fore-reef environments. The vertical and lateral

relationships of five of these members, present in a small trough

in the southern part of the Noele Sub-basin are demonstrated

and the depositional history shown to have been primarily regressive,
from a deep water environment at the base of the succession, through
open and restricted lagoonal, to a fresh water lake environment at

the top of the succession.
The age of the Soe Limestone Formation in the Central Basin

is shown to be Pleistocene, Late N22 to Early N23, with parts of

the formation qutside the basin ranging from Late N23 to the very

recent deposits of the modern beach.

A phase of relative subsidence, hitherto unrecognised in
Timor, and here called the Soe Subsidence, is shown to have taken place

immediately prior to the deposition of the Soe Limestone Formation.

B. Introduction and distribution

The Soe Limestone Formation consists of a series of crystalline
limestones, breccias, sandstones and marls deposited in reef and
associated environments during the latest emergence of the island

in Pleistocene times. Similar depositéxiincluded in the Baucau
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Table 2: Summary of characteristics of the major stratigraphic

subdivisions of the Soe Limestone Formation.



Nk

I-IEIL D 1, ) :-—r > .o ) y
BIR THICKNZSS |  LIT:OLOGY ' ENVIROINENT CF DEPOSITICY  IXTINT REUARES
gggiunu Blue-green, sandy - LOCAL. Succeods
2 3 30m marl and Shallow water marine. |.oof limestone in
H2BR conglonerates * Hoobunu area.
?.:([)CI}N-'f[)TE Black C§.rbonaceous Fresh water lakes in LOCAL. Occurs in |Fresent day
10n earth with forner lagoonal Yostufi syncline |[equivalent in
HITBER gastropods , depressions. only. nearby lakede.
NOZLENAT
HARL 40m Olive~green marl Hypersaline (?) EOCAL' Oceurs in | contains no
1rnRTe and calcarsnite , lagoon. Noetufi syncline. | yisible fauna.
NOZTUFL ’ - REGIONAL,Occupies | Distinguished from
YARL * T0m ii:ggf:;llgigé Restricted lagoon. old 1;goona1 Wosle larl by
T TBIR ) mollusca: fzuna . deprossions abtsonce of graded
between reefs. arenites and by
abundant thick-
N shelled .fauna.
KAPAN _ Yellow foraminiferal] Reef platform deposits} LOCAL. Overlies .{ Similar to earlier
LIM:STONE 10m . calcarenita. . reef on‘Kapan-— Sabeoe Iimestone
FEMBIR ‘ Soe highe Formation
b . calcarenites.
NOZ XO-U Calcareous silt Reef platform bicherm.| LOCAL. Occurs in
FEMBIR . 15m and clay with centre of Woetufi
oysters. < syncline onlye.
I oms | Ton Massive, crystalline Fringlng and table | ESGIONAL. Iost | Fost importamt
et limestone. resfse zreas of member of Soe
MIBER Indonesian and Limestone Formation.
. Yortuzuese Timord
OLSCNA Aronites, 10CAL,. Oceurs Forred on
HEMBIR T0m calcarenite and Shallow water marime.} M tin of topograpkic highs
calcilutite. T'oetufi upon energence of
syncline. Soe~ Niki-Hiki
rezion.
OZI0T.0 Red foraginiferal . JOCAL. Occurs in
NOIBIR 23n calcarcnites and Fore-resf deposit, - VO

calcirudites,

Cemolo zarea of
Tanite Nigh.




172,

Limestone of Audley-Charles (1968) are also present over a large

part of Portuguese Timor,
The Soe Limestone Formation of Indonesian Timor is subdivided

in this thesis into nine members (Table 2), of which seven ( the

Oesena Member, Noe Ko.U Member, Kapan Limestone Member, Noelenat
Marl Member, Noebunu Marl Member, Toi. O Lignite Member and
Oemolo Member) are local and two ( the Tjamplong Limestone Member

and Noetufi Marl Member) regional in occurrence.

e e 5l

By far the most important member of the Soe Limestone

Formation is the reef limestone itself, the Tjamplong Limestone
Member, which occupies large plateau areas in most regions of Timor
(Fig. 48), being absent only from areas of irregular or high relief,
such as parts of the northern mountains.

In the Central Basin, the Tjamplong Limestone occurs mostly
as tabular reef masses, which cover the Tjamplong-Naifallo High on
the western margin of the Bokong Sub-basin and the Niki Niki-Soe
and Soe-Kapan Highs on the southern and western flanks of the Noele
Sub-basin. Reef limestones of approximately equivalent age also
cover older rocks to the south of the Central Basin and around the
area of Kupang Bay.

Also of wide extent is the fine grained Noetufi Marl, which
occupies the depressions between the reef masses in various parts
of the Central Basin and the region to the south.

Of the more restricted members of the Soe Limestone, the
Oesena Member, Noelenat Marl, Toi. O Lignite and Noe Ko. U Member
form a complex series of laterally and vertically interfingering 1ith-
ologies associated with the depression and flanks of the Noetufi

syncline in the Noele Sub-basin (Figs. 48, 49). Twelve kilometres to
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Fig. 48: Distribution of the Soe Limestone Formation within the
mapped area (outlined): Note the Tjamplong Limestone Member of
(A) The Tjamplong-Naifallo High; (B) the Tjamplong-Panite
High; (C) the Soe-Kapan High; (D) the Soe-Niki Niki High and
(F) the Noil Benain outcrops. Also shown are the Noetufi Marl
Member distribution and the location of the Noetufi syncline
deposits (E), containing the type sections of the Qesena Member,
the Noe Ko. U Member, the Noetufi Marl Member, the Noelenat Marl
Member and the Toi 0. Lignite Member. The location of the Noebunu
Marl Member type section (H) and the location of the Qemolo

Member type section (G) are also shown.
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Fig. 49:
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Diagram showing location of the Noetufi syncline in the

south-western part of the Noele Sub-basin, and the presence of

the Noele anticline and Soe-Niki Niki Highs to the north and

south. Also shown is the location of the line of stratigraphic

section in Fig. 50 (thick, dashed line).

The Oesena Member type section is located at the extreme

southern end of the line of cross-section.
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the north-west, the Kapan Limestone Member is present as a thin covering
over the Kapan-Soe High, and completing the Soe Limestone succession

is the Oemolo Member of the area to the south of the Bokong Sub-basin.

These members are summarised in Table 2.

C. Stratigraphy

(i) The Soe Limestone Formation of the Hoele Sub-basin

The most complex Soe Limestone succession in Timor is that
which occurs in the Noetufi syncline and its bordering present-day
highs, the Soe-Niki Niki High to the south and the Noele anticline
to the north (Fig. 49). Five members are distinguished within
this region.

The succession in the centre of the syncline (Fig. 50)
begins with a series of grey, molluscan marls (the Noetufi Marl Member)
which pass upwards into the green marls and calcarenites of the
Noelenat Marl Member. Completing the succession is a series of black
carbonaceous earths with calcareous concretions, the Toi. O Lignite
Member. Also occurring in the centre of the syncline, and laterally
equivalent to part of the above succession, is the Noe Ko. U Member,
a series of oyster-bearing clays, sandstones and calcarenites present

on an isolated high in the basin centre. On the southern margin of

the Hoetufi syncline is a fifth member, the Oesena Member.

(a) The Soe Limestone succession on the southern flank of the

Noetufi syncline: the Oesena Member.

The Oesena Member outcrop is confined to various localities
on the Soe-Niki Niki High to the south of the Moetufi syncline, where
it occurs beneath the Tjamplong Limestone Member of the Soe Limestone.

In the type section (Fig. 51), at the village of Oesena near Noele,
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Fig. 50: Correlation of stratigraphic sections across the
Noetufi syncline, showing restriction of the high energy facies

(Oesena Member and Tjamplong Limestone Member) to the Oesena High

and Noele anticline High respectively. The sections show the
apparent lateral transition of the above facies into the lower
energy Noetufi and Noelenat Marls of the basin centre. Note the
overall upwards - regressive sequence shown by these sections,
passing from the deep water Noele Marl, via the open lagoonal
Noetufi Marl and restricted lagoonal Noelenat Marl to the
fresh water deposits of the Toi 0. Lignite.

1: Toi 0. Lignite Member.
2: Tjamplong Limestone Member.
3: Oesena Member.
4: Noelenat Marl Member.
5: Noetuf{ Marl Member.
6. Noele Marl Formation.

For 1ocation of 1ine of section see Fig. 49,

et
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Fig. 51: Oesena Member, type section: Note complex intercalation of

limestone, sandstone and marl, occurrence of graded arenites
near to the base of the section, and overall upwards - transition
from the basinal Noele Marl Formation through the regressive Oesena
Member to the reef facies of the Soe Limestone Formation
(Tjamplong Limestone Member).

For location of section see Fig. 49.

For description of facies A to H see text.
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the member 1ies unconformably on the Nuanain Sandstone Member of
the Noele Marl (facies 'A'), the section as a whole consisting of
a complex intercalation of the facies described below.
Facies A

Consists of graded lithic arenites of maximum bed thickness
75cm, with interbedded grey marls. The latter contain lenses and
laminae of fine sand and display frequent bioturbation.

Interpretation

The relationship between beds of facies 'A' and those of
the remainder of the sequence is difficult to determine in the field.
The Globigerina content of the marl, however, and its lithological
similarity to the Nuanain Sandstone Member of the basin centre,
together with the radical change in the nature of the section directly
above facies 'A' beds suggests that the latter belong to the upper
part of the Noele Marl sequence.
Facies B

Consists of graded, lithic arenites similar to those above,
but interbedded with a fine, shelly calcilutite.

Interpretation

The presence of shelly calcilutites in facies 'B' and the
absence of a similar facies anywhere in the underlying Noele Marl

Formation suggests that the base of the Oesena Member lies in the

unexposed gap of 5m between facies 'A' and facies 'B'. Although the
dips in the two units appear to be broadly similar, the abrupt change

from the deep water, basinal marls and turbidites of facies 'A' to the
apparently shallower facies 'B' suggests the presence of a Soe Limestone/

Hoele Marl Formation unconformity.
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Facies C

Consists of thin-bedded, graded, lithic arenites displaying
parallel lamipation. These graded arenites are interbedded with
massive, ungraded, highly bioturbated arenites of the same composition.
Facies D

Consists of thin-bedded, graded arenites similar to those
above, but containing abundant, comminuted shell debris.
Facies E

Consists of irregularly bedded, white calcarenite, with
abundant, comminuted molluscan debris and widespread evidence of
bioturbation.
Facies F

Comprises thick beds of yellow, highly bioturbated lithic
arenite with lenses of white calcarenite.
Facies G

Consists of bedded, lithic arenite with occasional marl

interbeds. Both show abundant evidence of bioturbation.

Facies H
Consists of poorly bedded, white, foraminiferal and molluscan
calcarenites.

Interpretation of facies C to H

The generally coarse nature of facies C to H, the abundance
of comminuted, thick shelled molluscan material, widespread bioturbation
and diversity of sediment types saggests the accumulation of the
Oesena Member under shallow water ( above wave base ) conditions.
The similarity of the Tithic material to that of the underlying
Nuanain Sandstone Member suggests derivation from that unit, and

redeposition of at least some of the sediment in the lower part of
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the section (facies 'B' and 'C') by turbidity currents.

The absence of the Oesena Member in the Noetufi syncline
to the north, and its occurrence along the Soe-Niki Niki High suggest
its accumulation on the emerging high during pre-Soe Limestone times,
this emergence being reflected in the regressive sequence which begins

with deep water turbidites and passes upwards into calcarenites and

finally into reef limestones. It is probable that much of the lithic
material was derived from the more positive parts of this high and

redistributed into the lows by turbidity currents.
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(b) The succession of the central part of the Noetufi syncline

The Noetufi Marl Member. .-r

The Noetufi Marl is the second most widespread of the
Soe Limestone Members. It occurs mainly in present day topographic
lows between reef masses, and consists in general of a sand-free,
structureless grey marl containing abundant thick-shelled gastropods
and other molluscs. In the type section in the Noetufi syncline
(Fig. 52) the member consists of the following five facies:

Facies A

Consists of a slightly tuffaceous, structureless grey marl
containing some comminuted thin shelled molluscan debris. No larger
fauna is present.

The facies resembles the Noele Marl, into which it may
grade in the Noetufi syncline. The environment of deposition was
evidently a low energy one, that is below wave base, and the lack of
fauna suggests that it was restricted.

Facies B

Comprises a fine arenite with a high lutite content and
randomly arranged, both comminuted and in place,large, thick shelled
lamellibranchs. This arenite, which averages 75cm in thickness,
appears to be a wave or current-winnowed layer which may have been
formed during a temporary lowering of sea level.

Facies C

Consists of a structureless grey marl with a comminuted
thin shelled fauna and containing a number of small, thick shelled
gastropods.

Facies D

Consists of a grey marl with a high proportion of comminuted
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Fig. 52: Noetufi Marl Member, type section, Noele Sub - basin,

showing subdivision of the Noetufi Marl Member into five major
facles, A to E. This section was measured from the centre of

the Noetufi syncline to its flanks, thereby reflecting both the

horizontal and vertical distribution of facies. See also Fig. 53.
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Fig. 53: Noetufi Marl Member:. Diagrammatic cross - section of the

Noetuf{ Marl Member from the centre of the Noetufi syncline to the
northern flank on the Noele anticline southern 1imb. Note north -
south facies changes, from the Tjamplong Limestone Member (F) to the
bicherm (E) and marly sand facies (D) to sandy marl with molluscan
fauna (C) to sand free marl with thin shelled molluscan fauna (A).
Facies (B) consists of sand with comminuted shell debris. The
member lies on the eroded surface of the Nuanain Sandstone Member of

the Noele Marl Formation:
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shell and arenite debris, and many large, thick shelled, in situ
molluscs and solitary corals.
Facies E

Consists of thick shelled molluscs in a growth position in
a clay matrix, and appears to have been formed as a bioherm in very
shallow water. The bioherm passes laterally into a very thin

reef limestone.

Figure 53 illustrates the distribution of the above facies
in the Noetufi Marl of the Noetufi syncline. The following relation-
ships are evident from this profile:

(i) The proportion of thick shelled molluscs to thin shelled decreases
in a basinward and down the succession direction (i.e. from facies 'D'
to facies ‘A').

(11) The préportion of arenite, very high in the region of the bioherm,
decreases in the same direction, until the pure marls of facies 'A'

are reached in the basin centre.

(111) There is a basinward decrease in the proportion of comminuted
thin shelled molluscan debris.

(iv) There is a decrease in the number of species of mollusc in a
basinward direction. In facies 'C' for example, these are limited to
a single species of gastropod.

The history of the Noetufi syncline during Noetufi Marl times
is therefore one in which the original east-west depression was
gradually uplifted and filled, in the basin centre by low energy marls
below wave base (facies 'A'), and towards the basin margins by deposits
showing a higher energy level (facies 'D' and 'E') and supporting
a more abundant molluscan fauna. The increased wave and current

activity apparently caused winnowing of much of the finer material
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to give the resulting deposit a high arenite content (facies 'D').

At the very edge of the syncline, bioherms acted as sedimentary traps
for the suspended clays, which now form a high percentage of the
matrix. The Noetufi syncline was later uplifted to form a more

restricted lagoon, in which was deposited the Noelenat Marl.

The Noelenat Marl Member

The Noelenat Marl Member (Fig. 54) consists generally of
an olive green marl or fine calcarenite with no visible megafauna.
It occurs solely in the Noetufi syncline north of Noele, where it
overlies the Hoetufi Marl and is itself overlain disconformably by
the Toi. 0 Lignite. The contact with the Noetufi Marl is gradational,
the base of the Noelenat Marl Member being taken at the first
occurrence of green marl. The member achieves a maximum thickness
of 30m. Three facies, comprising marls (facies 'A'), conglomerates
(facies ' B') and calcarenites (facies 'C') are recognised.

Facies A
The lowermost facies consists of an olive green, structureless

marl with a high proportion of small foraminifera and rare pieces of

thin shelled molluscan debris.

Facies B

Consists of a series of conglomerate lenses (Plate 16) with
well rounded calcareous clasts, many of which consist of coral debris.

Facies C

Succeeds facies 'B' and consists of fine, olive green,
foraminiferal calcarenite with no other fauna or structure.
In general the Noelenat Marl Member shows evidence of low

energy deposition in an environment not favourable for the support of
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i Fig. 54: Noelenat Marl Member, type section, Noetufi syncline: Note

subdivision into three major facies: calcarenite (facies C);
‘ conglomerate (facies B) and marl (facies A). The contact with the

underlying Noetufi Marl Member is not seen.
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Plate 16: Noelenat Marl Member, Noetufi syncline, Noele Sub - basin.

Conglomerate lens of facies 'B' showing abundance of reef
derived clasts, lateral pinch - out of lens into marls of facies 'A'

(Tower photograph) and marly calcarenites of facies 'C' succeeding

the conglomerate (upper photograph).
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shelly organisms, such as a hypersaline or brackish lagoon. In
contrast to the earlier Tanah Putih Marl, however, (interpreted as

a brackish lagoonal deposit) the Noelenat Marl contains no visible
terrigenous debris, suggesting the absence of surface run-off and
hence possibly hypersaline conditions. This interpretation is supported
by the occurrence of the Noelenat Marl between the Noetufi Marl below
(shallow water open lagoon) and the Toi. O Lignite (fresh water lake)
above, and its restriction to the Noetufi syncline between the present
day reef masses of the Noele anticline to the north and the Oesena
High to the south. The predominance of reef-derived material in the
conglomerate (facies 'B') suggests derivation from either a reef front
or a back reef beach, either by some form of turbidity current or
slumping. The general shallowing of the lagoon, leading eventually

to emergence of the Noetufi syncline and to later deposition of the
Toi. 0 Lignite is evidenced by the generally coarser facies 'C'
calcarenite, probably formed by winnowing of the finer marl material

when the floor of the lagoon came within wave base.

The Toi. 0 Lignite Member

The uppermost unit of the Soe Limestone in the Noetufi syncline
north of Noele consists of a black carbonaceous earth containing many
calcareous concretions and plant root structures (Fig. 55). This
deposit attains a maximum thickness of 10 metres, and follows dis-
conformably from the underlying green marls of the Noelenat Marl Member
(Plate 17). The following lithological elements are recognised:
Facies A

Consists of thick, irregularly bedded arenites of very fine

sand, with transitional upper and lower surfaces.

>

Y
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Fig. 65: Toi O, Lignite Member, Noetufi syncline: Detail of

the lowermost part of the section, 11lustrating fine arenites

(facies A); conglomerates (facies B) and carbonaceous earths with

plant root structures (facies C).

For approximate location of this section see Fig. 49.



O MEMBER

TOL

.
NOELENAT
MARL

FACIES

1

BLACK, CARBONACEQUS
EARTH WITH SILT

LAMINAE.

CONGLOMERATE WITH
REEF DERIVED CLASTS.

AS ABOVE.
AS ABOVE.

INTERBEDDED, VERY
FINE ARENITE AND
CARBONACEOUS EARTH.

0 cms.

10

20




]90.

Facies B

Consists of thick lenses of gravel size calcareous pellets,
terrigenous material and abundant, rounded, reef derived clasts.
These beds are generally unaffected by plant root structures.

Facies C

Consists of black, carbonaceous earth with many thin,
diffuse lenses and laminae of white silt. Thin shelled gastropods
of 'Planorbis' type occur within this unit. Most beds show vertical,
straight or branching cylindrical cavities which are interpreted as
plant root structures.

The 'Planorbis' type gastropods, plant root structures and
plant debris suggest that the environment was a shallow, freshwater
lake with abundant vegetation. The reef clasts in facies 'B' suggest
that these lenses of coarser material are the result of incursion of
sma]lﬁstreams bringing debris from the surrounding reef areas. The
latter.were presumably also responsible for the introduction of the

fine sil1t and sand which are found interbedded with the carbonaceous
earth.

The possible present day equivalent of the Toi. O Lignite
environment can be seen near Niki Niki, where a large lake now occupies
an old lagoonal depression surrounded by elevated reef areas (Plate 17).
Sediment along the edges of this lake consists of a highly carbonaceous
black soil with numerous calcareous concretions. This black soil also
contains 'Planorbis’' gastropods of a similar type to those in the
Toi. O Lignite. The layered calcareous horizons of the latter could
not be discerned in the small depth investigated, but it is possible
that they will be found to exist in a drier deposit, and may be due
to later diagenetic breakdown and redistribution of the calcareous

concretions encountered in the modern sediment.
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Plate 17: Soe Limestone Formation

A: Tjamplong Limestone Member, Meo area, Noele Sub - basin.
Note (i) the great thickness of reef limestone (from cliff

top level to below river level); (ii) the aeneral height of the
reef limestone in the Noele Sub - basin (corresponding to cliff
top level) and (i1i) the difference between the latter height
and that of the distant Tjamplong Limestone cappina of the
Soe-Kapan High (background), reflecting the amount of subsidence

undergone by this part of the Central Basin during, and after

Soe Limestone times.

B: Photograph showing disconformity between the Noelenat Marl
(below) and the Toi. O Lignite (above). Note the apparent absence
of appreciable anqular discordance, suggesting that the contact
between the two members is an erosional one only, produced during
the period between the emergence of the Noelenat Marl lacoon and
establishment of the Toi. O Lignite lake.

C: Present day lake in a lagoonal dpression near Niki Niki,

showing probable Toi. 0 Lignite environment of deposition.
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The Niki Niki lake appears to be the only remnant of the
lake which, judging from the present day extent of the Toi. 0 Lignite,

once covered a much larger area.

The Noe Ko. U Member

In the centre of the Noetufi syncline, east of Noele, the

characteristic Soe Limestone succession described above is missing,
the eroded g::;-of the Nuanain Sandstone being succeeded by a thin
development of reef limestone, capped by a series of light coloured
silts and clays (Figs. 56, 57). Three facies can be recognised:
Facies A

Consists of a very fine, cream coloured, calcareous silt
and calcilutite with abundant calcareous concretions. Large, thick
shelled lamellibranchs of 'Pecten’ and Modiola type are also present.
A single solitary coral was noted.
Facies B

Consists of a fine, calcareous silt with very many large,
thick shelled oysters and many solitary corals.
Facies C

Consists of a buff-coloured, fine clay with some corminuted
molluscan debris.

Because of their occurrence directly above reef proper in
a generally emergent sequence the above facies are interpreted as
reef platform deposits. The succession shows a certain similarity
to the Oesena Member of the high to the south, and was developed on
a local basin-centre high of Nuanain Sandstone during the emergence
of the area.

A similar deposit occurs near Tjamplong in the Bokong Sub-basin.
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Fig. 56: Correlation of stratigraphic sections across the Noetufi

syncline, showing the effect of an isolated mid - basinal high on

the facies distribution. Capping this high and replacing the Noetufi

and Noelenat Marls of the basin centre (sections 2, 4 and 5) are the
Tjamplong Limestone and Noe Ko. U Members. Line of section is
approximately the same as Fig. 50,

1: Toi 0. Lignite Member.

2: Noe Ko. U Member.
3: Tjamplong Limestone Member.,
4: Noelenat Marl Member,

5: Noetufi Marl Member,

6: Oesena Member.

7: Noele Marl Formation
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Fig. 57: Noe Ko. U Member, type section, Noetufi syncline.

For approximate location of section see Fig. 49,
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(c) The type section of the Soe Limestone Formation

Designation of a truly representative type section for the
Soe Limestone Formation is rendered difficult due to the widespread
. lateral facies variations which characterise the succession. The type
section is therefore a composite section which includes most of the
members of the Soe Limestone Formation present in the Noetufi syncline
east of Soe. This type section (Fig. 58) includes the two most
important and widespread members of the Soe Limestone Formation,
namely the Noetufi Marl Member and the Tjamplong Liméstone Member.
It should however be noted that the actual type section of the latter
is taken from the Bokong Sub-basin near Tjamplong.

The boundary between the Soe Limestone and Noele Marl
Formations in the type section is taken at the uppermost occurrence
of an arenite unit, the Noele Marl Formation being represented by

the Nuanain Sandstone Member at the type locality.



196.

Fig. 58: Soe Limestone Formation, type section, from the Noetufi

syncline in the Noele Sub - basin. The section is a composite one,
derived from the succession of the centre and flanks of the

Noetufi syncline.

NMF: Noele Marl Formation,
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Plate 18: Soe Limestone Formation

A: Panoramic view of the Noetufi syncline, looking west away
from the southern flank of the Noele anticline. The hills in the
background are capped by sandstones of the Oesena Member and by
reef limestones. In the foreground can be seen remnants of the
Tjamplong Limestone Member directly overlying the Nuanain Sandstone
Member of the Noele Marl Formation. The intervening syncline
(middle distance) contains deposits of the Noelenat and Noetufi
Marl Members, the Toi, 0 Lignite Member and the Noe Ko. U

Member.

B: Present day capping of Noe Ko. U Sandstone Member on an
isolated high in the centre of the Noetufi syncline.

C: Noebunu Marl Member, Noele Sub - basin, showing a cross -

bedded, channelled conglomerate lens enclosed by marl.
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(d) History of deposition of the Soe Limestone Formation in

the Noetufi syncline

The completeness and diversity of the Soe Limestone
succession of the Noetufi syncline facilitate a reconstruction of
the palaeogeography of this portion of the Noele Sub-basin during
Soe Limestone times. The following account however, also provides
much evidence as to the evolution of the entire island of Timor
during this time, over much of which the Soe Limestone succession
deposited was neither as thick nor ‘as complete as that of the

Noetufi area.

Pre-Soe Limestone times

The Nuanain Sandstone Member of the Noele Marl Formation,
which underlies the Soe Limestone of the Noele Sub-basin was inter-
preted in a previous section as a turbidite submarine fan deposit,
of deep water origin (Fig. 59,1). During the uplift of this deposit,
folding of the Central Basin took place (Fig. 59,2), resulting in
the formation in the southern part of the Noele Sub-basin of the Noele

anticlinal axis, with complementary synclines to the north (Noil Lakoe

syncline) and south (Noetufi syncline). Following uplift and erosion,
a phase of relative subsidence must have taken place, as the lowermost
Soe Limestone deposits in the region are of marine origin. Contemporane-
ously with, or shortly after this subsidence, a phase of normal
faulting resulted in the formation of an east-west trending graben
on the site of the former Noetufi syncline (Fig. 59,3).

The relative rarity of coarse deposits within the Noetufi

syncline and the persistence of the latter as a negative area of

deposition from the beginning of Nuanain Sandstone times until the
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Fig. 59: Diagram i1lustrating successive stages in the development
of the Noetufi syncline and its associated Soe Limestone Formation
deposits:

1: Deposition of the turbidites and marls of the Noele Mari
Formation in the Central Basin; 2: Uplift, folding and erosfon of
the basinal deposits; 3: Subsidence of the Noele Sub - basin,
accompanied by normal faulting along the north and south flanks
of the Noetufi syncline and subsidence of the latter. Deposition
of ‘the Oesena Member (stippled) and the Noetufi Marl Member
(dashed) on the highs and in the basin respectively; 4: Renewed
uplift and establishment of reef growth on the Oesena and Noele
anticline Highs. Continuation of Noetufi Marl deposition in the

- syncline; 5: Further uplift, slight tilting and virtual isolation

of the Noetufi syncline, resulting in deposition of the Noelenat

Marl (wavy 1ines); 6: Uplift, with possible erosion and establishment

of the Toi. 0 fresh water lake in the Noetufi syncline.
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present day strongly suggest that the erosion of the folded Nuanain
Sandstone Member preceded the normal faulting and the formation of
the graben and that the erosional products were probably carried
southwards to the coastline at that time. Only subsequent to this
erosion did the formation of the graben occur, this being accompanied
by a phase of relative rise of sea level. How deep the Noetufi area
actually sank is not known. whdt is recorded however, is the
following sequence of events during the subsequent gradual emergence

of the region.

(i) Deposition of the Soe Limestone Formation began, on the Oesena

High to the south of the Noetufi syncline, with the Oesena Member
(Fig. 59,3), consisting of a thin succession of reworked arenites,
derived from the continued erosion of the Nuanain Sandstone Member.
At this time, the centre of the Noetufi syncline, which was below
wave base, was subject to slow deposition of fine, grey marl. The
varied nature of the associated molluscan fauna, at least in the

lower part of the succession, suggests that the Noetufi syncline

was not at this stage completely enclosed by reef masses.

(i1) Deposition of the reef and Noelenat Marl facies

Further uplift of the area (Fig. 59 4) permitted the
initiation of reef growth on the Oesena and Noele anticline Highs.
The effect of this was to gradually cut off the Noetufi syncline from
the open sea to the south by the formation of a linear reef area.

For this reason, and possibly because of the resulting hypersalinity

the deposits of the Noelenat Marl which succeed the Noetufi Marl,
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contain very little megafauna. Debris from the reef fronts fringing
the Noetufi syncline at this time found its way into the synclinal

deposits, either as slumps or by way of subaqueous currents.

(i4i) Noe Ko. U Member and mid-synclinal reef deposits

The emergence of the deposits of the centre of the syncline
was responsible for the deposition of a thin capping of reef which
now exists on a high of Noele Marl in the centre of the syncline.
The reef platform biostrome deposits of the Noe Ko. U Member succeed

this facies. This mid-basinal high is not depicted on the cross-

sections.

(iv) Deposition of the Toi. O Lignite and final uplift

As a result of the final stage of uplift and retreat of the
sea southwards towards the present coast, the uplifted Noetufi
syncline would have formed an ideal depression for the drainage of
surface waters (Fig. 59,6). The present-day distribution of the
carbonaceous earths of the Toi. 0 Lignite Member suggests that the

fresh water lake so formed was of fairly wide extent.
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(e) Other Soe Limestone deposits of the Noele Sub-basin

Outside the Noetufi syncline and adjacent areas the Soe
Limestone Formation is represented mostly by extensive plateau areas
of the Tjamplong Limestone Member (see Enclosure 1), with occasional
deposits of the Noetufi Marl Member in the intervening lows and
of the Oesena Sandstone Member on the highs. Two other distinctive
members of the Soe Limestone Formation, the Kapan Limestone and

Noebunu Marl (Fig. 60) are present at the north- western and south-

eastern margins of the basin respectively.

(1) The Kapan Limestone Member

The Kapan Limestone is present over much of the northern

part of the Kapan-Soe High as a series of yellow foraminiferal

calcarenites and arenites which succeeds the Tjamplong Limestone

Member. The member attains a maximum thickness of 10 metres (Fig. 60)

and is interpreted as a reef platform deposit.

(i1) The Noebunu Marl Member

The Noebunu Marl is a blue-green marl of maximum thickness
30 metres (Fig. 60), exposed along the banks of the Noebunu River,
east of Niki Niki. It directly overlies the reef facies (Tjamplong
, Limestone,ﬂember) of the Soe Limestone (via a sharp contact) and is
itself overlain abruptly by the Noilbesi Conglomerate Formation.
Three facies can be recognised: '
Facies A

Green to blue marls with many, isolated, well rounded Lolotoi
clasts of coarse sand size. The marls also contain much isolated,

comminuted thin shelled molluscan debris. Bioturbation is common.
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Fig. 60: Correlation of stratigraphic sections of the Soe Limestone
Formation throughout the Noele Sub - basin: Of particular
interest are (a) the very thick section of Tjamplong Limestone

- in the Meo section, probably caused by contemporanéous subsidence
of this part of the Central Basin during Soe Limestone deposition
and (b) the Noebunu section, which is the only known section

in Timor in which a marine marl (the Noebunu Marl Member)

overlies the Tjamplong Limestone Member. The resulting sequence
contains channels which appear to be distal equivalents of the
coarse conglomerates of the Noilbes{ Conglomerate Formation, which
later prograded over the area.

For location of sections see inset.
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Facies B

Parallel sided arenites interbedded with the above marl
succession, Thesé consist of lithic sand with a large proportion
of comminuted thin shelled molluscan debris and display parallel
lamination or very low angle cross bedding. Two principal beds
occur in the section and can be traced for 100 metres horizontally
without appreciable change. In the type section, both upper and

lower surfaces are abrupt, but elsewhere these are transitional.

Facies C

Conglomerate lenses varying in width from 1 to 10 metres,
and in thickness from 50 to 150 centimetres (Plate 18). These occur
within the marl and show high angle or trough cross bedding. The clasts
are poorly sorted and consist mostly of well rounded Lolotoi and reef
clasts.

A very shallow water origin for the Noebunu Marl is suggested
by (a) the admixture of terrigenous clasts and comminution of
molluscan debris and (b) the occurrence of the marl between the
shallow water reef limestones and the fluviatile Noilbesi Conglomerate
in a generally regressive sequence. The presence of Lolotoi clasts

within the marls and conglomerates suggests a northern origin.
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(1) The Soe Limestone Formation of the Bokong Sub-basin and

Panite High
The Soe Limestone of the Bokong Sub-basin consists mostly

of the Tjamplong Limestone Member, which forms large plateau areas
covering the Bobonaro Scaly Clay around the margins of the basin

(Fig. 61) and of the Noetufi Marl Member which is present in isolated,

but sometimes extensive outcrops, within, and to the south of, the
Sub-basin. In addition, isolated outcrops of the Noe Ko. U Member

are present as a thin covering of the Tjamplong Limestone Member

on the Tjamplong-Naifallo High.

(a) The Tjamplong Limestone Member

The Tjamplong Limestohe Member (Fig. 61 )., consists everywhere
" of a white to light yellow, massive, crystalline, vuggy reef limestone
containing numerous clasts of coral, coralline algae, gastropods and
other molluscs. In the type section, 1 kilometre east of Tjamplong
on the Tjamplong-Bokong road, the member attains a maximum thickness
of 59 metres. In this section, the member overlies the Bobonaro
Scaly Clay unconformably and forms the uppermost stratigraphic unit
of the Viqueque Group.

In many localities the limestone has the appearance of a
reef breccia, in that the proportion of in situ colonial corals appears
to be very small in relation to the enormous quantities of coralline
reef debris present. Studies of the present day reefs of Kupang Bay
however, (later section) suggest that the present day reef platform
is growing largely by the accumulation of wave-broken corals and
other debris, rather than by simple constructional colonial growth.

Most of the Tjamplong Limestone Member is therefore not a fore reef

deposit .
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Fig. 61: Correlation of stratigraphic sections of the Soe Limestone
Formation around the margins of the Bokong Sub - basin. Most sections

of the Soe Limestone Formation in the sub - basin itself consist of

isolated outcrops of the Noetufi Marl Member.
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The present day, 1iving reefs of Timor do, however, show
one important difference from those of the Pleistocene. The present
day reefs can be classified as fringing reefs, forming generally
narrow belts along the present coastline. Cloud (1952) suggested
that fringing reefs are the reef forms of slowly rising, rapidly
subsiding or stationary shores. However topography must undoubtedly
play a part. The steep gradients of the shore and offshore areas
of most parts of Timor are ideal for the growth of thin strips of

reef parallel to the shoreline. In contrast, the existence during

the Pleistocene of the Central Basin and surrounding areas of
Indonesian Timor as a series of broad, low, flat-topped emerging
islands was instrumental in the establishment of broad tabular reef
masses, such as those now mantling the Tjamplong-Naifallo High in

the Bokong Sub-basin, from which the Tjamplong Member type section is

taken.
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Plate 19: Tjamplong Limestone Member, near Noebunu, Noele Sub - basin.
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(b) The Oemolo Member

The Oemolo Member consists of a series of red foraminiferal
calcarenites and calcirudites exposed in a bluff of the Noilmina
River near the village of Oemolo, west of Panite (Fig. 62). The
member appears to be very restricted in extent and has not been

found elsewhere in Timor.

The basal part of the succession consists of 12 metres of
red foraminiferal calcarenite with isolated, reef derived clasts and

calcareous concretions. This is succeeded transitionally by 3 metres

of calcirudite. The latter consists of blocks of reef limestone

separated by coral, molluscan and algal debris, floating in a red
foraminiferal calcarenite matrix. The succession is completed by
8 metres of coarse calcirudite consisting of reef limestone blocks

of maximum diameter 1.5 metres.

Interpretation

The predominance of reef derived material, and the upwards
increase in coarse, reef derived blocks suggests that the member is
a fore-reef deposit, probably related to the Tjamplong Limestone

Member reef facies capping the Panite High to the northk

D Microfauna

Samples from the Noetufi Marl and Toi. 0 Lignite Members of
the Soe Limestone Formation were examined by Carter (unpublished report,

dated 1970a). Carter recognised a benthonic Miliolid-Peneroplidae-

Elphidium assemblage within the Noetufi Marl, interpreting this as a
typical lagoonal biofacies of abnormal salinity. Also present were

a few, rare, broken and rolled contemporaneous planktonics and
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Fig. 62: Oemolo Member, type section: Measured near Panite, south

of the Bokong Sub - basin.
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abundant specimens derived from the Upper Cretaceous and from the

Viqueque Globigerina nepenthes-Sphaeroidinellopsis zone, confirming

that rocks of this age had by this time come within reach of erosion.
In a sample of Toi. 0 Lignite, Carter (op. cit.) found
Planorbis and other gastropods, moulds of Charophyte roots and stems
of fresh water origin, plus a few rare and broken planktonics representing

marine inwash.

E The age of the Soe Limestone Formation

An Early Pliocene age was assigned by Felix (1915) to the
'Niki Niki Limestones' (reef limestones belonging to the Soe Limestone

Formation of this thesis) on the basis of the presence within the lime-
stones of 65.5% of Recent coral species. This was later revised by
De Bruyne (1941) who estimated the percentage of present day lamelli-
branchs and\gastropods in the pre-reef series (equivalent to the
Noele Marl and Noil Lakoe Marl Formations of this thesis) as 67%,
indicating a Plio/Pleistocene age, and thus assigned a Pieistocene
age to the overlying coral limestones.

Later authors seem to have been in agreement with this dating;
Van Bemmelen (1949) for instance, assigned a younger Quaternary ége
to the limestones on the basis of the finding by Umbgrove (1946)
of 79% of Recent coral species in the Niki Niki rocks.

In Portuguese Timor,the presence of the Baucau Limestone
(Soe Limestone Formation equivalent) on the eroded Late Pliocene
folds of the Viqueque Formation caused Audley-Charles (1968) to
assign a Pleistocene age to the oldest terraces and a Holocene age to
the youngest. In this thesis it has been shown that the main Viqueque

phase of folding occurred during the Pleistocene, thus firmly
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establishing the oldest part of the Soe Limestone Formation and its
Portuguese Timor equivalent as being'of Pleistocene age.

In the age determination of samples from the type sections
presented in this thesis, Carter (unpublished report, dated 1970a)
determined that the N22/N23 boundary falls within the Soe Limestone
Formation, although he was unable to locate the boundary precisely.
The base of the Soe Limestone Formation can not therefore post-date
the N22/N23 boundary. The base must be older than 0.5 m.y.

Some indication of how far the formation extends into the
N22 zone can, however, be obtained by the fact that it is necassary
to accommodate (a) the deposition of at least 650 metres {and possibly
much more) of the Noele Marl Formation; (b) its folding and uplift
from a basinal environment to a position above sea level; (c) its
erosion and (d) its subsidence to at or below sea level (in which
environment the first Soe Limestone sediments began to accumulate)
all within the N22 zone.

For this reason, the age of the Soe Limestone Formation of
the type section, and indeed most of the Soe Limestone Formation
now exposed in the general Central Basin area of Indonesian Timor
is here given as latest N22 to earliest N23. Qutside the Central
Basin, the occurrence of reef limestone terraces at all topographic
levels, from the elevation of the Central Basin to sea level, suggests
however that the Soe Limestone Formation.throughout Timor be
regarded as latest N22 to Holocene in age.

Reef limestones similar in character to the Soe Limestone
occur at higher elevations than those of the Central Basin area.

In Portuguese Timor, Audley-Charles (1968) regarded all reefs occurring

above 500 metres as Lower Pliocene in age on the basis of their
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microfauna. He called them the Lari Guti Lihestone. It should
however be noted that most of the reef limestones of the Central
Basin of Indonesian Timor discussed above, whose base was dated as
Pleistocene (Late N22).age are of this elevation or considerably
above. {} seems unlikely that the epeirogenic evolution of the

two halves of the island could have been so dissimilar as to

produce such widely differing ages. It is possible that the higher
elevation reefs of Portuguese Timor were deposited during the Early
Pliocene and were subsequently submerged and uplifted again to their
present elevation. However as the microfaunal basis for the Pliocene

age of the Lari Guti Limestone is very weak, these higher reefs in
Portuguese Timor may also be Pleistocene and form part of the

Baucau Limestone.

Also worthy of mention with regard to the age of the Soe
Limestone Formation is the widespread occurrence of reef derived
material within the strongly folded Noil Lakoe Marl Formation of the
northern part of the Bokong Sub-basin. Clearly, this material
cannot have been derived from the non-folded Soe Limestone Formation
which overlies the Noil Lakoe Marl in this part of the basin, nor

from any of the reef limestones of the Central Basin. It must have

come from higher level terraces of possible Middle to Late N22 age.
These terraces, which must have been situated to the north of the
Central Basin, and which probably lay on the much more rigid substratum

of the northern mountains would clearly not have been affected as much

by the Mataian- folding as were the sediments of the Central Basin.
It is therefore possible that these reefs may today be found in the

northern mountain region in a more or less unfolded state.
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Pliocene and Pleistocene reef terrace limestones of Timor (Fig. 63)
can thus be divided into:

(a) Reefs which may have been deposited during Sabaoe Limestone
Formation times (Late Pliocene, or N21), which survived the subsequent
orogenies, and which now exist at heights greater than 500 metres

in Portuguese Timor.

(b) The reefs of the Soe Limestone Formation, deposited directly
subsequent to the Pleistocene folding and comprising (i) those of

the Central Basin ranging from approximately Late N22 to Early N23

in age and (i1) those occurring at various elevations between the
Central Basin and sea level and ranging in age from Early N23 to
Holocene.

(c) Higher level terraces in the Northern Mountains which pre-date

the Pleistocene folding and which contributed clasts to the Early
to Middle N22 Noil Lakoe Marl Formation.

F. Origin of the Soe Limestone Formation reef terraces.

Reef terraces similar to those from the Pleistocene -of Timor
have been described from the Quaternary of the nearby Kai Islands

and Tanimbar (Van Bemmelen 1949), from Malekula (Mitchell 1971)
and Espiritu Santo (Stearns 1945) in the New Hebrides and from Hawaii

(Stearns 1945). Audley-Charles (1968) regarded the terraces as
marking phases of uplift in the Quaternary. Stearns (1945) however,
pointed to the general similarity of the terraces on Hawaii to those
of Espiritu Santo in the New Hebrides and used this to suggest the
formation of the terraces during high eustatic stands. This
explanation was questioned by Mitchell (1971), whose interpretation
of the New Hebrides terraces involved a combination of continuous

tectonic uplift, combined with eustatic oscillations.
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Fig. 63: Diagram i1lustrating relationship of age to present elevat-

ion for the Plio - Pleistocene reef limestone terraces of Timor.
Note that the Soe Limestone of the Central Basin itself

has a probable age range of Upper N22 to Lower N23, but that the

formation as a whole includes reef limestone terraces at lower

elevations, some of which are of very recent origin.

Line A represents the approximate position of the N22/N23

boundary, as determined from microfaunal analysis.
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To resolve this question in the present thesis would require
extensive knowledge of the configuration of terraces on Timor. It is
emphasised however, that during the period of deposition of the
Soe Limestone Formation (N22 to present day) significant sea level
changes are known to have taken place in response to the freezing and
melting of ice at higher latitudes. As the Timor terraces are
. obviously the result of relative changes in land and sea then it
seems likely that the glacial sea\level changes must have played
some part in their formation.

However, the likelihood that major tectonic uplift in
island arcs takes place at a non-uniform rate (Fitch and Scholz 1971)
does suggest that differential uplift must also have played some part.
The many minor terraces which are seen in parts of Timor (see profile,
Fig. 78) are evidence of this.

It is.therefore concluded that the Pleistocene reef limestone
terraces of Timor are the result of an interaction during the Quaternary

of glacial sea level changes and differential rates of tectonic up]ift.
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B : Chapter 8: The Noilbesi Conglomerate Formation

. A. Introduction

The Noilbesi Conglomerate Formation is the youngest formation

'+ of the Viqueque Group in Indonesian Timor. Although interfingering

laterally in places with the Late Pleistocene Soe Limestone Formation,

the Noilbesi Conglomerate usually overlies this formation, forming

Jf“’-extensive plateau deposits in both Noele and Bokong Sub - basins of

~ Indonesian Timor and less frequently over the area to the south of the
| Central Basin (Fig. 64).
Similar deposits are present in Portuguese Timor, Qhere
Audley - Charles (1968) distinguished the Ainaro Gravels, the Seketo

Block Clay and ‘the Dilor Conglomerate. Of these, the Ainaro Gravels
appear to be most closely similar lithologically to the Noilbesi
Conglomerate, although probably slightly younger in age.

In Portuguese Timor, a more complex relationship appears to

exist between the Ainaro Gravels and the Baucau Limestone (Soe Limestone

equivalent), the two often visibly interfingering on a relatively
small scale.

The frequent vertical and lateral facies changes which
characterise the Noilbesi Conglomerate succession of Timor make formal
stratigraphic subdivision difficult. Part of the formation is therefore

discussed by reference to the most commonly occurring facies types.

B. Stratigraphy

(i) The lNoilbesi Conglomerate Formation of the Bokong Sub - basin

The Noilbesi Conglomerate Formation is present over a large
part of the surface of the Bokong Sub - basin, forming large plateau

areas between the rivers Noil Obernaik and Noilbesi (Fig. 64,A) and
between the Noilbesi and Noil Leke (Fig. 64,B). The southern boundary
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Fig. 64: Noilbesi Conglomerate Formation; distribution in mapped

area (outlined).

Noil Obernaik/Noilbesi outcrop.

-0

Noilbesi/Noil Leke outcrop.
Noilbesi Conglomerate Formation type section.

Hollo outcrops.

Noil Lakoe outcrop.
Hoil Benain outcrop (north of Meo)..

Pene Member type section.

e
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.o LX) ve o

Oeajo Clay Member type section.
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~of the outcrop ends abruptly at the Bokong-Batu Putih fault zone

" in the south of the sub-basin. To the north, the formation extends

j‘f as far as the metamorphic complex of the Mollo Mountains, onto which

it laps via an erosional, strongly unconformable contact.

In the central and southern part of the sub-basin, the

' rzly contact with the underlying Noele Marl Formation is not seen. This

contact is seen west of the Kali Obernaik, beyond the western 1limit

of the main outcrop, where isolated remnants of Noilbesi Conglomerate

' Formation unconformably overlie an eroded Noele Marl surface.

(a) The succession of the Noilbesi River: the type section

The thickest sequence of Noilbesi Conglomerate is that
exposed along the Noilbesi River in the centre of the Bokong Sub-basin,
where an estimated 162 metres of succession is present above the Noele
Marl Formation unconformity. The thickest exposed section (62.3 metres)
was measured at locality 212 (Fig. 64) and is illustrated in Fig. 65.
An overall upwards-fining takes place within the succession, from
poorly sorted, generally massive conglomerates (units A to E), to
interbedded gravels, arenite and silt (unit F) to parallel sided silts
and arenites (unit G) at the top of the succession. Although the base
of this succession is not seen anywhere along the Noilbesi River, the
contact with the underlying marls of the Noele Marl and Noil Lakoe
Marl Formations is strongly unconformable elsewhere in the Bokong

Sub-basin.

Environment of deposition

The coarseness and poorly sorted nature of the succession,

abundance of cross bedding, absence of marine fauna and presence of

plant root structures and calcareous concretions suggests a high energy,
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Fig. 65: Noilbesi Conglomerate Formation: Type section, River

Noilbesi, Bokong Sub - basin.

The section 1s subdivided into 7 units, A to G. Note
the overall upwards - fining of the exposed section. Approximately
100 metres of unexposed conglomerate is present beneath the drawn

section. Total thickness of type section is 162 metres.

For location see Fig., 64.
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| 7’; fluviatile environment of deposition. The paucity of interbedded fines

| suggests that the depositing river system was probably braided, rather

. than meandering.

(b) Conglomerate - silt facies

In exposures along the Noilbesi River, north of the type section,

| ~ the Hoilbesi Conglomerate consists mostly of alternating, often

| parallel - sided, beds of poorly sorted conglomerates and silts,
- similar to unit E of the type section. The conglomerates display
- internal channelling and possess a maximum clast size of approximately

15 ecm. The silts are characterised by an abundance of calcareous

5 concretions and plant root structures. Some disb]ay cross bedding.

Interpretation

The coarseness of the deposits, the poor sorting, and the
channelling, suggest deposition by braided rivers, with widespread
sheet floods being responsible for the lateral continuity of the beds.
Deposition of silts upon waning of these floods would account for the
finer beds,.and colonisation of these deposits by vegetation in
between flood periods would account for the plant root structures and
calcareous concretions.

These deposits are unlike any forming at the present day
in Timor, in that (a) individual beds show a greater degree of lateral
persistence and (b) the proportion of silts to conglomerates in the
older deposits is much greater. At the present time the river channels
of the Central Basin of Timor are incising into the older Noilbesi
Conglomerate deposits, reflecting the state of uplift of the island.
The floodplain is consequently relatively narrow and constantly

reworked, resulting in winnowing of most of the silt and its transport
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" to the south coast.

(c) Alluvial fan facies

The Noilbesi Conglomerate exposed in the Noilbesi River

| ‘xdadjacent to the mountain of Mollo (Fig. 64, D) consists of parallel -

“5 sided, thin bedded, poorly sorted, fine gravels and silts, consisting

entirely of dark green (metamorphic) Lolotoi clasts. These deposits

-~ are part of an extensive series of alluvial fans, radiating outwards

from the western side of Mollo. Present - day metamorphic debris from

the mountain is being delivered to the Noilbesi River main channel by

tributaries, the bed load of which contrasts strongly to that of the

main river.

Deposits elsewhere in the Bokong Sub - basin

The Noilbesi Conglomerate Formation is exposed extensively

along the rivers Noil Obernaik and Noil Leke within the main outcrop
of the formation. Elsewhere, such as west of the Noil Obernaik,

small outliers of Noilbesi Conglomerate overlie the Noele Marl Formation

unconformably.

(d) The Tacari Limestone Member

Unconformably overlying the Batu Putih Limestone and Bobonaro
Scaly Clay in the structurally complex and extensively faulted area
between Bokong and Batu Putih in the Bokong Sub - basin is a thick
deposit of coarse limestone breccia. The clasts within the breccia
consist of white, foraminiferal calcilutites derived mostly from the

Batu Putih Limestone of the region. Most are anqular and some reach

1 metre in diameter. The larger clasts are usually somewhat rounded,

and the deposit as a whole is unstratified. The type section, consisting
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Plate 20: Noilbesi Conglomerate Formation

A: Breccia of angular blocks of Batu Putih Limestone

in fault - zone north - west of Noilmina. Similar fault breccias

are present in the main area of outcrop of the Tacari Limestone Member,
along the Bokong - Batu Putih fault zone in the Bokong Sub - basin.

B: Cl1iff section of the Tacari Limestone Member between Tacari

and Batu Putih, Bokong Sub - basin.

C: Calcareous concretions in red clays of the Oeajo Clay Member,

north of Meo, Noele Sub - basin.
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‘of 22 metres of limestone breccia is taken from a roadside exposure

""‘f,'l kilometre east of Tacari.

The lack of sorting or stratification of the deposit, the

- extreme angularity of the clasts and the monomictic composition

' suggest that the deposit is a locally derived gravity flow deposif

" which accumulated as a talus breccia from the Batu Putih Limestone

' escarpment on the northern side of the fault zone. The extensive

' shearing which can now be seen in the Batu Putih Limestone of this

’kifri'district probably originated during this movement, and would have

" provided a ready source of loose, angular blocks in the form of
fault breccia. The presence of slickensiding in nearly all of the

blocks in a similar breccia exposed between Batu Putih and Soe supports

this conclusion.

(1§) The Noilbesi Conglomerate Formation of the Noele Sub - basin

The Noilbesi Conglomerate Formation overlies the Noele Marl,
Noil Lakoe Marl and Soe Limestone Formations in the following areas
of the Noele Sub - basin:
(a) north of the Noele anticline, along the Noil Lakoe syncline;
(b) north of Meo

Over most of this region (Fig. 64, E and F), the formation
consists genéré]]y of poorly sorted, silty conglomerates of the type
forming unit F of the type section. Two additional lithologies, the

Pene Member = and Oeajo Clay are recognised in this region.

(a) The Pene Member

The Pene Member succeeds the Noil Lakoe Marl in the Noil
Lakoe syncline, and is there taken as the lowermost unit of the Noilbesi

Conglomerate Formation. It is overlain by coarse conglomerates of
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Fig. 66: Noilbesi Conglomerate Formation: Pene Member,

Noil Lakoe River, Noele Sub - basin.
Representative, detailed section of part of the Pene Member,
showing alternation of pink and grey clays, with conglomerates and

graded arenites.
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the latter. It achieves a maximum thickness of 17 metres.

The member (Fig. 66) consists of a series of pink to grey,
very fine clays and silts containing layers of carbonised plant remains.
Hithin the clay sequences are lenses and thin beds of gravel and sand.
The clays and silts are interrupted at intervals by thick beds (maximum
1 metre) of dark coloured gravel, some of which are graded and contain
clasts up to 10 cm. in diameter.

The poor sorting of the gravels, together with the lensing
and lateral changes of bed thickness suggest rapidly fluctuating
conditions of high and low energy sedimentation. Marine fossils appear
to be absent. No indication of subaerial exposure, such as mudcracks,
can be seen. A fresh water environment is therefore indicated. The
abundance of graded beds within the clay sequences suggests that these
may be the deposits of shallow lakes. As the Central Basin emerged
from the sea, there would have been ample opportunity for the trapping
of surface run - off, especially as at this stage, most of the basin

was underlain by impervious Noil Lakoe or Noele Marl Formation.

(b) The Oeajo Clay Member

The Oeajo Clay Member occurs near to the base of the Noilbesi

Conglomerate between Niki Niki and Kefamananoe in the Noele Sub -
basin (Fig. 64, H). It consists of an interbedded series of clays,
silts and arenites of maximum thickness 13 metres, displaying the
following facies (Fig. 67):
Facies A:

Consists of thin, (10.to 15 cm.), laterally continuous beds
of fine, green lithic sand containing no foraminifera or shell material.

Each sandstone bed grades upwards and downwards into interbedded red
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Fig. 67: Noflbesi Conglomerate Formation: Oeajo Clay Member.

Representative section of part of the Oeajo Clay Member.
Note the abundance of calcareous concretions and fine grained

1ithologies between the main clastic units.
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clays and contains clasts of the latter. One of these was seen to be
dish - shaped and suggestive of a mud flake.
Facies B:

Comprises a series of silty, structureless, red clays which
contain many isolated, terrigenous clasts and some very thin shelled
Planorbis gastropods. Discontinuous layers of hard, cemented clay
and single, rounded, calcareous concretions are found at intervals
within this facies.

Facies C:
Consists of thick, laterally discontinuous beds of gravel

or coarse sand. Sorting is generally good and cross bedding is common.
Facies D:

Consists of interbedded, green clays and fine green arenites.

The member as a whole is well bedded and tabular. It is
underlain by a thin bedded, poorly sorted conglomerate and succeeded
by another conglomerate, the base of which displays flute casts. The
red clays immediately beneath these have calcite - filled cylindrical
structures within them. These are interpreted as plant root structures.

The poorly sorted. channel conglomerates (interpreted as
braided river deposits) above and below, and the presence of apparently
fresh water gastropods in the finer lithologies suggests that the
latter were deposited in a low energy abandoned channel or overbank
environment of a braided river. The abundance of the finer 1ithologies
suggests that the more permanent of these environments, the abandoned
channel, should be favoured. The fine arenites were presumably intro-
duced by settling at times of high water level in the main channel, and
the depression gradually filled, finally becoming colonised by vegetation,
now represented by the plant root structures at the top of the succession.
The meandering of the main channel later caused downcutting into the

Oeajo Clay.
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C. Age of the Noilbesi Conglomerate Formation

Direct age determination of the Noilbesi Conglomerate
Formation is hindered by its totally continental origin and absence
of diagnostic fauna. In Indonesian Timor, however, the formation is
younger than the underlying Late Pleistocene (N23) Soe Limestone
Formation.

That the deposit is probably extremely young is suggested by
tﬁe widespread continuity of the present day plateau surface in the
Bokong Sub - basin, erosion having been effected to a maximum depth
of only 75 metres along the major rivers.

The corresponding Ainaro Gravels of Portuguese Timor were

given a post - Pliocene age by Audley - Charles (1968).

D. History of uplift of the Noilbesi Conglomerate Formation
The accumulation of thick deposits of parallel bedded silt
and conglomerate of the Noilbesi Conglomerate Formation in the Bokong
and Noele Sub - basins during Quaternary times implies either (a) a
lessening of the rate of post - Mataian uplift of the fsland of Timor;
(b) a subsidence during this time of the Central Basin area relative
to the island as a whole or (c) a Pleistocene increase in sea level.
Subsidence of the Central Basin during or after Noilbesi
Conglomerate deposition is evidenced by an elevation difference which
exists between the base of the Noilbesi Conglomerate south of the Bokong
Sub - basin compared to that north of the basin, Deposits jmmediately
north and south of the southern structural limit of the sub - basin
(i.e. the Bokong - Batu Putih fault zone) show a difference in elevation
of +55 metres on the southern side. Because of the progressive thick-
ening of the Noilbesi Conglomerate deposits into the centre of the sub -

basin, however, the total elevation difference amounts to some 210
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metres, reflecting the marked negative behaviour of the Central Basin
during this time. |

Although this subsidence could have taken place subsequent to
Noilbesi Conglomerate deposition, the anomalously thick deposits in
the Central Basin compared to those elsewhere in Timor, together with
the abundance of finer clastic material, particularly towards the top
of the succession (see type section) does suggest that subsidence was
taking place during deposition itself. This subsidence presumably took
place in part by means of a northerly downthrow on the Bokong -
Batu Putih fault zone.

In contrast to the Noilbesi Conglomerate Formation, the Ainaro
Gravels of Portuguese Timor were deposited mainly upon the relatively
stable older autochthon, the positive behaviour of which prevented the
accumulation of terraces thicker than the 15 metres reported by

Audley - Charles (1968).

T e T
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Chapter 9: Summary of the tectonic history of the Viqueque Group

of Timor.
1. The Fatu Laob Uplift (N15 to N21)
General uplift of Timor between N15 and Early N21 (Middle

Miocene to Late Pliocene times). During this time, little or no
relief existed between the northern mountains and the present
Central Basin. Relief did exist, however, between the latter and
the Oekabiti, Tjamplong - Panite and Kolbano Highs to the south by
at least the end of Fatu Laob Marl times (Early N21), marking the
earliest known evidence of the formation of the Central Basin.
Minor diapirism and possible local earthmovements took
place during deposition of the calcilutite unit of the Batu Putih
Limestone Formation (N18 to N19).
2. Early, Late Pliocene folding: (N21)
Localised folding took place mainly along the southern edge

of the Central Basin at the close of Fatu Laob deposition, resulting
in the production of a local unconformity between the Fatu Laob

Marl and the overlying Sabaoe Limestone Formation.

3. The Sabaoe Stable Phase (Early and Middle N21)

A period of relative tectonic stability occurred between
Early and Middle N21 times over at least the Central Basin and the
region to the south, producing a succession of high energy shelf and
deeper shelf Timestones.
4. The Bidjeli Subsidence (Middle N21)

Subsidence of the entire Central Basin region took place at

the close of Sabaoe Limestone deposition (Middle N21), beginning in the
north. This resulted in the production of a steep gradient between the
Noele Sub - basin and the northern mountains, causing slumping into

the northern part of the Central Basin. Subsidence was less marked
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in the southern part of the Central Basin. Some movement occurred
at this stage along the Napsanuna fault and the Bokong - Batu

Putih fault zone.
5. The Bidjeli Folding Phase (N21)

Folding of the Sabaoce Limestone Formation in the southern
part of the Noele Sub - basin adjacent to the Kolbano High took place
together with possible reactivation of movement on the Kolbano
anticline and incorporation of pre - Sabaoe Limestone sediments into
imbricate thrust slices within the latter. An angular unconformity
between the Sabaoe Limestone Formation and the Noele Marl of the
southern part of the Central Basin was the result.

6. Continuation of the Bidjeli Subsidence

Subsidence of the Central Basin, which took place from Middle
N21 to Middle N22 times was coincident with gradual and increasing
elevation of the northern mountain area, resulting in turbidity current
deposition in the Central Basin, and possible slumping, perhaps
triggered by the very earliest movements of the Mataian Orogeny.
7. The Noele Uplift: (Middle N22 to Ear}y N23)

Uplift of the Central Basin region and the Northern Mountains

began in N22 times, together with the beginning of tectonic compression

associated with the ensuing Mataian Orogeny.

8. The Mataian: Orogeny (N22)

Major folding, uplift and erosion of the island of Timor
took place between Early N22 and Early N23 times, resulting in the
major folds which now characterise much of the pre - Soe Limestone
Viqueque succession. This folding was accompanied by moderate wrench
faulting.

9. The Soe Subsidence (Early and Middle N23)

Following erosion at the end of the Mataian Orogeny, subsidence
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of the entire island of Timor relative to sea level occurred, and
resulted in widespread reef limestone deposition over the eroded
Noele Marl Formation surface. This apparent phase of subsidence may
have been entirely the result of Quaternary sea level fluctuations
resulting from the Pleistocene glaciation in higher latitudes.

However it can be shown that at least part of the Central Basin was
subsiding tectonically at this time.
10. The Noilbesi Uplift (Middle N23 to Present)

Renewed uplift of Timor took place in Middle N23 times, and a thick
series of fanglomerates and braided river gravels (the Noilbesi
Conglomerate Formation) was deposited.

11. Late stage normal faulting

Minor warping and normal faulting of post Noilbesi Conglomerate Formation

origin occurred in Late Pleistocene times, together with renewed

subsidence along the Bokong - Batu Putih fault zone.
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Chapter 10 Structure of the Viqueque basins of Timor

A. Summary
The Viqueque structural sub-basins of Timor are shown to

be associated with a number of major megalinear features. The close
correspondence of several of these megalinears with ground-mapped
fault segments in both Indonesian and Portuguese Timor suggests that
these megalinears are important fractures.

Three main trends are recognised. Two of these, the N-S
and NW-SE megalinears appear to form a conjugate wrench-fault system

induced by a NNW maximum principal stress direction (c~1) of

probably Timorean origin. The SW-NE Noil Moeki- Niki Niki and Mollo
faults appear to be normal faults, and are tentatively correlated .
with the Ramelauean phase. The apparently anomalous E-W Bokong-

Batu Putih fault zone, which forms the southern margin of the

Bokong Sub-basin is regaraed as an overall SW-NE fault zone with

N-S and E-W components, and appears to be in approximate alignment

with the southern structural 1imit of the Kupang Bay Sub-basin.

B. The Kupang Bay Sub-basin.

The Kupang Bay Sub-basin is a simple, SW-NE trending basin

situated at the extreme western end of the island of Timor. It
differs from those further east in possessing only the Batu Putih
Limestone Formation and the Soe Limestone Formation above the
Bobonaro Scaly Clay (Fig. 68). The embayment is bounded on its
southern side by the Oekabiti High (Enclosure 2), consisting mostly
of Bobonaro Scaly Clay, with a thin, northwards dipping cover of the
Tjamplong Limestone Member of the Soe Limestone Formation. Host of

the region to the north of the sub-basin is covered by Bobonaro
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Fig. 68: Structural cross - sections of the Kupang Bay, Bokong
and Noele Sub - basins. For location of 1ines of cross - section

see Enclosure 1.
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Scaly Clay and older rocks. To the east the basin is bounded by

the Tjamplong-Panite High. The presence of numerous E-W trending
faults affecting the Soe Limestone and Bobonaro Séaly Clay in the
eastern part of the sub-basin suggests that the easternmost part

of Kupang Bay is a graben bounded on the southern side by the
northwards dipping Oesapa fault zone, and on the north by the
Soelamoe fault zone (Fig. 68). The presence of a NE-SW trending
fault zone, however, along the northern edge of the submerged portion
of Kupang Bay is suggested by the three aligned diapirs of Pulau
Kera, Pulau Tikus and Pulau Burung, discussed in the chapter on

Kupang Bay. It should be noted, furthermore, that the trend of at
least the submerged portion of Kupang Bay and of the general strike

of the southern onshore portion of the bay is similarly NE-SW, this
trend being similar to that of the Noele Sub-basin. The depocentre

of Kupang'Bay is, furthermore, in approximate alignment with the depo-
centre of both the Bokong and Noele Sub-basins, the combined depoaxis
trending NE-SH. It is likely that the E-W Oesapa and Soelamoe fault
zones are relatively young in origin and have merely modified the
eaternmost part of the Kupang Bay graben, whereas the northern structural
limit of the graben proper, coinciding with the boundary between the
.thick Bobonaro Scaly Clay deposits in the bay and the older rocks of
the Northern Mountains is formed by a southeastwards (unseen) extension
of the Mollo fault zone (Figs. 69, 70). Late Pleistocene movement

on both the Qesapa and Soelamoe fault zones and a relatively young
origin is suggested by vertical displacement of the Soe Limestone
Formation present along some component faults of the southernmost
fault zone (Enclosure 1). That the overall Kupang Bay depression

was in existence prior to, and during deposition of the Soe Limestone

Formation is proven by the series of depositional terraces present
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Fig. 69: Diagram 11lustrating control of the Viqueque basins of
western Indonesian Timor by major faults interpreted from ERTS satell-

ite photographs.
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Fig. 70: Distribution of megalinears in Indonesian and Portuguese
Timor, interpreted from MSS Band 5 (near infra - red) ERTS satellite
photography of Timor. Note the arrangement of these megalinears
into three sets: (a) a NW - SE (to NNW - SSE) set, represented
by the Kupang, Noil Leke - Tandjung Nailot, Wini, Halilulik faults
and fault 'A' in Portuguese Timor, (b) a set of predominantly north -
south orientation, represented by the Tjamplong fault, the Eno Buni
fault and {ts northerly continuation, the Naifallo fault, the Napsa
nuna - Ocussi faults, the Kefamananoe fault and possibly faults B,
C and D of Portuguese Timor,

The linearity and known wrench - fault behaviour of the Eno
Buni fault (mapped) and of the Wini - Halilulik fault suggests that
sets (a) and (b) form a conjugate pair of wrench faults formed by
a maximum principal stress orientation of NNW-SSE. This orientation
is also that which would produce both the SW - NE axial direction of
the Timorean folds and the overall structural grain of the island
of Timor. Hence sets (a) and (b) may be Timorean in origin.

The third set (c) consists of the SW -~ NE Noil Moeki -
Niki Niki - Netenaro fault system, the Mollo fault system, and other
similar megalinears in Portuguese Timor, The nature and origin of
this fault system is less certain. Howévef. the set corresponds to
the overall trend of the Bokong - Batu Putih fault zone, which had
an origin at least as early as Late Pliocene times. Set (c) is
regarded as a normal fault system because of the large downthrow

shown by the Niki Nik{i, Mollo and Bokong - Batu Putih faults.
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on the north slope of the Oekabiti High (Enclosure 1). These terraces
show a progressive decrease in height towards Kupang Bay and clearly
prove the existence of a high on the south side of the bay prior to
Soe Limestone deposition.

The complete absence of the deep.water Noele Marl and Noil
Lakoe Marl Formations of the Viqueque Group in the Kupang Bay graben
suggests efther (a) that the latter is of post- Noele Marl origin,
the Noele Marl Formation never having been deposited, or (b) that
erosion subsequent to deposition removed the Noele Marl Formation
from the bay region. However, as most of the basin is currently at,
or below sea level, and no trace of the Noele Marl Formation exists
on the onshore part of the bay, the conclusion must be that the
Kupang Bay depression was formed essentially at the end of Noele Marl
Formation deposition, although probably by reactivation of older struc-
tural weaknesses, during, or immediately after the Mataian orogenic
phase.

Formation of the Soelamoe and Oesapa fault zones probably
coincided with a Pleistocene period of E-W tensional faulting noted
from the Bokong and Noele Sub-basins.

Two well-defined, northerly trending linears (the Tjamplong
and Naifallo faults) can be seen on ERTS satellite imagery of Timor
(Figs. 69, 70) and may form the structuralboundary between the

Kupang Bay Sub-basin and the Tjamplong-Naifallo High.

C. The Bokong Sub-basin

Reference to the isopachyte map (Enclosure 2 ) shows the
Bokong Sub-basin to be a circular structural basin achieving an estimated

thickness of 1400 metres of Vigueque sediments at the depocentre.
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On the southern side, the basin is bounded by the complex Bokong-

Batu Putih fault zone, a series of E-W normal faults with downthrow

“to the north. This fault zone is cut by a series of NE-SW wrench
faults, of which the most important are ‘the Eno Buni and Tanah Merah
faults. The Eno Buni fault is visible also on satellite photographs,
and appears to extend to the south coast of Timor, west of Noilmina
(Fig. 70).

The east side of the basin is bounded by the Noil Leke
fault, which appears from ERTS satellite imagery as a NW-SE megalinear,

extending from the south Timor coast east of Noilmina across Timor

to Tandjung ..Nailot: on the north coast (Figs 69, 70). The fault,
which also forms the boundary between the Panite and Kolbano Highs
to the south, is downthrown to the west.

In the northern part of the suﬂ-basin, the Noilbesi Conglom-
erate and Noele Marl Formations lap onto the Bobonaro Scaly Clay
and Northern Mountains autochthon, and the younger units of the
Viqueque Group are not seen. Because of this onlap, no major, well-
defined fault zone can be detected by surface mapping. A possible
eastwards extension of the.Mollo fault, which crosses the northern part
of the sub-basin, can be seen on ERTS satellite imagery (Fig. 70)
and appears to éoincide with that detected by surface mapping (see
Fig. 68).

Folding in the Bokong Sub-basin

Owing to the extensive cover of the relatively undeformed,
young Noilbesi Conglomerate Formation, surface folding in the Bokong
Sub-basin is rare. One well-defined, E-W trending fold is present,
however, in the outcropping Tanah Putih Marl Member of the Noele Marl

Formation in the extreme western portion of the sub-basin (Enclosure 1).
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The fold is symmetrical, with dips on the 1imbs averaging 15 degrees.
The age of folding is post-Tanah Putih Marl Formation and therefore
Mataian. Some degree of deformation is also present in the

Noilbesi Conglomerate Formation which overlies this. In general,

dips on the latter do not exceed 7 degrees, and this later, Late
Pleistocene or N23 fo]diﬁg amounts to no more than gentle warping.
Normal faults with small to moderate downthrow also affect the Noilbesi

Conglomerate Formation (Fig. 68).

Diapirism
A large diapir ( the Naimona Diapir ) of Bobonaro Scaly

Clay pierces the entire Viqueque succession in the westernmost part

of the Bokong Sub-basin (Enclosure 2). The youngest formation exposed
in the vicinity of the diapir is the Tanah Putih Marl Member of the

' Noele Marl Formation. The strongly quaquaversal dip exhibited by

these sediments suggests considerable movement of the diapir during,

or prior to, deposition of the Tanah Putih Marl. This coincides

with the main period of movement along the Bokong-Batu Putih fault

zone which occurred during the Mataian phase. The diapir is presently
capped by a deformed mass of Soe Limestone Formation, suggesting its

presence as a positive high during Soe Limestone deposition.

D. The Noele Sub-basin

The westernmost boundary of the Noele Sub-basin is formed

by the well-defined N-S trending Napsanuna fault, which throws the
Bobonaro Scaly Clay on the west against the Sabaoe Limestone and
Noele Marl Formations on the east (Enclosure 2, Figs. 69, 70).

The Napsanuna fault and its northwards continuation, the Ocussi fault,
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appear on the satellite photographs as well-defined linear trends
extending due northwards from a point east of the Noilmina river
on the south coast of Timor, towards the north coast in the region
of Ocussi.

On the south-eastern side of the basin, the contact with
the Bobonaro Scaly Clay is not fault controlled, the Viqueque
sediments dipping and thickening gently basinwards away from the
present day erosional scarp (Fig. 68). However, the original
southwards 1imit of the Noele Viqueque Sub - basin probably coincided
with the Noil Moeki-Niki Niki megalinear, seen on satellite
photogfaphs, and extending from Noil Moeki to a point near Hﬁlilu]ik.
The fault appears to continue as a discontinuous series of 1linears in
Portuguese Timor, extending towards the north coast of the latter near
Netenaro (Fig. 70).

On the north side of the basin, the cover of Noilbest
Conglomerate effectively obscures the contact of the older formations
of the group with the Bobonaro Scaly Clay or autochthon. The northern
boundary of the combined Bobonaro Scaly Clay and Viqueque structural
sub - basiniis, however, formed by the SW-NE trending Mollo fault,
an ill-defined linear trend. West of the confluence with the Noil
Leke fault, the Mollo fault appears to deviate somewhat to the north,
and its westerly continuation (not visible on satellite photographs)
may form the northern sﬁoreline of the Kupang Bay depression. At the
eastern edge of the Noele Sub-basin, a NW-SE trending megalinear,
here named the Wini fault, is visible on ERTS satellite photographs
(Fig. 70). This fault extends across northern Timor to the north
coast near Wini. A parallel, NW-SE trending fault also exists to
the east, near Halilulik.
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Folding.
The Noele Marl Formation is characterised by a number of

relatively sharp, (30 - 40 degree flank dips) NE-SW trending anticlines
and synclines. The most prominent anticline is the Noele anticline
(Fig. 68, and Enclosure 2), traceable over a distance of approximately
16 kilometres, and probably continuous with the Meo anticline to

the north west. On the south side of the Noele anticline are the
Noetufi and Niki Niki synclines. Folding in the Noele anticline
strongly affects both the Noil Lakoe and Noele Marl Formations.

The succeeeding Noilbesi Conglomerate Formation is also affected by
gentle warping, forming the axis of the Noil Lakoe syncline and of

the Noil Benain syncline towards the east. The steeper dips exhibited
by the Noilbesi Conglomerate Formation of the Noele Sub-basin compared
to those of the Bokong Sub-basin may suggest somewhat stronger late-
stage compression in the former. Minor folding from two earlier
phases in the Late Pliocene (N21) is also seen in outcropping Saboe

Limestone and Batu Putih Limestone rocks in the Noele Sub-basin.

Diapirism.
A number of small diapirs are present along the south side

of the Noele Sub-basin, piercing the Sabaoe Limestone, Batu Putih

Limestone and Noele Marl Formations of the Viqueque Group (Enclosure 2).

E. Portuguese Timor

Large-scale fault control of the Portuguese Timor Viqueque

basins is less apparent than in Indonesian Timor. However, the south

coast Viqueque basins appear generally to lie to the south of a

discontintous series of short, NH-SE trending megalinear features
(Fig. 70).
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These faults are sub-parallel to, and in some cases coincide with,
surface faults mapped by Audley-Charles (1968).

In addition to the Netenaro fault, and its continuation,
other apparently SW-NE trending megalinears are present in Portuguese
Timor. One of these clearly coincides with the edge of the Lolotoi
thrust belt mapped by Audley-Charles (1968). Also present are a number
of N-Smegalinears. one of which coincides with the edge of another

prominent thrust belt mapped by Audley-Charles (1968).

F. Age of major faulting

(i) The Bokong- Batu Putih fault zone

Northwards downthrow on the Bokong-Batu Putih fault zone

has been shown to have existed at the end of Fatu Laob Marl deposition

(Chapter 3). The major period of movement on the fault zone however,
appears to have occurred during the Pleistocene. (suggested by the
strong deformation of the Tanah Putih Marl Member of the Noele Marl
Formation), The Eno Buni and Tanah Merah wrenches, which cross the
Bokong-Batu Putih fault zone displace the Tanah Putih Marl two miles
in a left-lateral sense. Clearly, north-south compressive movements
must have continued for some time after deposition of the Tanah Putih

Marl Member. .

(i1) The Napsanuna Fault zone

Small-scale depositional thinning of the the Sabaoe Limestone
Formation towards the Napsanuna,fault, visible in outcrop, suggests
movement along the fault zone during, or shortly after deposition of
the Sabaoe Limestone Formation. The major period of downthrow along
this fault zone, during Viqueque deposition, must have been post-
Noele Marl or Mataian as the Noele Marl Formation is strongly

downthrown to the east along the fault.
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(111) The Mollo, Wini, Halilulik, Noil Leke-Tandjung Nailot

and Noil Moeki-Netenaro faults. .

Owing to the complexity of the tectonic history of Timor,
any attempt to date the ages and modes of origin of the satellite
photography megalinears must necessarily be speculative. However,
the following points should be noted:‘

(a) The present day trend of both Timorean (E. Eocene) and
Ramelauean (M. Miocene) folds in Portuguese Timor is approximately
SW-NE (Audley-Charles, 1968), implying a primary compressional
direction (or maximum principal stress orientation) of NW-SE.
Conjugate shear faults resulting from such a system would have
primarily a NW-SE and N-S orientation. Major conjugate faults

with these orientations are:

(1) NW-SE The Noil Leke-Tandjung Nailot, Wini and Halilulik faults.
(11) N-S The Napsanuna-Ocussi fault, the Tjamplong and Naifallo
faults, the Eno Buni fault and the Kefamananoe fault (Fig. 70).

If this theory is correct, a NW-SE haximum principal stress
orientation would require displacement along the N-S oriented shear

faults to be in a left lateral sense. Such a displacement has

already been demonstrated for the Eno Buni and Noil Leke N-S

wrenches by surface mapping. Similarly, faults with a NW-SE orientation
must possess a right-lateral displacement.

(b) One immediately apparent, and hitherto inexplicable facet of
Viqueque Group distribution is that the principal, post Late Pliocene
Viqueque basins (i.e. deep sea depressions of Noele Marl deposition)
occur south of the principal Lolotoi outcrops in both Portuguese and
Indonesian Timor. However, the Kupang Bay-Bokong Sub-basin-Noele
Sub-basin negative trend does not continue directly across into

Portuguese Timor, the Viqueque basins of the latter occurring somewhat
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Fig. 71: Relationship of the distribution of Viqueque basins to
present day distribution of the Lolotoi Complex and Maubisse
Formation in Timor. Note (a) the apparent southwards displacement
of the southern 1imit of Lolotoi Complex outcrop in Timor,in the reg-
ion of the Wini and Halild]ik faults, interpreted as major right -
lateral wrench faults, (b) the occurrence of the major Viqueque sub -
basins to the south of the area of Lolotoi outcrop in both Indonesian
and Portuguese Timor.

A and B refer to the depoaxes of Viqueque basins in
Indonesian and Portuguese Timor respectively.

Distribution of Lolotoi Complex -and-Maubisse Formation in

Timor.after Audley - Charles (1974).
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to the south of the continuation into Portuguese Timor of the
Indonesian Timor basinal trend. Coincidentally with @his, the south-
ernmost Lolotoi outcrop occurs much further south in Portuguese Timor
than in Indonesian Timor,

Superimposition of the ERTS satellite photograph megalinears
~upon a map of Lolotoi distribution in Timor (Fig. 71, after Audley-
Charles 1968) suggests that a major southwards displacement of the
southernmost edge of the Lolotoi thrust sheets occurs between the
Wini and Halilulik NW-SE trending megalinears, both of which would
be expected to possess right-lateral displacement, each being the
left hand set of a conjugate pair. The resultant combined displacement
of both faults may therefore have resulted in the southwards
displacement of the entire region east of the Halilulik fault. It
should also be pointed out that the Wai Bua (overthrust during the
mid-Miocene orogenic phase) does not show a marked southwards
deviation in this region, hence the major wrench movement may indeed
have been Timorean, having occurred between the emplacement of the
Lolotoi Complex in the Lower Eocene orogenic phase and emplacement
of the Maubisse Formation in the Middle Miocene Ramelauean phase.

It has been shown in a previous chapter that subsequent
Early Pleistocene movement tock place along the Eno Buni and
associated wrench faults in Indonesian Timor. Such a reactivation
of pre-existing wrench faults would be expected du;ing a compressional
phase almost coincident in direction with the earlier Timorean
compression.

The above hypothesis provides an explanation for the
orientation of the NW-SE and SW-NE fault systems. It does not, however,
explain the érientation of the major Mollo and Noil Moeki-Niki Niki

fault systems. The latter systems are, however, parallel both to
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the Timorean folding directions and to the thrusts mapped by
Audley-Charles (1968). The fault systems do not, furthermore,
appear to be substantially affected by the wrench systems. Hence
it is likely that both the Mollo and Niki Niki faults are large-
scale normal faults of probably Ramelauean origin. It should be
noted that this fault system is parallel with mapped normal faults
in the Portuguese Timor south coast basins, and to many of the
normal faults of this thesis.

The NE-SW Mollo and Niki Niki faults apparently closely
control the shape of the present Noele Sub-basin. However in the .
Bokong Sub-basin, the southern margin at least is formed by the
apparently east-west Bokong-Batu Putih fault zone. However, if the
E-W and N-S components of the total Bokong-Batu Putih fault zone
are considered together (Fig. 69) the result is a broad NE-SW fault
zone, an extension of which would coincide approximately with the
southern edge of Kupang Bay.

The above hypothesis assumes that the major Viqueque basins
of Indonesian Timor developed subsequently to the major Timorean
wrench movenent, along a zone of weakness lying to the south of the
major Lolotoi thrust 'front' and the relatively positive area of
older rocks behind ft. Hence the Middle Miocene to Rgcent basins
of Portuguese Timor occur in an arc south of this thrust front, and
therefore occur considerably to the south of the Indonesian Timor
Central Basin. The only real evidence that major movement along
the Halilulik and related wrenches did not occur subsequent to
Viqueque deposition, for example during the Mataian Orogeny, is that
the compression necessary to produce a lateral displacement of the
order of 30 miles along these faults would have been likely to have had
more effect on the Viqueque succession than the mere production of the

relatively gentle Mataian folding.
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Chapter 11 Middle Miocene to Recent structural development of

the Timor - Sahul Shelf region.

The above tectonic and stratigraphic history of the
Viqueque basins of Timor and recent work in the Timor Trough and
on the Sahul Shelf to the south make possible a reconstruction
of the structural history of the entire Timor- Sahul Shelf region.
According to Audley-Charles (1966) and Audley-Charles and
Carter (1971), the Timor Trough was initiated during the Early

Eocene as a deep water area north of the predominantly shallow

water Sahul Shelf. This interpretation was questioned by Veevers
(1969) who suggested an Early Pleistocene age for the Timor Trough

and later amended this to Late Miocene (Veevers 1971),on evidence
which suggested that the important Late Miocene to Pliocene regional
hiatus of the Sahul Shelf continued downwards into the Timor Trough

beneath a thickening wedge of Late(qu;;ary sediments.
’ 1

Evidence from recent DSDQ.dr1111ng of the Timor Trough has,
however, revealed a total of 414 metres of planktonic ooze of
Quaternary and Late Pliocene age overlying 13 metres of shallow
marine, foraminiferal dolomitic mud of Late Pliocene age and
15 metres (to total depth) of very shallow marine dolomitic shell
calcarenite, also of Late Pliocene age. It {s here suggested that
this Late Pliocene shell calcarenite may correlate with the Late
Pliocene shell calcarenite of the Sabaoe Limestone Formation, shown
to be present throughout much of Indonesian and part of Portuguese
Timor. Clearly, as the Sahul Shelf was the site of shallow water
deposition throughout much of the Tertfary (Veevers 1969) then
shoal water conditfons could have existed over the entire Sahul
Shelf-Timor Trough-Timor region throughout at least part of the
Late Pliocene (Fig.72,3). The age of the Timor Trough 1ﬁ its
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Fig. 72: Diagrammatic profiles illustrating the Middle Miocene to
present day evolution of the Wetar Strait - Timor - Sahul Shelf
region.

Profile 1 (Middle to Late Miocene) shows deep water condit-
fons (evidenced by the deep water Batu Putih Limestone, present
over most of Timor) extending throughout the Wetar Strait - Timor -
Timor Trough region, with shoal water conditions present on the
Sahul Shelf to the south.

A gradual shallowing of the region, resulting in shoal
water calcarenite;deposition throughout the Sahul Shelf - Timor
Trough - Timor region in the Late Pliocene is illustrated in profiles
1 to 3, and later (Late Pliocene) simultaneous subsidence of both
the Central Basin of Timor and the Timor Trough in profile 4.

The gradual subsidence of the Central Basin and Kolbano
High and resulting rotation of the Kolbano High/Central Basin struc-
tural unit, causing ponding of the Pleistocene Nuanain Sandstone
turbidites in the Central Basin is shown in profile 5.

Subsidence of the Wetar Strait occurred in the Middle or
Late Pleistocene.

Note that inithese profiles, the width of Timor is exagger-
ated relative to that of the Timor Trough, in order to show the
developing Central Basin. Present day width of the Wetar Strait
is approximately 100 km. (opposite Indonesian Timor); of Timor
approximately 100 km.; of the Timor Trough approximately 200 km. and
of the Central Basin approximately 30 to 50 km.

Location aF DsDP borehole 2L2 shown (a C.
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present form most probably therefore dates from the incipience

of deeper water conditions (Fig. 72,4), marked by the Late Pliocene
mudstone in borehole 262. Continued subsidence during the Late
Pliocene and Quaternary then led to the deposition of a thick,

Late Pliocene and Quaternary foraminiferal ooze sequence. A precisely
similar sequence has been shown in this thesis to exist in the
Viqueque Group of the Noele Sub-basin during N21 times (Late Pliocene)
when subsidence of the shallow water calcarenite of the Sabaoe
Limestone Formation of the Central Basin gave rise to deeper water,
Late Pliocene and Quaternary foraminiferal ooze deposition.

The major southwards downthrow on the Central Basin northern
boundary fault (the Mollo fault) may therefore have coiqcided with
subsidence of the Timor Trough in the Late Pliocene (Fig. 72,4).

To the north of Timor evidence suggests that downfaulting of the
Wetar Trough occurred slightly later, in the Pleistocene (Audley-
Charles and Hooijer 1973, and in this thesfis), subsequent to major
uplift of the northern positive area, north of the Central Basin

(Fig. 72,6). The Middle Miocene to present day structural history

of the Wetar Strait-Timor-Timor Trough-Sahul:Shelf region is therefore
as summarised in Figure 72. |

Note that in these profiles, the area forming the present
day Kolbano High is depicted as a si1l between the developing Central
Basin and Timor Trough areas (Fig. 72,4-7). This si11 must have
been present, as-no lateral equivalent of the thick, proximal turbidite
deposits of the Pleistocene Nuanain Sandstone Member of the Central
Basin {s present in the Pleistocene of borehole 262 in the centre

of the Timor Trough.



252,
Chapter 12 The nature of the Timor Trough and classification of

the Viqyequé basins of Timor.

The. Timor Trough has been interpreted as a conventional
submarine trench, along the axis of which {s a northwards dipping
subduction zone, marking the site of subduction of oceanic crust
beneath continental crust (Chipping, 1971). Seismic profiles
published recently by Beck (1974) reveal the presence, at the
base of the northern flank of the Timor Trough, of large, southwards
directed overthrusts accompanied by imbrication and compressional
folding.. Beck concluded that these 'foothill tectonics' showed a
close similarity to those along the landward slopes of the Java
Trench. Warris (1973) suggested the Tertiary collision of Australia
and South - East Asia and the uplifting of Timor as a Tertiary
melange of Australian sediments behind a north - dipping subduction
zone along the Timor Trough.

These interpretations were recently challenged by Audley-'
Charles, et al (1972), who suggested that since the Middle Cretaceous,
oceanic crust has been subducted northwards below oceanic crust to
the north of Timor. They interpreted the important orogenic phases
which occurred in Timor in the Late Cretaceous to Early Eocene, in
the Middle Miocene, and in the Late Pliocene to Early Pleistocene as
the result of collisions between the northwards drifting Timor, which
formed the leading edge of Australia, and a succession of subduction
zones. According to Audley - Charles (1973) there is no evidence to
indicate that a subduction zone has ever existed along the Timor
Trough,

Evidence from recent earthquake activity presented by Fitch
(1970) suggests, however, that a northwards:dippingBenioff zone exists
along the Timor Trough, although determination of the focal mechanisms

of this earthquake activity suggested the absence of present day

R
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underthrusting in that region. Fitch (1970) suggested that subduction
has ceased along the Timor Trough. '

Whatever the true tectonic relationships between Timor and
Australia, several things are clear from the above summary:
(1) A northwards inclined, seismic zone exists along the axis
of the Timor Trough, dipping under Timor. Whether or not this zone
is or was a subduction zone in the true sense of the word is not
known; however a structural discontinuity must be assumed. This dis-
continuity dips under Timor, away from the Timor Trough, and has
therefore the inclination expected of a thrust or reverse fault, with
the material to the north!(Timor) overriding that to the south,
(i1) Evidence exists for strong compression along the base of
the north wall of the Timor Trough, and independent evidence of strong
compression along the south coast of Timor is seen in Viqueque Group
rocks of the Kolbano and Panite Highs.

Study of the tectonic evolution of the Central Basin reveals
a remarkable similarity to the known history of present day and ancient
‘arc - trench gap basins' (Dickinson, 1970). Dickinson defined the
arc - trench gap as an ‘'elongate geographical gap, typically 150 -
250 km. wide between the volcanic front of the arc and the slope break
above the crest af an accoustic basement ridge at the top of the
inner trench wall. Within this gap, both uplifted belts, 1ike the
outer sedimentary arcs, and subsiding belts occur. The subsiding
belts include the arc - trench-gap basins, which have accumulated thick
sequences of undisturbed sediments.

Comparison of the present - day profiles of arc-- trench >

and elsewhere

couples over the entire Pacifis(reveals the almost universal presence

of arc - trench gap basins (hereafter called 'trench slope basins' in

this thesis) on the slopes of such trenches as the Puerto Rico Trench
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(Ewing and Ewing, 1962), the Tonga Trench (Raitt, Fisher and Mason,
1955), the Phillipine Trench (Hayes and Ludwig, 1967), the Aleutfan
Trench and Terrace (Gates and Gibson, 1956), and many others.

These sediment-ponded basins and their relationships with
arc-trench couples were mentioned briefly by Ludwig et al. (1966),
who pointed to the presence over many trench profiles of two gravity
minima, separated by a relative positive anomaly, one negative minimum
located directly over a-sediment filled trough situated between the
floor of the trench and the continental shelf, and the other located

in the trench {tself.

A wide arc-trench gap basin figures prominently in the
Karig model of Pacific island arc evolution (Karig, 1970). Karig
developed his model from studies of the Manila Trench and the Luzon
Trough, the latter being a trench slope basin, separated from the
trench by a well developed mid-slope basement high, composed of
folded sediments. Karig demonstrated the following sequence of events
for both the Manila Trench/Luzon Trough and the Tonga-Kermadec island
arc.
(i) Underthrusting and deepening of the trench accompanied'by
formation and downthrow of an arc-trench gap basin along a normal
fault zone along the front of the major non-volcanic arc. (Fig. 73).
(11) Concurrent extension and subsidence of the region between the
outer, non-volcanic arc and the volcanic arc.
It should be noted that this is precisely similar to the demonstrated
tectonic development of the Timor Viqueque basins and the Timor Trough
and Wetar Strait (Fig. 73). Major similarities to note are: (a) the
downthrow of Karigs trench slope basin along a normal fault zone
present along the side nearest the non-volcanic arc, and the resultant
'rotation' of the block between this fault zone and the zone of

underthrusting in the trench (cf. the normal fault zone along the
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Fig. 73: Comparison of the Wetar - Timor - Sahul Shelf profile

of Pleistocene times with the general model for West Pacific island
arc development (after Karig, 1970). Points to note are (a) the
similarity in size, shape and tectonic position of the Central Basin
of Timor to Karig's trench slope basin; (b) the presence of

Karig's 'mid - slope basement high' (consisting of folded sediments)
between the trench slope basin and the trench, mirrored in Timor

by the folded sediments of the Kolbano High; (c) the rotation of the
floor of the trench slope basin and of the mid - slope basement high
towards the trench by downthrow along a normal fault zone situated
on the arc side of the trench slope-basin and the exactly similar
sequence of evénts in Timor (see also Fig. 72, profiles 4 to 7);

(d) the simultaneous deepening of the trench and trench slope basin

in both Karig's model and in the Wetar - Timor - Sahul Shelf region..
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northern side of the Central Basin, and the rotation of the Central
Basin and Kolbano High structural units during formation of the
Central Basin),
(b) the confining of the major compressional effects of the under-
thrusting to the mid-slope basement high (cf. the equivalent Kolbano
High in Timor south of the Central Basin, which underwent imbrication
whilst the northern margin of the basin was subsiding in Sabaoe
Limestone times (N21).
(c) the implied deepening and major period of trench formation at
the same time as subsidence of the trench slope basin (cf. the probable
contemporaneous formation of the Central Basin and the Timor Trough.
(d) the presence of sediments in the uppermost part of the trench
slope basin sequence lapping smoothly onto -the crest of the frontal
arc (Karig 1970). Karig implies that the major downthrow along the
front of the arc occurred early in the history of sedimentation of
the basin (cf. Timor, where the maximum subsidence of the Central
Basin occurred shortly after its formation, towards the end of the
Sabaoe Limestone Formation (Late Pliocene) times.

Dickinson (1970) presented the most comprehensive account
to date of trench slope basins. He mentibned as prime characteristics:-
(a) ‘complex zones of severe tectonic dislocation....which separate
the deformed rocks of subduction zones from the structurally overlying,
undeformed strata of the arc-trench gap' (cf. the folded and imbricated
Kolbano High lying between the Central Basin and the Timor Trough).
(b) widespread submarine and 1gcally sub-aerial unconformities,
where the strata of the arc-trench gap onlap the 'inboard' flank of
the mid-slope basement high (cf. the local unconformities in the
Sabaoe Limestone and Batu Putih Limestone, wich 1ap onto the Kolbano
High and which are not present at the northern edge of the basin).

(c) the observation that the only coeval tectonic disruptions of
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the arc-side contact that can be inferred from profile records of
modern systems are normal faults associated with a back-tilt of the
arc-trench gap sequence, ‘'as if the block upon which it (the arc-
trench gap sequence) rode had rotated s1ightly backwards to 1ift the
trench-side flank and to depress the arc-side flank'. This is similar
to Karig's (1970) observations and to the Central Basin.

(d) a highly variable sedimentological character, with an expected
predominance of turbidites without volcanic intercalations ('except
possibly tuffs') from distant sources (cf. the Viqueque Group of

the Noele, Bokong and Portuguese Timor Sub-basins, where up to 75%

of the exposed section consists of turbidites with minor tuff
intercalations).

(e) a remarkable consistency in width of trench slope basins, most
being of the order of 50 kilometres wide. For instance the Great
Basin of California, interpreted by Dickinson as a trench slope
basin, has a width of 65 kilometres. The western marginal syncline
of New Zealand varies in width from 25 to 75 kilometres (Dickinson,
1970) and the Central Basin of Timor is generally 30 to 55 kilometres
in width.

According to the demonstrated histories of other circum-
Pacific trench slope basins, the best defined boundary (in plan view)
of the Central Basin should be the northern (arc-side) one, because
th%s is a normal fault, whereas the tectonically complex southern
boundary should be i11-defined. In fact the southern boundary of
the Central Basin is remarkably discontinuous.

The study of trench-slope basins is relatively new. Not
only are most incompletely known, but most examples are still underlain
by water, or are Early, or pre-Tertiary age, and although occasionally
well preserved in themselves (e.g. theAlaskan Bench, Gates and Gibson

1956) show a complex relationship to the arc-trench systems to
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which they relate.

The above account suggests a close correspondence of known
trench slope basin characteristics with those of the Central Basin
of Indonesian Timor. The writer believes that there is evidence to
suggest that at least limited underthrusting has occurred along the
north wall of the Timor Trough. This underthrusting may not, or
may not formerly have amounted to large scale subduction, and the
Central Basin of Indonesian Timor may not be a trench slope basin
as originally defined by Dickinson (1970). The reason for the close
similarities in morphology and development between the Central Basin
and true trench élope basins may lie in the fact that the latter
seem to be genetically related to the underthrusting process in
subduction zones, there being evidence to suggest that a condition
of tension exists in the overriding block some distance from the
thrust plane itself (Malahoff, 1970). This process causes downfaulting
and rotation of the arc-trench gap block, whilst still maintaining
compression in that portion of the overriding block nearest the thrust.
Clearly, if such a process is responsible, then the only requirement
for the development of a basin similar to a conventional trench slope
basin is the presence of underthrusting, regardless of the kinds of
crust involved in the underthrusting or of the presence of a true
subductfon zone. Timor has clearly undergone strong compression on
occasions in its Late Neogene history. From the history of the Timor/
Sahul Shelf region as reconstructed in this thesis, the beginning of
the underthrusting beneath Timor may have been in the Late Pliocene
when both the Central Basin of Timor and the Timor Trough began to
subside and the Viqueque rocks nearest to the Kolbano High underwent

compressional folding.
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The above discussion is of course tentative. The main
object of this thesis has been primarily to determine the stratigraphy
of the Viqueque rocks of Indonesian Timor. These rocks cannot in
themselves provide direct evidence as to the nature of the crustal
materials underlying Timor and the Timor Trough. It is hoped that
the resulting stratigraphy and tectonic history of the Late Miocene
to Quaternary rocks of Indonesian Timor as presented in this thesis
will be used by workers in the field of general Indonesia - Australia
stratigraphy to further the knowledge of the true relationships

between the two regions.
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Chapter 13 Recent and modern sedimentation in Kupang Bay, Timor.,

A Introduction

Kupang Bay 1s an oblong marine embayment some 200 square
miles in area, situated at the western end of the island of Timor
(Fig. 74). The bay forms the submerged western continuation of the
series of depressions comprising the Central Basin of Timor. In
addition to providing a modern example of the interaction of carbonate
and terrigenous regimes of sedimentation, the object of this study
was to aid the determination of the depositional environments within
the Viqueque Group, parts of which were deposited within a depression
of similar size and shape to that of the modern Kupang Bay. Most

of the offshore sediment study was conducted by drag sampling.

B Summary and conclusions

Modern sedimentation in Kupang Bay can be subdivided into
a carbonate regime, comprising three fringing reef complexes and a
terrigenous regime comprising an offshore mud zone, a barrier island/
lagoonal complex and a northern shoreline clastic comp]ex; (Figs.74, 75)
Seven principal environments of deposition with their associated
sediment types can be recognised within the fringing reef complexes
and comprise:- (1) an active reef front, (i1) a back-reef lagoonal
area, (i{1) a reef front breccia zone, (iv) a zone of reef front
silty calcarenites, (v) a zone of fore reef foraminiferal silts,
(vi) a zone of reef flat calcarenites and (vii) a beach skeletal
calcarenite zone.
Within the terrigenous regime, the barrier island/lagoonal
complex comprises:- (i) an offshore silt zone, (ii) a barrier beach

or island zone, (iii) an inner lagoonal zone, (iv) an intertidal
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Fig. 75: KUpang Bay: Major sedimentary complexes, current‘systems f ;i;'

and onéhqre sediment supply.

RE Southerh and Pulau Kera fringing reef complexes.
11 Norihern fringing reef complex.

BRI N Offshore terrigenous muds.

W: ﬁqr;hern shoreline clastics.

Va: ’Béfrigr 1;1and/lagoonal complex.

Vb:> Upliffed bay floor and lagoonal terrigenous muds.

Note the influence upon the distribution of the above . =~ =

complexes of the two major controlling factors: (a) an anticlock-

wise curreniisystem (1ong arrows) and (b) a variable supply of

onshoreﬁclaStiq‘debris'( short arrows). Dashed lines 1ndjca;éf-:,13;‘i%’;?:j

~ 43ppf6;ihaté,boundaries between drainage zones A to E.
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zone, (v) a supratidal zone, (vi) a zone of raised lagoonal
sediments, (vif{) a mangrove swamp zone and (viii) a number of
tidal distributary channels.
The northern shoreline clastic complex consists mostly
of a series of small clastic deltas, beaches, barrier bars and lagoons.
The two major present-day factors controlling sediment
distribution are;- (i) bay and hinterland topography (both largely

functions of geological structure), which control depth of offshore

deposition, onshore distribution of orographic and other rainfall,

- \ and stream density, and thus nature and amount of clastic sediment

 supply; (i1) an anticlockwise system of currents which results in

a net westerly sediment transport direction along the northern shore

of the bay and a net easterly transport direction along the southern

shore.
Similarities are noted between many of the sediments now

forming in Kupang bay and those.of the following parts of the
onshore Viqueque Group:- (a) the Fatu Laob Member of the Batu Putih

Limestone Formation, (b) the Sabaoe Limestone Formation, (c) the
Tanah Putih marl Member of the Noele Marl formation, and (d) the

marls and limestone of the Soe Limestone Formation.

C Geographic setting of Kupang bay

To the north of Kupang Bay is a range of mountains (the
western extension of the Northern Mountains High of the Bokong and
Noele Sub-basins) consisting mostly of rocks of pre-Middle Miocene
age and to the south is an area of lesser relief consisting mostly
of Bobonaro Scaly Clay with a capping of Quaternary reef (Figs. 74, 75).

At the eastern end of the bay is an extensive low-lying plain,
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(the Oesaoe Plain), extending as far as the Tjamplong-Naifallo High
at the western end of the Central Basin.

Each of these three geomorphological regions has an important
influence on both the size and quantity of clastic material entering
the basin. At the eastern end of the bay, rivers crossing the flat
Oesaoe Plain carry fine suspended material to the bay itself (Fig. 75),
although in the monsoon season this is probably augmented by some _
silt and sand size material., A similar situation exists over most
of the area south of the bay, where a few widely-spaced rivers,
with gentle gradients, carry erosional products of carbonate reef
and Bobonaro Scaly Clay into the bay. By contrast, larger amounts
of coarser clastic material as well as 1arge quantities of suspended

clay minerals are carried into the northern part of the bay by short,

. ~ steep mountain streams.

. D Climate

Timor follows the general climatic pattern of the Indonesian

archipelago, with an easterly dry monsoon period from July to November
. and a westerly, rainy monsoon period from December to June. Personal
observations before the start of the 1971 wet monsoon season suggest
however that the mountains north of Kupang Bay are also subject to
orographic rainfall for some time before the west monsoon begins.
The combined effect of this pre-monsoon orographic rainfall and that
of the wet season itself is to bring large quantities of suspended
material from the northern mountain area and from the Tjamplong-
Naifallo High into the northern and eastern parts of Kupang Bay.

Also important are the high wind velocities in the east

monsoon season, values of six on the Beaufort scale being repeatedly
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reported at Kupang Afirfield, to the south of the bay. ENE-WSW and
NE-SW tropical cyclones also frequently occur during this period.

These high wind velocities in the east monsoon period may
be the driving force for the anticlockwise current system which
appears to operate in Kupang Bay (Fig. 75),; and which is a major
factor in the present distribution of modern sediments. The presence
of this current system is inferred from (a) the distribution of
clastic spits and sand bars on the southern shore of Kupang Bay
(Fig. 74 and 75) which indicates a net sediment transport direction
of west to east (i.e. towards the interior of the embayment) and
similar spits on the northern shore which there indicate a direction
of transportation in the opposite direction (i.e. towards the ocean)
and (b) aerial photographs of the bay, taken towards the close of
the dry season which reveal the apparent confinement at that time
to the north eastern part of the bay of suspended material entering
the bay at its eastern end (Fig. 74).

It 1s tentatively suggested that this system originates
from the impingement onto the prominent oceanward part of the south
N;oast of Kupang Bay, of surface currents flowing south westwards
- along the northern coast of Timor (Fig. 75) and their subsequent
| deflection into the southern part of ‘the bay. Such currents would

be expected to operate in this direction under the influence of the

o strong easterly winds and cyclones of the dry monsoon period.

E. Sediment distribution in Kupang Bay

Introduction

Two major regimes of sedimentation can be recognised in
Kupang Bay (Fig. 75):-

(1) a carbonate regime occupying most of the south western portion
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of the bay and the northern headland.

(11) a terrigenous regime lying mostly in the north and east portions

of the bay.

(1) The carbonate regime

The carbonate regime comprises three major fringing reef

complexes (Fig. 75) situated:-

(a) along the southern shore of Kupang Bay

(b) along the north western headland (Tg. Pakoelak)
(c) around Pulau Kera Island in the bay entrance.

In addition to the active reef flat itself are six major
associated sedimentary environments, each with its characteristic
sediment type (Table 3). On the landward side of the reef flat,
within the intertidal zone and above, are a series of beach skeletal
calcarenites. Coarser and less well sorted calcarenites mantle parts
of the reef flat and are named the reef platform calcarenites.
Mantling the reef front and consisting of blocks of reef debris with
a finer matrix is the reef breccia, which is succeeded further off-
shore by a broad zone of reef front silty calcarenites, comprising
Tow energy, deeper water sediments with in situ thin shelled molluscs.
Finally, the floor of the centre of the bay is covered by a veneer
of off reef foraminiferal silts, consisting almost entirely of
benthonic foraminifera with other subordinate microfauna (D.J. Carter,
personal communication). Within the northern fringing reef complex
a seventh sediment type, consisting of carbonate muds and silts
with coral and molluscan debris, occurs in the inter reef lagoon.

The above distribution of sediment types is similar to
that noted within the Pleistocene and present day fringing reefs
of Barbados (Mesolella et al. 1970).
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Table 3: Summary of sediment composition, fauna and depositional

environment of the major sediment types of the carbonate regime.
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A general sedimentary model of fringing reef distribution

in Kupang Bay is presented in Figure 76. Examination of the sediments
from each of these major sub-environments suggests that breakdown,
abrasion and subsequent onshore transport of reef front material

is primarily responsible for the accumulation of high energy
calcarenite material in the reef platform and beach zones. Seaward

of the active reef front, gravity feed results in supply of reef

front derived material to the reef breccia zone.
The influence of the reef upon sediment supply ends abruptly
at the seaward limit of the reef front breccia zone. Seaward of

this zone, the reef front silty calcarenites, although mainly carbonate,

grow by the in situ accumulation of benthonic foraminifera and indigenous
thin-shelled lamellibranchs. Similar fore reef deposits were noted
in the windward reefs of the Seychelles by Lewis (1969).

The boundary (in Kupang Bay) between carbonate and terrigenous

sedimentation occurs at the junction of the offshore mud and off reef

foraminiferal silt depositional zones.

(i1) The terrigenous regime

Included in the terrigenous regime is a northern shoreline

élastic complex, consisting mostly of erosional products derived

¢

from the Northern Mountains, which enter the bay to form a series
of small deltas interspersed with discontinuous small reef masses
(Fig. 75 and Table 4). The suspended fine sediment from these

rivers is deposited in the northern half of the bay to form a

widespread blanket of terrigenous mud which passes transitionally
southwards into the carbonate sands and silts of the central and

southern fringing reef complexes.
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Fig. 76: Fringing reef depositional model, Kupang Bay

Note the apparent onshore transport of sediment derived
from the reef front and flat by wave and current action, and the
seaward 1imit of reef influence at the seaward edge of the reef
front breccia zone.

A non reef - derived carbonate zone exists seaward of
the reef front breccia zone, comprising the reef - front silty
calcarenites and fore - reef foraminiferal silts. The boundary
‘between carbonate and terrigenous regimes of sedimentation occurs
between the latter zone and the offshore mud and silt zone.

Approximate width of entire carbonate regime (beach to

fore reef foraminiferal silts) is 1.5 to 2.0 km.
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Part of this suspended terrigenous material originates from the

eastern end of the bay where a barrier/isiand lagoonal complex exists,
which includes barrier beaches, lagoons, raised lagoons and mangrove

swamps separated by numerous distributary channels.

Description of sediments

Reference should be made to Tables 3 and 4 in which the
main aspects of sediment composition, environment and faunal content

are tabulated.

Orfgin of the barrier island/lagoonal complex

Samples collected from the barrier beaches at the eastern
end of Kupang Bay consist almost entirely of large, unbroken lamell-
ibranch shells with interspersed quartz grains. In this respect
the beaches appear to be similar to the shell beaches of Padre Island,
Texas (Watson, 1971), which consist of the calcareous skeletal debris
of nearshore benthonic invertebrates.

The barrier beaches of Kupang Bay pass on both the seaward
and landward sides into areas of fine grained sediment deposition.

On the seaward side of the beaches, the bay floor is covered by
muddy 1ight grey silt containing numerous large, whole, thin shelled
lamellibranchs of the type which form the adjacent barrier {slands.

To the landward side of the beaches are large lagoonal
areas containing organic-rich clays. The abundance of molluscan materia)
of nearshore origin in the beach sediments suggests winnowing by
wave and current action and subsequent onshore transport of lamell-
ibranchs present in the offshore muddy silts. This explanation is
similar to that advanced for the origin of the Padre Island shell
beaches (Watson, 1971), and for those: of Essex, England (Greensmith

and Tucker, 1969).
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Table 4: Summary of sediment composition, fauna and depositional

environment of the major sediment types of the terrigenous regime.
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Wind deflation also appears to be an important factor in further
increasing the proportion of shell to terrigenous material. The
carbonate beaches of the barrier island/lagoonal complex represent
the only non-reef associated carbonate sediments in Kupang Bay
and suggest that large carbonate accumulations can occur solely as
the result of sorting processes in an area of great terrigenous
sediment supply.

Accumulation of the present-day beach/barrier {sland-
lagoonal complex has also been aided by the recent period of tectonic
stability suggested by the present-day wide reef platform on the
southern side of Kupang Bay. A profile across uplifted reef deposits
in this region suggests that this period of tectonic stability was
preceded by similar phases of stability separated by shorter periods
of more rapid uplift (Fig. 77). An abandoned beach ridge (;henier)
from a previously higher sea level is present 1.6 kilometres east

of the present shoreline (Fig. 74). v

(3) Summary of factors affecting Recent and modern sedimentation

in Kupang Bay.

The present-day distribution of sediments in Kupang Bay
is primarily a function of (a) topography, (b) recent tectonic

activity and (c) the action of surface currents.

(a) Topographic control

Attention has already been drawn to the geological similarities
between the Central Basin and Kupang Bay and to their respective
bordering areas. During the later stages of the Pleistocene (Noele)
uplift, a distinction existed between the areas to the north and

south of both Kupang Bay and the Central Basin. To the north lay
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Fig 77: North - south profile across uplifted Quaternary reef
near Kalappa Lima, Kupang Bay, illustrating terraces and scarps,

representing former reef platforms and reef fronts (RF)
respectively.

For profile location see Fig.75.
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a mountainous area of irregular topography, consisting largely

of thrust sheets of Lolotoi and other pre-Middle Miocene rocks

with a mantling of Bobonaro Scaly Clay. To the south of both dep-
ressions, a number of jsolated pinnacles consisting of Timestone of
Cretaceous or Permian age projected above a thick development of

- Bobonaro Scaly Clay. This southern region is 11ke1y,to have been

of overall lower relief than its northern counterpart, and during
the subsequent emergence provided a much more stable environment

for the development of what Cloud (1952) called ‘table reefs', which
now mantle its uplifted surface. Successive pulses of uplift appear
to have produced a series of terraces around the edges of the individual
reefs, the youngest of which now occurs several feet above present-
day sea level (Fig. 77).

In contrast to this southern area, however, the emergence of the
jagged Northern Mountains did not present ideal conditions for the
establishment of table reefs, especially as an appreciable amount of
terrigenous material must have been shed from these into the
surrounding waters. Apart from isolated examples, therefore, reefs
are relatively rare in the northern mountain area.

The process described above, which led to the segregation of
carbonate and terrigenous sedimentation in the Kupang Bay region was
probably self perpetuating in that progressive covering of the
southern area with a mantle of carbonate reef must have made the erosion
of the underlying clays increasingly more difficult. Thus modern
sedimentation is very much infiuenced by this older relief, the
southern half of Kupang Bay recieving relatively little terrigenous

material and the northern half recieving most of the weathering

products of the Northern Mountains, -

perai ey

B B e T
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S

Sometime after the emergence of the Northern Mountains,
and at the time when the southern area was developing its first reefs, ;
Kupang Bay must have occupied a much wider area than at present, i

extending at-least as far as the Tjamplong-Naifallo High in the east.

Further uplift led to a narrowing and shaliowing of the bay and to
progradation of lagoonal, organic-rich silts and muds over the

previously deposited bay floor sediments. These organic-rich

sediments now mantle much of the abandoned bay floor of the Oesaoe
Plain west of the Tjamplong=Naifallo High (Fig. 74). Contemporaneously
with this uplift the growth of fringing reef:. was slowly extending

the reef cover of the area south of the bay.

(b) Tectonic control

Certain aspects of the later Tertiary tectonic history
were indirectly responsible for the formation of reef complexes in
the central part of the bay and on its northern shores. These were
(a) the development of a number of important normal faults (Fig. 78)
along the margins of Kupang Bay trending sub-parallel to the present
shores, and (b) the resulting downthrown Bobonaro Scaly Clay over
most of the bay floor. Because of the mobile nature of the clay
and the abundance of gas in pre-Viqueque rocks of Timor (Audley-Charles
1968) a number of mud volcanoes and diapirs developed. One such mud
volcano forms théﬁis]and of Pulau Burung on the northern shore of
Kupang Bay and a similar origin appears 1ikely for the islands of
Pulau Kera and Pulau Tikus (Fig 74). This interpretation is supported
by the presence on the flanks of Pulau Tikus (at 15 fathoms) of a
red-brown mud comtaining fragments of pre-Viqueque rock material and

by the presence of similar fragments within the beach calcarenites

of Pulau Kera. The alignment of these {slands along a trend sub-
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Fig. 78: Transverse and longitudinal profiles across Kupang Bay,
f1lustrating probable fault control of basin margin (Profiles 1,
2 and 3) and diapiric nature of Pulau Kera (Profile 1), Pulau
Tikus (Profile 2) and Pulau Burung (Profile 3).

Note also asymmetry of bay (shallower at the eastern and
northern ends - Profiles 4 and 2), probably due to higher
sedimentation rate of clastic debris in these regions.

Profiles also show the distribution of modern sediments:

reef platform calcarenites or active reef front.

reef breccia. ., - ~irerites.

o

.o

reef front silty calcarenites.
fore reef silts.

reef platform calcarenite.
offshore terrigenous muds.

northern shoreline clastics.

back reef lagoon.

offshore silts.

- o e m o (g « 2>
oo e ve es .e oe Y

For locations of profiles see Fig. 84.



AL e - . | B -
R : i O S
UPANGN PULAU KERA TG. PAKpELAK .
M . -~ . o M ’
0 [}
\50‘* - h »—50: "
1004 L \S - 100
150 ’ \\\I “liso
2004 —— 200
Alelcl] 0 ' KILOMETRES
F T . - . ’ D E F
. : : SR , / 3 o !
S. COAST : KUPANG BAY PULAU TIKUS L. KALAPPA KUPANG BAY P. BURUNG .
" { mud y'olcono) M M - M
0 . gy —
- SO T b S S ———r
50 50 7 - 50
\ ’ L.
wo 4\ ' ,’/ 7\\\\\ 100 o X v }//’ DIAPIR? 100
150 \V g \VEso 3 iso \ \ L 150
2004~ T 1 S 2¢0 200 T — —T—T—T112°
Alsjc] D | 1 F jAal 6 aAjB]| c [ D [ F  (8la{H]A
3 ~ v / .
Distal end of Delta inner
wedge lagoon
H
I P. KERA KUPANG BAY DELTA §
M
[+] I e NP %
— —
50 \___/ 50
100 ; - 100
150 : ’ -150
20 71 11 T T—T 200
Isle | Jel s 7} c fo T F 1
<
4 ~
Delta wedge




277.

parallel to the northern and southern shorelines suggests the

presence of a large fault or fault zone, movement on which probably

initiated the growth of the diapirs.

(c)

Current control

The present distribution of carbonate and terrigenous

sedimentation in Kupang Bay is also controlied by the current system

described earlier which:ensures (a) that the suspended terrigenous

material present in the eastern and north eastern parts of the bay

is confined to these parts and (b) that an abundant supply of fresh

ocean water is avajlable for growth of the southern carbonate complex.

F. A comparison of ancient and modern environments

Shallow water marine environments existed at the following

times during deposition of the Viqueque Group:-

(a)
(b)
(c)
(d)
(e)

at the end of the Fatu Laob Uplift (Pliocene, Late N21);

during the Sabaoe Stable Phase (Pliocene, Late N21);

at the beginning of the Bidjeli Subsidence (Pliocene, Late N21);
during the later stages of the Noilbesi Uplift (Pleistocene, N23) and
during the Soe Subsidence (Pleistocene, N23).

Sediments deposited during these periods show many similarities

in 1ithology and fauna to the sediments now forming in Kupang Bay.

(a)

The shallow water sediments of the Fatu Laob Uplift

Silty calcarenites of the type now forming in the off reef

environment of the fringing reef complexes of Kupang Bay are present

in the uppermost part (Fatu Laob Member) of the Batu Putih Limestone

succession of the Central Basin, where their presence is taken as

an indication of the shallow water conditions which persisted throughout

the area at the end of the Early to Late Pliocene regression.
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(b) The_shallow water sediments of the Sabace Stable Phase and
beginning of the Bidjeli Subsidence.

Silty calcarenites similar to those of the Fatu Laob Member
are also found within the Sabaoe Limestone succession of (a) the
southern margin of the Bokong Sub-basin (in the Bokong section) and
(b) 1in outcrops throughout the Noele Sub-basin

The replacement south of the Bokong-Batu Putih fault scarp
of the silty calcarenites by clean-washed, foraﬁiniferal calcarenites
of a type similar to those forming the beach sediments of Pulau Kera
Island in Kupang Bay marks an important break between the subsiding

Bokong Sub-Basin and the Panite High,

(c) Shallow water sediments of the Noilbesi Uplift and Soe Subsidence
During the Noilbesi Uplift, the island of Timor was uplifted

to its present position. The widespread table reefs which were
developed on the exposed surface of the Noele Marl and older rocks
are only slightly higher in elevation than those on the southern side
of Kupang Bay'and therefore are probably fairly recent in age, The
reefs of both areas are closely similar in morphology and 1ithology.
Sediments of a different kind were, however, deposited in
the depression of the Bokong Sub-basin, where a serfies of bedded
clays and fine arenites (the Tanah Putih Marl Member) occurs at the
top of the Noele Marl Fbrmation. These sediments bear a strong res-
emblance to the offshore terrigenous muds of the northern part of
Kupang Bay. Study of the Tanah Putih Marl foraminifera by Carter
(unpublished report, dated 1970b) suggests their deposition in a
fairly shallow water environment of the kind prevailing in the northern
part of Kupang Bay at the present time. Although no arenites similar
to those occurfing at intervals in the Tanah Putih Marl were dredged
from the area of Kupang Bay it is highly 1ikely that they exixt in the

subsurface.
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