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Prof. Joseph J. Lambiase, who is Head of Universiti Brunei Darussalam presented the 
above talk on July 15, 1997, at the Geology Department, University of Malaya. 

The talk is an extended version of his keynote address at the recent Annual Geological 
Conference 1997 at Kijal, Terengganu. In his presentation which was well illustrated, he 
discussed the relationships between the structural development of continental rift basins, their 
sedimentation and resulting stratigraphy and their hydrocarbon potential. Examples of rift 
basins of different ages from different parts of the world were shown. 

The talk attracted a large crowd of about 50, which included staff and students of local 
universities, and members from the oil industry. 

Abstrak (Abstract) 

Facies distributions in non-marine extensional basins are primarily the sedimentary 
response to evolving, tectonically-generated basin topography. Six principal structural 
features strongly influence sedimentation patterns. These are: 1) topographically high 
accommodation zones which segment the basins into discrete structural half-graben, 2) 
reactivation of pre-existing structural elements, 3) footwall uplift at main border faults, 4) 
gentle roll-over of topography on flexural margins, 5) breakup ofthe basin floor into elongate, 
basin-parallel fault blocks, and 6) development offault relay zones and transfer faults. Each 
of the six structural elements has its own specific affect on sedimentation, and consequently 
its own contribution to the basin's final stratigraphy. 

Different structural elements are prominent at different times during a basin's history. 
There is a progression through four well-defined structural/stratigraphic stages, each with a 
specific structural morphology and associated facies distribution. Initially, riftparallel fault 
blocks and transfer faults are the most important structures and topographic reliefis limited. 
Sedimentation is dominated by fluvial processes; shallow lacustline and paludal sediments 
also can accumulate. 

During the second stage, the rate of structurally-induced basin-floor subsidence and 
basin shoulder uplift exceeds the regional sedimentation rate. Accommodation zones, 
footwalls, and flexural margins become positive topographic features, resulting in a half
graben morphology. The depositional patterns occur at the basin-wide scale, resulting in 
sediment starved half-graben. Large, deep lakes will develop in humid climatic settings and 
small lakes, rivers and deserts will dominate drier basins. On the basin floor, depositional 
patterns continue to be controlled by basin-parallel fault-blocks and transfer faults. 

Sedimentation rate eventually overtakes the rate of basin-floor subsidence and basin 
shoulder uplift. Basin-floor topographic features such as individual fault blocks and transfer 
faults are buried. Accommodation zones and basin shoulder topography continue to define the 
basin margins and to influence sedimentation. Maximum water depth in lakes is limited by 
the height of the lowest basin-bounding topography, which forces a decrease in maximum 
depth with time as the basin fills. Generally, accommodation zones are the topographically 
lowest basin-bounding features and are the next to be buried, converting the basin floor to a 
fluvially-dominated, linear plain without along-axis topographic baniers. 

Mter accommodation zones are buried, uplifted footwalls and flexural margin rollovers 
continue to influence sedimentation until they are ultimately eroded. In some basins, this 
erosion is a result of isostatic uplift and is the final stage in the basin's evolution. Other 
systems become thermal sag basins that continue to subside as broad, regional depocenters 
and still others ultimately undergo structural inversion. 
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The four structurallstratigraphic stages lead to a general stratigraphic succession that 

correlates well with the stratigraphy observed in numerous Phanerozoic non-marine exten
sional basins. It begins with a basal unit that is dominated by fluvial and alluvial sands. These 
are overlain by lacustrine deposits with an abrupt transition from the fluvial to lacustrine 
environments. Progressively shallower water deposi.ts occur upward through the lacustrine 
interval, culminating in a gradual transition to fluviodeltaic sedimentation. Eventually, the 
transition to subaerial environments is completed, and subsequent deposits are primarily of 
fluvial and alluvial origin. 

This stratigraphic succession has two important implications for their hydrocarbon 
habitat of non-marine extensional basins. These are that: 1) lacustrine shales and fluviodeltaic 
sandstones are deposited preferentially in different stratigraphic units, and 2) whilst 
superficially similar, the stratigraphy of each half-graben develops quasiindependently. The 
first point indicates potential reservoirs, source rocks and seals develop in specific strati
graphic units, while the second indicates that the quantity and quality of source rocks and 
reservoirs can vary greatly in adjacent half-graben. 

The primary hydrocarbon source rocks are the lacustrine shales deposited during the 
second tectono-stratigraphic stage. These shales are well-positioned to charge the overlying 
flu viodeltaic sandstones and a number oflarge hydrocarbon accumulations are reservoired in 
third and fourth stage sands. However, the stratigraphic succession generally coarsens 
upward from the lacustrine shales so that top seal is absent in many basins and hydrocarbons 
are either lost or trapped in younger strata, as is the case for nearly all of the hydrocarbon 
accumulations associated with non-marine extensional basins in the ASEAN region. 

High resolution sequence stratigraphic studies indicate that climatically-driven lake 
level changes cause a variety of progradational sandstone facies to be deposited within the 
thick lacustr ine shale successions of the second stratigraphic stage. These sandstones h ave 
not been explored to any significant degree and in the future may prove to be good hydrocarbon 
reservoirs. 

G.H. Teh 
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