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Abstract

Oil and gas in carbonate rocks, about 50% of the global resources, have important prospect of development.
Compared with clastic rocks, reservoirs in carbonate rocks mainly have the following 3 characteristics;
(@ Multi-period tectonic movement and karstification reshaped the carbonate rocks, which results in complicated
regulations of oil and gas storage. @ Such diverse storage spaces as pores, fractures, crevices, conduits and
caves co-exist. @ fracture-cavity systems have tremendous difference in size and remarkable spatial heterogeneity.
Starting with the mechanism of paleokarst and its relations to the reservoir property, systematically studies
performed on the forming conditions, controlling factors and distribution of paleokarst and deep buried karst,
are an effective way to predict enrichment zone and a guide to exploration of oil and gas.

Research methods were put forward according to the traits of multivariate controlling paleokarst, that is,
on the basis of integrated analysis on the paleogeology, paleotectonics, paleotopography, paleoclimate, and
paleohydrogeological settings, comprehensive study on paleokarst including macroscopic and microscopic,
exposed and buried, erosive and filled features should be conducted by application of analysis on genesis and
combination of karst features, hydrodynamics, geochemistry, and geophysics, and then spacing difference,
vertical zonation and multi-stages of paleokarst fracture-cavity be studied to set up genetic model and structure
mode.

Tarim basin, a large sedimentary basin, presently is the most promising in China; Middle-Lower
Ordovician carbonate rocks constitute the primary formations for paleokarst and fractured-cavernous reservoirs.
Such factors mainly controlled paleokarst development, as paleoclimate, lithology, and combination of strata,
tectonics frame, paleotopography, and groundwater hydrodynamics. Stable oxygen and carbon isotope testing
of filling minerals shows paleokarst developed in 5 conditions, such as dry-hot karstification and thermo-fluid
karst in deep buried period. The traits of fluid inclusions in filling minerals show that there existed 4 conditions
during the paleokarst formation. Sporopollen from between late Ordovician and early Silurian were found in the
fillings of paleokarst fractures or caves in the middle Ordovician carbonate rocks. Paleokarst had experienced
multi-episodic evolution, from the very beginning, it was hypergenesis palacokarst in the late Yijianfang Period
of middle Ordovician, and followed by exposed residuum paleokarst in the early Hercynian, then deep buried
erosion reshaping the original paleokarst after late Cambrian, paleokarst in early Hercynian most intensively
developed, and as a consequence, formed large-scale paleokarst cave systems.

Identification methods were concluded for paleokarst landforms formation and combination, and used
for restoration of paleokarst landforms in Ordocian carbonate rocks in Tahe oil field, Paleokarst landform
was divided into 4 secondary ones, that is, karst platform, upper and lower gentle slope, and karst inter-
mountainous basins, and further subdivided into 10 tertiary ones such as fengcong depression and karst hill
depressions, etc. Characteristics of paleokarst development behaves much differently in various landform units,
most and largest crevices or caves were nearly always encountered when drilling in karst fengcong depressions
and Karst hills depressions, paleokarst likely developed most intensively at the slope of each karst peak and hill
in all landform units. Paleokarst landform features and units significantly controlled hydrocarbon enrichment.
Karst fengcong depressions are best blocks for oil-gas production, accounting for about 69.8% of the total,
karst hills depressions come second with 35.4% oil-gas production of the total, although fracture-cavity relatively
developed in karst inter-mountainous basins, for its low paleotopographic position, which leads to worse
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conditions for oil-gas enrichment. Side slope of karst hills and residual peaks, with well preserved paleokarst
space of fractures and caves, becomes the target area for exploration in the coming stage.

Four main types of paleokarst forms such as conduits of subterranean streams, caves, dissolved pores and
fractures developed in lower Ordovician carbonate rocks at the outcrops on the north rim or in oil wells in Tarim
Basin. Great differences in dimensions of each paleokarst form exist, for example, the length of subterranean
stream system can amount in total to 20km, and the diameter of hall-like caves may be 300m, while the
diameter of dissolved pores is none but 1 to 2mm, so, according to the different scale of the forms, classified
and grading evaluation shuould be performed. Fillings in paleokarst fracture-cavity system mainly includes
mechanical deposits, collapse deposits, chemical deposits and weathering residual deposits, the types, traits
and structures of such fillings can be fine indicators to identify the environment of paleokarst development and
evolution.

There is significant difference vertically in karst form, development intensity and filling characteristics of
paleokarst fracture-cavity systems, which behaves an apparent vertical zonality. From the top down, four karst
zones can be divided, such as epikarst, vertical infiltration karst, ground water runoff karst and retained water
karst. Corrosion, erosion and weathering co-exist in epikarst zone, from the surface to 30m below, a highly
karstified layer developed basically consisting of solution grooves, crevices, conduits, caves and pores,
etc. Groundwater permeates in vertical infiltration karst zone; leaching, erosion and collapse formed a series
of high dip dissolution fractures or sinkholes. Ground water runoff karst zone is characterized by sub-horizontal
dissolution fractures, karst caves and conduit systems, has not only relatively larger solution space but better
horizontal connectivity. Groundwater in retained water karst zone flows much more slowly than the upper karst
zones, which leads to less sohution space, and chemical deposition predominates during the karstification
process. Areal distribution of vertical paleokarst zones is controlled by such factors as paleogeomorphology and
groundwater hydrodynamic conditions, in karst fengcong depressions and massif depressions, the thickness of
epikarst zone and vertical infiltration karst zone is larger, while that of the infiltration karst zone is the least in
karst valleys and Karst inter-mountainous basins

According to the characteristics of paleokarst and the relation of which with the reservoir property, models
of development and geophysical response 4 typical fracture-cavity systems were set up, such as conduits of
subterranean streams, Karst caves, dissolved pores and fractures, as well as 8 subclasses of which as single
conduit, etc. Conduits system of subterranean streams includes 3 subclasses such as single conduit, multi
conduits and porch-like conduit system, section structures of the system consisting of the conduit itself and the
affected zone around which, respectively, mainly behave a strip of dual structure, network of multi-structure
and fold line of three-dimension structure. Paleokarst system of caves includes 3 types as hall-like caves, karst
caves and shaft-like caves, structures of which are comprised of main cave, dissolution fracture zone between
caves, collapse fracture zone at the top, dissolution affecting zone at the top and the flank, dissolution affecting
zone at the bottom. Dissolution pores or holes show irregular shapes, with the diameter ranging from 0.2 to
20cm, and always present stratified or zonal distributed fracture-cavity systems with combination of dissolution
fractures around. Dissolution pores in reefs and dolomites, 2 particular types of pores, are scattered in study
area, three degrees of dissolution fractures can be ascertained macroscopically, the width of first-degree is 10 ~
50cm, extension length ranges from 50 to several hundred of meters, and spacing between fractures is 8 to 15m.
As to the second-degree ones, which always exist in concentrated fissure or fractured zone, the width is 2 to
10cm, extension length is about a few meters to dozens of meters, and spacing is 1 to 5 m. and for the third-
degree dissolution fractures, the width is 1 to S5em, and extension length is 1 to 10cm, and spacing is about 10
to 30cm.
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