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ABSTRACT 

The Tabei Uplift, located in the northern Tarim Basin, northwest China, contains the most 

productive hydrocarbon reservoirs. The late Cambrian strata in the Tabei Uplift present a 

succession of restricted platform and platform margin carbonates, which are mostly 

dolomitized.  

Based on an integrated multidisciplinary approach which incorporated one hundred and 

fourteen meters of core descriptions from seven wells, one hundred and fifty-two 

thin-section petrography studies, cathodoliuminescense microscopy examination, trace 

element analysis, stable and radiogenic isotopic analysis and fluid inclusion analysis, the 

dolomites are interpreted as: Type 1 dolomite is microcrystal to very fine-crystalline 

replacement dolomite associated with mudstone, wackestone and packstone with 

well-preserved the precursor texture of limestone. Its δ18O value ranges from -5.7 to -10.0  

(‰ vPDB) and δ13C value from 0.0 to -2.0 (‰ vPDB). Type 2 dolomite is very fine- to 

fine-crystalline replacement dolomite. It consists of non-planar to planar-s, anhedral to 

subhedral dolomite crystals with δ18O values from -5.7 to -10.0 (‰ vPDB) and δ13C value 

from 1.4 to -1.1 (‰ vPDB). Type 3 dolomite is fine- to medium-crystalline replacement 

with subhedral to euhedral dolomite crystals and planar-s to planar-e, and straight 

compromise intercrystalline boundaries. Under CL, the Type 3 dolomite exhibits none/dull 
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red luminescence in the crystal center, with a bright orange-red thin rim where the crystal 

terminates into the pore space. Its δ18O values vary from -5.9 to -11.3 (‰ vPDB) and δ13C 

value from 0.4 to -1.4 (‰ vPDB). Type 4 dolomite is medium- to coarse-crystalline 

dolomite cement and consists of planar, subhedral to euhedral crystals with a cloudy center 

and alternating dull and bright orange-red bands in clear rim under CL. Its δ18O values 

range from -6.9 to -12.9 (‰ vPDB) and δ13C value from -0.3 to -3.5 (‰ vPDB). Type 5 

saddle dolomite cement is non-planar crystals characterized by curved crystal faces and 

wavy extinction with a wide range of δ18O values from -6.1 to -13.0 (‰ vPDB) and δ13C 

value from -0.7 to -2.0 (‰ vPDB). Type 5 saddle dolomite cement exhibits none to dull 

blotchy red luminescence under CL, with clear rim showing brighter red luminescent 

zoning. 

Petrographic and geochemical evidence suggests that Cambrian dolomite formed in three 

stages of dolomitization: 1) syn-depositional or penecontemporaneous dolomitization, 

formed type 1 dolomite by penesaline seawater from slightly evaporative environment; 2) 

burial dolomitization, produced the crystalline dolomite with different crystal size and 

shape at different burial depth (Types 2, 3 and 4 dolomite) by high salinity fluids with 

rising temperature; and 3) hydrothermal dolomitization, produced only minor amount of 

Type 5 dolomite and associated with igneous and volcanic activity. 
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1. INTRODUCTION AND OBJECTIVES 

The Tarim Basin, which is located in the southern part of the Xingjiang Uygur 

Autonomous Region, northwest China, is the largest sedimentary basin in China with an 

area of 56 × 104 km2 (Jia, 1997). The basement of the basin consists of Precambrian 

metamorphic rocks. The basin is largely filled with Paleozoic marine sediments and 

Meso-Cenozoic non-marine sediments (Lu et al., 2004). Oil and gas exploration activities 

started in the Tarim Basin 40 years ago. Several large oil and gas fields with reserves of 

more than 1 × 108 tons (7 × 108 bbl) were discovered in 1990s (Qiu et al., 2012). Oil and 

gas exploration has rapidly developed during the past 10 years. Large amount of oil and 

gas resources have been found in the Cambrian, Ordovician, Carboniferous and Triassic 

strata in the Central uplift and Tabei uplift in the Tarim Basin (Jia, 1997; Du et al., 2010). 

By the end of 2007, more than 69.24 × 106 tons of oil and 5.84 × 1010 m3 of natural gas 

had been produced in the Tarim Basin (Song and Jiang, 2008). 

Numerous publications on the regional geologic setting of the Tarim Basin have been 

made available (e.g., Kang and Kang, 1996; Li et al., 1996; Jia, 1997; Jia and Wei, 2002; 

Dai et al., 2009; Yang et al., 2009; Qiu et al., 2012). The basin has been divided into 

seven structural zones, including four depressions (i.e., the Kuqa depression, the Northern 

depression, the Southwest depression, the Southeastern depression) and three uplifts 

(i.e. ,the Taibei uplift, the Central uplift, and the Southern uplift) ( see Figure 1.1). 
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Figure 1.1 Location of the Tarim Basin (Modified from Internal report from SINOPEC, 2011), 
showing seven structural zones: the Kuqa depression, the Northern depression, the 
Southwest depression, the Southeastern depression, the Taibei uplift, the Central uplift, 
and the Southern uplift. The mainly oil and gas oilfields are located in the Tabei uplift and 
central uplift. 
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The Tabei uplift covers an area of 36000 km2, which is situated north of the Tarim River 

and extends in an east west direction (Jia, 1997). The carbonate reservoirs are mainly 

distributed in the Cambrian-Ordovician strata on the South Slope of Tabei uplift (Du et al., 

2010). The Tahe oil field, located in Tahe uplift, has produced oil and gas for over 15 

years since 1997, and reaches annual production of 6.09 × 1046 tons of crude oil in 2012. 

Previous works on the carbonate rocks in Tarim Basin focused mainly on the aspects of 

petrography and geochemistry in Cambrian-Ordovinian strata in order to assist the 

hydrocarbon exploration and production (Li et al., 1996, Jia; 1997; Du et al., 2010). Qian 

et al. (2012) studied fault/fracture controlled the hydrothermal dolomitization in the 

Middle and Upper Cambrian dolomites at the Wuzilitaga outcrop, Northeast Tarim Basin. 

Qian et al. (2012) suggested that three dolomitization events in Northeast Tarim Basin 

based on petrographic, geochemical, isotopic and fluid inclusion data. They are (1) 

near-micritic dolostone and fine-medium crystalline dolostone, formed at low 

temperatures during early stages of diagenesis; (2) fine-medium and medium-coarse 

crystalline dolostone supposed to forme during intermediate or deep burial condition, 

with higher homogenization temperature; and (3) fractures and vugs-lining coarse or 

saddle dolomite precipitated from hydrothermal fluids under deeper burial conditions 

with elevated homogenization temperatures and medium to higher salinities. Zhao et al. 

(2012) studied Cambrian-Ordovician dolostones in Tarim Basin with regard to 
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petrographic, isotopic, trace element, and CL characteristics. They recognized four types 

of dolomites: (1) tidal flat dolostone and sabkha dolostone, dominated by dolomicrite 

with gypsum-dissolution and interbreccia porosities; (2) evaporitic platform dolomite or 

seepage-reflux dolostone, characterized by reef mound and grainstone fabrics; (3) burial 

dolostone composed of fine to coarse crystalline dolomites with well-developed 

inter-crystalline pores/ dissolution vugs; and (4) hydrothermal dolostone with 

significantly negative δ18O value, bright red cathodoluminescene color, and high 

homogenization temperatures of fluid inclusions. The distribution of burial and 

hydrothermal dolostone is constrained by both initial depositional facies and diagenetic 

fluid source. Wu et al. (2008) and Chen et al. (2010) worked on the Cambrian dolostone 

in Tarim Basin, suggesting that the formation of Lower Cambrian dolostone was mainly 

related to the sabkha environment and reflux process, which were controlled by the initial 

depositional environment and/or facies. The development of hydrothermal dolomites was 

closely related with the large scale fault-fractures. Jin (2011) and Xing et al. (2011) 

pointed out that the structures/tectonics played a significant role in dolomitization process 

and well-effected the dolomite reservoirs in Tabei uplift. Controlled by cycles of tectonic 

movements, paleo-uplift in Tabei region was subjected to subaerial exposure and erosion 

several times, resulting in an angular unconformity between Cambrian dolomites and 

Mesozoic strata. The extended period of time of weathering generated karst features on 

exposed surface of carbonate rocks. The detailed analysis of dissolution process by Jin 
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(2011) suggested that both organic acid and hydrothermal fluids contributed to the 

dissolution of host carbonate rocks.  

In spite of previous work outlined above, there is a general lacking of systemic 

approaches on petrographic and geochemical attributes of the Cambrian dolomite in the 

Tarim Basin with respect to the burial and tectonic history. The effect of diagenetic 

process, especially dolomitization, on quality and spatial distribution of hydrocarbon 

reservoirs in the Cambrian strata in northern Tarim Basin needs to be addressed. 

This study is based on an integrated multidisciplinary approach which incorporated core 

descriptions, thin-section petrography, cathodoliuminescense microscopy, trace element 

analysis, stable and radiogenic isotopic analysis, and fluid inclusion analysis. 

The main objectives of this study, therefore, are listed as follows: 

1) To describe and characterize the petrographic features of the Upper Cambrian 

dolomite in Tabei Uplift in northern Tarim Basin;  

2) To characterize the geochemistry attributes of these dolomites; 

3) To establish the diagenetic processes and burial history of these Cambrian dolomites; 

and 

4) To discuss and interpret the processes of formation of these dolomites and their 

influences on hydrocarbon reservoir quality. 
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2. RESEARCH METHODS 

2.1. Core Examination and Thin Section Petrography 

Cores examination was carried out in order to determine the various types of dolomite 

and their spatial distribution. Relationships between dolomites and geological aspects 

such as facies, textures, porosity types, structures and other diagenetic features were 

recorded. Seven wells with a total 114 m of cores from Tabei uplift were studied, among 

which five are along a line parallel to the north edge of Tabei uplift, and other two are 

near the central-eastern part of this area (see Figure 3.1; Appendix A). Five types of 

dolomite lithofacies were identified based on the composition, sedimentary structures and 

textures of the rocks.  

One hundred and fifty-two uncovered thin sections (see Appendix B) from selected core 

samples were stained with Alizarin-Red S (Diskson, 1966) and studied under a 

microscope using diffused plane and polarized light, which allows us to not only identify 

the dolomite crystal size and precursor limestone texture, but also distinguish 

replacement and pore-filling dolomites/calcites.  

2.2. Cathodoluminescence Microscopy 

Selected samples with well-developed dolomite crystals were examined with 

cathodoluminescence microscopy (CITL (Cambridge Image Technology Ltd.) 8200 Mk4 
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cold luminoscope) to identify the possible existence of growth zones in dolomite crystals. 

The uncovered thin sections were exposed to electron radiation at 14 kV in a 

vacuum-sealed chamber that is attached to a Nikon Optiphot petrographic microscope. 

The fluorescence colors and intensity in dolomite are related to the relative 

concentrations of Fe, Mn, rare earth and other trace elements (Pierson, 1981;  Fejei, 

1996) as Mn is the source of luminescence whereas Fe retards luminescence. Fejer (1996) 

also suggested that replacement dolostones commonly have brighter fluorescence colors 

than dolomite cements. Huang (1992) suggested the ratio of Fe/Mn plays a significant 

part in controlling fluoresce while the relative concentrations of Fe is less than 5000 × 

10-6 and the Mn is over 40 × 10-6. The variations of the Fe/Mn ratio of dolomite are 

caused by difference in the supply of Mn and Fe to the pore water, in the oxidation state 

of the pore water, and in the H2S content of the pore water, respectively (Huang, 1992). 

2.3. Scanning Electron Microscopy – Energy Dispersive Spectroscopy Analysis 

Twelve carbon coated thin sections were studied using a JEOL JSM-6360 SEM, FITTED 

WITH A Thermo Scientific Noran System 7EDS system in the Department of Geology at 

the University of Regina. Secondary electron images (SEI) and backscattered secondary 

electron (BSE) photomicrographs were taken using an electron beam set to 10 kV. 

Semi-qualitative EDS analysis were also used to confirm the composition of minerals, 
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and to create semi-qualitative element maps to characterize any zonation with minerals. 

2.4. Isotope and Trace Element Geochemistry 

Eighty-nine carbonates, including forty-two replacement dolomites, fifteen pore-filling 

dolomites and thirty-two pore/fracture-filling calcites were carefully sampled from hand 

specimens using 5/64′ and 1/16′ drilling bits. Alizarin Red S was used to differentiate 

dolomite from calcite before each sample was taken. The carbonate powder samples were 

analyzed for trace elements, carbon and oxygen isotopes and strontium isotopes.  

Twenty-eight dolomite samples were analyzed for trace elements at the Chengdu 

University of Technology, China. Eighty-seven samples, including thirty-two calcite 

cement samples, were analyzed for δ18O and δ13C at the CNNC Beijing Research Institute 

of Uranium Geology, China. Carbon and oxygen isotopic compositions of carbonates are 

reported to the vPDB (Vienna Pee Dee Belemnite) standard. Twenty-nine dolomite 

samples were measured for 87Sr/86Sr ratios: four samples at the University of Alberta and 

twenty-five at the Chengdu University of Technology, China. 

2.4.1 Carbon and Oxygen Isotopes 

Powdered carbonate samples ranging from 0.2 to 0.5 mg were roasted at 380℃ under 

vacuum for 1 hr to remove water and organic matter that may confound stable isotope 

values of carbonates. Samples were then reacted with anhydrous phosphoric acid at 55℃ 
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for about 10 min for calcite and about 1 hr for dolomite. This was done in an on-line gas 

extraction system connected to an inlet of a VG 602E ratio mass spectrometer. All the 

analysises were converted to PDB and corrected for 17O as described by Craig (1957). 

The reproducibility for both oxygen and carbon isotopes is within 0.1%. 

δ13C values are indicators of the source of the carbon (Land, 1992; Allan and Wiggins, 

1993). Low (more negative) δ13C values reflect a high amount of organic carbon from 

organic matter, whereas high (more positive) δ13C suggests carbon derived from 

pre-existing host rocks (limestone and dolomite). δ18O values generally reflect the 

temperature and δ18O values of fluids. Low δ18O values reflect a higher temperature of 

crystallization and/or contribution of meteoric water. 

2.4.2 Strontium Isotopes 

Approximately 50 mg of samples was dissolved in 0.75N HCl under cleanroom 

conditions. Sr was chemically separated by conventional cation chromatography. Sr 

isotopic abundances are measured in static mode by multicollector ICP Mass 

Spectrometry, and then normalized for variable mass fractionation to a value of 0.1194 

for 87Sr/86Sr using the exponential law. All analyses reported here are presented relative to 

87Sr/86Sr value of 0.710245 for the NIST SRM987 International Sr isotope standard. 

Strontium isotope ratios are used to estimate the timing of source of dolomitizing fluids 
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(Land, 1992; Allan and Wiggins, 1993). High 87Sr/86Sr ratios in dolomites are indicator of 

parent fluids that evolved from, or passed through, silica basement rocks or sediments 

shale from these rocks. 

2.4.3 Trace Elements 

For trace element analyses, 0.25 g (± 0.0002 g) of powdered carbonate samples were 

roasted at 95℃ and digested with a solution of 5 ml HNO3, 3 ml HF, 2 ml HClO4, and 1 

ml H2O2 for over 5 hr. The digestion liquid was transferred into 50 ml volumetric flask 

for testing by the ICP-AES (Inductively Coupled Plasma-Atomic Emission Spectrometer, 

PerkinElmer optima 5300V). The analytical conditions are provided as follows: 

plasma power, W 1200 samples quantity, (ml/min) 1.5 

plasma gas flow rate, min 15 pressure, kPa 125 

auxiliary gas flow rate, min 0.2 flush time, S 20 

carrier gas flow rate, min 0.8 measurment  3 

The concentration of trace elements in carbonates is governed by its abundance in the 

parent fluid and distribution coefficient (Veizer, 1983). 

2.5. Fluid Inclusion Analysis 

Two-phase aqueous inclusions in dolomite, calcite and quartz cements were analyzed 

from 13 doubly-polished thin sections (75 to 100 μm thick) from samples not subjected to 
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heating from core analysis. These thin sections were soaked in acetone over 8 hr to obtain 

samples removed from the glass slide, and the rock peels were broken up into smaller 

fragments for further analyses at the heating/freezing stage. 

The thin sections were examined under a standard optical microscope to determine the 

petrographic characteristics and distribution of fluid inclusions to identify primary, 

secondary and pseudo-secondary inclusions (Roedder, 1984). Most measurements 

reported in this thesis are from primary fluid inclusions, except for a few replacement 

matrix dolomite samples for which it was impossible to determine which type of 

inclusion is. Microthermometric analyses of fluid inclusions were conducted using a 

Linkam THMS600 heating/freezing stage in the Geofluids Laboratory at the University 

of Regina. 

Two-phase fluid inclusions were heated to measure homogenization temperatures (Th), 

and then frozen to measure initial melting temperatures (Tfm) and final ice-melting 

temperatures (Tm-ice). Th and Tm-ice temperatures of aqueous fluid inclusions were 

measured with an incremental precision of ±1℃ and ±0.2℃, respectively. Th supplies 

information on the minimum formation temperature of the fluid inclusion. Tfm can be 

used to evaluate the system composition. Tm-ice allows for an estimation of salinity of the 

fluid from which the crystals precipitated. Conversion of Tfm to salinities is based on data 

from Goldstein and Reynolds (1994). 
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3. GEOLOGICAL BACKGROUND 

3.1. Geological Setting 

The Tarim Basin is surrounded by the Tianshan, Karakunlun Mountains, and Altuntag, 

with an area of 560,000 km2 (Jia et al., 1997). It is a cratonic basin during Palaeozoic time, 

overlain in the south and north by Mesozoic-Cenozoic foreland depressions (Li et al., 

1996). The tectonic activity resulted in multiple unconformities (Jia and Wei, 2002; Zhang 

and Huang, 2005; Li et al., 2010), resulting in several tectono-stratigraphic entities. Tarim 

Basin is also the largest sedimentary basin in China. The preserved thickness of 

sedimentary rocks is 16,000 km, while maximum accumulated thickness is 25,000 km (Jia 

et al., 1997) (see Figure 3.1). 

The Tabei uplift is located in the northern part of the Tarim Basin, with the area of 36,000 

km2. The uplift is situated north of Tarim River, and extends in the east and west direction 

(Jia et al., 1997). It is a paleouplift buried under Miocene to Pliocene foreland depression. 

The northern Tarim Basin has been strongly influenced by multiple tectonic events 

resulting in several regional unconformities with a large amount of erosion. On the west 

margin of the Tabei uplift, the Jurassic and Cretaceous siliciclastic strata directly laying on 

the Cambrian carbonate strata (Li, 2009). Faults and fractures in the region were 

considered to be main conduits not only for the upward migration of oil and gas based on  
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Figure 3.1 a. Sedimentary facies distribution in Cambrian time (Modified from Internal report from 

SINOPEC, 2011) in the Tabei Uplift mainly open platform facies; 
           b. The location of 7 wells in Tabei Uplift.  
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the oil-source correlation (Zhang et al., 2011), but also for the hydrothermal fluid to 

precipitate the saddle dolomite. 

The Cambrian sediments consist mainly of tidal, platform and platform-margin carbonate 

and evaporites (Qiu et al., 2011). The Upper Cambrian strata are primarily composed of 

platform dolomite, whereas the Lower Cambrian stratum is composed of platform 

dolomite and platform-margin marls (Zhang et al., 2011). 

3.2. Tectonics 

The Tarim Basin is developed on an Archean and Proterozoic metamorphosed basement 

(Qiu et al., 2012). The tectonic evolution of the basin can be subdivided into six stages (Jia 

et al., 1995; 1997): (1) a cratonic peripheral aulacogen from the precambrian to the 

Ordovician (Z - O), (2) an intracratonic depression from the Silurian to the Mississippian 

(S - C1), (3) an intacratonis rift from the Pennsylvanian to the Permian (C2 - P), (4) a 

foreland basin stage in the Triassic (T), (5) an intracontinental depression from the Jurassic 

to the Paleogene (J - E), and (6) a foreland basin from the Neogene to the Quaternary. Five 

significant regional unconformities were recognized in the Tarim Basin (Jia et al., 1995; 

1997, Jia and Wei, 2002; He et al., 2005). They are (1) the unconformity on top of the 

Silurian and the Ordovician or older strata as a result of the Caledonian movement Stage II, 

(2) the unconformity on top of the Carboniferous and the Devonian or older strata related to 
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the Hercynian movement Stage I, (3) the unconformity on top of the Upper 

Permian-Triassic and the underlying strata caused by the Hercynian movement Stage II, (4) 

the unconformity on top of the Jurassic and the Triassic or older strata as a result of the 

Indosinian movement, and (5) the unconformity on top of the Tertiary and the Cretaceous 

or older strata related to Yanshan and Himalayan movement (Jia et al., 1995; Jia, 1997; Jia 

and Wei, 2002; He et al., 2005). 

Basinal tectonics plays an important role to influence the hydrocarbon accumulation in 

different areas in the Tarim Basin. Three tectonic movements have a significant impact on 

the sedimentary process, including Tarim, Caledonian, and Hercynian tectonic movement 

(see Figure 3.2). 

3.2.1. Tarim Tectonic Movement  

The Tarim tectonic movement is characterized by the regional metamorphism with an 

unconformity between Presinian and Sinian strata. It marks the end of structure evolution 

of Presinian basement and the final formation of the basin basement. After this movement, 

the basin stated to accumulate sediment deposit (Xiao et al., 1992; Tang, 1997; Xiao et al., 

2002). 

3.2.2. Caledonian Tectonic Movement 

The Caledonian tectonic movement occurred as three stages in the Tarim Basin: the early   
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Figure 3.2 Lithostratigraphy and tectonics in Tarim Basin from Proterozoic to Cenozoic (modified from 

Fu et al., 2005; Zhang et al., 2011)  
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stage (Caledonian tectonic movement I) happened during Cambrian time; the middle stage 

(Caledonian tectonic movement II) developed in late Ordovician; and the last (Caledonian 

tectonic movement III) ended at Silurian. These tectonic events were manifested by the 

unconformities (Xiao et al., 1992; Tang, 1997; Xiao et al., 2002). 

3.2.2.1 Caledonian Tectonic Movement I 

Two episodes of tectonic processes happened in Caledonian tectonic I. The first episode, 

also named as Keping tectonics, occurring at the end of Sinian resulting in a 

nonunconformity between Upper Sinian igneous rock strata and Lower Cambrian 

carbonate strata (Zhang et al, 1991). The second episode started at the end of Cambrian 

time, continuied to early Ordovician and produced a disconformity between the Upper 

Cambrian and Lower Ordovician dolomite beds. It is characterized by the subaerial 

exposure erosion and minor kasting (Kang, 2001). The exposure and erosion were also 

controlled by the global eustatic change (Fu et al., 2005). During the Caledonian tectonic 

movement, the basin developed a series of extensional faults (Li, 2009). 

3.2.2.2 Caledonian Tectonic Movement II 

Mid-Caledonian tectonic movement occurred during the Ordovician time, which 

transformed the craton basin into a foreland basin. As a result, the carbonate platform was 

terminated at the late Ordovician (Fu et al., 2005). A series of unconformity has been well 

developed in Ordovician carbonate beds or between Ordovician beds and underlying older 



 

18 

 

strata. During the Caledonian tectonic movement II, the central part of Tarim Basin 

continued uplifting, and the shape of central uplift was formed (Jiao and Gao, 2008). 

3.2.2.3 Caledonian Tectonic Movement III 

The late-Caledonian tectonic event happened during Silurian and Devonian time, and 

resulted in a disconformity between Silurian and Devonian siliceous strata. However the 

erosion process in the strata was limited (Zhang et al., 2011).  

2.2.3. Hercynian Tectonic Movement 

The Hercynian tectonic movement occurred as two stages. The first stage occurred at the 

Late Devonian. As a result, the northern and central part of basin was uplifted and 

Cambrian/Ordovician carbonate strata were exposed and subjected to erosion and 

large-scale karstification process. The second stage of Hercynian tectonic movement 

developed in Carboniferous to Permian time. It played a significant role in the structure 

evolution of the Tarim Baisn, which amalgamates the basin to the south margin of Eurasian 

plate and ended the marine deposition in Tarim Basin. As a result, the Carboniferous and 

Permian strata contained both large amount of paralic clastic sediments and marine 

deposits. In addition, large scale Permian magma intrusions and volcanic eruptions were 

widespread in the Tarim Basin (Zhang et al., 2011). 
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3.2.4. Tectonic Evolution in Tabei Uplift 

There are a number of publications on the regional tectonic evolution of the Tabei uplift 

(e.g., Jia et al., 1997; Tang 1994; Lu et al., 2001). The Tabei uplift experienced three major 

tectonic evolution cycles, including: (1) formation of pre-Sinian crystal basement; (2) 

development of Sinian-Permian intratonic residual palaeohighs; and (3) establishment of 

Cenozoic foreland uplift and slope. The Tabei uplift was formed during the Paleozoic time 

due to multiple phases of uplift resulted in subaerial exposure and large-scale of erosion of 

Paleozoic strata. Locally the Cenozoic sediments were directly located above the 

metamorphic basement. The Tabei uplift, therefore, is a high structure that resulted from 

superimposed a number of tectonic events (Wu, 2001). 

3.3. Stratigraphy 

As a large sedimentary basin, the Tarim Baisn deposited different types of rock and/or rock 

assemblages were deposited in the different parts of the Tarim Basin at the same geological 

time (Yin, 2007). During Cambrian time, the platform sediments were deposited in west 

part of the basin, whereas the basinal sediments were accumulated in the eastern part of the 

basin (Zhang et al., 2011). 

The Cambrian strata in central-northern area consists of, from Lower to Upper Cambrian, 

the Yuertusi Formation (Є1y), Xiaoerbulake Formation (Є1x), Wusongeer Formation (Є1w), 
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Shayilike Formation (Є2s), Awatage Formation (Є2a), and Xiaqiulitage Formation (Є3x). In 

Tabei uplift, the Cambrian strata is a thick sequence of dolostone (about 887 m) with 

similar lithology in different formations, mainly grayish crystalline dolostone, gray 

mudstone and lack of evaporites (Figure 3.3).  

(1) Yuertusi Formation (Є1y) 

The Yuertusi Formation (Є1y) averages between 8 to 40 m in thickness and consists of 

grayish mud dolostone, mudstone with brown shale/siltstone interbed. Purple siliceous 

shale deposited locally. The contact between the Yuertusi Formation (Є1y) and Sinian strata 

is an angular unconformity. This formation is rich in small shelly fossils, containing 

Paraglorilus-Lapworthella, Anabarites-Protohertzina, Hyolithelmithes, Micrhystridium 

ampliatum, Magathrix longus (Fu et al., 2005; Fang, 2010; Zhang et al., 2011). 

(2) Xiaoerbulake Formation (Є1x) 

Xiaoerbulake Formation (Є1x) ranges between 110 to 160 m in thickness and consists of the 

grayish dolostone and algae dolostone with horizontal bedding. The fossil assemblage in 

this formation contains trilobite, including Kepingas tarimensis, K.kepingensis, 

Tianshanocephlus tianshanensis, Sinopalaeofossus xinjiangensis, Metaedlichiodes 

kalpingensis, Shizhdiscus sugaitensis, as well as sponge spicules, hyolithes and 

brachiopods (Fu et al., 2005; Fang, 2010; Zhang et al., 2011). 
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Figure 3.3 Lithostratigraphy distributions and eustatic sea level change during Cambrian time in Tabei 
Uplift (modified from Fu et al., 2005; Zhang et al., 2011 and internal report from 
SINOPEC), shown the mainly rock type in Tabei Uplift is dolostone.  
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(3) Wusongeer Formation (Є1w) 

The Wusongeer Formation (Є1w) is mostly evaporates, including gypsum, salts and 

dolostone with thickness between 199 to 408 m. The trilobite is the main fossil species, 

consisting of Paokannia sp., Redlichia sp., Drepanopyge? dsitincta (Fu et al., 2005; Fang, 

2010; Zhang et al., 2011).  

(4) Shayilike Formation (Є2s) 

The thickness of Shayilike Formation (Є2s) varies from 30 to 50 m in the central-northern 

area, consisting of upper mudstone and lower dolostone. The mainly fossil assemblage is 

trilobite, including Kunmingaspis divergens, Chittidilla nanjingensis, Paragraulos 

yunshancumensis, Bathynotus nanjingensis (Fu et al., 2005; Fang, 2010; Zhang et al., 

2011).  

(5) Awatage Formation (Є2a) 

With the thickness between 184 and 387 m, Awatage Formation (Є2a) is rich in evaporites, 

such as gypsum, dolomitic mudstone with gypsum nodule and chert nodule. This 

Formation is lack of algae and trilobite fossils (Fu et al., 2005; Fang, 2010; Zhang et al., 

2011). 

(6) Xiaqiulitage Formation (Є3x) 
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The Xiaqiulitage Formation (Є3x) has been subdivided into lower, middle and upper 

sections with thickness in a range of 553 to 1254 m. The lower section is mainly composed 

of dark gray finely crystalline dolostone and gray lime-dolostone. The middle section 

consists of brown very finely-finely crystalline dolostone. The upper section is grayish 

fine-medium crystalline dolostone and algae finely crystalline dolostone. Trilobite and 

conodont are the fossil assemblage in this formation (Fu et al., 2005; Fang, 2010; Zhang et 

al., 2011). 
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4. PETROGRAPHY AND DIAGENETIC FEATURES 

The Cambrian and Ordovician strata in the Tarim Basin are mainly composed of dolostone 

with vuggy porosity. Five types of dolomite are recognized, based on the crystal size, 

crystal boundary shape (i.e., non-planar or planar) (Sibley and Gregg, 1987; Amthor et al., 

1993; Chen et al., 2004) and spatial distribution.  

The standards for crystal size classification are various from different scholars (e.g., Fork, 

1962; Zeng, 1986). In this study, the Fork’s (1962) standard is used: extremely coarse 

crystal > 4 mm, very coarse crystal 1-4 mm, coarse crystal 1-0.25 mm, medium crystal 

0.25-0.062 mm, fine crystal 0.062-0.016 mm, very fine crystal 0.016-0.004 mm, 

microcrystal or aphanocystalline < 0.004 mm.  

4.1. Dolomite 

4.1.1 Microcrystal to Very Fine-crystalline Dolomite: Type 1 Dolomite 

The microcrystal to very fine-crystalline dolomite occurs mainly as anhedral dolomite 

crystals, commonly less than 10 μm in size, with well-preserved the precursor depositional 

texture. Dolomite crystals are non-planar with irregular intercrystalline boundaries. Type 1 

dolomite crystals commonly display a sharp extinction under cross-polarized light. Under 

CL, it is none-luminescent (see Figure 4.1). 
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Figure 4.1 Type 1 dolomite: a. Type 1 dolomite, plan polarize light, DG-1,6260.06 m; b. Type 1 
dolomite with low amplitude stylolite, cross polarize light, QG-1, 5740.94 m; c. Type 1 
dolomite with well-preserved precursor texture (peloids), plan polarize light, DG-2, 
6556.97 m; d. Type 1 dolomite with well-preserved precursor texture (peloids), plan 
polarize light,QG-1,5749.31 m; e. Type 1 dolomite with well-preserved precursor texture 
(algal lamination), plan polarize light, XH-2, 5355.39 m; f. Type 1 dolomite with 
well-preserved precursor texture (peloids) in core sample, XH-2, 5352.08-5352.21 m. 
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Porosity in Type 1 dolomite includes intercrystalline and dissolution vugs that are 

commonly filled with chert/quartz/chalcedony or with medium to coarse-crystalline 

dolomite cements. The remaining effective porosity is visually estimated to be less than 3% 

of the total rock volume. This type of dolomite is abundant in 7 wells and commonly 

present in the platform margin facies. 

4.1.2 Very Fine- to Fine-crystalline Dolomite: Type 2 Dolomite 

Type 2 dolomite consists of non-planar to planar-s, anhedral to subhedral dolomite crystals 

with a homogeneous extinction. The dolomite crystal size ranges in diameter from 30 to 50 

μm, with commonly unimodal crystal size distribution. Type 2 dolomite displays none to 

weak luminescence under the CL (see Figures 4.2a-c).  

Vugs and fractures are the major types of porosity, and commonly filled with 

chert/quartz/chalcedony crystal and medium- to coarse-crystalline dolomite cements. The 

remaining effective porosity is average 5%. Intrcrystalline porosity in Type 2 dolomite is 

slightly higher compared to the Type 1 dolomite. The very fine- to fine-crystalline 

dolomites are widely distributed in each of seven well. 

4.1.3 Fine- to Medium-crystalline Dolomite: Type 3 Dolomite 

Type 3 dolomite consists of subhedral to euhedral dolomite crystals with planar-s to 

planar-e, and straight compromise intercrystalline boundaries. The crystal size ranges from 
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Figure 4.2 Type 2 dolomite, Type 3 dolomite, Type 4 dolomite, Type 5 dolomite and pore space. a. 

fracture crosscut Type 2 dolomite, and Type 4 dolomite full filling the fractures, plan 
polarize light, DG-1, 6297.50 m; b. Type 2 dolomite with Type 5 dolomite immediately 
precipitated after Type 4 dolomite along the edge of fracture, plan polarize light, DG-1, 
6297.15 m; c. Type 2 dolomite, plan polarize light, DG-1, 6294.25 m; d. tight Type 3 
dolomite with high amplitude stylolite, plan polarize light, XH-2, 5595.66 m; e. Type 3 
dolomite with cloudy center and clear rim and pore space, plan polarize light, 
DG-1,6295.50 m ; d. Type 3 dolomite with well developed dissolution vugs in core sample, 
DG-1, 6259.11-6259.31 m. 
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80 to 200 μm with a homogeneous to weak undulatory extinction. Some medium dolomite 

crystals have a cloudy core with a clear rim, and occur as sucrosic mosaics in the matrix of 

the host carbonate rocks with abundant intercrystalline pore spaces. Under CL, the Type 3 

dolomite exhibits none/dull red luminescence in the crystal center, generally with a bright 

orange-red thin rim where the crystal faces the pore space (see Figures 4.2c-e).  

The intercrystalline pores are common and are filled with quartz/chert/chalcedony. The 

remaining effective porosity is about 10%. Dissolution vugs and fractures are observed and 

are filled with chert/quartz/chalcedony crystasl. This type of dolomite is pervasively 

distributed in the Xiaqiulitage Formation (Є3x) in well TS-1, YQ-6 and DG-1. 

4.1.4 Medium- to Coarse-crystalline Dolomite Cement: Type 4 Dolomite 

Type 4 dolomite cement consists of planar, subhedral to euhedral crystals with a cloudy 

center and clear rim. The size of dolomite crystal ranges from 200 to 1000 μm. All crystals 

show a sharp extinction. Under CL, the medium- to coarse-crystalline dolomite cement 

displays alternating dull and bright orange-red bands (3-4 bands), generally with a bright 

thin rim where the crystal terminates into the pore space. Interfaces between bands might 

be planar or embayed. This dolomite cements line against the walls of vugs, fractures, and 

stylolites in the host dolomites, as the first stage of cement. Where porosity was preserved 

towards the pore center, it might be filled by the later stage quartz crystals. The Type 4 

dolomite cement accounts for about 2-5% of the dolostones and has been indentified in all 
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wells (see Figure 4.2b; Figure 4.3).  

4.1.5 Saddle Dolomite Cement: Type 5 Dolomite 

Type 5 saddle dolomite cement is creamy, white or red non-planar crystals in colour, with 

crystal size varying from 250 μm up to 3 mm. It consists of non-planar crystals 

characterized by curved crystal faces and wavy extinction with scimitar-like terminations 

pointing to the fracture spaces. Under CL, Type 5 saddle dolomite cement exhibits none to 

dull blotchy red luminescence, with clear rim showing brighter red luminescent zoning. It 

occurs mainly in dolomitized interval as cement, which partially or completely occludes 

vugs, moulds and fractures. Remaining pore space towards the pore center is either open or 

filled by later stage quartz and calcite cements. Volumetrically, this type of dolomite 

cements is relatively insignificant, although they are locally abundant in Well TS-1 and 

Well DG-1 (see Figure 4.2b; Figure 4.4) 

4.2. Quartz Minerals  

Diagenetic quartz occurs as microcrystalline quartz, chalcedonic quartz, and and mosaic 

quartz in each well and are easily identified in both core samples and thin sections under 

the crossed polarizers (see Figures 4.5a-c).  

Microcrystalline granular quartz consists of extremely fine crystals (less than 10 μm), with 

equigranular texture. This type of quartz fabric was identified in Wells TS-1, QG-1 and  



 

30 

 

 

 
Figure 4.3 Type 4 dolomite. a. Type 4 dolomite and later quartz cements, cross polarized light, QG-1, 

5740.94 m; b. Type 4 dolomite full filling, plan polarized light, QG-1, 5750.11 m; c and d. 
Type 4 dolomite under CL displaying alternating dull and bright orange-red bands, DG-1, 
6261.00 m and XH-1, 5861.53 m, respectively; e and f. Type 4 dolomite full filling fractures 
in core samples, QG-1 5756.57-5756.60 m and 5752.62 m. 
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Figure 4.4 Type 5 dolomite. a and b. Type 5 dolomite with curved crystal faces and wavy extinction and 

later quartz cement, cross polarized light, DG-1, 6262.06 m; c. Type 5 dolomite under CL 
showing none to dull blotchy red luminescence, DG-1, 6295.85 m; d. same thin section in 
plan polarized light, DG-1, 6295.85 m; e. Type 5 dolomite with curved crystal faces and 
wavy extinction, cross polarized light, DG-1, 6297.15 m; f. Type 5 dolomite with red colour 
in core sample, DG-1,6294.20 m. 
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Figure 4.5 Three types of quartz, replacement anhydrite and pyrite. a. chalcedony quartz filling in pores 

space, cross-polarized light, DG-1, 6295.90 m; b. mosaic quartz full filling in vein, fracture, 
cross-polarized light, DG-1,6296.55 m; c. microcrystalline quartz, cross-polarized light,  
TS-1, 7268.68 m; d and e. Anhydrite with fibrous and bladed shape, cross-polarized light, 
GQ-1,6293.31 m; f. Pyrite in core sample, 5595.40 m. 
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XH-2 in the host of replacement dolomite. 

Chalcedony quartz consists of successive layers of quartz illustrated by brown color 

banding. The thickness of the bands varies from 50 to 100 μm. The colloform texture may 

develop in thicker bands. Under crossed polarizers, the chalcedonic quartz shows irregular 

extinctions. Chalcedony quartz commonly occurs as cement in the dissolution vugs. 

Locally, the chalcedonic quartz grades into mosaic quartz cement which completely filled 

the secondary pore space. This type of quartz fabric form is widely distributed in Wells 

DG-1 and DG-2.   

Mosaic quartz cement consists of granular anhedral grains, ranging in size from 50 to 300 

μm. Locally grain size progressively increases form the margins to the center in a manner 

similar to that of calcite mosaics (Bathurst, 1958). Mostly quartz grains are generally 

uniform exaction, but irregular extinction may occur in some mosaic crystals, especially 

where they are associated with chalcedony. The mosaic quartz reduced the remaining 

porosity (vugs and fractures), and is pervasively distributed in Wells DG-1, DG-2, QG-1, 

and XH-2. 

4.3. Calcite 

Late-stage calcite occurs as cement lining fractures, vugs and veins that postdating 

dolomite. The calcite cements consist of equant to columnar crystals up to a few 
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centimeters in size. Under CL, calcite crystals are non-luminescent. Although these coarse 

to very coarse calcite cements are widely distributed in Well TS-1 and Well YQ-6’s vuggy 

and highly-fractured intervals, they rarely occur in other wells. 

4.4. Pyrite 

Most of the pyrite occurs as irregular granular masses or cube crystal in dolostone or as 

voids infill. The authigenic pyrites commonly present in core samples from Well XH-2 and 

YQ-6. Pyrite is a widespread mineral in sedimentary rocks, usually being precipitated 

either from a standing body of saline water (as laminae), or within tidal flats and desert 

playas (as displacement crystals) (Eardley and Stringham, 1952; Masson, 1955; Blatt, 

Middleton and Murray, 1972; Siesser and Rogers, 1976) (Figure 4.5f). 

4.5. Anhydrite 

Anhydrite occurs as replacement of carbonate rocks, with finely to medium crystalline 

fibrous- to bladed- shape ranging from 50 to 200 μm in length. Replacement anhydrite is 

volumetrically of minor (less than 2%). It is identified only in well QG-1 (Figures 4.5d-e). 

4.6. Glauconite 

Gluconite is an iron potassium phyllosilicate (mica group) mineral of characteristic green 

color with a monoclinic geometry crystal shape (Odin, 1988). Authigenic glauconites are 
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presented just in Well TS-1 (at depth of 6940 m, 7120.2 m and 7170 m) and Well YQ-6 

(with depth of 7115 m), precipitating in the intercrystal pore space with yellowish 

green-light green color under plane polarized light. 

4.7. Dissolution Features 

Dissolution vugs (more than 0.5 mm in size) and micro-vugs (less than 0.5 mm in size) are 

observed in core samples and thin sections, and their size varies in all types of dolomite 

(see Figure 4.2f). 

In hand specimens, the vugs are irregular in shape and range from 0.5 mm to 3 cm in size. 

The dissolution vugs in Type 1 dolomite and Type 2 dolomite account for approximately 10% 

of the rock volume, but locally can increase to 15%. It rarely observed in Type 3 dolomite. 

These vugs can be partially to completely filled by the saddle dolomite and later stage 

quartz cements. Under microscope, micro-vugs occur in all types of replacement dolomite 

(Type 1, 2, 3 dolomite) and are mostly occluded by the later stage quartz crystals and 

medium- to coarse-crystalline dolomite cements. 

In core samples from well TS-1, the size of dissolution vugs is generally reduced upward. 

In the deeper part (7461.07-7465 m, 7873.78-7876.39 m, and 8405.00-8408.00 m), the 

dissolution vugs are developed and the size of vugs can be up to 3 centimeter, while the 

upper part (7101.57-7106.10 m, and 7264.05-7268.28 m) of core samples has more 
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dissolution micro-vugs. Later stage quartz cements are mostly developed in vugs from the 

deeper part. 

4.7. Fractures 

The morphology of fractures in dolostone is variable. Most fractures are easily observed in 

both core samples and thin sections under microscope. Most fractures are sealed, i.e., filled 

with cements. Three cement patterns were identified in the following fractures: 1) fractures 

with dolomite cement only (Type 4, 5 dolomite); 2) fractures with chalcedony quartz 

cements line the walls; and 3) fractures with mixture of dolomite cement, quartz cement 

and rare calcite cement fill fracture. The dolomite cement (mostly Type 4 dolomite) 

precipitated first on the walls of fractures, followed by quartz and rare calcite as later stage 

cements, filling in the rest pore space (Figure 4.2a; Figure 4.3e and f). 

4.8. Stylolites 

Stylolites resulted from pressure solution were observed in both core samples and 

thin-sections. One type of seams is serrated boundaries with low amplitude (less than 1 mm) 

and occurs in microcrystal-very fine-crystalline dolomites (Type 1 dolostone) (see Figure 

4.1b) and very fine- to fine-crystalline dolomites (Type 2 dolostone). Other type is 

characteristic by high amplitude serrated boundaries in Type 3 dolomite (see Figure 4.2d). 

Along the stylolite seams there usually has an accumulation of clay, and or organic matter. 
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The host rock on two sides of seams may be different rock types. Rare reticulate stylolites 

were also observed in any types of dolomites. Under microscope, medium crystalline 

dolomite cements and minor quartz cements precipitated along the seams of low amplitude 

stylolite in very fine-crystalline dolomite from Well QG-1.  
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5. GEOCHEMICAL SIGNATURE OF DOLOMITE 

5.1. Trace Element 

Trace elements, including Al, K, Sr, Fe, Mn and Ba, were analyzed using ICP-AES 

analyses (Table 5.1, and Figure 5.1). The results for the elements (Sr, Fe and Mn) are 

presented below.  

5.1.1 Strontium Element  

The average Sr content (Figure 5.2) in the matrix replacement dolomites (Type1, Type2 

and Type3) is higher than those in dolomite cements (Type 4 and Type 5). The average Sr 

concentration is 129 ppm for Type 1 dolomite, 121 ppm for Type 2 dolomite and 119 ppm 

for Type 3 dolomite. Dolomite cements generally have low amount of Sr content with 74 

ppm for Type 4 dolomite and 118.50 ppm for Type 5 saddle dolomite cements. The 

difference of the Sr values of the two dolomite cements also indicates that the Sr/Ca ratio of 

the precipitating waters may have been different, assuming a similar major-element 

composition. 

5.1.2 Iron and Manganese Elements 

During the diagenetic process, the element migration trend in carbonate rock is general loss 

of Sr, Na and Mg elements and accumulation of Fe and Mn elements (Huang, 1992). Type 

4 dolomite cement contains the highest amount of Mn (686 ppm), whereas Type 3  
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Table 5.1 Trace element analysis results for 28 dolomite and 1 limestone powder samples (the first 10 elements content in ppm) 
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Table 5.1 Trace element analysis results for 28 dolomite and 1 limestone powder samples (the rest 9 elements content in ppm) 
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Figure 5.1 Distribution of the trace elements content (ppm) in each sample, generally high concentration in elements K, Fe, and Al 
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Figure 5.2 The average content of Sr in 5 types of dolomite (Type1: 128.58 ppm, Type 2: 120.94 ppm, 
Type3: 118.78 ppm, Type4: 73.53 ppm, and Type5: 118.50 ppm) , the Type 4 dolomite has 
the lowest value. 
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replacement dolomite exhibits lowest average amount of Mn (72 ppm). Although Mn 

content in Type 5 saddle dolomite is low (with average 103 ppm), Fe content is 787 ppm. 

The Fe and Mn contents in different types of dolomite display a general positive correlation 

(Figures 5.3, 5.4, and 5.5) 

5.2. Stable and Radiogenic Isotopic Analyses  

The δ18O, δ13C and 87Sr/86Sr of Phanerozoic seawater have been estimated using calcite and 

phosphatic shells (Veizer et al., 1999; Figures 5.6, 5.7, and 5.8). Based on their research, 

the postulated isotopic composition for Cambrian calcite precipitated from coeval seawater 

is -7.5 to -10.0 (‰ vPDB) for δ18O, 0.0 to -2.0 (‰ vPDB) for δ13C and 0.7085 to 0.7095 for 

the 87Sr/86Sr ratio, respectively. The δ18O value of dolomite precipitated from coeval 

seawater is 2‰ higher than that of calcite (Land, 1985). There is no obvious fractionation 

of carbon between dolomite and calcite (Faure and Mensing, 2005). 87Sr/86Sr ratio will 

remain the same for different carbonate minerals phase change (Faure and Mensing, 2005). 

In this case, the estimated isotopic composition of dolomite from Cambrian seawater is 

from -5.5to -8.0 (‰ vPDB) for δ18O, 0.0 to -2.0 (‰ vPDB) for δ13C, and 0.7085 to 0.7095 

for the 87Sr/86Sr ratio, respectively. 

Dolomite and calcite samples from the selected cores were analyzed for carbon, oxygen, 

and strontium isotopes, respectively. The results are listed in Appendix C and D.
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Figure 5.3 The average content of Fe in 5 types of dolomite (Type1: 2698.82 ppm, Type 2: 1342.60 

ppm, Type3: 2338.49 ppm, Type4: 9983.24 ppm, and Type5: 786.5 ppm), the Type 4 
dolomite has the highest value and Type 2 is the lowest. 
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Figure 5.4 The average content of Mn in 5 types of dolomite. (Type 1: 111.20 ppm, Type 2: 130.70 

ppm, Type 3: 71.45 ppm, Type 4: 685.58 ppm, and Type 5: 786.50 ppm), the Type 4 
dolomite has the highest value. 
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Figure 5.5 A cross plot Mn content and Fe content for 5 types of dolomite, showing a general positive 

correlation between Mn and Fe content. The Type 1 dolomite has the best correlation with 
R2 of 0.88.  
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Figure 5.6 δ18O trend of Phanerzoic marine calcite (based on Veizer et al., 1999). The expected δ18O 

value of Cambrian calcite ranges from -7.5 to -10.0 (‰ vPDB). 
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Figure 5.7 δ13C trend of Phanerzoic marine calcite (based on Veizer et al., 1999). The expected δ13C 

value of Cambrian calcite ranges from -2.0 to 0.0 (‰ vPDB). 
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Figure 5.8 87Sr/86Sr trend of Phanerzoic marine calcite (based on Veizer et al., 1999). The expected 

87Sr/86 ratio of Cambrian calcite ranges from 0.7085 to 0.7095. 
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5.2.1 Isotopic Value of Type 1 Dolomite 

Eleven Type 1 very fine-crystalline dolomite samples were analyzed for carbon and 

oxygen isotopes. The δ13C values range from -1.98 to 0.00 (‰ vPDB) with average of 

-0.72 (‰ vPDB); δ18O values from -10.02 to -5.70 (‰ vPDB), average of -7.27 (‰ vPDB). 

The δ13C values for all Type 1 dolomite samples and δ18O value of four samples overlap 

with the expected values for dolomite precipitated from Cambrian seawater at the 

Cambrian time (Figure 5.9). 

Three Type 1 very fine-crystalline dolomite samples were analyzed for Sr isotope. The 

87Sr/86Sr ratio exhibits variation from 0.7077 to 0.7389. Two samples from Well GQ-1 have 

much 87Sr/86Sr ratio of 0.7389 and 0.7259, which are much higher than the expected value 

of dolomite precipitated from the Cambrian seawater (Figures 5.10 and 5.11). 

5.2.2 Isotopic Value of Type 2 Dolomite 

Carbon and oxygen isotopes were measured from fourteen Type 2 very fine- to 

fine-crystalline dolomite samples. The average of δ13C values is -0.27 (‰ vPDB) with a 

spread from -1.07 to 1.40 (‰ vPDB). Three samples from Well TS-1 with δ13C value from 

0.90 to 1.40 (‰ vPDB), which is higher than the expected value of the Cambrian seawater 

dolomite. The δ18O values from fourteen samples range from -10.02 to -5.67 (‰ vPDB) 

(mean -7.87 ‰). The δ18O values of four samples are slightly higher than those of the  
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Figure 5.9 A cross plot of δ18O and δ13C values for 5 types of dolomite and calcite samples. Postulated 

isotope signatures of Cambrian calcite are indicated by square of solid red line and the 
estimated Cambrian marine dolomite is identified with the square of dashed red line. 
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Figure 5.10 A cross plot of 87Sr/86Sr ratio and δ13C values for 5 types of dolomite and calcite samples. 

Postulated isotope signatures of Cambrian marine calcite the estimated Cambrian marine 
dolomite are identified with the red square. 
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Figure 5.11 A cross plot of 87Sr/86Sr ratio and δ18Ovalues for 5 dolomite and calcite samples. Postulated 

isotope signatures of Cambrian calcite are indicated by square of solid red line and the 
estimated Cambrian marine dolomite is identified with the square of dashed red line.  
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Cambrian seawater dolomite (Figure 5.9). 

Four Type 2 very fine- to fine-crystalline dolomite samples were analyzed for Sr isotope. 

The 87Sr/86Sr ratio exhibits 0.7082 and 0.7321. The sample with high 87Sr/86Sr ratio (0.7321) 

is form Well QG-1 (Figures 5.10 and 5.11). 

5.2.3 Isotopic Value of Type 3 Dolomite 

Seventeen Type 3 fine- to medium-crystalline dolomite samples were analyzed for carbon 

and oxygen \ isotopes. The δ13C values range from -1.42 to 0.04 (‰ vPDB) averaging 

-0.70 (‰ vPDB); δ18O values from -11.30 to -5.86 (‰ vPDB) with an average of -8.48 (‰ 

vPDB). Almost all δ13C and δ18O values for Type 3 dolomite overlap expected values for 

dolomite precipitated from Cambrian seawater at the Cambrian time (Figure 5.9). One 

Type 3 sample yielded δ18O value -11.30 (‰ vPDB), which is lower than those of the 

Cambrian seawater dolomite. 

Sr isotopes measured from three Type 3 samples ranges from 0.7075 to 0.7094 that mostly 

overlap with Sr isotopic value of coeval seawater (Figures 5.10 and 5.11). 

5.2.4 Isotopic Value of Dolomite Cement (Type 4 Dolomite and Type 5 Dolomite) 

Carbon and oxygen isotopes were measured from eighteen dolomite cements samples, 

including twelve Type 4 dolomite, and six Type 5 saddle dolomite. Both types of dolomite 

cements have δ13C values from -3.50 to -0.26 (‰ vPDB), which are similar to that of the 
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Cambrian marine dolomite. The δ18O values of type 5 saddle dolomite vary -13.01 to -6.06 

(‰ vPDB) for type 5 saddle dolomite and from-12.70 to -6.90 (‰ vPDB) for Type 4 

dolomite cement (Figure 5.9). The saddle dolomite cements (Type 5) have general lower 

value of δ18O than medium- to coarse-crystalline dolomite cements (Type 4). 

Five Type 4 dolomite samples and three type 5 saddle dolomite samples were chosen for 

the Sr isotope analysis. Saddle dolomite has the 87Sr/86Sr ratios from 0.7094 to 0.7108, 

which is slightly higher than those of medium- to coarse-crystalline dolomite cement with 

the ratio from 0.7071 to 0.7107. The 87Sr/86Sr ratios from both two types of dolomite 

cement samples mostly overlap with the Sr isotopic value of the Cambrian marine 

carbonate (Figures 5.10 and 5.11).   

5.2.5 Isotopic Talue of Calcite Tement 

Twenty-nine calcite cement samples from Well TS-1 and Well YQ-6 were measured for the 

carbon and oxygen isotopes. The δ13C values range from -4.00 to -0.70 (‰ vPDB) with an 

average of -2.31 (‰ vPDB); δ18O values from -15.50 to -6.40 (‰ vPDB), averaging -12.20 

(‰ vPDB) (Figure 5.9). Most δ13C and δ18O values for calcite cements are lower than those 

of the Cambrian marine calcite (Figure 5.9).  

87Sr/86Sr ratios measured from nine calcite cement samples vary from 0.7087 to 0.7469, 

which are mostly similar with the expected Sr isotopic value of coeval Cambrian seawater 
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and three samples with values from 0.7122 to 0.7469 are higher than the expected Sr 

isotope value of coeval seawater (Figures 5.10 and 5.11, Appendix D). 

5.3 Fluid Inclusion 

Aqueous fluid inclusions measured in this study are interpreted to be primary or 

pseudo-secondary in origin (Roedder, 1994). Primary fluid inclusions are those that have 

formed during growth of the host mineral and may contain information about the 

conditions at the time of precipitation (Roedder, 1994). Pseudo-secondary fluid inclusions 

are those trapped in healed fractures during continued crystal growth (Roedder, 1994). One 

hundred and three two-phase (liquid-vapor) primary aqueous fluid inclusions from 

dolomite cement, calcite and quartz crystals were chosen to measure the homogenization 

temperature (Th), while only nineteen aqueous fluid inclusions had final ice-melting 

temperatures (Tm-ice).  

Two-phase (liquid-vapor) aqueous fluid inclusions mainly occur as isolated fluid 

inclusions at random positions, from the center to near the outer edge of crystal with 

irregular in shape, mostly rectangle shape. Fluid inclusions in the Type 4 medium- to 

coarse-crystalline dolomite and calcite cement are very small in size (1-12 μm, mean 5 μm) 

with vapor/liquid ratios (average 12: 88), whereas those in the quartz are slight larger (1-15 

μm, mean 6 μm) with vapor/liquid ratios (average 10: 90), and those in Type 5 saddle 
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dolomite range from 4 to 16 μm with the average of 9 μm in size and constant vapor/liquid 

ratios (20: 80) (Figure 5.12) (Appendix E) . 

A total number of 103 aqueous fluid inclusions, interpreted to be primary fluid inclusions, 

from 2 Wells DG-1 and QG-1 were analyzed by microthermometry (Appendix E). Fluid 

inclusions in Type1, Type 2 and Ttype 3 dolomites were not found because the dolomite 

crystals are too small for fluid inclusion study. 

Type 4 dolomite cements have homogenization temperatures of the vapor into the liquid 

phase from 77.6 to 260℃ (average 133.9℃), and most temperatures overlap at the values 

of 100 to 130℃ (Figure 5.13, Appendix C). Final ice-melting temperatures vary between 

-22.9 to – 4.8℃ with an average of -10.8℃ (Figure 5.14,). Salinites, estimated from Tm-ice 

values, range from 7.6 to 23.7 wt% NaCl equivalent (based on the Bodnar, 1993).  

Saddle dolomite (Type 5) from veins has Th values of 88.7 to 119.5℃ (average 99℃), 

Tm-ice values of -9.5 to -8.8℃ (average -9.2℃) and salinities from 12.6 to 13.4 wt% NaCl 

equivalent (Figure 5.14, Appendix E).  

Homogenization temperatures for quartz cements are from 107.9 to over 250℃ (mean 

145.4℃), with majority in the range between 120 and 130℃. The final ice-melting 

temperature varies from five fluid inclusions range from -22.3 to -11.1℃, corresponding 

to salinities from 15.1 to 23.52 wt% NaCl equivalent. 
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Figure 5.12 Fluid inclusions in Type 4 dolomite, the size of all photos is 10 × 50. a and d. fluid 

inclusions in different Type 4 dolomite crystlas, DG-1, 6261.00 m; b and c. fluid 
inclusions in different Type 4 dolomite crystlas, DG-1, 6296.55 m. 

  



 

59 

 

 

 

 

 
Figure 5.13 Histogram of homogeneous temperatures (Th) for fluid inclusions in dolomite cement 

(Type 4 dolomite and Type 5 dolomite), quartz and calcite.  
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Figure 5.14 A cross plot of homogeneous temperatures (Th) and ice-melting temperature (Tm-ice) for 

fluid inclusions in dolomite cement (Type 4 dolomite and Type 5 dolomite), quartz and 
calcite. 
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All the Th values measured from vuggy calcite cements are all over 250℃ (only one fluid 

inclusion was homogenized at 270℃, others failed to homogenized even at 300℃), which 

have the highest Th values, and only one fluid inclusion was successfully measured Tm-ice 

value -22.8℃, corresponding to a salinity in excess of 23.0 wt% NaCl (Figure 5.14, 

Appendix E).  
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6. DISCUSSION AND INTERPRETARION 

6.1. Diagenetic Paragenesis  

The carbonates from the Cambrian strata in study area have a complex diagenetic history 

from deposition through deep burial. The paragenetic sequence shown in Figure 6.1 is 

recognized based on detailed core investigations, conventional and cathodoluminescence 

microscopic examinations. The diagenetic process can be interpreted to have occurred in 

following 3 geologic setting and/or environments: syn-depositional 

(penecontemporaneous) shallow burial and intermediate-deep burial (Figures 6.1 and 6.2). 

6.1.1 Syn-depostitional (penecontemporaneous) Diagenesis 

In the syn-depositional setting, the sediments just deposited and sediments’ surface still 

contacted with the bottom water. Therefore, the geochemical features of water could 

directly affect the diagenesis processes in syn-depostitional period. In the study area, the 

main diagenesis process was found to be early diagenetic dolomitization. The 

penecontemporaneous dolomite is usually recognized by its close association with 

intertidal-supratidal features (Tucker, 1981).In this study region, petrographic features of 

dolomite are very finely crystalline dolomite with precursor texture (lamination and 

peloids), and authigenic glauconite precipitation, anhydrite occurrence. Regionally, the 

sedimentary environment in the west of Tahe area is a restricted platform with strong  
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Figure 6.1 Diagenetic parasequences of the Cambrian beds in Tabei Uplift. 
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Figure 6.2 Burial history based on Well XH-2 and TS-1 from SINOPEC data. 
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evaporation (Fu et al., 2005). The increaseddensity of evaporitic seawater, tanks to increase 

in water salinity, might drive evaporitic seawater through micrite limestone and/or 

wackestone in the study area, resulting in dolomitization in syndepostional to very early 

diagenetic conditions. Thus Type 1 dolomite with a fine crystal size and preservation of 

peloid and lamination structures along the low-amplitude stylolite can be formed during 

this stage. Generally, glauconite is considered as a diagnostic marine mineral form a 

continental shelf with slow rates of accumulation and precipitated in the water depth of 10 

m to 250 m with the temperature around 15℃ to 30℃ (Liu, 1980). Thus, glauconite is 

referred to as depth indicator or indicator of slow sedimentation. Because of occurrence of 

the ferric ion in it, glauconite is formed in a weak oxidation environment (Liu, 1980). As a 

result, glauconite is suggested to be formed at very early time.  

6.1.2 Shallow Burial 

Shallow diagenesis burial is defined as on-set of stylolitization burial depth approximately 

600 m (Chen et al., 2004; Machel, 2004), where sediments are separated from the bottom 

water, and the diagenesis moved into a setting that is no longer influenced by the bottom 

water of the depositional environment. Thus, all the processes and reactions proceed 

between the pore water and host mineral crystals and/or particles during this stage. Some 

reactions may also start in syn-depostional setting and continue to shallow burial stage. 

In this study area, the shallow burial stage including dolomitization which produced the 
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Type 2 dolomite (very fine- to fine-crystalline dolomite), compaction, pyrite precipitation, 

and silicification. The presence of low-amplitude stylolite in Type 2 dolomites indicates 

they, at least, partially overlap with Type 1 dolomite.  

In the shallow burial setting, with gradually increased burial temperature the carbonate 

sediments, not being previously dolomitized in syn-depostional time, were all dolomitized. 

Those were previously dolomitized experienced recrystallization. The reducing condition 

in the shallow burial setting could have contributed for the formation of pyrite. The fluid 

saturated with SiO2 could also allow some silica gradually gathered to produce the quartz at 

this time. Although dolomite recrystallization and burial dolomitization may produce some 

porosity, the continuous dolomitization fluid can still make over-dolomitization in previous 

dolomites to reduce the porosity. 

6.1.3 Intermediate-deep Burial 

There are no clear boundaries between shallow burial stage and intermediate-deep stage, 

such as the depth, temperature and pressure. Generally, the intermediate-deep burial stage 

is defined as an open system that extraneous fluids change the pore water with the depth 

over 1000 m (Machel, 2004). In this time, carbonates might have been strongly affected by 

the tectonic, such as faults, fractures, and exposure. 

In the study area, the tightly- packed, curves crystal mosaic of some Type 2 dolomite and 
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Type 3 dolomite point to a higher formation temperature at deeper burial depths (Gregg and 

Sibley, 1984; Gregg and Shelton, 1990; Montanez and Read, 1992; Chen et al. 2004). The 

occurrence of high-amplitude stylolite in Type 3 and Type 4 dolomite suggests a deep 

burial depth. These facts indicate that Type 3 and Type 4 dolomite could have formed from 

intermediate to deep burial depth. The presence of both Type 4 and Type 5 dolomites as 

cements along the edges of vugs, veins or fractures that crosscut all matrix dolomites.  The 

extensive occurrence of quartz crystals in the residual pore space left by dolomite cements 

within voids and fractures points to the late precipitation of quartz crystals. Although rare 

in amount, calcite crystals precipitated immediately after dolomite cements and quartz 

cement suggest the late diagenesis. 

With the result of tectonic activity, there were two obviously different evolution processes 

during late dagenesis stage. One is karst that the Upper Ordovician limestone strata were 

influenced by multiphase tectonic activates and exposed to the surface for weathering and 

meteoric water leaching. As meteoric water, dissolved host limestones, increased porosity 

and formed fracture-cavern reservoir. However, the Cambrian dolostones were not 

subaerially exposed and, the main extraneous fluid was the fluid from deeper part. The 

tectonic fractures connected the deep fluid into overlying strata, and the unsaturated 

thermal fluid flowed upward dissolving the original carbonate rocks. Through dissolution 

process, the fluid properties had been changed and several hydrothermal minerals were 
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rapidly precipitated at the wall of dissolution vugs, such as saddle dolomite. Silica 

precipitation was followed by dolomite cementation, and then formed the authigenic 

quartz filling in the residual dissolution pores and dolomite intercrystalline pore. Although 

rare in amount, calcite crystals in the residual pore space left by cement dolomite and 

quartz within voids point to the later precipitation of the calcite crystals. 

6.2. Geochemical Constraint  

6.2.1 Relations between Trace Element and Diagenesis Fluids 

The Sr abundance in carbonate sediments can be related to the salinity of fluids from which 

carbonate precipitaed (Wolfbauer and Surdam, 1974; Ye and Mazzullo, 1993). Dolomite 

usually has a lower Sr concentration than that of calcite due to lower distribution 

coefficient of Sr in dolomite, as well as Sr content in the dolomitizing fluids (Brand and 

Veizer, 1980; Huang, 2010). 

The average Sr content for all the dolomite samples is around 100ppm. The matrix 

dolomites have a higher value than dolomite cements. Type 1 dolomite has the maximum 

value of 233 ppm. The reason might be this Type of dolomite formed in high salinity 

environment, and recrystallization was not strongly enough after the dolomite was formed. 

The low average Sr amount in Type 2 and Type 3 dolomites (around 120 ppm), the 

amggesting the amount of Sr was deceased with an increased degree of diagenesis intensity 
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and dolomitizaiton process. However, Type 4 and Type 5 dolomite cements show variable 

amount of Sr from 73.25 to 136.00 ppm, suggesting that dolomite cements were not 

restricted to single type of diagenesis fluid and/or forms during the same geological time. 

They were probably influenced by different fluids and formed in multiple diagenesis 

stages.  

During the diagenesis period, the trend of element content overall in the carbonate rocks is 

the loss of Sr, Na, Mg, and augment Fe, Mn, Zn (Veizer, 1983; Huang, 2010). According to 

the statistics of Fe and Mn content in all types of dolomites, the correlation of two elements 

content in matrix dolomites is not obvious, and the values are varied among all dolomite 

types. It is generally supposed that Fe3+ and Mn2+ are not easily incorporated into crystal 

lattice in oxidation environment due to unbalanced valence charge to replace Ca2+. In a 

reducing burial condition, Fe3+ and Mg2+ will be much easier to replace Ca2+ or Mg2+ in 

dolomites crystal lattice, leading to increasing amount of Fe and Mn (Veizer, 1983; Huang, 

2010). If a dolomite is formed by limestone replacement in burial stage, there should be an 

increase of iron and manganese content (Tucker and Wright, 1990). Type 1 dolomite, very 

fine-crystalline dolomite, with low Fe and Mn content may be formed in early diagenetic 

stage in an oxidizing setting prior to entering. The higher value of Fe or Mn content in lager 

crystal size dolomites indicates dolomite was formed in a reducing environment during 

shallow to relatively deep burial. For the two dolomite cement types, the correlations still 
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have difference, which may illustrate dolomite cements were influenced by different fluids 

from multiple diagenesis stages, and each type of cement may have its own parent fluid. 

6.2.2 Relations between Isotopic Results and Diagenesis Fluids 

6.2.2.1 Stable Isotope  

The carbon and oxygen isotopic composition in dolomite is controlled by isotopic 

compostion of dolomitizing fluids, and dolomitization process is also affected by salinity, 

temperature, recrystallization, and organic matter evolution (Land, 1985; Tucker and 

Wright, 1990; Warren, 2000).  

Type 1 dolomite has the δ18O value from -5.20 to 10.02 (‰ vPDB) and δ13C value 

between 0 to -1.98 (‰ vPDB); most fall within the expected values for dolomite 

precipitated from Cambrian seawater. The other two matrix dolomites (Type 2 and Type 3) 

have oxygen isotope values lower than that of Type 1 dolomite, their values are mostly 

overlap with the expected values for dolomite precipitated from Cambrian seawater. Their 

carbon isotope values are mostly overlapped with the expected value of Cambrian seawater. 

The oxygen and carbon isotope values of different matrix dolomites are not obvious, 

suggesting these preservation of original oxygen and carbon isotopic signatures in these 

dolomite despite of different replacement process and later recrystallization. The 

dolomite cements generally show lower oxygen and carbon isotope values. The 

differentiation between dolomite cement (Type 4) and saddle dolomite (Type 5) is 
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obvious. While most Type 4 dolomite samples have oxygen isotope value from -8.13 to 

-9.88 (‰ vPDB), three Type 4 dolomite samples have the lowest value in δ18O value 

( -12.90 ‰ vPDB) and lowest δ13C value from -2.00 to -3.50 (‰ vPDB). The δ13C values 

of Type 5 saddle dolomite overlap the expected value for dolomite precipitated from 

Cambrian seawater, their δ18O values range from – 6.06 to -13.01 (‰ vPDB) with mostly 

gathering around -11 to -13 (‰ vPDB). Most dolomite cements have lower isotope 

values than the matrix dolomite, suggesting that the fluids responsible for dolomite 

cement might be from a different source with higher temperature or poor inheritance. 

Some dolomite cements have δ18O values overlapping with those of the matrix dolomite. 

this could be related to the dolomite fluid may have isotope exchange with surrounding 

previous matrix dolomites during the water-rock reaction; oxygen and carbon isotope 

value in dolomite cements were reflection of a rock dominated system with isotopic 

signature strongly buffered by its host matrix dolomite; and the dolomitization fluid has 

higher salinity with heavier oxygen isotope value, which can partially offset the oxygen 

isotope fractionation caused by increased temperature during burial time (Figure 5.9). 

Compared with dolomite, the isotope composition of calcite cement has a distinct 

differentiation. The calcite cement has a lighter oxygen and carbon isotope value with the 

averageδ18O value -12.20 (‰ vPDB) and the average δ13C value -2.31 (‰ vPDB). The 

fluids for calcite precipitation may have lower salinity and higher temperature than the 
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dolomitizing fluids. 

6.2.2.2 Radioactive Isotope 

The analysis of strontium isotopic composition in marine carbonate has a wide range of 

applications. In this study, strontium isotopic composition of dolomites is an important 

indicator for source of diagenetic fluids (Huang, 2010). Strontium has four natural 

isotope 88Sr (82.58%), 87Sr (7.00%), 86Sr (9.86%), and 84Sr (0.56%). 

The initial value of 87Sr/86Sr in carbonate and marine is general between 0.706-0.710 

(Faure and Mensing, 2005; Huang, 2010). The changes of 87Sr/86Sr ratio are mainly 

caused by strontium from different sources, e.g., from continental crust weathering 

erosion with extremely high 87Sr/86Sr ratio around 0.720 (Palmer and Edmond, 1989); 

from the mantle mafic rocks with low 87Sr/86Sr ratio around 0.704; and from the solution 

of ancient marine carbonate with 87Sr/86Sr ratio around 0.708 (Huang, 2010). 

Based on the data gathered in this study (Figure 6.3), the 87Sr/86Sr ratios of Type 1 

dolomite and Type 2 dolomite show a lager range, because 3 samples from well QG-1 

have extremely high ratio with peak number 0.738887. The 87Sr/86Sr ratios of Type 3 

dolomite and Type 4 dolomite are overlapped with the expected Sr ratio from Cambrian 

seawater; the Type 5 saddle dolomite has a slightly higher value compared to the 

expected value of Cambrian seawater. The Sr ratio of calcite cement presents a 
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Figure 6.3 A cross plot of 87Sr/86Sr ratio and δ18Ovalues for Type 1 dolomite, Type 2dolomite,Type 3 

dolomite, Type 4 dolomite, Type 5 dolomite and calcite samples. Postulated isotope 
signatures of Cambrian calcite are indicated by square of solid red line and the estimated 
Cambrian marine dolomite is identified with the square of dashed red line. 
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significantly different trend most of which are overlapped with the expected value of 

Cambrian seawater. The variation of 87Sr/86Sr ratios is interpreted to be related to the 

different source of fluid involving in the diagenesis process.  

The 87Sr/86Sr ratios of marix dolomite (Types 1, 2 and 3) may indicate the dolomitization 

fluids that have closely association with contemporaneous Cambrian seawater, except for 

the 3 extremely high values. The dolomite samples with a high Sr ratio all came from the 

same well, suggesting that the dolomitization fluids may be from deeper depth 

(crystalline basement) or influenced by terrigenous clastic rock with a high 87Sr 

component. The value of dolomite cement general has two tendencies: one overlaps with 

the ratio of matrix dolomite, the other with the higher 87Sr/86Sr ratio from some saddle 

dolomite. These trends may refer to the multiple sources of fluids involved in dolomite 

cement: one is with a heavier oxygen isotope value and high 87Sr component; the other 

with a lighter oxygen isotope value which mayde caused by a higher temperature, and 

similar 87Sr/86Sr ratio as coeval seawater. 

6.3. Dolomitization Mechanism  

6.3.1 Penecontemporaneous Dolomitization 

Penecontemporaneous dolomites form shortly after deposition at surface temperature 

(Machel, 2004). In a dry and hot evaporate tidal flat environment, the pore water can reach 
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a high salinity to precipitation of gypsum, reducing the Ca2+ content and increasing the 

Mg/Ca ratio in pore water. The increased density of the evaporation-concentrated pore 

water percolates downward to dolomitize calcite host. Two processes are associated with 

evaporitic setting: sabkha dolomite in supratidal environment and reflux dolomite in basin 

and platform margin (see Figure 6.4). Sabkha dolomite is usually associated with the 

microcrystalline to very fine-crystalline dolomite and contains many distinctive features, 

such as boxwork, lamination texture, algal stromatolites and nodular anhydrites (Liu, 1980; 

Allan and Wiggins, 1993). All these key features are not identified in core samples in this 

study, suggesting that dolomitization process is not associated with supratidal flat facies in 

a sabkha setting. 

Unlike sabkha model, reflux dolomitization is not associated with tidal flat environment. 

However, the dolomitization fluid is still the hypersalinity brine, and downward and 

seaward density-driven flow of brine leads to dolomitization in the basin bottom and 

platform margin facies as illustrated in Figure 6.4 (Allan and Wiggins, 1993). In Tabei area, 

Cambrian evaporation brine from western part basin driven by difference density flow 

towards eastern basin through platform margin, resulting in dolomitization of underlying 

and basin margin line sediments (Figure 6.4). 

In this study area, Type 1 very fine-crystalline dolomite has the highest Sr content (128.95 

ppm), suggesting dolomitization fluids with high salinity and dolomite form in early time.
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Figure 6.4 Penecontemporaneous dolomitization model (reflux model). Reflux model is modified from Land (1986). 
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In addition, the 87Sr/86Sr ratio of Type 1 dolomite is similar to those of excepted value in 

Cambrian seawater, its high δ18O value and low Fe and Mn contents suggest that dolomite 

is formed in early time and not substantially affected by the later diagenetic process. Thus, 

it is the syn-depositional or penecontemporaneous dolomite. Some very fine-crystalline 

dolomite has well preserved precursor limestone textures, which can well protect the 

particles in limestone, cement shape and internal texture. All these features are named by 

term mimetic replacement. The formation of mimetic replacement texture, which usually 

require a large amount of supersaturated dolomitization fluid and soluble reactants, such as 

high-Mg calcite has higher solubility than calcite, thus limestone composed of high-Mg 

calcite is usually preferred by dolomitization process (Allan and Wiggins, 1993), and well 

preserved precursor limestone textures usually occur in relatively low temperatures 

(Tucker and Wright, 1990; Machel, 2004). Therefore, Type 1 dolomit is interpreted to be 

formed in early stage with minor later diagenetic alteration in texture or re-setting of the 

geochemical signature.

6.3.2 Burial Dolomitiation 

Burial dolomite forms in the subsurface after lithification of lime sediments (Allan and 

Wiggins, 1993). As temperature increases with depth, the Mg/Ca ratio required to produce 

dolomite decreases and many subsurface water can become dolomitizing solutions (Hardie, 

1987; Allan and Wiggins, 1993). The most-cited fluid sources for burial dolomitization are 
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Mg-rich residual evaporite brines, modified seawater, and shale compaction waters (Allan 

and Wiggins, 1993). The dolomitizing fluids can be delivered to the site of dolomitization 

through porous aquifers or along faults by a number of transport mechanisms, including 

sediment compaction, thermal convection, and topographically or tectonically driven flow 

(Mattes and Mountjoy, 1980;Allan and Wiggins, 1993). In Tabei uplift, because there is no 

shale deposits associated with Cambrian strata, it seems impossible that the dolomitization 

fluids came from shale compaction. The relatively low Sr isotopic ratios also suggest that 

there is no significant amount fluid from shale compaction. So, the residual water modified 

by burial diagenetic processes and fluid from deep depth might be the main source as the 

dolomitizing fluid. 

In the Tabei area, the various crystalline dolostone with different crystal size and shape are 

probably related to different burial stage. Type 2 dolomite and Type 3 dolomite have larger 

crystal size than the Type 1 penecontemporaneous dolomite with a slightly higher Fe and 

Mn content, which might reflect to a reducing environment; while their lower δ18O values 

can attribute to an increased temperature during burial. Most Sr isotope ratios are within 

the similar range as Cambrian seawater, suggesting dolomitization fluids still maintained 

the property of Cambrian seawater, whereas some high Sr isotope ratios suggested that 

the fluid was modified by the high radioactive Sr content fluid during burial stage. Thus, 

the dolomitization fluids were still correlated to residual seawater, and hypersalinity 
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water and increased temperature during burial history. 

In the shallow burial stage with depth less than 600 – 1000 m (Machel, 2004), the high 

salinity refluxing fluid could promote dolomitization completely in the carbonate platform. 

The dolomite formed in early stage at lower temperature may have better crystal shape, 

such as planar, subhedral to euhedral crystals. With a rising temperature, dolomitization 

processes became fabric non-preserving, erased the previous limestone texture, and 

produced a large amount of crystalline dolomite.  

Due to the higher temperature in intermediate-deep burial stage, the dolomite mainly has 

planar-s subhedral to planar-non anhedral crystal shape with a lager size. The fluid 

inclusions in dolomite cements show the average Th of 153.2℃ and average salinity 

(estimated by Tice-melt) of 13.65 wt% NaCl, suggesting high temperature and a high salinity 

dolomitizing fluids in deep burial stage (Figure 6.5). 

6.3.3 Hydrothermal Dolomite 

Extension faults and associated volcanic activity occurred in Tarim Basin during the early 

and late hercynian tectonic movement, especially during late hercynian (the end of the 

early Permian time) (Fu et al., 2007; Li, 2009). These igneous activities and fault system 

may provide a conduit system for deep hot fluid moving upwards into host dolomite rocks. 

Thus, the saddle dolomite precipitation might be related to volcanic activity during
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Figure 6.5 Burial dolomitization model
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Permian. 

Based on cores and thin sections examination in study area, the hydrothermal dolomites, 

with curved crystal faces and wavy extinction, are mostly distributed along the edge of 

dissolution vugs and filled the pore spaces. Carbon and oxygen isotope values of saddle 

dolomite mostly overlap with those of the matrix dolomite data. High δ18O values might 

be associated with high salinity fluid (average salinity 13 wt% NaCl estimated by Tice-melt), 

or the low temperature of saddle dolomite itself (e.g., a homogenization temperature from a 

fluid inclusion is 89℃), so there is no a large difference between matrix dolomite and 

saddle dolomite. The high 87Sr/86Sr ratios of saddle dolomite suggest that fluids for saddle 

dolomite are enriched in radioactive Sr, which are different from the matrix dolomite with 

87Sr/86Sr ratios close to Cambrian seawater. The burial temperature of Cambrian strata was 

approximately between 70~80℃ during the thermal fluid activity in the Permian time 

(Figure 6.2). The Th temperatures are higher compared to the burial temperature at this time, 

suggesting the saddle dolomite might be related to hydrothermal fluid, which precipitated 

saddle dolomite as well as quartz and calcite cement in vugs filling and fractures. When 

hydrothermal fluids move up along faults and fratures, they first dissolved the host 

dolostone resulting in dissolution vugs until they are saturated with respect to dolomite. 

Local change pressure and temperature would result in precipitation of saddle dolomite 

(Figure 6.6).
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Figure 6.6 Hydrothermal dolomitization model 
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7. CONCLUSION AND RECOMMENDATIONS 

Massive Cambrian dolomites are wide spread with large thickness in Tabei Uplift. Our 

petrography and geochemistry data divided these dolomites into 3 types of matrix dolomite 

and 2 types of dolomite cement: Type 1 very fine-crystalline dolomite; Type 2 very fine- to 

fine-crystalline dolomite; Type 3 fine to medium-crystalline dolomite; Type 4 medium to 

coarse-crystalline dolomite cement and Type 5 saddle dolomite cement. Type 1 and Type 2 

dolomite are most abundant in Tabei area, while the Type 3 dolomite occurs mostly in 

southeast of study area in Wells TS-1 and YQ-6. Type 5 saddle dolomite cement was 

identified only in 2 wells (DG-1 and TS-1). 

Petrographic and geochemical evidence suggests that Cambrian dolomite formed in the 

following three stages of dolomitization: 

a) Syn-depositional or penecontemporaneous dolomitization: it formed very 

fine-crystalline dolomite with well preserved precursor textures in carbonate platform 

environment by the refluxing dolomitization process. The geochemistry of this dolomite 

resembles those of Cambrian seawater. 

b) Burial dolomitization: it produced the crystalline dolomite with different crystal size and 

shape at different burial depthes. The geochemistry data indicate the dolomitization fluids 

related to residual seawater. High salinity fluids with rising temperature could drive the 
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dolomitization reaction during the burial history. In shallow burial depth, dolomitization is 

based on residual refluxing in deeper strata, while during intermediate-deep burial, 

dolomitizaiton was related to the circulation of residual seawater driven by geothermal 

gradient.  

c) Hydrothermal dolomitization: it was not a widespread dolomitization process in study 

area and produced only a minor amount of saddle dolomite and quartz. The timing for 

hydrothermal dolomite might be at end of early Permian by intense and late hercynian 

tectonics. The associated igneous and volcanic activity in Tabei uplift could have played a 

role in providing a heat and migration channel for hydrothermal fluids. A high Sr isotopic 

distinguishes the saddle dolomites thant form other dolomite types (Figure 7.1). 
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Figure 7.1 The association between different dolomite types and dolomite mechanisms 
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Appendix C: Carbon, Oxygen and Strontlum Isotopic Analysis 

Results for Dolomite 
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Appendix D: Carbon, Oxygen and Strontlum Isotopic Analysis 

Results for Calcite Cement 
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Appendix E: Fluid Inclusions for Microthermometry Analyses 
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