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ABSTRACT
Song Hong basin or the Red River basin is generally considered to be composed up of three units,
and namely, the northern, central and southern parts, among which the central Song Hong basin
has been much less explored comparing to the other units. The recent discovery of gas in this part
of Song Hong basin has raised the interests of the local and overseas explorationists studying and
assessing to better understanding of hydrocarbon generation potential of source rocks in this area.
In this study, the Pliocene and Upper Miocene shale samples, which taken from A-1X well in the
central Song Hong basin, are analyzed for the source rock characteristics and petroleum genera-
tion potential based on geochemical, well log, X-Ray Diffraction data and 1D petroleum system
modeling. It was found that the total organic carbon contents are poor for the Pliocene shales and
poor to fair for the Upper Miocene shales ranging from 0.15-0.21 wt.% and 0.19-0.79 wt.%, respec-
tively, indicating poor to fair source rock generation potential for both shales. The organic matters
are mainly derived from higher plants of type III kerogen and possibly mixing a minor amount of
type II kerogen from algae. Vitrinite reflectance values range from 0.45-0.65% for Pliocene and 0.72-
0.93% for part of Upper Miocene shales, showing a good match with bottom hole temperature of
163oC. The burial and thermal history models indicate that the rapid sedimentation rate affected
the increase in temperature in the Pliocene and Upper Miocene shales as mature source rocks and
reached peak of oil generation. The models show the early hydrocarbon generation (Ro=0.60 %)
in the Pliocene and the main phase of hydrocarbon generation (Ro=0.80 %) in the Upper Miocene.
As results of this study, Pliocene and Upper Miocene shales can be considered having a potential
to generate gas from both biogenic and thermogenic origins. It was estimated that the gas gener-
ation is about 17.88 Mtons, the gas expulsion approximately 4.3 Mtons/km2 and the remaining of
kerogen of about 62.81 Mtons, gas initial in place of about 1.49 (Tcf ). It is thought that the deeper
shales are more effective source rocks, which need to be drilled more for new gas prospects.
Key words: Shale gas, Source rock, Vitrinite reflectance, XRD, Petroleum system, Song Hong Basin

INTRODUCTION1

The Song Hong Basin (SHB) or the Red River Basin2

is a pull-apart basin with different local geological3

properties that divided into three structural units,4

and namely, the northern, central and southern parts5

(Figure 1). So far the hydrocarbon exploration and6

production activities carried out by the PetroViet-7

nam and oil companies have been mainly done in the8

northern and southern parts of the basin1.9

Although the central SHB is less explored some recent10

discoveries have awaken great interests to study better11

the petroleum system in this part of SHB. In this study12

the A-1X well is selected. The well’s final depth was13

3,603 m reaching the Upper Miocene. The elements14

of petroleum system such as source rocks, seals, and15

reservoirs were defined. 1D petroleum systemmodel-16

ing was conducted to estimate timing of hydrocarbon17

generation and migration into reservoirs.18

GEOLOGICAL SETTING 19

The central SHB spreads from blocks 105 to 114, 20

where the sedimentary deposits were supposed quite 21

stable and not much affected by tectonic activity. Sed- 22

iments in the depocenter part are mostly fine-grained 23

stratigraphically a top Upper Miocene-Pliocene shale 24

diapirs2 and3. The Pliocene sediments had under- 25

gone tectonic uplift and inversion in the NW of the 26

Gulf of Bac Bo to form the uplifted Dong Son. Due to 27

the sediment influx, sand bodies in Upper Miocene- 28

Lower Pliocene were usually deposited in submarine 29

fans and turbidity facies, spreading from the NW to 30

the SE (Figure 3). Significant prospects include low 31

magnitude four-way dip closures on theDong Sonup- 32

lift and four-way dip closures developed on the shale 33

diapirs1, i.e., the Dong Fang and Le Dong gas wells 34

in China or turbidities/submarine fans to the East of 35

central blocks. 36
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Neogene shale gas in the central Song Hong basin, Vietnam. Sci. Tech. Dev. J. – Engineering and Tech-
nology 2024; ():1-16.
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Figure 1: Main structural elements of the central Song Hong basin 1
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Alongside the coast of central part of the SHB,37

the basement is predominantly consist of38

Upper Ordovician-Silurian carbonates, grit-39

stone/conglomerates, sandstones, and schist of the40

Long Dai and Song Ca Formations (Fm), Lower41

Devonian sandstones and conglomerates of the Tan42

Lam Fm, Middle-Upper Devonian carbonates of43

the Cu Bai Fm, and other granite-biotite intrusive,44

etc. (Figure 3). These formations tend to develop45

seawards, and have possibly being formed the buried46

traps that later turned into important hydrocarbon47

reservoirs as discovered in the Bach Tri and Hai Yen48

structures1.49

The Hue-Da Nang shelf is restricted by the onshore50

Song Ca and Rao Nay fault systems. This area was51

dominated with left lateral strike-slip fault systems,52

forming a whole series of echelon blocks of horst53

and graben structures at the end of Oligocene (Fig-54

ure 2). The most important geological structures55

in this region are the Anh Vu-Da Nang graben and56

Hai Yen-Bach Tri-Than Nong high with uplifted prior57

to the Lower Oligocene and syn-sedimentation con-58

tinuing in the Lower Miocene. Upper Oligocene-59

Lower Miocene inversion occurred in some grabens60

or half-grabens, i.e. prospects in blocks 111 and61

114. Middle-Upper Devonian carbonate drapes de-62

veloped on top of the basement highs, i.e. Hai Yen63

and Bach Tri prospects, four-way dip closures formed64

in the Miocene clastics, i.e. the Dai Bang prospect;65

Oligocene-Lower Miocene inversion and minor reef66

build-up are important exploration targets in this re-67

gion1.68

In the central SHB, lots of gas accumulations were dis-69

covered in theMiocene carbonate build-up and in the70

Tri Ton uplift, i.e., 115-A-1X, 118-CVX-1X, 119-CH-71

1X. The gas is very rich in CO2 content that probably72

caused by the high geothermal temperature or ther-73

mal convection from the mantle in this area 1.74

DATA ANDMETHODS75

Sample collection76

Thirty-six cutting samples from were used for geo-77

chemical and petrology analyses such as Rock-Eval78

pyrolysis, vitrinite reflectance and XRD. In addition,79

well log curves taken from VPI are used for litho-80

logical reference. Geochemical results are used to81

evaluate source rock characteristics and also for 1D82

petroleum system modeling and volumetric calcula-83

tions.84

Analytical methods85

Rock-Eval pyrolysis (RE) 86

Parameters from Rock-Eval 6 pyrolysis, i.e., TOC, S1, 87

S2, HI, PI, Tmax are used for characterization of the 88

quantity, quality, and level of thermal maturity of or- 89

ganic matters for the source rocks in any sedimentary 90

basin (Tables 1 and 2). This analysis was performed at 91

VPI-Labs. The results are presented at Table 3. 92

Basically, the RE is conducted on rock sample, typi- 93

cally about 50-100 mg, which was placed into a cru- 94

cible that will be moved into the pyrolytic oven. The 95

rock samples are heated in the inert gas of Helium 96

(He) at 300oC and kept isothermal condition up to 97

five minutes. During the time, the evaporative or- 98

ganic materials are recorded by a Flame Ionization 99

Detector (FID) and named as S1 peak. Continuing 100

the isothermal heating, rock samples are still kept in 101

the linearly increasing thermal condition from 300 to 102

650oC at the rate of 25oC per minute, and the S2 peak 103

was recorded. The temperature Tmax (oC) is defined 104

at peak S2 and used as the thermal maturity param- 105

eter. An infrared cells (IR) detects amount of CO2 106

(mgCO2/g original rock) named as S3 peak. This CO2 107

content is generated during the progress of isother- 108

mal heating steps and setting up to 400oC. CO2 which 109

released between 400 and 650oC is measured by the 110

decomposion of carbonate minerals through heating. 111

Pyrolysis mineral carbon or type of kerogen is deter- 112

mined based on CO and CO2 produced during pyrol- 113

ysis and oxidation state. Total organic carbon (TOC, 114

wt. %) is calculated from the quantity of the pyrolysis 115

organic carbon4. 116

Vitrinite Reflectance 117

Kerogen, which is isolated from organic matters of 118

shale samples, is blocked in epoxy resin. The block 119

is polished and then measured under CRAIC 308TM 120

spectrometry microscope with oil immersion and 121

performed at VPI-Labs. Good vitrinite particles are 122

selected for measurement in a random mode. De- 123

pending on number of particles presenting in the 124

sample, about 50 measurement readings are enough 125

for getting final reliable value (Ro, %). 126

X-Ray Diffraction 127

A standard XRD analysis for whole rock and shale 128

is performed at VPI-Labs to define quantitative and 129

qualitative mineral compositions which are needed 130

for determination of the brittleness shale. The XRD 131

analysis is carried out on the D8-Advance automatic 132

system with alternative system 40 (kV) and 40 (mA), 133

using Copper K-a radiation with Nickel filter, step 134

width of 0.04o and counting time 1 second per step. 135
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Figure 2: Seismic section through some blocks in the central SHB 1

Table 1: Guideline for source rock interpretation 5

Quantity TOC S1
(mg HC/g rock)

S2
(mg HC/g rock)

Poor <0.5 <0.5 <2.5

Fair 0.5-1.0 0.5-1 2.5-5

Good 1-2 1-2 5-10

Very good 2-4 2-4 10-20

Excellent >4 >4 >20

Quality (mg HC/g TOC)
HI

Kerogen type

Non hydrocarbon <50 IV

Gas 50-200 III

Gas and oil 200-300 II/III

Oil 300-600 II

Oil >600 I

Table 2: Parameters of source rockmaturity 6

Level of maturation Ro (%) Tmax (oC) PI

Immature 0.2-0.55 <435 <0.10

Marginal mature 0.55-0.60 - -

Mature
Early mature

0.60-0.65 435-445 0.10-0.25

Peak mature 0.65-0.90 445-450 0.25-0.40

Late mature 0.90-1.35 450-470 >0.40

Post mature >1.35 >470 -

4
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Figure 3: Stratigraphic column from the North to the South of SHB 1

Whole rock analysis is carried out using approxi-136

mately 1g of sample that is ground by micronizing137

mill; powder sample is then packed to plastic sample138

holder and run from 3o2q-50o2q. The XRD analysis139

for clay fraction runs from 2o2q to 30o2q including140

four traces are done following steps: (i) drying the clay141

mount at room temperature and humidity; (ii) ethy-142

lene glycol solvation for 24 hours at 50o-60oC in order143

to identify swelling clays in sample; (iii) immediately144

following heat to 300oC for 30 minutes. This causes145

illite-smectite and smectite to concur at 10 (Å); (iv)146

heat to 550oC for 1.5 hours, causing the destruction147

of brucite and kaolinite minerals within chlorite7.148

1D petroleum systemmodeling 149

Basin modeling is a useful method for reconstruct- 150

ing the burial and thermal evolutions of a sedimen- 151

tary basin. In this study, the A-1X well was selected 152

for 1D petroleum system using PetroMod 11 software 153

(Schlumberger). The input data include the depths, 154

age, lithologies, sediment thickness, erosion thick- 155

ness, kerogen types and kinetics (Table 6). These 156

input data were derived from well log data, bios- 157

tratigraphy, local geology, geochemical parameters. 158

The models are constructed depending upon con- 159

sidering three scenarios of boundary conditions, i.e., 160

sediment water interface temperature (SWIT), paleo- 161

water depth (PWD), and the present-day heat flow 162
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and paleo-heat flow (HF) 8.163

SWIT is estimated by Wygrala (1989)’s equation9,164

varying in the mean surface paleo temperatures ver-165

sus northern Southeast Asia latitude and geologi-166

cal time. PWD values are needed for calculating167

the SWIT. The PWD values are defined from inner168

shelf to shallowmarine environments by combination169

of tectonic subsidence and global sea level changes.170

High geothermal gradient is calculated from bore-171

hole temperature based on PVN (2019) 1. The crustal172

stretching model of Mckenzie (1978) 10 is used to cal-173

culate the heat flow variation through time. Paleo-174

heat flow estimation is constrained by present-day175

heat flow and calibrated from vitrinite reflectance,176

bottom hole temperature and tectonic events. The177

easy %Ro kinetic model of Sweeney and Burnham178

(1990)11 is applied for calculating levels of thermal179

maturity. Burnham_CO2_TIII12 is the main kinetic180

model that is used for calculating petroleum gener-181

ation in this paper. Other kinetics such as Burn-182

ham (1989)_TIII and Pepper &Corvi (1995)_TIII(H)183

DE13 are used for comparison with the main kinetic184

model. The main outputs obtained from the simula-185

tion, i.e., burial and thermal histories, thermal con-186

ductivity, porosity, transformation ratio, etc. are fur-187

ther used for characterizing petroleum system at this188

well location and estimating the gas initial in place189

(GIIP) as follows:190

GIIP = (43,560*A*h*ϕ*Sg) /Bg [MMScf]191

Where: A = area (acre) is estimated from area of stud-192

ied blocks193

h = net thickness (ft.) of rich shale zone194

j = porosity (fraction)195

Sg = the fraction of the porosity filled by gas (fraction)196

Bg = formation volume factor of gas (ft3/scf)197

z = compressibility factor of gas, Bg = 0.028zT/P198

RESULTS ANDDISCUSSION199

Source rock properties200

Organic matter richness and source rock201

quality202

Rock-Eval pyrolysis parameters are used for quanti-203

tative and qualitative assessments of organic matters204

of thirty-five shale samples in Pliocene and Upper205

Miocene formations. Pliocene shales, from 1510 to206

2645 m depth, were found to be poor in organic rich-207

ness and hydrocarbon generation potential, i.e., they208

are of type III kerogen with TOC ranging from 0.13 to209

0.21 wt.%, pyrolysis yields (S1+S2) varying from 0.20210

to 0.40 mgHC/g rock and HI ranging from 103 to 196211

mgHC/g TOC, respectively. These indicate that the212

Pliocene shales are not potential source rocks. The213

Upper Miocene shales from 2,700 to 3,603 m show 214

low total organic carbons and hydrocarbon genera- 215

tion potential of type III kerogen with TOC vary- 216

ing between 0.19 to 0.24 wt.%, (S1+S2) yields ranging 217

from 0.50 to 0.62 mgHC/g rock, HI varying between 218

155 and 199mgHC/g TOC, respectively. On the other 219

hand, the Upper Miocene shales in the 3005-3603 m 220

interval display moderate total organic carbon con- 221

tents and pyrolysis yields with TOC varying between 222

0.56 and 0.79 wt.%, (S1+S2) ranging from 0.85 to 2.51 223

mgHC/g rock, respectively. The organic matters are 224

originated from kerogens of type III and mixing type 225

III/II with HI ranging from 109 to 296mgHC/g TOC. 226

Consequently, the Upper Miocene shales are poor to 227

fair potential source rocks that mainly generate gas 228

(Table 3; Figures 4, 5 and 6). 229

Figure 5: Types of organic matters

Thermalmaturity 230

PI and Tmax values are used as maturity indicators 231

together with vitrinite reflectance (R0). Organic mat- 232

ters of shales in the Pliocene are in immature to early 233

mature stage with PI, Tmax and Ro ranging from 0.13 234

to 0.22, 405 to 435oC, and 0.45 to 0.65 %, respectively. 235

Organic matters have entered the early mature stage 236

at 1,850 m in Pliocene and reached the peak of ma- 237

turity in Upper Miocene starting at 2,760 m through 238

3290 m, corresponding to PI of 0.31 and Ro of 0.72 239

%. Organic matters of the Upper Miocene shales in 240

the interval from 3,345 to 3,603 m show an imma- 241

ture stage with Ro ranging from 0.40 to 0.50 %. How- 242

ever, in the Upper Miocene, Tmax values are not con- 243

sistent with PI and vitrinite reflectance values in the 244

6
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Table 3: Rock-Eval pyrolysis and vitrinite reflectance

Depth (m) TOC S1 S2 S3 HI PI Tmax Ro

(wt.%) (mgHC/g rock) (mgHC/gTOC) (oC) (%)

Pliocene

1510 - 1530 0.21 0.06 0.22 1.14 103 0.21 407 0.45

1610 - 1630 0.21 0.04 0.27 1.47 128 0.13 416 0.46

1670 - 1690 0.16 0.04 0.20 1.53 128 0.17 405 0.51

1730 - 1750 0.15 0.03 0.17 1.60 110 0.15 413 0.53

1790 - 1810 0.13 0.04 0.23 0.96 180 0.15 412 0.52

1850 - 1870 0.15 0.04 0.23 1.15 156 0.15 413 0.58

1910 - 1930 0.16 0.03 0.21 1.20 134 0.13 415 0.59

1970 - 1990 0.18 0.05 0.22 1.57 123 0.19 415 0.58

2030 - 2050 0.19 0.04 0.20 1.65 106 0.17 418 0.59

2090 - 2110 0.18 0.06 0.23 1.60 126 0.21 411 0.55

2170 - 2190 0.19 0.05 0.24 1.72 126 0.17 418 0.61

2230 - 2250 0.16 0.06 0.22 1.62 141 0.21 417 0.59

2290 - 2310 0.16 0.06 0.21 1.45 134 0.22 415 0.62

2350 - 2370 0.17 0.06 0.22 1.52 129 0.21 419 0.60

2410 - 2430 0.16 0.05 0.24 1.67 148 0.17 410 0.61

2450 - 2470 0.20 0.04 0.22 1.21 113 0.15 416 0.50

2530 - 2540 0.21 0.06 0.29 1.71 136 0.17 426 0.60

2580 - 2590 0.20 0.08 0.31 1.62 157 0.21 427 0.65

2640 - 2650 0.16 0.06 0.32 1.12 196 0.16 435 -

Upper Miocene

2700 - 2710 0.24 0.11 0.37 1.43 155 0.23 430 -

2760 - 2770 0.23 0.19 0.43 1.52 186 0.31 430 0.72

2820 - 2830 0.21 0.12 0.42 1.39 199 0.22 432 0.77

2880 - 2890 0.19 0.11 0.37 1.30 197 0.23 433 0.76

2940 - 2945 0.23 0.14 0.37 1.41 162 0.27 422 0.73

3005 - 3010 0.56 0.18 0.90 1.45 161 0.17 378 0.82

3060 - 3065 0.69 0.18 0.82 1.65 118 0.18 383 0.69

3120 - 3125 0.69 0.23 2.05 1.58 296 0.10 385 0.70

3180 - 3185 0.69 0.21 1.23 1.80 179 0.15 382 0.85

3230 - 3235 0.76 0.20 1.37 1.73 180 0.13 381 0.82

3285 - 3290 0.64 0.22 1.58 0.81 245 0.12 382 0.93

3345 - 3350 0.70 0.18 1.42 1.11 204 0.11 377 0.50

3405 - 3410 0.62 0.18 0.67 1.49 109 0.21 383 0.45

3470 - 3475 0.74 0.26 0.99 1.63 135 0.21 387 0.40

3530 - 3535 0.79 0.29 0.87 1.92 110 0.25 392 0.40

3595 - 3603 0.64 0.46 0.72 2.12 113 0.39 397 0.42

TOC=Total Organic Carbon; HI=S2/TOC; PI=S1/(S1+S2)
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Figure 4: Change of Rock-Eval parameters with depth

Figure 7: Change of parameters of thermal maturity with depth
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Figure6: Total hydrocarbongeneration andorganic
carbon

interval from 3,005 to 3,603 m, where the PI values245

ranging from 0.11 to 0.39 and the anomalous Tmax246

values of less than 400oC suggest that these are possi-247

bly oil stains or the maturity threshold of the vitrinite248

particles is only reached at 3,290 m (Figure 7). Be-249

sides, the vitrinite profile shows the existence of a ma-250

jor thrust fault around 3,345 m, causing vitrinite re-251

flectance values decreased or vitrinite reflectance val-252

ues are anormalous in the interval 3,345-3,569m that253

may be a function of erosion14.254

Mineral and clay compositions255

Mineral assemblages of Upper Miocene sediments256

comprise the abundance of brittle minerals (68.8-88.4257

%), i.e. quartz, barite, calcite, feldspar, plagioclase258

constituents (Table 4, Figure 8), followed by ductile259

minerals, i.e. illite, chlorite, kaolinite (10.6-28.5 %)260

(Table 5, Figure 9) and little contents of dolomite,261

siderite and rieberite (Table 4, Figure 10). The higher262

content of brittle minerals, the more easily complex263

fracture networks are established15. The clay min-264

eral assemblages in the Upper Miocene sediments265

mainly contain Illite, chlorite and kaolinite. Illite con-266

tent is the most abundant in clay minerals (known as267

illite-type) (Table 5), followed by chlorite and kaoli-268

nite contents. Moreover, the presence of calcareous269

minerals, i.e., calcite and dolomite in these shales in-270

dicate the sediments were deposited in eustatic sea271

level rise worldwide, and also related to terrigenous272

influxes, the syn- and post-depositional dissolution of273

dissolved planktonic organisms. Especially, the very274

high calcareousmineral of shales in the interval 2,985-275

3,150m is related to the inner shelf with very high ter-276

rigenous influxes. The relative high kaolinite contents277

suggest a climatic warming trend during the Upper 278

Miocene. 279

1D petroleum systemmodeling 280

Burial history 281

Burial and thermal history models were constructed 282

for the Upper Miocene to Pliocene formations with a 283

total vertical depth of 3,603 m. Based on the regional 284

tectonic activities of the SHB, a period of erosion oc- 285

curred in Pliocene and Upper Miocene from 5.20-5.0 286

Mawith eroded thickness of about 12m. Pliocene and 287

Upper Miocene shales contain poor to moderate or- 288

ganic matters, mainly derived from type III kerogen 289

and deposited in coastal plain/shallow marine. The 290

burial history shows the main features of deposition 291

comprising thick shales interbedded with very thin 292

sands/silts that rapidly deposited in Pliocene (Fig- 293

ure 10A).Themaximum andminimum drilled thick- 294

nesses of shale are 590 m (1,921-2,511 m) and 30 m 295

(581-611 m), respectively in Pliocene (Figure 10A). 296

Thermal history and hydrocarbon genera- 297

tion 298

The present-day thermal maturity is not affected by 299

the rifting phase that has attained a maximum heat 300

flow value of 75 mw/m2. The Upper Miocene forma- 301

tion was deposited as post-rift basin-fill sediments at 302

shallow depth in Pliocene (Table 6). The shale inter- 303

vals as well as the multiple organic-rich intervals of 304

the Pliocene and Upper Miocene formations are rela- 305

tive low thermal conductivities. The geothermal gra- 306

dient increases from the top to bottom. Moreover, 307

the high sedimentation rate in Pliocene causes the 308

decrease of temperature if the sedimentation rate is 309

faster than the rate of thermal equilibrium16. 310

The models were constructed based on the heat flow 311

values from bottom of Upper Miocene to Pliocene 312

varying from 67 to 75 mW/m2 using McKenzie’s 313

model (1978). Theheat flow values show a good fit be- 314

tween measured and calculated bottom-hole temper- 315

atures and vitrinite reflectivities (Figure 13). Organic 316

matters of Pliocene shales show poor TOC contents 317

and the shales entered early mature stage in the inter- 318

val 1510-2223 m (Ro=0.55-0.70 %), reached the main 319

stage of hydrocarbon generation in the interval 2223- 320

2645m (Ro=0.70-1.0%). Thus, these shales are not ef- 321

fective source rocks for hydrocarbon generation. Or- 322

ganic matters in Upper Miocene shales contain poor 323

to fair TOC contents and reached peak hydrocarbon 324

generation in the interval 2700-2986 m (Figure 10B). 325

Theshales enteredwet gas/condensate phase in the in- 326

terval 2,986-3,456 m, and dry gas phase below 3,456 327

9
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Table 4: Mineral compositions of Upper Miocene sediments

Depth
(m)

Quartz K-
Feldspar

Plagio-
clase

Clay
min-
erals

Calcite Dolomite Siderite Pyrite Riebe-
cite

Zeolite Barite

2905-
2920

70,7 5,4 3,3 11,60 2,1 2,2 0 0 0 0 4,7

2920-
2930

47,2 3,8 2,6 21,9 2,9 0 4,3 4 0 0 13,3

2985-
2995

18,8 2 2,1 11,0 49,4 3,4 3,6 2,5 0 0 7,2

2995-
3005

17,5 2,2 1,8 11,2 51,8 3,3 2,8 0,0 1,7 4 3,7

3020-
3030

25,0 7,4 2,1 15,3 26,6 6,5 0,0 0,0 0 0 17,1

3140-
3150

18,1 4,0 1,9 19,4 24,8 4,2 0,0 0,0 3,7 8,1 15,8

3150-
3160

54,5 3,7 8,4 13,5 2,8 12,0 0,0 0,0 0 0 5,1

3165-
3175

49,4 4,0 2,6 16,9 9,0 5,2 0,0 3,6 0 0 9,3

3310-
3320

54,9 4,4 3,5 16,2 3,4 4,1 0,0 3,1 0 0 10,4

3320-
3330

64,2 3,3 12,6 10,6 4,3 0,0 0,0 0,0 0 0 5,0

3405-
3415

64,7 3,7 4,5 14,7 4,1 5,0 0,0 0,0 0 0 3,3

3415-
3425

59,2 5,5 3,8 13,1 3,5 4,2 0,0 0,0 0 0 10,7

3425-
3435

56,1 5,2 3,9 13,3 5,6 3,0 0,0 0,0 0 0 12,9

3435-
3445

49,7 3,1 2,2 15,6 3,3 13,4 2,6 0,0 0 4,8 5,3

3480-
3490

30,1 5,6 2,2 21,2 2,7 5,9 5,0 0,0 0 7,9 19,4

3490-
3500

31,2 5,7 3,0 13,6 6,5 4,2 3,2 0,0 0 0 32,6

3500-
3510

21,6 0,0 2,3 28,5 5,1 6,2 0,0 0,0 0 0 36,3

3515-
3525

53,8 3,6 2,2 11,9 10,9 6,7 0,0 0,0 0 0 10,9

3585-
3590

51,4 3,0 3,7 18,9 6,5 4,6 3,7 0,0 0 4,7 3,5

3590-
3603

27,8 7,0 11,4 22,8 2,9 5,3 4,5 0,0 0 5,5 12,8
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Figure8: Thepercentagedistributionof themineral compositionof theUpperMiocenedepositswith theprogress
of the A-1X drilling depth

Figure 9: The percentage distribution of the clay mineral composition of the Upper Miocene deposits with the
progress of the A-1X drilling depth
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Table 5: Clayminerals of Upper Miocene sediments

Depth (m) Kaolinite Chlorite Illite Illite-Smectite

2905-2920 23,7 35,0 37,7 3,6

2920-2930 27,1 25,7 41,5 5,7

2985-2995 21,7 27,1 46,5 4,7

2995-3005 23,4 24,8 47,4 4,4

3020-3030 19,4 20,5 56,5 3,6

3140-3150 15,4 15,3 64,5 4,8

3150-3160 17,1 17,8 61,0 4,1

3165-3175 12,9 15,8 67,0 4,3

3310-3320 19,3 27,3 49,2 4,2

3320-3330 - 36,6 56,6 6,8

3405-3415 - 34,3 61,0 4,7

3415-3425 - 53,5 42,8 3,7

3425-3435 - 51,4 44,5 4,1

3435-3445 - 57,5 36,9 5,6

3480-3490 14,9 6,0 71,9 7,2

3490-3500 20,6 14,5 59,5 5,4

3500-3510 16,5 10,1 66,7 6,7

3515-3525 23,1 28,4 43,3 5,2

3585-3590 12,2 5,8 74,1 7,9

3590-3603 10,0 5,5 78,6 5,9

m, probably indicating that an amount of gas could328

have been generated from these source rocks and/or329

from deeper source rocks.330

The hydrocarbons have been generated in the Upper331

Miocene source rock (~6.5 Ma) and Pliocene (~3.5332

Ma) and probably continuing in shallow Pleistocene333

shale (~1.8 Ma) (Figure 10A). This implies that gas334

has been generated from these source rocks and ac-335

cumulated in very thin sand reservoirs or their self-336

source reservoirs with a limited amount of gas. The337

wet gas/condensate has mainly been generated in the338

Upper Miocene source rocks that are related to the339

high rate of sedimentation, high heat flow or shale di-340

apirs17 rather than basin evolution during Pliocene341

and Upper Miocene with a corresponding bottom342

hole temperature of 163oC and the present-day maxi-343

mumvitrinite reflectance of 1.30%. TheBHT is calcu-344

lated from extrapolated static and geothermal gradi-345

ent of 4oC/100m and sea bed temperature is assumed346

to be 20.10oC (Figure 13A and Figure 13B).347

Theamount of hydrocarbon generation and expulsion348

was evaluated based on the transformation ratio (TR)349

and kerogen type. The TR changes with maturity and 350

used for predicting the timing of petroleum gener- 351

ation and expulsion8. Hydrocarbon generation oc- 352

curred in three stages, i.e. the first stage in Pliocene 353

with gas generation and without expulsion with TR 354

approx. 8.5% (1,921-2,651 m), the second stage in 355

Upper Miocene with wet gas/condensate generation 356

phase and TR approx. 11-69.42 % (2,651-3,160 m), 357

the third stage of dry gas phase inUpperMiocenewith 358

TR approx. 0.45-1.42 % (3,160-3,602 m) (Figure 11A, 359

Figure 11B and Figure 12A, Figure 12B). 360

Petroleum systemmodeling 361

UpperMiocene and Pliocene formations are predom- 362

inantly with thick shales interbedded with some very 363

thin sands in the Upper Miocene. The generation, 364

migration and accumulation of hydrocarbons began 365

during Upper Miocene and Pliocene about 5.5 Ma 366

and continuing till the present day. Pliocene shales 367

act as self-sources and seal, probably generating some 368

amounts of biogenic gas. Therefore, it is thought that 369

12
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Table 6: Input parameters used for 1D Petroleum systemmodeling

Formation Pliocene Upper Miocene

Age (Ma) 5.6-2.6 11.6-5.6

Depth (m) 50-2,651 2,651-3,603

Thickness of shale (m) 1,210 762

Thickness of erosion (m)
Depth of erosion (m)

12
2,651

Boundary conditions:

PWD (m) 50 20

SWIT (oC) 20.2 20.9

HF (mW/m2) 67 75

HF= thermal conductivity of rock * geothermal gradient
Parameters of McKenzie model: ß mantle=3 and ß crust=1.9; Tswi = 25.52 oC; Tb= 1333oC; hc=30 km; hm=95 km; ts=23 Ma

two types of gas reservoir existing in this well, in-370

cluding gas from self-sourced reservoir (unconven-371

tional) and gas from sand reservoir (conventional).372

Gas has been generated from both Pliocene and Up-373

per Miocene shale reservoirs (2,700-3,345 m) and374

sand reservoirs (3,345-3,602 m) that Pliocene shales375

possibly play roles as a cap rock and shale reservoir376

for shale gas.377

Volumetric calculations378

The results are considered and estimated only for ef-379

fective source rocks. The present-day transformation380

ratios vary between 8-89 % in Pliocene and 0.01-0.75381

% in Upper Miocene (Figure 11A) with generation382

mass approx. 17.88 Mtons, mainly for gas. The ex-383

pulsion of gas mainly occurred in shallow depth of384

Pliocene and a part of Upper Miocene formations385

(2,500-3,000 m) with approx. 4.3 Mtons/km2 (Fig-386

ure 11A, B and Figure 12A, B). The generated hydro-387

carbonswere accumulated in the source rocks that ad-388

sorbed by the organic matters and maybe lost on the389

migration pathways. Themigrationmay occur in ver-390

tical or horizontal direction based on the rock prop-391

erties, i.e., fractures in shales, mineral compositions.392

The remaining of kerogen is estimated approx. 62.81393

Mtons and gas initial in place approx. 1.49 (Tcf) (Ta-394

ble 7).395

CONCLUSIONS396

Based on interpretation of all data of well A-1X, the397

main concluding remarks are drawn as follows:398

Source rock properties399

The Pliocene and Upper Miocene shales are poor to400

fair organic richness, mainly originating from type401

III kerogen, containing poor to fair hydrocarbon gen-402

eration potential. The Pliocene and Upper Miocene403

shales are currently active and probably generating an 404

amount of gas. Deeper shales would be more effective 405

source rocks that can produce a significant amount of 406

gas from sand and shale reservoirs 407

Petroleum system 408

Hydrocarbon generation mainly related to basin 409

burial history rather than basin evolution during the 410

deposition from Upper Miocene to Pliocene. The 411

burial history model shows the oil window starts at 412

2,700 m in the Pliocene and spreading to a part of 413

the Upper Miocene. The organic matters are mostly 414

favorable for gas-prone that have reached gas gener- 415

ation onset in the interval 1,986-3,456 m of the Up- 416

perMiocene. Gases are probably originated from bio- 417

genic gas and thermogenic gas with high CO2 con- 418

tents. The mass is estimated about 17.88 Mtons, hy- 419

drocarbon expulsion starts at the Upper Miocene to 420

Pliocene (~9-5.1 Ma) with approx. 4.3 Mtons/km2. 421

The expulsion recently started in Pleistocene (∼1.8 422

Ma) after both the generation of gas in the Upper 423

Miocene and Pliocene. The remaining of kerogen is 424

estimated approx. 62.81Mtons andGIIP of about 1.49 425

(Tcf). 426

Shale gas properties 427

Shale gas is found in the interval 2700-3290m and the 428

main shale reservoir at 3000-3290 m with the thick- 429

ness of shale about 345 m. The shales contain a mod- 430

erate quantity of Total Organic Carbon contents, de- 431

riving from type III kerogen with a little type II kero- 432

gen. The organic matters are in mature stage and pos- 433

sibly generating a sufficient amount of gas. Brittle 434

minerals are dominant in the shales, indicating a fa- 435

vorable condition for the fracturing. 436

Although the data show favorable conditions for ad- 437

ditional shale reservoirs in this well, however, the un- 438

certainties probably come from the high CO2 content 439
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Table 7: Volumetric estimations

Parameters Calculations Remarks

Pliocene Upper Miocene

A, km2 40 40 Area

hsand, m 10 22 thickness of sand

hshale, m 480 590 thickness of shale

Vsand, km3 400 880 volume of sand

Vshale, km3 19.200 23.600 volume of shale

φ , % 0,05 0,05 porosity

w, % 0,60 0,60 water saturation

g 0,0283 0,0283 B factor of gas

Free GIIP, Tcf 0,58 0,71 free gas initial in place

TOC, wt.% 0,17 0,54 Total organic carbon

Ro, % 0,56 0,66 vitrinite reflectance

Tres, oC 90 168,3 reservoir temperature

res, psi 4.136 6.600 reservoir pressure

VL, km3 2.511 3.732 Langmuir volume

L, psi 734 771 Langmuir pressure

Vads, Tcf 0,08 0,12 volume of adsorbed gas

Total GIIP, Tcf 0,66 0,83 total gas initial in place

Figure 10: Burial history model (A); Thermal history model (B)

in this well and hydraulic fracturing technique need440

to be considered for further studies.441
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Figure 11: Transformation ratio (A); Area-yield gas (B)

Figure 12: Area-yield expulsion (A); Remaining kerogen for generating gas (B)

Figure 13: Calibration between measured and calculated temperature (A) and Ro (B)
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TÓM TẮT
Bể Sông Hồng nhìn chung được xem là có ba phân vùng địa chất khác nhau gồm vùng phía Bắc,
trung tâm và phía Nam, trong đó khu vực trung tâm bể được thăm dò dầu khí ít hơn so với hai khu
vực còn lại. Những phát hiện khí gần đây ở khu vực trung tâm bể Sông Hồng đã thu hút nhiều
sự quan tâm của các nhà thăm dò dầu khí trong và ngoài nước với những nghiên cứu và đánh
giá thêm về tiềm năng sinh hydrocarbon của đá mẹ khu vực này. Trong phạm vi nghiên cứu này,
các mẫu sét kết tuổi Miocene và Pliocene của giếng khoan A-1X ở trung tâm bể Sông Hồng được
phân tích đánh giá các đặc điểm về Địa hóa đá mẹ và tiềm năng sinh hydrocarbon dựa trên các
kết quả phân tích Địa hóa, nhiễu xạ tia X, tài liệu giếng khoan và mô hình hệ thống dầu khí. Kết
quả cho thấy tổng hàm lượng carbon hữu cơ (TOC) trong hầu hết các mẫu sét Pliocene là nghèo
(0,15-0,21%) và trong các mẫu sét Miocene trên là trung bình (0,19-0,79%) cho thấy các đá mẹ này
có tiềm năng sinh hydrocarbon từ nghèo đến trung bình. Vật chất hữu cơ chủ yếu có nguồn gốc từ
thực vật bậc cao của kerogen loại III và có trộn lẫn một ít kerogen loại II từ tảo. Kết quả đo độ phản
xạ vitrinite cho các mẫu sét kết Pliocene (0,45-0,65%) và một phần của Miocene trên (0,72-0,93%)
cho thấy các mẫu sét này có mức độ trưởng thành nhiệt tương đồng với nhiệt độ đo được ở đáy
giếng khoan là 163oC. Kết quả từ các mô hình lịch sử chôn vùi trầm tích và địa nhiệt cho thấy tốc
độ trầm tích hóa nhanh đã ảnh hưởng tới việc gia tăng nhiệt độ trong các mẫu sét kết Pliocene
và Miocene trên nên vật chất hữu cơ của các đá mẹ này đang trong giai đoạn từ trưởng thành
đến cửa sổ tạo dầu. Các mô hình cho thấy hydrocarbon được sinh ra trong giai đoạn trưởng thành
sớm từ đá mẹ Pliocene với độ phản xạ vitrinite là Ro=0,60% và trong pha tạo dầu chính từ đá mẹ
Miocene trên với vitrinite là Ro=0,80%. Các kết quả trong nghiên cứu này cho thấy sét kết Pliocene
và Miocene trên có thể được xem là có tiềm năng sinh khí từ vật chất hữu cơ có nguồn gốc sinh
học và địa nhiệt. Tổng lượng khí sinh ra được ước lượng khoảng 17,88 triệu tấn, lượng khí di thoát
khoảng 4,3 triệu tấn/km2 và lượng kerogen còn lại khoảng 62,81 triệu tấn, khí tại chỗ khoảng 1,49
tỷ khối feet. Bên cạnh đó đá phiến sét ở sâu hơn được xem là những đá mẹ hiệu quả hơn cho
những triển vọng khí mới.
Từ khoá: Khí đá phiến sét, Đámẹ, Phản xạ vitrinite, Nhiễu xạ tia X, Hệ thống dầu khí, Bể Sông Hồng

Trích dẫn bài báo này: Quan V T H, Giao P H, Wysocka A. Các đặc điểm Địa hóa và Thạch học khí đá
phiến sét kỷ Tân sinh của trung tâm bể Sông Hồng, Việt Nam. Sci. Tech. Dev. J. - Eng. Tech. 2024; ():1-1.
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