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Abstract 
 

Frontier basins and other underexplored onshore basins are well suited for hydrocarbon detection surveys using a variety of surface 
geochemical and non-seismic geophysical hydrocarbon detection methods. These methods can reliably detect surface or near-surface 
occurrences of hydrocarbons and their alteration products. The noninvasive, low-impact nature of these techniques makes them ideally 
suited for use in an early-stage evaluation of remote and sometimes environmentally sensitive areas in jungles, deserts, grasslands or 
in the Arctic. Properly designed surveys can document the presence of a petroleum system, and quickly identify those parts of the area 
possessing the highest petroleum potential. Use of such an exploration strategy protects the greater part of the area from more costly 
and more-invasive exploration methods by focusing attention and resources on a relatively small number of high- potential sites. 
 
Geochemical exploration techniques can be direct or indirect, and measurements can be instantaneous or integrative. Direct techniques 
analyze small quantities of hydrocarbons that occur in the pore spaces of soil, are adsorbed onto clay minerals, or are incorporated in 
soil cements. Indirect methods detect seepage-induced changes to soil, sediment, or vegetation. Non-seismic geophysical methods for 
detection of hydrocarbons or their alteration products include satellite image analysis for seep-induced alteration, high-resolution 
aeromagnetic data to identify sedimentary magnetic anomalies that form in the seepage environment, radiometric surveys, radar and 
laser detection of hydrocarbon gases in atmosphere, and passive electromagnetic and telluric measurements. 
 
Onshore hydrocarbon microseepage surveys in frontier basins require careful planning and implementation. Microseepage data are 
inherently noisy data and require adequate sample density to distinguish between anomalous and background areas. Defining 
background values adequately is an essential part of hydrocarbon anomaly recognition and delineation. This presentation will be 
illustrated with examples from North Africa, Asia, South America, USA, and Canada. 
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Why Surface Geochemistry ?
Most productive basins leak
Most accumulations leak
Discriminate between oil versus gas
Leakage is predominantly vertical
Direct indicator of hydrocarbons 
Identify and map hc-induced alteration
Minimal environmental impact
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Exploration Methods for 
Frontier Basins 

• REMOTE SENSING, SATELLITE IMAGERY
- detects hydrocarbon-induced alteration, oil slicks

• AEROMAGNETICS, MICROMAGNETICS
- detects hydrocarbon-induced alteration

• SOIL GAS, FLUORESCENCE
- hydrocarbon concentration and composition

• MICROBIOLOGICAL
- measures HC-oxidizing bacteria

• PASSIVE ELECTROMAGNETICS, TELLURICS
- depth to hydrocarbon-bearing zones



EFFECTIVE IN ALL ENVIRONMENTS



GMT’s Frontier Basin Surveys 

Canada – NWT, Newfoundland
USA- Nevada, Washington, Oregon
South America – Guyana, Colombia, Peru,

Paraguay, Bolivia, Argentina
Africa – Mali, Ethiopia, Sudan, Chad, Congo
Middle East – Yemen, Oman
Asia – Kazakhstan, Pakistan, Indonesia, PNG



Frontier Basin Survey Objectives

Document Presence of Petroleum System(s)

Characteristics of the Petroleum System(s)
Age, Facies, Maturity, Oil vs Gas, etc.

High-Grade Basin on Basis of Hydrocarbons

Guide Location of Future Seismic Surveys



• Target Size, Shape 
• Geologic Setting
• Topography, Vegetation
• Logistical Considerations
• Data Integration

Survey Design Considerations

• Ability to Sample Along & Between 
Seismic Lines

• Geologic Analogs for Calibration
• Permitting 
• Environmental Issues
• Prior Experience 

• Survey Objectives



• Oil and Gas Seeps, if present

• Along & Across Faults and Fracture Zones

• Gravity Lows (Basin Depocenter?)

• Structural Highs

• Possible Seep-Induced Soil/Sediment Alteration

• Regional Seismic Lines, if available

• Geologic Analogs (both productive and dry)

• Regional Survey Lines or Grids, depending on terrain and logistical 
considerations

WHAT AND WHERE TO SAMPLE 



• Pakistan, Pishin Basin
• Congo, Jungle Reconnaissance
• Yemen, Masila Basin
• Oman, South Oman Salt Basin
• Canada, NWT
• USA, Washington, volcanics
• Indonesia, Offshore Deep Water
• Gulf of Mexico, Offshore Deep Water

EXPLORATION EXAMPLES



Pakistan, Pishin Basin
 Document presence of petroleum system.
 High-grade basin and concession on basis of hydrocarbons
 Guide geophysical surveys to minimize seismic costs.
 Determine if area is oil-prone, gas-prone, or both.



Jungle Reconnaissance Survey, Congo

E718,000 m E722,000 m E726,000 m E730,000 m E734,000 m E738,000 m E742,000 m E746,000 m E750,000 m E754,000 m E758,000 m E762,000 m E766,000 m E770,000 m E774,000 m E778,000 m E782,000 m E786,000 m E790,000 m E794,000 m E798,000 m E802,000 m E806,000 m E810,000 m E814,000 m

SCALE: 1:100,000

ZAR-1

ZAR-2

ZAR-3

ZAR-4

ZAR-5

ZAR-6 ZAR-7
ZAR-8 ZAR-9

ZAR-10

ZAR-12

ZAR-13
ZAR-14

ZAR-15

ZAR-16

ZAR-17

ZAR-18

ZAR-19
ZAR-20

ZAR-21

ZAR-22ZAR-23
ZAR-24

ZAR-25

ZAR-26

ZAR-27

ZAR-28

ZAR-29

ZAR-30

ZAR-31

ZAR-32

ZAR-33

ZAR-34

ZAR-35

ZAR-36

ZAR-37
ZAR-38

ZAR-39

ZAR-40

ZAR-41
ZAR-42

ZAR-43
ZAR-44ZAR-45

ZAR-46ZAR-47

ZAR-48

ZAR-49

ZAR-50
ZAR-51

ZAR-52
ZAR-53 ZAR-54

ZAR-55

ZAR-56

ZAR-57
ZAR-58
ZAR-59

ZAR-60

ZAR-61

ZAR-62

ZAR-63

ZAR-64

ZAR-65

ZAR-66

ZAR-67

ZAR-68

ZAR-69

ZAR-70

ZAR-71

ZAR-72
ZAR-73

LKH-1

LKH-2

LKH-3LKH-4

LKH-5
LKH-6

LKH-15

LKH-16

LKH-17

LKH-18

LKH-19
LKH-20

LKH-21
LKH-22

LKH-23

LKH-24

LKH-25

LKH-26

LKH-27

LKH-28

LKH-29

LKH-30
LKH-31LKH-32

LKH-33
LKH-34

LKH-35

LKH-36LKH-37
LKH-38

LKH-39
LKH-40LKH-41

LKH-42

LKH-43

LKH-44

LKH-45

LKH-46

LKH-47 LKH-48 LKH-49
LKH-50

LKH-51
LKH-52

LKH-53LKH-54

LKH-55LKH-56
LKH-57

LKH-58
LKH-59LKH-60

LKH-61

LKH-62

LKH-63
LKH-64

LKH-65

LKH-66

LKH-67LKH-68LKH-69LKH-70LKH-71

LKH-72

LKH-73

LKH-74

LKH-75 LKH-76

LKH-77
LKH-78

LKH-79

LKH-80
LKH-81

LKH-82

LKH-83
LKH-84

LKH-85

LKH-86

LKH-87
LKH-88

LKH-89
LKH-90

LKH-91LKH-92
LKH-93

LKH-94

LKH-95
LKH-96

LKH-97
LKH-98

LKH-99

LKH-100

LKH-101
LKH-102

LKH-103
LKH-104

LKH-105

LKH-106

LKH-107LKH-108
LKH-109

LKH-110

LKH-111

LKH-112

LKH-113

LKH-114

LKH-115

LKH-116

LKH-117

LKH-118

LKH-119

LKH-120

LKH-121
LKH-122

LKH-123

LKH-124LKH-125

LKH-126

LKH-127
LKH-128

LKH-129LKH-130

LKH-131
LKH-132

LKH-133

LKH-134
LKH-135LKH-136

LKH-137
LKH-138

LKH-139
LKH-140

LKH-141LKH-142

LKH-143

LKH-144LKH-145LKH-146

LKH-147
LKH-148

LKH-149

LKH-150LKH-151

LKH-152

LKH-153

LKH-154

LKH-155LKH-156

LKH-157

LKH-158
LKH-159

LKH-160LKH-161

LKH-162

LKH-163

LKH-164

LKH-165
LKH-166

LKH-167

LKH-168
LKH-169LKH-170

LKH-171

LKH-172
LKH-173

LKH-174
LKH-175

LKH-176LKH-177
LKH-178

LKH-179LKH-180

LKH-181

LKH-182

LKH-183

LKH-184
LKH-185

LKH-186

LKH-187

LKH-188

LKH-189LKH-193
LKH-194

LKH-195LKH-196

LKH-197

LKH-198

LKH-199
LKH-200

LKH-201

LKH-202
LKH-203

LKH-204LKH-205
LKH-206

LKH-207

LKH-208

LKH-209
LKH-210

LKH-211LKH-212

LKH-213

LKH-214

LKH-215
LKH-216

LKH-217LKH-218

LKH-219

LKH-220
LKH-223

LKH-224

LKH-225

LKH-226
LKH-227

LKH-228
LKH-229

LKH-230

LKH-231

LKH-232
LKH-233LKH-234

LKH-235

LKH-236

LKH-237

LKH-238

LKH-239
LKH-240

LKH-241

LKH-242LKH-243LKH-244
LKH-245

LKH-246LKH-247LKH-248
LKH-249

LKH-250 LKH-251

LKH-252

LKH-253

LKH-254

LKH-255LKH-256
LKH-257

LKH-258LKH-259

LKH-260

LKH-261

LKH-262

LKH-263

LKH-264LKH-265

LKH-266LKH-267

LKH-268

LKH-269
LKH-270

LKH-271
LKH-272

LKH-273

LKH-274
LKH-275

LKH-277LKH-278
LKH-279

LKH-280

LKH-281
LKH-282LKH-283

LKH-284

LKH-285
LKH-286

LKH-287
LKH-288

LKH-289

LKH-290

LKH-291

LKH-293
LKH-294

LKH-295LKH-296
LKH-297

LKH-298LKH-299

LKH-300
LKH-301LKH-302

LKH-303
LKH-304

LKH-305 LKH-306
LKH-307

LKH-311
LKH-312

LKH-313
LKH-314

LKH-315

LKH-316
LKH-317LKH-318

LKH-319
LKH-320

LKH-321

LKH-322
LKH-323

LKH-324
LKH-325

LKH-328LKH-329

LKH-330
LKH-331

LKH-332
LKH-333

LKH-334

LKH-335LKH-336LKH-337
LKH-338
LKH-339

LKH-341

LKH-342

LKH-343
LKH-344

LKH-345

LKH-346

LKH-347

LKH-348

LKH-349

LKH-350

LKH-101B

LKH-133B

LKH-138B

LKH-148B

LKH-175B

LKH-198B

LKH-236B

OUB-1

OUB-2

OUB-3

OUB-4

OUB-5
OUB-6

OUB-7

OUB-8

OUB-9

OUB-10

OUB-11

OUB-12

OUB-13

OUB-14
OUB-15

OUB-16

OUB-17

OUB-18

OUB-19

OUB-20

OUB-21

OUB-22

OUB-23

OUB-24

OUB-25

OUB-26

OUB-27

OUB-28

OUB-29

OUB-30

OUB-31

OUB-32

OUB-33
OUB-34
OUB-35

OUB-36

OUB-37

OUB-41

OUB-42

OUB-43

OUB-44

OUB-45

OUB-47

OUB-48

OUB-49

OUB-50

OUB-51

OUB-52

OUB-53

OUB-54

OUB-55

OUB-56

OUB-57

OUB-58

OUB-59

27E-1

27N-1
27N-2

27S-1

27S-2

27W-1

BOMA-1

BOMA-2

BOMA-3

OSEEP-1

SNG-1
SNG-2SNG-3

SNG-4
SNG-5

SNG-6
SNG-7

SNG-8
SNG-9

SNG-10

SNG-11SNG-12
SNG-13

SNG-14
SNG-15SNG-16

SNG-17
SNG-18

SNG-19

SNG-20

SNG-21

SNG-22

SNG-23

SNG-25

SNG-26

SNG-27

SNG-28

SNG-29
SNG-30 SNG-31

SNG-32

SNG-33

SNG-35

SNG-36SNG-37SNG-38

SNG-39

SNG-40

SNG-41

SNG-42

SNG-43

SNG-44

SNG-46

SNG-47SNG-48
SNG-49

SNG-50

SNG-51

SNG-52

SNG-53

SNG-54

SNG-55

SNG-56

SNG-57
SNG-58

SNG-59

SNG-61

SNG-63SNG-64

SNG-65

SNG-66

SNG-68

SNG-71
SNG-74

SNG-75SNG-78

SNG-79

SNG-80SNG-81

SNG-83

SNG-84

SNG-85

SNG-87SNG-91

SNG-92SNG-93

SNG-94

SNG-95SNG-97

SNG-98

SNG-99

SNG-100
SNG-101

SNG-104SNG-105

SNG-106

SNG-107

SNG-108

SNG-109

SNG-110

SNG-111

SNG-112

SNG-113

SNG-115

SNG-116

SNG-117

SNG-118

SNG-119

SNG-120

SNG-121

SNG-122

SNG-123

SNG-124

SNG-125

SNG-126

SNG-127

SNG-128

SNG-129

SNG-130SNG-131
SNG-132

SNG-133

SNG-134SNG-135

SNG-137

SNG-138

SNG-139

SNG-140

SNG-141
SNG-142

SNG-144

SNG-145

SNG-146

SNG-147

SNG-149

SNG-150

SNG-151

SNG-152

SNG-153

SNG-154 SNG-155
SNG-156

SNG-157

SNG-158

SNG-159

SNG-160

SNG-161

SNG-162

SNG-163

SNG-165

SNG-166

SNG-167

SNG-168

SNG-169
SNG-170

SNG-171

SNG-172

SNG-173

SNG-175

SNG-176

SNG-177

SNG-178

SNG-179

SNG-180

SNG-181

SNG-182

SNG-183
SNG-184

SNG-187

SNG-188

SNG-189

SNG-190

SNG-191

SNG-192

SNG-193SNG-194

SNG-195

SNG-196
SNG-197

SNG-198

SNG-199

SNG-200

SNG-201

SNG-202

SNG-203

SNG-204

SNG-205SNG-206

SNG-207

SNG-208SNG-209

SNG-210
SNG-211

SNG-212SNG-213

SNG-214

SNG-215
SNG-216

SNG-217

SNG-218

SNG-219

SNG-220

SNG-221

SNG-222

SNG-223

SNG-224

SNG-225

SNG-226

SNG-227

SNG-228
SNG-229SNG-230

SNG-231

SNG-232

SNG-233SNG-234
SNG-235

SNG-236

SNG-237

SNG-238

SNG-239

SNG-240

SNG-241

SNG-242

SNG-243

SNG-244

SNG-245

SNG-246

SNG-247

SNG-249

SNG-251

SNG-253 SNG-254SNG-255SNG-256

SNG-257

SNG-258

SNG-259SNG-260SNG-261

SNG-262

SNG-263

SNG-264

SNG-265

SNG-266
SNG-267SNG-268

SNG-269

SNG-270

SNG-271

SNG-272

SNG-273

SNG-274

SNG-275

SNG-276

SNG-277

SNG-278
SNG-279

SNG-280

SNG-281

SNG-282

SNG-283

SNG-284
SNG-285

SNG-286

SNG-287

SNG-288
SNG-289

SNG-290SNG-291
SNG-292

SNG-294

SNG-295

SNG-296
SNG-297

SNG-298
SNG-299

SNG-300

SNG-37A

SNG-45A

L10-1
L10-2

L10-3
L10-4L10-5

L11-1L11-2L11-3L11-4
L11-5

L12Z-1
L12Z-2L12Z-3

L12Z-4L12Z-5
L12Z-6

L12Z-7

L1N-1
L1N-2
L1N-3

L1S-1
L1S-2L1S-3

L1S-4
L1S-5
L1S-6
L1S-7

L1Z-1
L1Z-2

L1Z-3
L1Z-4

L1Z-5L1Z-6L1Z-7L1Z-8
L1Z-9

L1Z-10
L1Z-11

L23Z-1
L23Z-2

L23Z-3
L23Z-4

L23Z-5
L23Z-6

L23Z-7
L23Z-8

L23Z-9

L23Z-10L23Z-11
L23Z-12

L2N-1
L2N-2

L2N-3
L2N-4

L2N-5
L2N-6

L2S-1
L2S-2

L2S-3
L2S-4

L2S-5
L2S-6

L2S-7

L2SA-1
L2SA-2L2SA-3

L2SA-4
L2SA-5

L2SA-6
L2SA-7L2SA-8

L2SA-9

L2SB-1
L2SB-2
L2SB-3
L2SB-4

L2SB-5
L2SB-6

L2Z-1L2Z-2L2Z-3
L2Z-4L2Z-5

L2Z-6

L3N-1L3N-2
L3N-3

L3N-4
L3N-5

L3N-6
L3N-7

L3N-8L3N-9L3N-10

L3S-1
L3S-2
L3S-3L3S-4L3S-5

L3S-6L3S-7
L3S-8L3S-9L3S-10L3S-11

L3S-12
L3S-13L3S-14

L3S-15
L3S-16
L3S-17

L3SA-1
L3SA-2

L3SA-3
L3SA-4

L3SA-5

L3Z-1
L3Z-2

L3Z-3

L3Z-5
L3Z-6

L4N-1
L4N-2

L4N-3L4N-4
L4N-5

L4N-6
L4N-7

L4N-8

L4S-1L4S-2L4S-3L4S-4L4S-5L4S-6L4S-7L4S-8

L4Z-1
L4Z-2

L4Z-3L4Z-4L4Z-5L4Z-6L4Z-7
L4Z-8

L4Z-9
L4Z-10 L4ZA-1L4ZA-2L4ZA-3L4ZA-4L4ZA-5L4ZA-6

L4ZA-7
L4ZA-8L4ZA-9

L4ZA-10

L4ZA-11

L4ZA-7A

L5C-1L5C-2
L5C-3L5C-4

L5C-5
L5C-6

L5C-7
L5C-8

L5C-9L5C-10

L5C-11L5C-12
L5C-13

L5C-14

L5N-1
L5N-2L5N-3L5N-4

L5N-5
L5N-6

L5S-1
L5S-2

L5S-3
L5S-4

L5S-5

L5Z-1
L5Z-2
L5Z-3
L5Z-4

L5Z-5
L5Z-6L5Z-7L5Z-8

L5Z-9
L5Z-10

L5Z-11
L5Z-12L5Z-14L5Z-15L5Z-16

L5Z-17
L5Z-18

L5Z-19L5Z-20

L6C-1
L6C-2
L6C-3

L6C-4
L6C-5
L6C-6

L6C-7

L6N-1
L6N-2

L6N-3
L6N-4
L6N-5

L6N-6
L6N-7

L6N-8
L6N-9

L6N-10
L6N-11
L6N-12

L6N-13
L6N-14

L6N-15
L6N-17

L6N-18
L6N-19

L6N-20L6N-21
L6N-22

L6N-23

L6S-1L6S-2
L6S-3

L6S-4

L6S-5
L6S-6
L6S-7

L6S-8
L6S-9

L6S-10

L6S-11
L6S-12

L6Z-1
L6Z-2

L6Z-3
L6Z-4L6Z-5L6Z-6L6Z-7L6Z-8L6Z-9L6Z-10L6Z-12L6Z-13L6Z-14

L6Z-15
L6Z-16

L6Z-18L6Z-19

L7C-1
L7C-2

L7C-3L7C-4
L7C-5

L7C-6L7C-7
L7C-8

L7C-9L7C-10L7C-11L7C-12
L7C-13L7C-14L7C-15

L7N-1
L7N-2
L7N-3

L7N-4
L7N-5

L7N-6

L7N-7

L7S-3
L7S-4L7S-5L7S-6

L7S-7
L7S-8L7S-9L7S-10L7S-11L7S-12L7S-13L7S-14

L7SA-1
L7SA-2
L7SA-3

L7SA-4
L7SA-5

L7SA-6L7SA-7L7SA-8

L7SA-9

L7SB-1
L7SB-2L7SB-3

L7SB-4
L7SB-5

L7SB-6
L7SB-7

L7SB-8
L7SB-9

L7SB-10
L7SB-11

L7ZA-1L7ZA-2L7ZA-3
L7ZA-4

L7ZA-5
L7ZA-6

L7ZA-7
L7ZA-8

L7ZA-9
L7ZA-10

L7ZA-11
L7ZA-12L7ZA-13

L7ZA-14L7ZA-15

L7ZB-1L7ZB-2
L7ZB-3

L7ZB-4
L7ZB-5

L7ZB-6
L7ZB-7

L7ZB-8L7ZB-9

L8S-10L8S-11

L8C-1
L8C-2

L8C-3L8C-4
L8C-5L8C-6L8C-7

L8C-8
L8C-9
L8C-10
L8C-11

L8C-12
L8C-13

L8C-14
L8C-15

L8S-3L8S-4L8S-5L8S-6L8S-7
L8S-8

L8S-9
L8S-10L8S-11

L8Z-1L8Z-2L8Z-3L8Z-4
L8Z-5L8Z-6L8Z-7L8Z-8L8Z-9

L8ZA-1
L8ZA-2

L8ZA-3
L8ZA-4

L8ZA-5
L8ZA-6
L8ZA-7L8ZA-8

L8ZB-1
L8ZB-2L8ZB-3L8ZB-4

L8ZB-5L8ZB-6
L8ZB-7

L8ZB-8
L8ZB-9

L9-1L9-2L9-3
L9-4L9-5L9-6L9-7

LLK-1
LLK-2

LLK-3LLK-4
LLK-5

LLK-6

LLK-7
LLK-8LLK-9

LLK-10
LLK-11

LLK-12

LLK-13
LLK-14

LLK-15
LLK-16
LLK-17

LLK-18

E718,000 m E722,000 m E726,000 m E730,000 m E734,000 m E738,000 m E742,000 m E746,000 m E750,000 m E754,000 m E758,000 m E762,000 m E766,000 m E770,000 m E774,000 m E778,000 m E782,000 m E786,000 m E790,000 m

SCALE: 1:100,000

4

5

6

7

9

6
4

2
2

2

2

1

1

1

1

1

1

2
2

2

1 1

1

1

2

2

3

2

1

0

1

1

1

1

1

1

1

1

1

1

1
1

1 1
1

1

1

2

1

1
1

2
2

2

3

3

4

3

2

1

4

5

68

5

4

5

4

3

3

3
3

3

2

2

2

2

2

5

8

12

11

11 10

10

10

8

6
5

7

9

12
15

15

12

9

6

5

6
7

7

8
13

20
26

25

22
17

14

9

6
4

3

3

2

2

2

2

2 2 3 3 4

4

5

5

6
5

7
10

13

10
9

7

10

8

7

5

5

5

5

5

6
5

6

9

11

12
9

7

4

3

4

7

8
9

8

5

4 5

7

6

5

4

7

3

3

2
2

2

2

2

2

15
11 11

13

19

18

16

12

11

10

7 4
2

3
5 5

6

6

8

6

6

7

11

12

11

7

6

4

4 4

6

7

6

5
6

9

8

3

3

3

3

2 2 3 4

6

4

3 2 1

1

1

1

2

2

22
2

1

1

2

3

3

2

2

2

2

3

2

2

1

1

1

1

2

3

3

4

4
3

2

4

5

8

8

9

9
8

9

6

10

11

8
4

111
1

2

4

4
3

2 0

0

0

1

1

1

6
3

2

0

1

1

1

2

2

2

2

579
6

4
1

1

6

5

5

4

5

3

2
1

2

1 1

1

2

2
1

1
1

1

2

4

8

13

13

9

4

2
2

2

2

2
2

1
1

1

2

2

2

2

2

3

23
3

2
2

1

3
2

1
1

1
1

1
1 1 1

1
1

0 1 1

2
2

3
3 3

3
3

3 3

3

3

2

3
5

6

7

7

4

5
5

5
5

1

1
11

0
0

0

1

3 3 3 2 1 1 0 1

1

1
1

111
1

1
2

3 22
2111

2

4
3

3

2

2

1
1

1
0

0

1
1

1
1 1

11

1

1

3
22

1

0

0

1

1

1
4

8

10

7

5

4

4

310
1

1

2

22
22

2
2

2
2

1

2

3

5

4

3

3

1

1

1

1

2

2

2

1

0

0

1

1

1

2

2
2

1
1

1 1

2

3

10
8

5
4

4

3

2

2
2

2

2

2

20
17

13
107423

5
5

4
2

1
1

1

1
1

1
1

1
1

1
2 2

2

1 1
1 1

1 1 1

4

3

1

1

1

1

1

2

2 2
2

2
2

3
4 5

3 2 2
7

6

3

1

1

234

4

5
6

4
3

1

1

1

1

1

1

2

111

2

2

2

2

2
3

3
2

11
11

2
3

2
3

3
4

3

2
1

1 1

2

1
11

112
2

2

3

3

2

1

1
1

1
1 1

1
2

3
3

2 1

1 1 1
1

1 1
1

1 1

1

1

1
3

4

3
10

1
1

2
2

1
1

0

0
1

9 5
3

1 1 1
1

16

11
5 1

0

0

1

1
1

1
1

1

2

2

2

2

2

2

ZAR-1

ZAR-2

ZAR-3

ZAR-4

ZAR-5

ZAR-6
ZAR-7

ZAR-8 ZAR-9
ZAR-10

ZAR-12

ZAR-13
ZAR-14

ZAR-15

ZAR-16

ZAR-17

ZAR-18

ZAR-19
ZAR-20

ZAR-21

ZAR-22ZAR-23
ZAR-24

ZAR-25

ZAR-26

ZAR-27

ZAR-28

ZAR-29

ZAR-30

ZAR-31

ZAR-32

ZAR-33

ZAR-34

ZAR-35

ZAR-36

ZAR-37
ZAR-38

ZAR-39

ZAR-40

ZAR-41
ZAR-42

ZAR-43
ZAR-44ZAR-45

ZAR-46ZAR-47

ZAR-48

ZAR-49

ZAR-50
ZAR-51

ZAR-52
ZAR-53 ZAR-54

ZAR-55

ZAR-56

ZAR-57
ZAR-58
ZAR-59

ZAR-60

ZAR-61

LKH-1

LKH-2

LKH-3LKH-4

LKH-5
LKH-6

LKH-15

LKH-16

LKH-17

LKH-18

LKH-19LKH-20
LKH-21

LKH-22
LKH-23

LKH-24

LKH-25

LKH-26

LKH-27

LKH-28

LKH-29

LKH-30
LKH-31LKH-32

LKH-33
LKH-34

LKH-35

LKH-36LKH-37
LKH-38

LKH-39
LKH-40LKH-41

LKH-42

LKH-43

LKH-44

LKH-45

LKH-46

LKH-47 LKH-48 LKH-49
LKH-50

LKH-51
LKH-52

LKH-53LKH-54

LKH-55LKH-56
LKH-57

LKH-58
LKH-59LKH-60

LKH-61

LKH-62

LKH-63
LKH-64

LKH-65

LKH-66

LKH-67LKH-68LKH-69LKH-70LKH-71

LKH-72

LKH-73

LKH-74

LKH-75 LKH-76

LKH-77
LKH-78

LKH-79

LKH-80
LKH-81

LKH-82

LKH-83
LKH-84

LKH-85

LKH-86

LKH-87
LKH-88

LKH-89
LKH-90

LKH-91LKH-92
LKH-93

LKH-94

LKH-95
LKH-96

LKH-97
LKH-98

LKH-99

LKH-100

LKH-101
LKH-102

LKH-103
LKH-104

LKH-105

LKH-106

LKH-107LKH-108
LKH-109

LKH-110

LKH-111

LKH-112

LKH-101B

27E-1

27N-1
27N-2

27S-1

27S-2

27W-1

OSEEP-1

SNG-1
SNG-2SNG-3

SNG-4
SNG-5

SNG-6
SNG-7

SNG-8
SNG-9

SNG-10

SNG-11SNG-12
SNG-13

SNG-14
SNG-15SNG-16

SNG-17
SNG-18

SNG-19

SNG-20

SNG-21

SNG-22

SNG-23

SNG-25

SNG-26

SNG-27

SNG-28

SNG-29
SNG-30 SNG-31

SNG-32

SNG-33

SNG-35

SNG-36SNG-37SNG-38

SNG-39

SNG-246

SNG-247

SNG-249

SNG-251

SNG-253 SNG-254SNG-255SNG-256

SNG-257

SNG-258

SNG-259SNG-260SNG-261

SNG-262

SNG-263

SNG-264

SNG-265

SNG-266
SNG-267SNG-268

SNG-269

SNG-270

SNG-271

SNG-272

SNG-273

SNG-274

SNG-275

SNG-276

SNG-277

SNG-278
SNG-279

SNG-280

SNG-281

SNG-282

SNG-283

SNG-284
SNG-285

SNG-286

SNG-287

SNG-288
SNG-289

SNG-290SNG-291
SNG-292

SNG-294

SNG-295

SNG-296
SNG-297

SNG-298
SNG-299

SNG-300

SNG-37A

L10-1
L10-2

L10-3
L10-4L10-5

L11-1L11-2L11-3L11-4
L11-5

L12Z-1
L12Z-2L12Z-3

L12Z-4L12Z-5
L12Z-6

L12Z-7

L1N-1
L1N-2
L1N-3

L1S-1
L1S-2L1S-3

L1S-4
L1S-5
L1S-6
L1S-7

L1Z-1
L1Z-2

L1Z-3
L1Z-4

L1Z-5L1Z-6L1Z-7L1Z-8
L1Z-9

L1Z-10
L1Z-11

L23Z-1
L23Z-2

L23Z-3
L23Z-4

L23Z-5
L23Z-6

L23Z-7
L23Z-8

L23Z-9

L23Z-10L23Z-11
L23Z-12

L2N-1
L2N-2

L2N-3
L2N-4

L2N-5
L2N-6

L2S-1
L2S-2

L2S-3
L2S-4

L2S-5
L2S-6

L2S-7

L2SA-1
L2SA-2L2SA-3

L2SA-4
L2SA-5

L2SA-6
L2SA-7L2SA-8

L2SA-9

L2SB-1
L2SB-2
L2SB-3
L2SB-4

L2SB-5
L2SB-6

L2Z-1L2Z-2L2Z-3
L2Z-4L2Z-5

L2Z-6

L3N-1L3N-2
L3N-3

L3N-4
L3N-5

L3N-6
L3N-7

L3N-8L3N-9L3N-10

L3S-1
L3S-2
L3S-3L3S-4L3S-5

L3S-6L3S-7
L3S-8L3S-9L3S-10L3S-11

L3S-12
L3S-13L3S-14

L3S-15
L3S-16
L3S-17

L3SA-1
L3SA-2

L3SA-3
L3SA-4

L3SA-5

L3Z-1
L3Z-2

L3Z-3

L3Z-5
L3Z-6

L4N-1
L4N-2

L4N-3L4N-4
L4N-5

L4N-6
L4N-7

L4N-8

L4S-1L4S-2L4S-3L4S-4L4S-5L4S-6L4S-7L4S-8

L4Z-1
L4Z-2

L4Z-3L4Z-4L4Z-5L4Z-6L4Z-7
L4Z-8

L4Z-9
L4Z-10 L4ZA-1L4ZA-2L4ZA-3L4ZA-4L4ZA-5L4ZA-6

L4ZA-7
L4ZA-8L4ZA-9

L4ZA-10

L4ZA-11

L4ZA-7A

L5C-1L5C-2
L5C-3L5C-4

L5C-5
L5C-6

L5C-7
L5C-8

L5C-9L5C-10

L5C-11L5C-12
L5C-13

L5C-14

L5N-1
L5N-2L5N-3L5N-4

L5N-5
L5N-6

L5S-1
L5S-2

L5S-3
L5S-4

L5S-5

L5Z-1
L5Z-2
L5Z-3
L5Z-4

L5Z-5
L5Z-6L5Z-7L5Z-8

L5Z-9
L5Z-10

L5Z-11
L5Z-12L5Z-14L5Z-15L5Z-16

L5Z-17
L5Z-18

L5Z-19L5Z-20

L6C-1
L6C-2
L6C-3

L6C-4
L6C-5
L6C-6

L6C-7

L6N-1
L6N-2

L6N-3
L6N-4
L6N-5

L6N-6
L6N-7

L6N-8
L6N-9

L6N-10
L6N-11
L6N-12

L6N-13
L6N-14

L6N-15
L6N-17

L6N-18
L6N-19

L6N-20L6N-21
L6N-22

L6N-23

L6S-1L6S-2
L6S-3

L6S-4

L6S-5
L6S-6
L6S-7

L6S-8
L6S-9

L6S-10

L6S-11
L6S-12

L6Z-1
L6Z-2

L6Z-3
L6Z-4L6Z-5L6Z-6L6Z-7L6Z-8L6Z-9L6Z-10L6Z-12L6Z-13L6Z-14

L6Z-15
L6Z-16

L6Z-18L6Z-19

L7C-1
L7C-2

L7C-3L7C-4
L7C-5

L7C-6L7C-7
L7C-8

L7C-9L7C-10L7C-11L7C-12
L7C-13L7C-14L7C-15

L7N-1
L7N-2
L7N-3

L7N-4
L7N-5

L7N-6

L7N-7

L7S-3
L7S-4L7S-5L7S-6

L7S-7
L7S-8L7S-9L7S-10L7S-11L7S-12L7S-13L7S-14

L7SA-1
L7SA-2
L7SA-3

L7SA-4
L7SA-5

L7SA-6L7SA-7L7SA-8

L7SA-9

L7SB-1
L7SB-2L7SB-3

L7SB-4
L7SB-5

L7SB-6
L7SB-7

L7SB-8
L7SB-9

L7SB-10
L7SB-11

L7ZA-1L7ZA-2L7ZA-3
L7ZA-4

L7ZA-5
L7ZA-6

L7ZA-7
L7ZA-8

L7ZA-9
L7ZA-10

L7ZA-11
L7ZA-12L7ZA-13

L7ZA-14L7ZA-15

L7ZB-1L7ZB-2
L7ZB-3

L7ZB-4
L7ZB-5

L7ZB-6
L7ZB-7

L7ZB-8L7ZB-9

L8S-10L8S-11

L8C-1
L8C-2

L8C-3L8C-4
L8C-5L8C-6L8C-7

L8C-8
L8C-9
L8C-10
L8C-11

L8C-12
L8C-13

L8C-14
L8C-15

L8S-3L8S-4L8S-5L8S-6L8S-7
L8S-8

L8S-9
L8S-10L8S-11

L8Z-1L8Z-2L8Z-3L8Z-4
L8Z-5L8Z-6L8Z-7L8Z-8L8Z-9

L8ZA-1
L8ZA-2

L8ZA-3
L8ZA-4

L8ZA-5
L8ZA-6
L8ZA-7L8ZA-8

L8ZB-1
L8ZB-2L8ZB-3L8ZB-4

L8ZB-5L8ZB-6
L8ZB-7

L8ZB-8
L8ZB-9

L9-1L9-2L9-3
L9-4L9-5L9-6L9-7

LLK-1
LLK-2

LLK-3LLK-4
LLK-5

LLK-6

LLK-7
LLK-8LLK-9

LLK-10
LLK-11

LLK-12

LLK-13
LLK-14

LLK-15
LLK-16
LLK-17

LLK-18



Yemen, Masila Basin
Remote Sensing and Surface Geochemistry



OMAN  South Oman Salt Basin
Survey Objective
Reconnaissance geochemical survey of 70,000 km2 in 
Blocks 6, 36, 37, and 38. Samples collected at 250m 
intervals along 2900 line km of pre-existing seismic lines. 
Results documented the presence of 2 distinct petroleum 
systems.



CANADIAN ARCTIC SURVEY
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HYDROCARBON MICROSEEPAGE SURVEY

Microbial Oil Survey Technique "MOST"  

Map 2a: Microbial Values Image

UTM Zone 11T / East
Geo-Microbial Technologies, Inc
East Main St., P.O. Box 132
Ochelata, OK 74051 USA
918.535.2281 Fax: 918.535.2564
Web: http://www.gmtgeochem.com

USA, Washington, Columbia Basin, Volcanics



• Survey large area to document presence of petroleum 
system  and characterize it geochemically

• High-grade basin, play, concession on basis of 
hydrocarbons The IndoDeep project sample locations and data are shown with permission

                                   of TGS-NOPEC Geophysical Company

0 km 50 km 100 km 150 km 200 km

Papua

Irian Jaya Barat

RECONAISSANCE SURVEY OF DEEP WATER 
FRONTIER BASINS, INDONESIA

• Guide geophysical surveys 
to minimize seismic costs

• Determine if area is oil-
prone, gas-prone, or both



Offshore Sampling, Analysis



From Noble et al., 2009, IPA Proceedings

Deep-Water Petroleum Systems of Indonesia



Mensa and Thunder Horse Fields
Mississippi Canyon Area, Gulf of Mexico

Water Depth: 1675 – 1980 m (5500 – 6500 ft)

Seep-Induced Magnetic Anomalies

1990 2003



Conclusions
Variety of remote sensing and surface methods

Document presence of petroleum system(s)

High-grade basin or concession based on its 
hydrocarbon potential

Identify priority targets or areas for future seismic 
surveys

Focus exploration resources on areas with greatest 
petroleum potential






