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Abstract:

Basin analysis (geohistory) is carried out on the Cretaceous to Tertiary succession in
five wells at Kirkuk and Bai Hassan Oil Fields during the Aptian to the Recent. The
Foothill Zone exhibited a complex subsidence and uplift history over a period of about
132 Ma. The results from studied wells backstripping provide a record of the subsidence
and uplift history in a number of important Meso-Cenozoic depositional successions.
They show that there are three distinct episodes separated by unconformity surfaces. The
value of compaction varies from large during the Cretaceous period to less clearly
during the Paleogene and then almost non-existent during the Neogene. Generally, the
subsidence is continuous and gradual during Mesozoic and suddenly increases in
Cenozoic with obvious effect to the tectonic movements.
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Introduction

This article summarizes the geohistory of Bai Hassan and Kirkuk OQil Fields at five oil wells (figure -1)
located within the Kirkuk Embayment , Periods of changes in the plate tectonic set up in Iraq lead to
changes in the tectonic framework of sedimentation in the Foreland Basin [1]. Therefore, the
backstripping method is very important in estimating tectonic subsidence and relationship with
sedimentation rate. Therefore, the stratigraphic architecture is dependent on rate of change in
accommodation and sedimentary supply.
The basin analysis studies for Kirkuk embayment are rare, just [2] study, he analysis the Qamchuga basin
in 13 Oil Fields and reveal six stages of developing in the paleogeography and tectonism.
The aim of this work is to determine the thickness of every stratigraphic formation in Kirkuk and Bai
Hassan Oil Field, as an indicator of subsidence and uplift history of the Foreland Basin through the
Cretaceous and Tertiary. In addition, to determine the true thicknesses of each Formation at the time of it
is deposited.

Geologic setting

Thickness of the sedimentary succession in studied part of Kirkuk embayment ranges between 2119 and
1600 m to the surface. It comprises the succession from the Aptian on ward (tables-1 and 2) within
Foreland Basin. This embayment is a portion of the subzone contains the long anticlines of Hemrin, that
form the SW border of the subzone, and the Bai Hassan anticline that form the NE border. These
anticlines are 130-200 km long, with several doubly-plunging domes [3].The Kirkuk Oil Field is a sinuous
anticline, some 100 Km long and 4-5 Km width towards SE-NW, divided by two prominent saddles
(Amsha and debaka) forming three major structural culminations (Baba, Avanh and Khormala). The Bai
Hassan Oil Field lies parallel to the Kirkuk structure, it is far 35 Km to the Kirkuk city [4]. The long axis
is 32Km and width axis is 4Km, it consists of two domes: S- E called Kithka dome and N-W called
Dawood dome, which separate between domes by Shahel saddle [5]. These structures lie in the Foothill
Zone within the Unstable Shelf [6], or suspended basin, Foothill Zone of the quasiplatform foreland [7].
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Figure 1- Locations of the studied wells in Kirkuk area (Google Earth with GIS processing)

Subduction of the Neo-Tethys oceanic crust beneath the Iranian continental margin started in the Late
Jurassic. This subduction of the Neo-Tethys marks the Suture Zone between the Arabia and Iranian plates
then in Late Cretaceous, the obduction of oceanic crust started which is accompanied by the emplacement
of ophiolites on to the southern Tethyan passive margin [8].

[3] believe that the Late Toarcian-Early Tithonian is differential subsidence and rifting period, while is
followed by opening stage of the Southern Neo-Tethys during late Tithonian-Cenomanian. However, this
period remains the longest stage (Turonian-Eocene Foreland basin formation). It represents closure of the
Neo-Tethys. [1,7] emphasizes that a major geodynamic inversion took place in the Cretaceous in Iraq and
changed from extensional tectonism of the Triassic to compressional tectonism throughout the Cretaceous
and Tertiary.

Material and methods

In our analysis, we employed the computer Excel sheet having all principal equations to build a model
for process all the operation and correction. Five oil wells are selected from the Kirkuk embayment
namely
K-260, K-246, BH-90, BH-134 and BH-138. (figure -1)The final well reports, sonic logs are used during
this study in order to extract porosity, present thickness and sedimentary environment for each formation
(Tables-1 and 2). The ages with corrections for changes in paleowater depth and sea level changes
presented by [9-12].
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Table 1- Input data for all formations
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Formation Enviro. Lithology Age Paleowater

Name depth (m)[10]

Injana Fluvial Clastic ,sandstone 7.25-11.6 0-1

Fat’ha Lagoon Lime+ evaporite 11.6-13.82 3-6

Jeribe Shoal Lime+ dolomite 13.82-15.97 6

Kirkuk group Reef Reef limestone 23.03-33.9 20

Jaddala Outer Shelf Chalk lime 33.9-47.8 150

Aaliji Outer Shelf Argil. + shale 47.8-59.2 180

Shiranish Outer Shelf Marly limestone 66-83 200

Hartha Inn.shelf Lime+ dolomite 80-83 50

Mushorah Outer Shelf Limestone 83-83.3 80

Kometan Outer Shelf Limestone 83.3-89.8 180

Gulneri Outer Shelf Shale+M. lime 89.8-93.9 200

Dokan Outer Shelf Limestone 93.9-100.5 200

Muddud Inner Shelf Limestone 100.5-113 50

Jawan Inner Shelf Recryst. limestone | 110-113 50

Up.Qumchuqa Inner Shelf Recryst. limestone | 100.5-110 50

Up.Sarmord Deep Inner Sh. | Limestone 110-113 100

L.Quinchuqa Inner Shelf limestone 113-132.9 50

Table 2- Top of formations depth to studied oil wells
Formation Depth Depth Depth Formation Depth Depth
Name (top) (top) (top) Name (top) (top)
BH-134 BH-138 BH-90 K-246 K-260
Injana 0 0 0 Injana 0 0
Fat’ha 380 784 238 Fat’ha 23 23
Jeribe 875 1202 884 Kirkuk group 324.5 327
Kirkuk gr. 1078 1221 1090.5 Jaddala 553 559
Jaddala 1150 1471 1133 Aaliji 670 684
Aaliji 1246 1602 1247 Shiranish 841 888
Shiranish 1304 1646 1284.5 Kometan 1024.5 1083
Hartha - - 1380 Gulneri 1143 1188
Mushorah 1425 1731 1402 Dokan 1156 1194
Kometan 1481 1794 1579.5 Up.Quimnchuga 1166.5 1206
Gulneri 1665.5 1977 1607 Up.Sarmord 1404 1446
Dokan 1676 1988 1618 L.Qumchuqa 1455 151
Muddud 1711-1868 | 2011 1651 1710 1600
Jawan - 2056 1678
2119 1841

The geohistory is establishment by backstripping calculation using the conventional methods presented by
[13-17].
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Results and discussion

The results of the geohistory reveal that subsidence history of the foreland basins of Kirkuk embayment
are likely to be rather complicated. There is a closer resemblance in the results of adjacent wells. The
compaction of the Cretaceous deposits are about 67-55% , the compaction in Paleogene ranged 23-27%
and two Formations was deposited in Neogene, Jeribe and Fatha with percent 21, 9% in well BH-134,183.
The Tectonic subsidence during Cretaceous is more effective than thickness of the over lying sedimentary
column as shown in table -4 and 6. The compaction of the Cretaceous deposits in BH-90 is ranged
between 67 to 55%. As usual more decreasing of compaction in Paleogene and Neogene ranged between
27-9 %, tectonic subsidence close to the total subsidence, making it the most effective in Cretaceous then
decreasing during Paleogene but with end of Paleogene there is a speed subsidence as shown in table 3.
There is slightly matching of K-260 and K-246 wells (table -5 and 7), the compaction in Cretaceous
about 60- 40 %. Moreover, the compaction during Palegene and Neogene wells about 13-9 %. The
tectonic subsidence is gradually with total subsidence except the unconformity surfaces, the tectonic
subsidence still effective but less than Bai Hassan wells.
The results from studied well backstripping provide a record of the subsidence and uplift history in a
number of important Meso-Cenozoic depositional successions. you can note high range of tectonic
subsidence continuous in Mesozoic, while the uplift obvious during Eocene because of the closing phase
for Arabian plate with Turkish and Iranian plates that lead to deposit high thicknesses of clastics with huge
subsidence. Alternatively, might be the result of the main features of paleogeography, which do not a
coherent description of the geological development.
The Bai Hassan Oil Fields are affected by tectonism more than Kirkuk Oil Fields during Cretaceous and
continuous to the Recent, but in Kirkuk Oil Field, the tectonism is decreasing effect especially in
Cenozoic. Emphasizing [11] that, during specific periods and in specific areas, for example the Late
Cretaceous (at the southern end of the plate), subsidence played the dominant role, while there is sparsity
of Cenozoic MFS on the Arabian Plate result of postdepositional erosion due to regional uplift.
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Table 3- The decompacted, restored and compacted thickness with total and tectonic subsidence for BH- 90 well.

Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick

Injana 238.00 120.00 100.00 BO.00 G000 40.00 2000 0.00
Fat'ha 64500 682.69 a0 . . .
Jeribe 20600 21437 250.19 —— \
‘Unconf. 000 000 000 000 e
Kirkuk gr. 4300 4460 5126 5463 54.63 L0000 NN
Jaddala 11400 11802 13451 14269 14259 144.69 —— \
Aaliji 3700 3810 4222 4404 4404 4447 4568
250000 -+

‘Unconf. 000 000 000 000 000 000 000 o060 | —Tora sub

. - 300000 - -
Shiranish ~ 9600 10046 12151 13342 13342 13647 14579 14928 149.28 ——Testonic Sub.
Hartha 2200 2297 2748 2999 2999 3063 3257 3329 3329 3542 350000 1

Mushora 4500 46892 5582 6072 6072 6l9 6572 6711 6711 6791 7227
Kometan 160,00 166.25 19455 209.77 209.77 21358 22501 22921 22921 23159 24457 25137

Gulneri 1100 1141 1309 1389 1389 1409 1464 1434 1484 1495 1554 1583  17.03

Dokan 33.00 3417 3935 4214 4214 4281 4484 4557 4557 4599 4824 4941 5441 54.86

Muddud 2700 2794 3208 3424 3424 3473 3636 3694 36854 3727 3903 3994 4382 4416 4515

Jawan 163.00 162821 19094 20262 20262 20548 21394 217.00 21700 21872 22796 23271 25269 25444 25946 263.81

Table 4- The decompacted, restored and compacted thickness with total and tectonic subsidence for BH- 134 well.

Thick  Thick  Thick  Thick Thick  Thick  Thick  Thick  Thick Thick  Thick  Thick  Thick  Thick Thick

Injana 380.00  380.00
Fat‘ha 49500 49500 541.01 1000 10000 SO0 OO0 4000 0 000

fibe 0.00
203.00 203.00 217.19

o | N\
_ o .

Kirkuk gr. 72.00 7655 8559 9106  91.06 1000.00
Jaddala 96.00  96.00 10172 112.89 119.54 11954 12234 1500.00
Aaliji 58.00 60.89  66.02 68.79 2000.00
_ 2500
Shiranish 12100 121.00 A7 15149  165.39 39 17153 18103 187.66 187.66 200000 :::Lth;uh
Mushorah 5600 5600 6004 6884 7454 7454 7703  80.84 8348 8348  90.00 :
Kometan 18450 18450 196.43 221.88 237.95 237.95 24487 25538 26256 262.56 280.06 289.56
Gulneri 1050 1050 1115 1238  13.09 13.09 1338  13.80 1409 1409 1474 1508 1640
Dokan 3500 3500 3704 4129 4393 4393 4505 4674  47.88 4788 5063 5210 5817 5859

Muddud 157.00 15700 16540 18274 19331 19331 19777 20444 208594 20894 219.67 22537 24348  250.04 255.48
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Table 5- The decompacted, restored and compacted thickness with total and tectonic subsidence for K- 246 well.

Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick Thick
Hori.:one 0.00 120 100 80 60 an 20 o
Injana 23.00  23.02 0.00 . . . '
Fatha 30400 31693 31910 500.00
Unconf. 0.00 0.00 0.00 0.00 1000.00
Kirkuk group 23200 23801 23930 259.83  259.83 1500.00
Jaddala 12500 12654 12713 13640 13640  146.02 2000.00 \M\_
Aaliji 20400 207.06 20778 21856 21856 22877 235.21 2500.00 ——Total Sub,
Unconf. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ——Tectonic 5ub.
3000.00
Shiranish 19500 19500 19607 21338 21338 23224 24547 27410 27410 150000 L
Kometan 105.00 10500 10550 11352 113.52 122.05 12791 14026 14026 156.91
Gulneri 6.00 6.00 6.03 6.43 6.43 6.84 7.10 7.62 762 8.26 8.68
Dokan 1200  12.00 12.05 1291 12.91 13.82 14.44 15.73 15.73 17.45 1866 18.74
Up.Qumchuga 24000 24000 24096 25623 25623 27210 282.78 30468 30468 33304 35266 35390 356.42
Up.Sarmord 65.00 6500  65.23 68.82 £8.82 7250 7494 79.87  79.87 86.09 9029 90.56 9109  104.56
L.Qumchuga 89.00  89.00  89.29  93.89 93.89 9855  101.63 107.80 107.80 11551 12067 12099 12164 137.87  143.64
Table 6- The decompacted, restored and compacted thickness with total and tectonic subsidence for BH- 138 well.
1100.50
Thick  Thick  Thick  Thick Thick  Thick  Thick Thick Thick Thick Thick Thick Thick Thick Thick
1] 15000 100.00 L0.00 0.00
Injana 78400  784.00 000 4 '
Fat'ha 41800 41800 492.25 500.00
Jeribe 19.00 1900  21.82 2458 1000.00
‘Unconf. 1000110001000 000 00 [ s
Kirkuk gru 25000 25000 28347 31495 31678 316.78 200000 4
Jaddala 131.00 131.00 14631 16004 160.82 16082 17294 2500.00 \
Aaliji 4400 4400 4832 5177 5195 5195 5469  56.40 soonga | ——Totalsub \
‘Unconf. 000 000 000 000 000 000 000 000 19577 q o Tectoric Sub
Shiranish 85.00 85.00 9797 11169 11253 11253 12612 13594 13983 13983 \
Mushorah  63.00 6300 7197 8128 8184 8184 9088 9731 99584 9984  105.36
Kometan 183.00 183.00 20625 22974 23113 23113 25331 26873 27471 27471 28762 29858
Gulneri 11.00 1100 1235 1354 1361 1361 1462 1527 1552 1552 1602 1644  17.87
Dokan 23.00 2300 2564 2824 2840 2840 3080 3245 3308  33.08 3443 3556 3971 40.01
Muddud 4500 4500 5001 5492 5521 5521 5972 6279 6396 6396 6647 6858 7621 7675 77.94
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Table 7- The decompacted, restored and compacted thickness with total and tectonic subsidence for BH- 260 well.

- Thick  Thick

Thick  Thick  Thick  Thick Thick Thick Thick Thick Thick Thick  Thick  Thick
Horizone 23.00 150 100 50 0
Fat'ha 3010 303.07 o0 '

oot 60011 600 ) 000 [

Kirkuk g 2290 23024 249.84 249.84 1000:00

Jaddala 1170 11755 12610 12610 134.92 10000

Aaliji 1710 17161 18058 18058 189.06 194.10 2 ~—
et om oo o 0w om om om %

Shiranish 1830 18405 20101 20101 21952 23182 25491 254.91 — TectoricSub.

Kometan 1190 11959 12905 12905 13911 14565 157.65 157.65 175.12 ——

Gulneri 13.00 13.06 1396 1396 1485 1540 1635 1635 1761 18.62

Dokan 1000 1005 1078 1078 1156 1206 1296 1296 1426 1537 1551

Up.Qumch. 2380 23899 25454 25454 27067 28092 29925 29925 32493 346.41 34905 351.12

UpSarmord 5100 5119 5410 5410 57.08 5894 6224 6224 6675 7045 7090 7125 81.80

LQumchuga 2550 255.82 26852 26852 28131 28924 303.06 30306 32168 33663 33842 33983 38102 39228
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