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QR-01 2785 2861.7 2988.7 | 3021 | 30525 | 3088.2 | 3136 4572 -
QR-02 3156.7 3226.5 3445.7 | 3479 | 3533.8 | 3566.8 | 3631 5164 -
QR-03 3185 3247 3360 | 3380.5 | 3410 | 3460.7 | 3490 4587 4282.3
QR-04 2813 2880 2974.6 | 3016 3073 3117 3248 4640 4627.5
QR-05 2831 2906.5 3035 3056 | 3139.9 | 3191.3 | 3240 4858 4852.5
QR-06 2827 2903.5 3029.4 | 3054 | 3107.7 | 31429 | 3238 3251 3228
QR-07 2975 3043 3161 | 31825 | 3225 | 3275 | 3321 3340 3350
QR-08 3018 3089.7 3233.6 | 3264 | 3324.6 | 3364 | 3429.3 3503 3501
QR-09 2895 2966 3033.8 | 3066.5 | 3101.5 | 3159.5 | 3226 3250 3249.7
QR-10 2822.5 2897.5 3037 | 3061.8 | 3107.3 | 3130 3263 3263.5 3265
QR-11 3006 3083 3226.5 | 3266 | 33145 | 3349 - 3378 *
QR-12 2926.5 2995.5 31325 | 3156.5 | 3202 3243 3358 3366 3368
QR-13 3008 3082.5 3225.7 | 3261.2 | 3311 3352 3475 3494 3494
QR-14 3026 3095 32385 | 3264.5 | 3308.8 | 3326.5 | 3460 3465 *
QR-15 | 3387(spl.) | NOLOG - - - - - 3724 NO LOG
QR-16 3003 3071 3173 3202 | 32443 | 3295.3 | 33395 3370 33734
QR-17 2878.7 2943.5 3047.3 | 3070.3 | 3125.3 | 3179 3307 3357 3363
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Spectrum 1_
~ Element Line Type Weight % Weight % Sigma Atomic %
C K series 2183 0.31 30.16
0 K series 56.13 0.30 58.23
Mg K series 9.23 0.10 6.30 |
Ca K series 12.80 0.12 5.30
Total 100.00 100.00
ol
-
Spectrum 2 I
Element Line Type Weight % Weight % Sigma Atomic %
|0 K serhes 56.00 0.27 56.49
Mg K series 8.32 0.08 5.52
jCa Kseries _10.58 0.10 4.26
[c_ K series 2511 | 0.28 | 33.73
Total 100.00 | 100.00

(2) Sl (50y5) Hlowws 5 (W) (635 50 (Sl glojise 5 (EDS) (sl abais (5 paze 5 J6T: Y-V S
(@) YY-F UK 10 o ools i Cagasles sl 5
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(intra-granular) eS¢l 9,0 JB slad eaisS p slocs,gar Canglgs sloysl o o> g9
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Slad gai (55,5 LAGICP-MS oKaees 3l eslizad L (PPM) Sbt 3l obie olasns (sla JUT V=t s
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sample | La | Ce | Pr | Nd | Sm Eu | Gd Tb Dy Y Ho Er Tm | Yb Lu | YREE
kawabe | 791 | 2.16 | 0.99 | 425 | 0.706 | 0.16 | 0.91 | 0.128 | 0.774 | 10.2 | 0.176 | 0.469 | 0.056 | 0.31 | 0.043 | 29.332
2945-B1 0.869 7.910 1.989 1.809 2.284 2.393 1.579 1.788 1.764 0.758 1.597 1.655 2.026 2.444 2.418 33.282
2045-B2 0.763 | 6578 | 1594 | 1.454 1.896 2.044 | 1.375 1.632 1.687 0.701 1.565 1.738 1.987 2.570 2.741 30.326
% 2945-B3 0.622 5.208 1.260 1.161 1.512 1.591 1.104 1.256 1.235 0.506 1.077 1.154 1.347 1.636 1.709 22.380
\/1: 2945-B4 0.611 5.353 1.307 1.188 1.490 1.643 1.040 1.235 1.263 0.499 1.133 1.139 1.337 1.685 1.699 22.620
'3, 2945-B5 0.623 5.428 1.420 1.250 1.597 1.622 1.062 1.223 1.264 0.518 1.098 1.158 1.360 1.668 1.724 23.014
‘ 2045-B6 0.529 | 4.606 | 1.163 | 1.066 1511 1529 | 1.070 1.168 1.165 0.477 1.006 1.068 1.188 1.502 1.505 20.555
2945-B7 0.512 4.677 1.148 1.065 1.402 1.470 1.003 1.108 1.146 0.458 0.994 1.026 1.177 1.516 1.502 20.204
3015-E1 0.223 1.633 0.452 0.431 0.582 0.519 0.408 0.435 0.402 0.238 0.377 0.384 0.384 0.449 0.423 7.341
3015-E2 0.205 1.632 0.409 0.399 0.499 0.556 0.373 0.389 0.377 0.228 0.363 0.370 0.364 0.482 0.337 6.982
3015-E3 0.243 1.912 0.520 0.502 0.642 0.660 0.484 0.489 0.449 0.255 0.421 0.409 0.427 0.493 0.476 8.381
\-\é 3015-E4 0.245 1.691 0.482 0.451 0.586 0.617 0.411 0.414 0.413 0.232 0.369 0.365 0.387 0.391 0.394 7.448
3015-E5 0.214 1.504 0.435 0.426 0.510 0.497 0.432 0.437 0.421 0.249 0.400 0.418 0.478 0.357 0.403 7.182
3015-E6 0.259 2.004 0.527 0.499 0.606 0.604 0.440 0.431 0.432 0.235 0.398 0.376 0.366 0.391 0.440 8.007
3015-E7 0.303 2.233 0.606 0.581 0.710 0.674 0.483 0.506 0.505 0.256 0.427 0.434 0.471 0.520 0.483 9.192
3111-K1 0.038 0.158 0.050 0.046 0.064 0.062 0.050 0.072 0.088 0.065 0.100 0.102 0.086 0.125 0.108 1.213
3111-K2 0.035 0.139 0.048 0.046 0.053 0.070 0.067 0.068 0.083 0.063 0.094 0.103 0.110 0.134 0.139 1.253
3111-K3 0.044 0.172 0.050 0.053 0.062 0.063 0.051 0.071 0.086 0.058 0.086 0.086 0.100 0.091 0.114 1.184
3111-K4 0.036 0.137 0.050 0.045 0.059 0.062 0.078 0.079 0.086 0.069 0.109 0.118 0.107 0.138 0.137 1.310
‘%: 3111-K5 0.032 0.124 0.045 0.044 0.073 0.057 0.065 0.076 0.103 0.070 0.094 0.137 0.151 0.119 0.148 1.337
j. 3111-K6 0.031 0.117 0.043 0.038 0.056 0.057 0.036 0.063 0.082 0.061 0.091 0.102 0.103 0.145 0.153 1.178
——'? 3111-K7 0.052 0.205 0.066 0.069 0.087 0.063 0.057 0.080 0.087 0.063 0.080 0.092 0.105 0.133 0.112 1.353
3 3111-K8 0.051 0.192 0.064 0.056 0.064 0.069 0.061 0.076 0.079 0.061 0.077 0.101 0.120 0.124 0.126 1.321
3111-K9 0.033 0.130 0.044 0.045 0.054 0.066 0.051 0.082 0.086 0.063 0.092 0.106 0.111 0.124 0.145 1.233
3111-K10 0.042 0.167 0.051 0.048 0.057 0.078 0.074 0.100 0.095 0.064 0.104 0.103 0.104 0.096 0.116 1.298
3111-K11 0.040 0.148 0.051 0.044 0.052 0.059 0.058 0.069 0.086 0.062 0.089 0.095 0.099 0.127 0.151 1.231
A 3166-Z1 0.029 0.098 0.034 0.041 0.056 0.066 0.033 0.044 0.046 0.031 0.050 0.034 0.028 0.068 0.032 0.689
j: 3166-Z22 0.054 0.179 0.066 0.063 0.083 0.080 0.064 0.060 0.059 0.051 0.069 0.072 0.062 0.077 0.085 1.124
N 3166-Z3 0.057 0.188 0.068 0.064 0.081 0.079 0.076 0.073 0.067 0.054 0.070 0.078 0.062 0.079 0.082 1.178
_—3.? 3166-Z24 0.047 0.159 0.060 0.060 0.059 0.065 0.057 0.058 0.064 0.047 0.077 0.067 0.072 0.052 0.085 1.030
:3 3166-25 0.053 0.181 0.063 0.065 0.065 0.075 0.070 0.062 0.062 0.049 0.059 0.070 0.070 0.061 0.083 1.083
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Abstract:

Qale-Nar oil Field is located in the northern part of Dezful Embayment,
about 30 km north of Andimeshk city. The Qale-Nar anticline, with east-
west trend, is positioned in the simply folded belt of Zagros. The
Oligocene-Miocene Asmari Formation is the main reservoir and producing
formation in this field. The Asmari Formation has been investigated for
determining the geneses of dolomites within formation and their effects on
reservoir quality.

In this project, petrographic studies with polarized light microscope, field
emission scanning electron microscope (FE-SEM) and point elemental
analysis (EDS), as well as, temperature and salinity analyses of fluid
inclusions and rare earth elements analyses by induced coupled plasma
spectroscopy Laser mass spectrometry (LA-ICP-MS) were used.
Petrographic and geochemical studies have led to the identification of four
types of dolomites in the Asmari Formation, including, dolomicrite,
dolomicrosparite, dolosparite and pore and fracture filling dolomite
cements. The petrographic and geochemical evidences have been revealed
that the dolomicrites (type | dolomites) were formed in the Sabkha or high-
evaporation intertidal environment, simultaneously with sedimentation.
The petrographic evidences are included the fabric, shape and size of
dolomite crystals, presence of lamination and algal filaments, fenestral
fabric, evaporative mineral casts, anhydrite nodules and scattered quartz
grains, and the geochemical proofs are composed of temperature, salinity
and concentration of rare earth elements. Formation of dolomicrites
occurred at the temperature of 27 to 35 degree Celsius, with the
dolomitizing fluid’s salinity of 11.50 %wt NaCl. In dolomicrites,

separation of diagrams of rare earth elements, normalized to the standard

\Y#



reference of seawater, compared to the diagrams of dolomicrosparites and
dolosparites, indicates completely different conditions for the formation of
dolomicrites than other dolomites. The similarity of the pattern of these
diagrams with the representative limestones and the positive anomaly of
cerium confirmed formation of dolomicrites from seawaters in reducing
condition of Sabkha environment. The mechanism of formation of
dolomicrosparites (type Il dolomites) in Asmari Formation is based on the
shallow burial model (eodiagenesis), by replacement or recrystallization.
Dolomicrosparites generated in the shallow burial depth at 45 to 55 degree
Celsius. The average salinity of the pore-fluid was 16.69 %wt NaCl. With
increasing burial depth, during the late diagenesis stages (mesodiagenesis),
dolomite formed as pore and fracture filling cement (dolomite type 1V) as
well as overgrowth cement on the replaced dolomite. Detailed petrographic
studies with FE-SEM showed that dolosparites (dolomite type I11) formed
within two diagenetic stages. Initially, in the shallower burial depth,
dolomite formed by replacement, and then, in the deeper burial depth,
overgrowth cements precipitated on the replaced dolomite. These cements
formed at 65 to 80 degree Celsius. The high salinity of dolomitizing fluid
(17.14 %wt NaCl) is associated to the closed to semi-closed diagenetic
system in the deep burial depth. The similarity of the pattern of sea water
normalized, rare earth element diagrams with the representative limestones,
positive anomaly of cerium and non-positive anomaly of europium show
that the main source of dolomitizing fluids of dolomicrosparites and
dolosparites were from the connate water in the reducing condition of deep
burial and it was not affected by hydrothermal waters.

In the Asmari Formation, dolomitization, dissolution and fracturing are the
main diagenetic factors increasing the reservoir quality. Since the hardness

and brittleness of dolomites are higher than limestones, dolomicrites as
VY



primary sediments, have been affected by tectonic forces and thus
fractures, which increase the permeability of reservoirs, are more abundant
in this type of dolomite. In dolomicrosparite, the formation of dolomite by
replacement of alochems or micritic matrix and also recrystallization of
dolomicrites has increased the porosity and permeability. However, in this
type of dolomite, due to presence of very fine grains (micrite and
dolomicrite), there are less homogeneity and isotropy compare to
dolosparites. Pervasive dolomitization and presence of coarse, euhedral
dolomite crystals in dolosparite accompanied by sucrosic texture, have
resulted in increasing porosity, permeability and isotropy of reservoir.
Therefore, the highest reservoir quality is belonging to the dolosparites in

the middle part of formation, which is the main producing reservoir zone.

Keywords: Geochemistry, Qale-Nar Field, Dezful Embayment, Asmari
Formation, Dolomite, fluid inclusion, Rare earth elements.
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