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Abstract

As a tool for exploration of concealed coal seams by modern techniques,
determination of the depth of erosion of coal seams with reference to the surface
of angular unconformity underlying the remnants of a key bed is conducted for
the first time in coal mines of Kerman region. The angular unconformity surface
(the initial surface exposure of coal seams) separates the coal seams of Jurassic
age from thick limestone beds of Cretaceous age (key bed) in the coal
synclinorium of Kerman region. Frequent tectonic deformation in Cenozoic led to
the exhumation of portions of Cretaceous limestone (key bed) together with the
coal seams of Jurassic age. The initial surface exposure of coal seams which is
referred to as the “initial surface” herein, determines the upper limit of the coal
seams in Early Cretaceous and is used as a "reference surface”. After importing
and processing the available information, namely, satellite data, field survey data,
geological maps, topographic and hypsometric data, Global Positioning System
(GPS) data and geo-structural data of the reference surface and present surface
exposure of coal seams into GIS software, the depth of erosion of coal seams
between the "initial surface" (reference surface) before erosion and the "present
surface" after erosion was calculated. It is concluded that the depth of erosion of
coal seams in northern region is higher than the southern region. Therefore, the
remnant of the coal seams (concealed coal seams) along the dip direction is higher
in the south as compared to the northern sector. The results of this study are
applicable to the future exploration in coal fields and similar deposits elsewhere.
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the north of Kerman Province, between the longitudes
56° 30° and 56° 75’ E and latitudes 30° 35” and 31° N
Kerman coal field is located in southeast of Iran, to (Fig. 1). Geologically, the region is a part of the Central
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Iran geo-structural zone. The region is mountainous
with an average elevation of 2500 meters above mean
sea level. The climate is arid with hot summers and
severe winters. The temperature ranges annually
from -5°C to 45°C. The average precipitation is 165
mm/year [1].

With the development of Iran’s industry, coal
resources are increasingly in great demand. As a result,
the remaining coal reserves diminish gradually with the
present large scale exploitation. The main exploration
targets of coal are concealed and unidentified. The
erosional thickness of the beds related to angular
unconformities can be investigated with different
methods [2]. Determination of parameters which are
shown in Figure 2 in an area of about 2000 km?, makes
coal prospecting by using the aerial photo-
interpretation difficult. It is therefore important to
explore remnant coal seams by taking advantage of
modern remote sensing and GIS techniques [3, 4].
Satellite navigation systems have become much more
accurate; thus expanding the role that Global
Positioning System (GPS) that can play in providing
survey controls from “initial surface” and "present
surface" (Fig. 2) for detailed geological and isometric
mapping, collection of geo-structural and digital
exploration data. Besides the traditional methods of
exploration and processing, new idea of exploration in
this research and new software programs have allowed
gathering of vast amount of necessery information and
analysis for exploration studies of concealed coal seams
in this area [5].

Geological Setting

There are many publications on the geology of
Iranian coal fields, namely, Seyed Emammi [7], Razavi-
Armagani and Moenoalsadat [8], Yazdi [9] and Shariat
[10] in Alborz and Tabas coal fields, Shahabpour [1],
Razavi-Armagani and Moenoalsadat [8], in Kerman
coal field. The development and evolution of Mesozoic
sedimentary basin in East-Central Iran were largely
governed by the Late Triassic collision of the Central-
East Iranian Microcontinent (CEIM) [11, 12, 13] which
is a part of the Cimmerian microplate assemblage [14],
with the Turan Plate (Eurasia), followed by subsequent
post-Triassic rotational movements of CEIM of about
135° with respect to Eurasia [15, 16, 17]. In the course
of the rotation, small oceanic basins started to open up
around the CEIM in Early Cretaceous (Neocomian)
times [18, 19] that were subsequently closed during the
later part of the Late Cretaceous and Paleocene, in
connection with the advance of the Arabian Plate and
the closure of Neotethys [20]. The rotation also caused
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fragmentation of the CEIM into individual blocks (Lut,
Tabas, and Yazd blocks) [21, 22]. The Kerman coal
field is located in the western part of Lut block.

This basin (CEIM) with a connection to Palaeotethys
was formed during the Triassic time. Significant
palaeogeographical changes subsequently occurred as a
result of the Early Cimmerian tectonic movements of
the Late Middle-Late Triassic (Carnian-Norian) and
played a major role in the geological history of Jurassic
deposits in this area [23]. After the orogenic activities,
faulting to the north and south of this area created a new
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Figure 1. Distribution of Triassic-Jurassic outcrops (black) in
Iran and location of study area. Redrawn after [6, 7].
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Figure 2. Schematic section showing geometric characteristics
of coal seams in this study.
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basin between the faults [24, 25]. The high amount of
subsidence associated with these events caused
deposition of thick sequence of terrigenous sediments
that lasted until the Middle Cimmerian (Bajocian-
Bathonian) [26] (Fig. 1). The detrital sediments in this
basin vary in thickness from a few meters in south, up to
more than 3000 m in the central part of Kerman coal
field. These sediments are known as the Shemshak
group (formerly the Shemshak Formation) which
includes the Nayband, Badamu, Hojedk and Bidu
Formations with coal bearing horizons of central part of
Iran (Fig. 3) [26, 27, 28]. The Cretaceous sedimentary
cycle starts with shallow to marginally marine and
terrestrial facies across large area of the CEIM in the
Late Cimmerian [26].

The Kerman coal field started to accumulate during
the Late Barremian. It comprises of a thick sedimentary
cover of lower Cretaceous platformal carbonate and
shallow basinal (shales, marl, limestones) sediments
(Fig. 3). The transgression which can be recognized
across the Iranian plate, may be related to the marginal
ocean basin development around the CEIM [18, 19]. An
angular unconformity surface (AUS) (Figs. 2, 3, 4)
separates the coal seams of Jurassic age from thick
limestone beds of Cretaceous age in the coal
synclinorium of Kerman region (Figs. 4a, 4b).
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Figure 3. Geological and structural map of Kerman coal
synclinorium (study area). Hashuny mine aera (No. 12) is
magnified to show details. The rock units in the order of
superposition are are: Lower Jurassic (L. Jur.), Middle
Jurassic (M. Jur.), Upper Jurassic (U. Jur.)
and Cretaceous Limestone (Cert. Lst.).
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Frequent tectonic disturbances during Cenozoic led
to folding, faulting, fracturing and exhumation of the
portions of Cretaceous limestone and of the coal seams
of Jurassic age [e.g., 29, 30]. The remnant Cretaceous
limestone (the key bed) (Figs. 3, 4) has been studied by
remote sensing (RS) techniques [e.g., 2, 3]. The remnant
angular unconformity surface (reference surface)
underlies the key bed. The region has experienced very
different depositional histories during the Jurassic —
Cretaceous, punctuated by major tectonic events [25,
26]. The geologic evolution of Kerman coal field is
depicted in Figure 5.

Stratigraphy of Coal-Bearing Horizons

The Kerman coal field is located in the southwest of

Google

Figure 4. Position of "initial surface" or angular unconformity
surface (reference surface) and "present surface" in two
locations, from NW to SE; (a) A satelliate image of Hashuny
mine (445953E, 3450744N and elevation of 2828 m);

(b) Northwesterly view adjacent to Dehroud mine
(472666E, 3435273N and elevation of 2560 m).
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Geologic evolution of Kerman coal field

W

SW Late Jurassic NE

Upper Jurassic |

Middle Jurassic

Lower Jurassic

= coal horizons

0 5 km

Figure 5. Schematic illustrations depicting the evolution of the study area. (a) Deposition of sedimentary horizons from
Late Triassic to Upper Jurassic; (b) Folding in Late Jurassic Formation ; (c) Cretaceous Limestone unconformably
overlying Upper Jurassic; (d) Laramide orogeny; (e) erosion of Cretaceous limestone beds, the surface of angular

unconformity and coal bearing horizons . Abbreviations : Cret. Lim., Cretaceous Limestone.

Table 1. Stratigraphic sequence in Kerman coal mine region modified after (Salarisharif et al., 1983; Shahabpoure et al., 2005)
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Material and methods

| .
Satellite and Topographic;
GPS data Isometric and

Field study

Geological maps

Processing of the available information by GIS softwares.
I

Illustration of the structural contour of the "initial surface"

or "reference surface”, key bed (Cretaceous limestone),
topographic map and "present surface” by GIS.

Comparison of the "initial surface" or "referencs

surface” with the" present surface”.

Calculation of the vertical depth of erosion of
coal seams (VDECS), down dip depth of erosion
of coal seams (DECS) and the remnant coal
seams (RCS).

Figure 6. Flowchart for determination of the RCS in each
limb of synclinorium with reference to the AUS (reference
surface) and the DECS for Kerman coal field.

the Tabas Block and is bounded on the east by Darband
dextral fault and on the west by Kuhbanan dextral fault
[e.g., 1, 26, 30, 31]. The general trend of synclinal axis
is NW-SE and its length is estimated at about 70 km.
Deposition started from Late Triassic and lasted till
Early Cretaceous, and includes the following
lithostratigraphic units: Dehroud (Naiband), Nyzar-
Babnizu (Shemshak), Badamu and Hojedk Formations
[1, 8] (Table 1). These units in Kerman coal fields are
together called the Jurassic Formation, and divided into
three units namely, Lower Jurassic, Middle Jurassic and
Upper Jurassic (Shemshak Group) (Fig. 3 and Table 1).

The coal bearing strata exist in six zones, namely, A,
B, C, C’, D and E [1] (Table 1 ). The coal zones A and
B are the oldest and belong to the Upper Triassic
succession. The thickness varies from 1.25 m to 2.90 m.
Coal zones C and C” belong to the Lower Jurassic, with
an average thicknesses of 521 m and 15 m,
respectively. The coal zones D and E belong to the
Middle Jurassic. Zone D with 20 coal seams contains
the largest coal reserve which is subdivided into zones:
di, d2, d3, d4, d5, d6 and d9, out of which d1 and d2 are
thicker than others. The overall thickness of d subzone
is estimated to be 11.24 m. Thickness of zone E that is
subdivided into zones: el, e2, e3, e4 and e9 are
estimated to be 5.80 m [1, 8, 32].
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Structural contour of angular unconformity
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Figure 7. (a) Structural contour map of the surface of angular
unconformity of Kerman coal synclinorium
(study area) before erosion.

Materials and Methods

Data collection included the determination of
geographic coordinates and geometric data for 400
points of the key bed (Cretaceous limestone), the
"reference surface", initial surface and "present surface"
by different methods, namely, GPS, satellite images
(Enhanced Thematic plus (ETM+) data) and Digital
Elevation Model (DEM), geological map (sheet Nos.
7351, 7352 in 1:100000 scale from Geological Survey
of Iran and large scale geological maps of the mines in
Table 1 from Kerman Coal Mines Company),
hypsometric and topographic maps (in 1: 20000 scale
from Kerman Coal Mines Company) and field
observations [2, 3]. The geological maps and remote
sensing images were geo-referenced using Universal
Transverse Mercator (UTM) map projection and World
Geodetic System (WGS84) as datum.

The maps were digitized by GIS software. Structural
contours and polygons of part of eroded "reference
surface”, and remnant key bed were plotted. The
elevation data were gridded using Kriging method and
the reference surface was reconstructed. The raster
images were also used for plotting of the crosssection
profile of the present surface topography along the
strike. These methods were used to determine downdip
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Table 2. Geographic coordinates (X, Y) and elevation (Z) of the surface area of the "reference surface", coordinate

system is in Universal Transverse Mercator (UTM)

points 1-30 points 30-60 points 60-90 points 90-120
Y X Y X Y X Y X
N E_Z N E_Z N E_Z N E_Z
3410573 481698 2500 | 3434157 467358 2747 | 3454656 447895 3090 | 3433491 466494 2552
3411931 462421 2325 | 3433759 466524 2644 | 3454659 447320 3025 | 3433045 466595 2437
3414043 481410 2310 | 3433148 465365 2434 | 3454612 446989 2983 | 3433091 465793 2421
3409298 485324 2674 | 3406982 491775 2575 | 3454909 446352 2952 | 3433165 465310 2439
3408326 485355 2821 | 3406243 491256 2573 | 3455132 447457 3157 | 3433591 464921 2416
3407514 487336 2976 | 3407799 489400 2773 | 3455257 446775 3051 | 3434070 464614 2435
3404278 487892 2805 | 3408121 488691 2879 | 3455310 446393 2965 | 3435443 463948 2445
3451834 444506 2914 | 3409598 487145 2677 | 3427414 474016 2088 | 3437135 463258 2533
3450988 444969 2910 | 3410030 486517 2653 | 3426082 474965 2063 | 3439058 462461 2477
3450460 445371 2912 | 3411327 486167 2452 | 3425105 475809 2009 | 3441497 462067 2450
3450665 445871 2900 | 3411056 486714 2597 | 3414471 483093 2300 | 3443252 461782 2513
3452174 445831 2717 | 3410571 487168 2637 | 3453672 456929 2932 | 3444747 461406 2433
3452149 444523 2842 | 3409878 488646 2667 | 3453572 459071 2723 | 3446384 460667 2502
3454709 447514 3104 | 3409212 489280 2779 | 3453896 461601 2539 | 3448611 460500 2502
3454656 448001 3125 | 3463346 441394 2675 | 3453110 464998 2350 | 3451112 459500 2668
3413311 482626 2312 | 3462560 441261 2696 | 3454377 466630 2288 | 3451488 458431 2773
3413403 482357 2366 | 3462139 441581 2752 | 3454196 468316 2225 | 3452935 456590 2926
3413540 482153 2388 | 3442113 461948 2454 | 3436894 467272 2384 | 3469739 446564 2530
3401872 499543 2278 | 3439254 462381 2465 | 3442038 496308 2271 | 3468308 444892 2625
3402226 499302 2232 | 3437592 462951 2469 | 3441460 496033 2034 | 3466939 443811 2783
3401541 499565 2348 | 3435606 463901 2462 | 3437973 474907 2082 | 3465813 442816 2795
3402046 498813 2247 | 3434945 464174 2413 | 3439572 471902 1916 | 3465157 442276 2609
3401789 498593 2277 | 3447101 460580 2465 | 3438567 496520 1943 | 3470693 439813 2647
3401321 498203 2391 | 3451325 459409 2705 | 3437121 475969 2071 | 3466702 440097 2726
3400679 499435 2379 | 3449488 459734 2559 | 3436655 477122 1965 | 3410573 481698 2500
3426530 474666 2078 | 3448799 460120 2519 | 3434924 474663 2204 | 3411931 481621 2325
3423690 477157 1954 | 3434702 467718 2628 | 3435348 472848 2431 | 3414043 481410 2310
3421599 478498 2053 | 3461000 442918 2796 | 3435017 471000 2254 | 3409298 485324 2674
3420458 479428 1930 | 3460473 443097 2702 | 3435091 467818 2524 | 3408326 485355 2821
depth of erosion of the coal seam (DECS), from Late which is located under the remnant Cretaceous

Jurassic to Present, and to calculate the length of the
remnant coal seams (RCS) in dip direction. The
flowchart for data analysis is presented in Figure 6.

Results and Discusion

The surface area of "reference surface" is estimated
at about 1500 km? in Early Cretaceous. Parts of the
Cretaceous limestone is eroded and its remnant outcrops
with steep slopes are scattered over an extensive area in
this region (Figs. 4a, 4b). The present surface area of the
remnant limestone bed is studied by remote sensing and
is estimated by GIS method to be about 450 km? (Fig.
3). Therefore, area of the remnant "reference surface"
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limestone is estimated at about 450 km?. Its outcrops
occur with sharp contact with respect to the surface of
angular unconformity all over the Kerman coal field
synclinorium (Fig. 4). Contact of AUS is visible over a
distance of about 280 km [2, 3].

Parameters which are used in this study are shown in
Figure 3. Structural contours of the reference surface
(AUS) can be reconstructed by using the interpolation
of the measured data (Tables 2 and 3) which are derived
from surveying, field studies, satellite images and DEM
using GIS techniques. These data were geo-referenced
and gridded by using GIS software.

Structural contours of “reference surface” were
plotted (Fig. 7). The trace of coal seams before erosion
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(exposure of coal seam in Late Jurassic) is illustrated by
using the geometric characteristics of the coal seams
(Fig. 8a, parameters in section B-C in Figure 10 and
data from Table 4). The topographic map of Hashuny
mine area is provided by digital elevation model (Fig.
8b). A satellite image (Fig. 4a) from Hashuny mine
shows the position of the "initial surface" (AUS)
underneath the key bed with respect to the "present
surface” (outcrop of coal seams).

Structural contour map of angular unconformity of
jashuny mine (No. 12)

Topographic contours of
Hashuny mine (No.12) ﬁ

o0

442000 444000 446000 448000

3456000
3456000

3452000
3450000 3452000

3450000

3448000

00
mmm eXposure of coal seams
after erosion
“\_ conteur line

442000 444000 446000
B m m exposure of coal seam

before erosion

a b

U/ contour line

Figure 8. (a) Structural contour map of the surface of angular

unconformity before erosion of Hashuny mine; b)Topographic

contour map (present surface) after erosion of Hashuny mine.
The thickness of coal seam is not to the scale.

Geologic map of Hashuny mine (No.12)
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Figure 9. Geologic map of Hashuny mine (No. 12). The
exposure of coal seams before and after erosion is shown.
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section B-C of Hashuny mine (No.12)
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Figure 10. Section of Hashuny mine area from Figure 8. The
geometric elements of the coal seams in AHC triangle, are
namely; point A represents the "initial surface", point C
represents the “present surface”, AH represents the horizon,
AB is the refrence surface (AUS); AC is perpendicular to the
strike and parallels the dip direction of the coal seam (DECS);
BC represents the VDECS.The dip of the angular
unconformity surface is 5 degrees while the dip
of the coal seams is 45 degrees.
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Figure 11. (a) Bar diagram of the DECS and the RCS values
in coal mines. (b) Cross section of coal seams along axis of
Kerman coal synclinorium from NW to SE showing the
obtained "initial surface" before erosion and
"present surface" after erosion.
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The geographic coordinates of points of the "initial
surface” before erosion and the "present surface" after
erosion are presented in Table 3. These data were
converted into raster format using data interpolation in
GIS software (Fig. 8b). The calculated vertical depths of
erosion of the coal seams (VDECS) are listed in Table 3
and summarized in Table 4. The map in Figure 9 is
drawn by superimposing Figures 8a and 8b and depicts
the surface exposure of the coal seams before and after
erosion. Geometric characteristics (DECS, RCS) of coal
seams in two dimensions are illustrated in section B-C
of Hashuny mine area (Fig. 10). The average initial
depth (ID) of coal seams in dip direction is reported to
be bout 1600 m on both limbs of the synclinorium
[34].The DECS and RCS were calculated by using
equations in Figure 1.

Geometric components of coal seams in two
dimensions are displayed in Figure 10. In the AHC
triangle, the line AH is horizontal while the line AC is
perpendicular to the strike and parallel to the dip
direction of the coal seam (DECS). The line BC
indicates the vertical depth of erosion of the coal seams
(VDECS), whereas the line AB represents the surface of
angular unconformity (reference surface), and the dip
angle of angular unconformity surface (reference
surface) is 5 degrees while the dip angle of coal seams
is 45 degrees.

Calculations of the DECS and the RCS for other
mines were carried out as in Hashuny mine and the
overall results are summarized in Table 4.

In the mines located in the northwest (Hamkar,
Hashuny and Pabdana in Table 4) , the average surface
elevations of the "initial surface"(the reference surface)
and the "present surface” are 2800 and 2523 m,
respectively. These are the average values of "initial
surface” and "present surface" for the said mines in
Table 4. The dip of coal seams is less than 45 degrees.
Based on the average downdip DECS values of the first
three mines in Table 4 (Fig. 11), the downdip of DECS
is about 469 m for these mines.

In the southeastern mines (Gomrud, Babnizu,
Hojedk-Eshkeli mines in table 4) the average surface
elevations of the "initial surface" (reference surface) and
the "present surface" are 2454 and 2308 m, respectively.
The dip of coal seams is more than 45 degrees.
Downdip, the DECS is about 160 m (Fig. 11, Table 4).
Depth of erosion of coal seams decreases from NW to
SE (Fig. 11) and as a result the coal seams are less
eroded as compared to those on the northwest sector
(Fig. 11b).

Based on the data presented in Table 4, the bar
diagram in Figure 11 is plotted. The DECS decreases
while the RCS (concealed coal seams in every limbs of
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synclinorium) increases from NW to SE (Fig. 11a).

Cross section of coal seams along the axis of
Kerman coal synclinorium from NW to SE (Fig. 11b)
depicts both "initial surface" before erosion and "present
surface™ after erosion. The decrease in elevation of
"reference surface" (initial surface) from the NW to SE
sectors is exemplified by Hashuny (2903 m),
Sarapardeh (2313 m) and Hojedk mines (2228 m),
respectively (Table 4), as the DECS decreases from NW
to SE.

Based on the DECS and RCS data presented in Table
4, Kerman coal field area can be divided into two
distinct sectors namely, northwest sector (comprising of
Hamkar, Hashuny Pabdana mines) and southeast sector
(comprising of Gomrud, Babnizu and Hojedk mines).
Due to a higher depth of erosion in the NW sector of the
synclinorium compared to SE sector, the latter contains
larger number of concealed coal seams at higher depth
(Fig. 6b). However, the coal seams are located at an

Table 3. Geographic coordinates (X ,Y) and elevation (Z) of
points of “initial surface” (IS) and “present surface” (PS)
(outcrop of coal seams) in Hashuny mine area (No.12).
Vertical depth of erosion of coal seam (VDECS) is calculated
from the "initial surface" minus the "present surface"

X Y IS(m) PS (m) I\Q_DPESC(%
444552 3453556 2900 2677 223
444181 3453847 2905 2644 261
443791 3454370 2930 2676 254
443383 3454927 2910 2693 217
443118 3455239 2910 2743 167
443093 3454620 2915 2725 190
442947 3454051 2915 2714 201
443247 3453447 2895 2544 351
443128 3452905 2890 2500 390
443109 3452344 2890 2469 421
443872 3451246 2890 2692 198
443134 3452210 2880 2469 411
443609 3451616 2890 2594 296
444286 3451243 2890 2727 163
444384 3450792 2915 2662 253
442263 3450570 2910 2629 281
444281 3450268 2910 2607 303
444350 3449824 2905 2566 339
444519 3449672 2905 2575 330
444939 3449440 2905 2517 388

Average: 2903 2621 282
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Table 4. The downdip depth of erosion of coal seams (DECS) and the downdip remnant coal seams (RCS) in each limb of
synclinorium in various coal mines

Coordinates of Initial and Average Elevation Dipanddip  Down dip Down dip

Mines end of Mine area IS, PS (m) VDECS (m) Dir. (degree) DECS (m) RCS (m)
T I R B
Pabdana pRrenarepsatn 2500 180 30/45 400 1200
Khomrud PRETSRAb oo 163 38/290 291 1309
Sarapardeh j;gggifgiggigg o 220 50/290 314 1286
Gomrud provsirensecd oroe 138 80/45 143 1457
g mmew om0 o s ww
e R

Abbreviations: D E, eastern; IS, " Initial surface"; La, Latitude; Lo, Longitude; M, main; N, Northern; PS, "Present surface"

intermediate depth in the central sector (Fig. 6a). This is Environmental Geology 47, 915-925 (2005).
deduced from the southeastward inclination of the 2. '—_'”'_k?-f_ Yang,dH., Liu, J, fRUIH Z, Cla" Z., Zhu, Y.
synclinorium axis as well as the steeper topography in Distribution and —erosion of the Paleozoic _tectonic

h h q h h unconformities in the Tarim Basin, Northwest China:
the northwest sector as compared to the southeast Significance for the evolution of Paleo-uplifts and tectonic

sector. geography during deformation. Journal of Asian Earth
Based on Figure 11b the erosional surface reflects Sciences 46, 1-19 (2012).
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(2008).
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