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1-Introduction

Most of the geological features, like sinks and subsurface space, are taking place at soluble materials. Therefore
in this study, the detection of such features is concentrated on carbonate rocks. Acidic spring activities formed
travertine rocks in the Shiamin area (located on the west side of Lake Urumieh). These springs washed out
carbonate minerals from Jurassic and Cretaceous rock formation and spread them over the plain downstream of
Sahand volcanic mount. As a result of these activities, not only thick layers of travertine rocks were formed, but
also unseen subsurface spaces were created in the bedrocks.

The existence of subsurface spaces and sinks make restrictions for site selection and construction of engineering
structures. Although geophysics and drilling help engineers resolve these issues, these methods are very cost-
effective and time-consuming. So, low prices and severe methods should be considered as well for subsurface
studies first. Consequently, an attempt was made to develop a simple method for mapping subsurface spaces
using thermal infrared images.

Heat transfer is one of the crucial characteristics of rock masses, making a favorite condition for heat or
coldness to flow. The existence of water bodies in liquid or vapor or air in fracturing systems and spaces inside
the rock masses promotes heat or coldness transfers. This physical behavior of rocks causes thermal anomalies
above the source of such energy at the land surface within different seasons (Astier, 1974). According to Astier,
1974, air temperature influences land surface material and may penetrate 40 meters in soil and rocks, which
implies that if a source of energy exists at about 40 meters below the ground surface, it may influence land
surface temperature in some conditions. As a belief, these thermal anomalies can be detected and enhanced by
thermal sensors of satellites.

Rinker (1975) has used a thermal infrared scanner for studying the Greenland glacier and Portorico karst region
to detect subsurface caves and fractures. He concluded that if the temperature between caves and free space be
significantly different, satisfactory results will be obtained. Quatrochi (2004) has an optimistic evaluation of
applying ETM* images for representing land and water bodies temperature. Campbell et al. (1996) has mapped
out caves and springs in a watershed by using a high resolution and high sensitive thermal infrared camera.
Abdel-Hady et al. (1970) believe that applying a thermal infrared band of spectrum is under progress and can be
applied to detect subsurface phenomena. Coolbaugh (2007) used thermal bands of ASTER images to map hot
spring in the Nevada geothermal region by reducing the topography and sunlight effects. Cracknell et al. (1997)
have optimistically evaluated the application of the thermal band of TM image in detecting the buried coal fires
and allocating their geographic locations. Based on considering the literature review on the application of
thermal infrared images to identify thermal anomalies, the conclusion is drawn that in most cases, the
knowledge is transferred to technology and new methodologies are still under development.

2-Methodology

Land surface temperature is varying between -50 to +50 Celsius. So based on Vein displacement law, the most
convenient detector for enhancing relevant emitted energy to this range of temperature is a detector that records
energy through the thermal band of the electromagnetic spectrum (8 to 14 micrometer). Some high-resolution
sensors (like TM, ETM*, and ASTER) were mounted on some satellites that provide proper thermal infrared
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images despite some digital cameras and scanners. The ETM™ image acquired in summer 2002 and 5 other
thermal bands of ASTER images were used in this study. Moreover, SRTM data and its derivatives like slope
and aspect maps, satellite-derived NDVI image, a geological map of the Azarshahr area at scale 1:100000, and
geotechnical data reports were prepared and used.

The difference in rocks and subsurface sources of energy (like water bodies) reaches the highest level in winter
nights and summer days. Therefore both images that were acquired in cold nights and hot days depend on their
availability to identify thermal anomalies. Ideally, it is recommended to convert thermal infrared images to land
surface temperature (LST) and work on LST (Sobrino et al., 2004). Unfortunately, there is insufficient data on
the emissivity of land components available to produce precise LST maps. Therefore two possibilities like
brightness temperature (Th) or DN values of the thermal band itself remains to use. Since Th image and DN
values of the thermal band are fully correlated, and thermal image owns high variance. Therefore DN values of
the thermal infrared image are used in this study.

According to the authors' experiences, searching based on the following criteria (base rules) will lead to
identifying potential areas hosting subsurface spaces in carbonate rocks.

o Search limits to the boundary of carbonate rocks or other soluble materials.

e Search limits to altitudes less than the altitude of the highest point or height of the highest none-cold pixel
within carbonate rocks.

e Mean value -1 standard deviation of ETM* thermal infrared image is assumed as cold and relatively cold
areas.

e Search should take place within the shadow and sunlight aspects, separately.

o Rainfall data should be checked and be ensured that there has not been any rain at least ten days before
satellite image acquisition for avoiding antecedent soil moisture.

 Values between -0.05 to +0.05 of NDVI image are assumed as areas that have no vegetation. This criterion is
considered to avoid the influence of vegetation cover on lowering the land surface temperature.

As a point, the land surface temperature is being influenced by subsurface temperature. By the time the general
conditions of the land surface in carbonate rocks to be the same in terms of vegetation cover, antecedent soil
moisture, illumination, and altitude, any variations of temperature in land surface can be attributed to the
physical and hydrogeological properties of these formations. Accuracy of the obtained results was then assessed
by field survey, historical geology of the area, borehole data, and ASTER sensor's thermal images.

3- Results and discussion

Data analysis provides a map showing the spatial distribution of potentials for unseen subsurface spaces. In
other words, spatial data integration based on the rule, as mentioned earlier, bases on prepared data layers in a
GIS domain, delivered a map presenting the areas hosting subsurface and unseen spaces, as it is shown in figure
1.
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Fig. 1. Spatial distribution of areas hosting subsurface spaces in Shiramin area (blue pactches).
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Investigations showed that some parts of carbonate rocks in the Shiramin region (west of Lake Urumieh) that
are hosting subsurface spaces have relatively appeared cooler than the others on thermal images.

Accuracy of the result is verified by data obtained by boreholes and field geological knowledge. Cross-sections
across the geological lineament indicate a local and regional decrease in land surface temperature around these
lineaments. Since the roles of various parameters on influencing land surface temperature are considered by
applying logical base rules, any reduction of thermal image values could be attributed to the land surface as a
function of carbonate rocks' inherent condition.

4-Conclusions

Evaluation of thermal infrared images' capabilities on enhancing subsurface spaces was the main objective of
this study. Excluding the effects of various environmental factors on lowering land surface temperature
endorsed some parts of carbonate rocks that are influenced by subsurface spaces' inherent condition to be
identified. Consequently, the hypothesis that "subsurface spaces due to their air or water content are influencing
land surface temperature and related thermal anomalies can be detected by thermal remote sensing" is being
approved. The introduced approach to enhancing thermal anomalies related to inherent hydrogeological and
thermal conditions of carbonate rocks might be considered a rapid and economical method to apply before using
cost-effective geophysical and drilling methods for such explorations.
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Fig. 2. False color composite image of ETM* bands, RGB 6, 4 and 2 for Shiramin area.
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Table 1. Statistical parameters of general elevation, elevations at shadow and at sunlight aspects within the carbonate rocks
and their matching thermal image values.
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Statistics . . . :
carbonate rocks sunlight shadow values in values in sunlight
(m) aspects (m) aspects (m) shadow slopes

Min. 1268 1268 1268 138 149

Max. 1866 1845 1866 246 234

Mean 1450 1440 1405 194 200
Standard 136 127 106 18 11
Deviation

Jlesl @b 5loas olulis gblis cogaze 1o Hlo)S Fiwg 8 pgas adlhio o oad ol glajlae wlol p oledbl gl gamas

g alS o] gla sy plo b awglie )0 il ciy,ad daly

355l

Yvy

iy slalad s Jlais| bl ololid 4 g3 uel s
S oSy polie uSils 45 ols HLis by (F JSKE) dalovl



Y o)Lﬁ-ﬁ;J N 0)30 A9 )’.‘Q.s.l.)

N

ey (5305 (il ()

] Ascas pote scale.
(i) o slo aS) cpunl pus diilate [0 oxans ) slaliad 2935 Jlaxal slls Gblie 2aSTy -V K&
Fig. 3. Spatial distribution of areas having potential for subsurface spaces in Shiramin area (blue pactches).
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Table 2. Characteristics of the exploratory boreholes at Shiramin area.

Borehole Coordinates Subsurface spaces | DN values Altitude | Distance to Lithology
D UTM(X,Y) of Thermal (m) lineament label
Depth | Diameter image On map
BH1 (578924, 4167667) 45 10 195 1542 140 KI1*
BH2 (578423, 4168773) 25 55 191 1637 192 Kl1

a5 Cewl ghme ol A el b Logd e aiulS dav g slalad
ghew 5 by slogisn sles bl 5,1,8, ;0 lao lghs
oS g @erd oS5 aSh) 4 dogr b oS e sla] A s
slalad ol a5 el ible glodasie 1 S loaal,]
bl Gly 8 bl Gal 51 s Grepar atiis oy
oSy Bae pl 4 pbaws gl cenl sad oolasul gl Coxo
5 ad Al wlinSiw sloasly 51 S e sl leaal,]
A G 45 Swlyg) e b l,8 oS a5 ab axis
sblad ly Griin bl 51wl alys s
o556 yeS anlnl oS5 5l leads jasie by
Ol po aul ) 4 cad Sewlygh wile aSul 4y 4z el L aiies
ol mls b casdly ol el san Pl jles i o

,ls cisllae aass

yva

oo Cumdae anl ouls ool ioles 5o YUSS o a5 jghiles
b lalad 4 a5 Y o)l leS ogat (SlaST glags la>
sl Jliml adhie flged cod asie dgy L wilos S 0,95 5
Jlt) e s Bapne Jlrs b S35 5o Gl b (slolis
Ol 315 5l sk 5 S5 (sl oS o)lsen 45 (Olisz e sbiws,
 F USS 0 end (aseiie atgy b ol cusdge GLhail 5 35500 95
gy Somo ST Bls (mbas  (sLad (sl ailais lsis
ol sy slaliad Lol ol b,

;5 ASTER osizmiw polas pls) o s Bkl
by sblad ss>s glgicds cud Lasin 3blic cogasws
Doy oads ol oy (e gal jo S dblie a5 ol las
oble s, jui ASTER osiziw b, Frwgsd yslai o
Mg e

- ey glo,lshas 5l 28,5 alols b 45 amo e ol & S

shle bl olgieas sonl,s ansi a4 sble zhw jl wbs



N

Yolad Ve 0)90 A% 5l ot G LS ey T 2
. [SE

o
=]
3

—

o
=]

) 7

w
=]

N
=]

=
[~
L

Acres of areas attributted to subsurface spaces
a
=]

L

0_50 50100 100_150 150_200 200 250 =300 250_300

Distance to geological lineaments (class intervall in metres)

3T ailaie ;o s o,lglas 51 28,5 alold Ly ooxbaw ) slalad slls Gblio mhaw jials-f JSo
Fig. 6. Decreasing of acreage of areas attributed to subsurface spaces with increasing distance to the lineaments in shiramin, Azarshahr.
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