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Abstract 

Ground penetrating radar (GPR) and magnetic methods were used at Ghasr-e-Shirin  
town in Kermanshah province, southwest of Iran for detecting a series of large ancient  
(ca 1500 years) underground cavities (Tagh). The area of study is a historical monument 
which is named as Emarat e Khosro. Radar and total intensity magnetic field 
measurements have been done on the eastern part of the complex, where some 
underground man-made cavities are located. Radar and magnetic profiles indicate these 
cavities easily. Radargrams, total magnetic map, first horizontal derivative and first 
vertical derivative of total magnetic field indicate the location of the anomalies, which 
conform with the real situation. A comparison of results of 50 MHZ and 100 MHZ 
radargrams shows that the latter distinguishes the anomalies better. This work is 
completely experimental to indicate the effect of underground cavities on radar and 
magnetic data. It is concluded that a combination of these methods is a proper tool for 
delineating underground cavities. 
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 هاي مغناطيسي و رادار در تشخيص غارهاي زيرزميني در شهر قصرشيرين در ايران روش
 

 مؤخر محسن اويسي
 

  كرمانشاه، ايران،دانشگاه رازيستاديار مركز مطالعات ژئوفيزيك، ا

 )25/10/86:  ، پذيرش  نهايي16/8/85: دريافت(
 
 

 چكيده

، محل هاي زيرزميني، مواد مورد مصرف در ساختمان سازي حل، محل آباين م. زمين هميشه مورد توجه بشر بوده استرعمق كم زي
هاي زيرزميني از  شناسي و هم از نظر آب يافت حفرات و غارهاي زيرزميني هم از نظر باستان. د ديگر استرها و صدها كارب بالهزدفن 

هاي  هنجاري كيك بالا در آشكارسازي بيقدرت تفهاي با  روش رادار يكي از روش). 2004، نيل( اي برخوردار است اهميت ويژه
توان از  وجود دارد كه مي سال 1500با سن حدود هاي غار مانند  سري محل در عمارت خسرو در شهر قصر شيرين يك. زميني استزير

ارها از ديد اگرچه يكي از اين ساخت.  مدل براي تحقيق در مورد روش رادار و مقايسه آن با روش مغناطيسي استفاده كرددرحكمآنها 
 درجه 6/45در طول   وي شمال درجه5/34شهر قصر شيرين در جنوب غرب ايران در عرض جغرافيايي شمالي . عادي پنهان است
 اند و از قسمت شرق قابل مشاهده و دسترسي هستند خته شده در رس قرمز رنگ واقع شدههاي ساساختار). 1شكل ( شرقي قرار دارد

 ).2شكل (
در  .ها اختلاف زيادي داشته باشند هرود كه ثابت دي الكتريك لاي كار مي هاين روش در مناطقي ب: زمينيرزي يروش رادار نفوذ

دو مورد اول بر هم منطبق بوده .  متر در جهت شمال و جنوب پياده شد30 متر و 35 متر، 54هاي  طوله  برخ نيممنطقه كاوش سه 
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 ساخت كشور سوئد است و از دو RAMAC GPRسيستم مورد استفاده . صله دارد اول فارخ نيم متر در جهت شرق با 8ولي سومي 
آوري   نگاشت بر روي هم جمع16ظيم قبلي در هر نقطه طبق تن . مگا هرتز پوششي استفاده شده است100 مگا هرتز و 50آنتن 
 . بهبود يابدفهشود تا سيگنال به نو مي

هاي رادار مورد استفاده قرار  براي پردازش و تفسير داده )1997سندمير،  (اي سندمير  لرزهافزاري بسته نرم: هاي رادار دهپردازش دا
ها استفاده   مگاهرتز براي صافي داده85 تا 30از صافي ميان گذر . ها مورد نياز است ش براي اجتناب از تفسير غلط دادهپرداز. گيرد مي
ها و   صافي مهاجرت براي حذف پراش.ها استفاده شد اي نگاشتهاي انته براي تقويت داده) AGC(از صافي بهره خودكار . شد

 .بريم ها به مقدار واقعي بهره مي برگرداندن شيب
 . كار گرفته شد هب رخ نيمهاي اين  هنجاري براي يافت بي) unshielded( مگاهرتز غير پوششي 50آنتن :  اولرخ نيم

 سرعت . اند  نمايش داده شدهيود با حروف لاتينهاي موج هنجاري بي. دهد را نمايش مي رخ نيمگاشت خام اين  رادارن3شكل 
استفاده هنجاري  بيدست آمده است كه براي يافت عمق  هب CMP(m/ns 061/0( با استفاده از روش نقطه مياني رخ نيمموج در اين 

 .شود مي
 مگاهرتز 100 آنتن مورد استفاده .ده شده است متر پيا33 ولي با طول 1در همان مكان و امتداد پروفيل  رخ نيماين : دوم رخ نيم

ها به غير  براي وضوح بهتر از همه صافي. تنددر اين شكل مرزها واضح نيس.  آمده است4غير پوششي است و نگاشت حاصله در شكل 
پنج . اند  آمدهينها با حرف لاتي هنجاري دهد كه در آن بي مي نگاشت حاصل را نمايش 5شكل . از صافي ميان گذر استفاده شده است
نظر  هشود ولي يك ساختار تو خالي در نگاشت هست كه در مشاهدات صحرايي وجود ندارد ولي ب ساختار تو خالي در نگاشت ديده مي

 . آمده است1دست آمده از نگاشت رادار در جدول  هابعاد ب). 2شكل (  پوشيده شده استرسد كه عمداً مي
  ر نگاشت آن وجود نداردگونه به هنجاري در رادا قبلي است و هيچ رخ نيم غرب دو  متري8در  رخ نيماين : سوم رخ نيم

 ).6شكل (
ي ها رخ نيمن در محل گيري ميدان كل مغناطيسي زمي ها از روش اندازه هنجاري بيجهت آشكارسازي : سنجي روش مغناطيس

 است در حالي كه ديوارها و سقف آنها داراي SI 4-10×90/5پذيرفتاي مغناطيسي خاك بستر ساختارها . رادار نيز استفاده شده است
 پذيرفتاي مغناطيسي با دستگاه بارتينگتون. كار رفته است ههاي ب علت ساختار رسوبي سنگ ه كه دومي بهستند SI 6-10×56/12مقدار 

)Bartington MS2( با دقت يك نج پروتونس ميدان كل مغناطيسي توسط مغناطيس. گيري شده است ساخت كشور انگلستان اندازه 
 آمده 7 در شكل رخ نيمنقشه ميدان كل حاصل از سه . ها پنج سانتي متر بوده است ائتفاصله قر. گيري شده است صدم نانو تسلا اندازه

عدم وجود تباين مغناطيسي بين علت  ه بها احتمالاً هنجاري  نبود بعضي از بي.ها در آن مشخص است هنجاري است كه مكان اكثر بي
 .دهند را نمايش مي اول رخ نيمفقي ميدان و گراديان عمودي  ميدان كل، گراديان ا10 و 9 ،8هاي  شكل. ها و بستر رسي است تاق

پارامترهاي هندسي . روش مفيدي براي تشخيص حفرات و ساختارهاي تو خالي در تشكيلات مقاوم است روش رادار: گيري نتيجه
 واقعي گيري است كه با شرايط ي و عمق كم قابل محاسبه و اندازهفراهم بودن شرايط فيزيكراحتي در صورت  هها بهنجاري اين بي

روش . انجامد يش قدرت تفكيك مي به افزابسامد زيادتركه استفاده از آنتن دهد  اين تحقيق نشان مي. نداني ندارنداختلاف چ
انجامد ولي دقت  ها مي هنجاري ر آنها به آشكارسازي بياري و بستهنج صورت وجود تباين مغناطيسي بين بيسنجي هم در  مغناطيس

 .تنها محدوديت روش رادار عمق كم كاوش است. است روش رادار از مغناطيس بسيار بيشتر
 

 ، غارها، ميدان كل مغناطيسيرادار نفوذي زيرزميي: واژهاي كليدي
 
 

1 INTRODUCTION 
Man always paid special attention to the shallow 
subsurface of the earth. This part of the earth is 
the place of constructional rocks and materials, 
underground water resources, storage of waste 
material and layers of sediments. In addition, the 
study of rocks and accumulation of shallow 
underground sediments gives information about 
the earth's history and the dynamical behavior of 

its surface (Neal, 2004). Most studies have been 
focused on determining the location and 
distribution of cavities in karst formations (Robert 
and Bosset, 1994; Holub and Dumitrescu, 1994; 
Beres et al., 2001; Al-fares et al, 2002). In our 
study the formation is a clayey soil than karstic. 
We locate the location of the anomalies and their 
dimensions. In our work, the underground 
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structure (Tagh) which is visible naturally from 
one side (the eastern part) gives us enough 
information about the correctness of our 
interpretation. Due to the susceptibility and 
electrical contrast of the structure of the 
underground cavities with their adjacent layers, 
we are able to delineate the cavities by magnetic 
and GPR geophysical methods. The result of this 
work can be used for detecting hollow 
underground facility and subsurface cavities 
which are not visible at the surface. In Ghasr-e-
Shirin and other parts of Iran there are many 
places, which can be a target for this method. 

There are many ancient underground shallow 
water passages in Iran which have cannot be seen 
from the ground surface. Some of these places are 
now used for engineering purposes such as power 
plants, dams, airport landing strips and so on. The 

hollow structure which is investigated in this 
paper is similar to the above structures and can be 
used as a model for geophysical detection. 

 
2 STUDY AREA 
Ghasre Shirin is located in the south west of Iran 
at 34.5ºN and 45.6ºE coordinates (figure 1). The 
underground man-made hollow structures (Tagh) 
were built in reddish argillites. On the top of the 
most of the cavities, there is a thin layer of soil. 
The width of each cavity is about 5.5m and 3.5m 
westward and eastward respectively and their 
height is about 2.5m. As we mentioned before, we 
can access the cavities easily from the eastern part 
(figure 2). The strike of the anomalies is 
approximately in an east-west direction. In figure 
2 only a part of the hollow structures is seen. 

 
 
 
 

 
 

Figure 1. The location of Ghasre Shirin. 
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Figure 2. A view of the investigated area. The circle shows the covered cavity. 
 
 
 
3 GROUND PENERATING RADAR 
METHOD 
Ground penetrating radar is applicable in this 
environment since a significant contrast in 
dielectric constant exists between the air and the 
surrounding soil. 

The main aim of this research is to investigate 
whether we can use the GPR method for finding 
the geometrical parameters of a hollow man-made 
structures or not. Three north-south profiles with 
different lengths 54m, 35m and 30m have been 
used for this work. The first and second profiles 
only have different lengths but have the same 
position and strike (north-south direction) but the 
third one is in the same direction which is 
supposed to be far away from the anomalies. This 
profile is at 8m distance with the other ones 
westward. Ramac TMGPR  system from Malå 
Geoscience, in Sweden was used for this 
investigation. 50MHZ and 100MHZ unshielded 
antenna, 2.0m and 1.0m antenna separation and a 
0.2m trace spacing were employed to scan the 
underground anomalies. At each measuring point, 
16 vertical stacks were sufficient to achieve the 
desired signal to noise ratio. 
 
3.1 DATA OROCESSING 
Reflex, a PC-based seismic package (Sandmeier, 

1997), was used for the GPR data processing and 
interpretation. The processing is essential to avoid 
introducing any artifacts into the data. Initially 
horizontal scale normalization was done to correct 
any differences in the movement speed of the 
antennas during data collection. The data were 
then band-pass filtered (30-85 MHZ) to cut out 
very high and very low frequencies. Diffraction 
stack migration was then applied to the data to 
move steeply dipping reflections to their true 
subsurface positions and to remove hyperbolic 
diffractions. Finally, a slight automatic gain 
control (AGC) function was applied to 
compensate for the loss in amplitude at depth due 
to spherical divergences, scattering and dielectric 
loss, as well as amplitude loss during some data 
processing steps, such as migration. As the 
ground surface is approximately flat, no static 
correction is necessary. 

The multi-offset profiles were used to perform 
velocity determination of the subsurface which is 
necessary for time-depth conversion. 
 
3.2 PROFILE 1 
50MHZ module was used initially on the first 
profile (54m length) to cover underground 
anomalies. This profile has a north south direction 
and its distance from the eastern edge of the 
structure is about 10 cm. Figure 3 shows the 

N
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radargram along this profile without any filtering. 
Figure 4 depicts the radargram after data filtering 
in which the anomalies were marked a,b,c,d,e,f, 
and g. 

A common midpoint (CMP) survey was 
conducted in the middle of profile 1, and 
subsequent velocity analysis yielded a velocity of 
0.061 m/ns (figure 5) is used to estimate the 
thickness of the top of the cavities. 

As the exact position of the cavities did not 
appear very clear on the first profile, we used a 
higher frequency radar module (100MHZ) to 
obtain a better image of the anomalies. 
 
3.2 PROFILE 2 
This profile is at the same position as the first one 
but with a shorter length (33m). 100MHZ 
unshielded antenna was used to scan the 
underground structures. The radargram is shown 
in figure 6. All the mentioned filters except the 
band-pass filter were applied on the radargram. 
We have found a clear image of the underground 
anomalies in this radargram (figure 7). Six hollow 
structures are recognized on the radargram of 
which only five are seen from field observation. 
Field observation showed that one of the cavities 
was covered (figure 2) which can be recognized 
on the radargram. The dimensions of the cavities 
are given in Table one. The anomalies are shown 
in letters on the radargram. 

The overburden thickness, distance from the 
first point of measurement and horizontal 
extension of each anomaly are shown in table 1. 

The third profile, which is in at a distance of 
8m west of the first profile, is used to study 
whether the cavities extend toward the west or 
not. The radargram of this profile is shown in 
figure 8, which shows no trace of the underground 
cavity. 
 
Table 1. The geometrical parameters of each anomaly. 

 
Overburden 
Thickness 

(m) 

The middle 
position from the 

first point of 
measurement 

(m) 

Horizontal 
extension 

(m) 

Anomaly 
(a) 0.31 1.44 3.8 

Anomaly 
(b) 0.31 6.80 5.31 

Anomaly 
(c) 0.31 12.79 2.96 

Anomaly 
(d) 0.31 18.02 1.90 

Anomaly 
(e) 0.31 24.40 3.35 

Anomaly 
(f) 0.31 30.55 4.24 

4 MAGNETIC METHOD 
The reddish soil has an average volume 
susceptibility of χ =5.90×10-4 SI   while the wall 
and top of the cavities, which are open from the 
eastern part, have an average relatively low 
susceptibility of χ =12.56×10-6 SI due to small 
and medium sedimentary rocks 10 to 20cm of 
length in the host. Susceptibilities of the soil and 
the roof of the cavities were measured by the 
Bartington MS2 magnetic susceptibility system 
(Bartington operation manual). Therefore, in 
principle it is possible to detect these anomalies 
magnetically. 

The portable overhauser magnetometer system 
GSM-19 V6.0, (GEM System Inc.) manufactured 
in Canada was used for magnetic investigation 
with accuracy of 0.01nT. This system is equipped 
with GPS and is able to measure the total 
magnetic field and field gradient. Data collection 
was done on three profiles, 35m in length, and the 
distance between profiles is 1m. The distance 
between data reading on each profile is 0.5m. A 
base station was established near the profiles for 
secular variation measurements and the collected 
data were corrected with the information from the 
base station using GEMLinkw3.0 software from 
GEM company. 

The total field magnetic map of the three 
profiles (figure 9) shows the anomalies at about 
8m, 13m, 20m and 30m which are the same as the 
radar results. Some of the anomalies are not 
recognized on this map due to lack of contrast in 
magnetic susceptibility of the anomalies with the 
surrounding bed. Now each magnetic profile is 
explained individually. Reduction to pole is the 
first filter that must be applied to the data before 
any processing. This filter moves the anomalies to 
their correct position. The dipolar nature of the 
magnetic field causes the anomalies to displace 
horizontally from their initial position (Baranov, 
1957). Due to lack of space, only for profile 1, the 
total field, the horizontal gradient and the vertical 
gradient of the anomaly are shown. For profiles 2 
and 3 only the total magnetic anomaly is shown. 
 
4.1 PROFILE 1 
The total magnetic anomaly of this profile shows 
two anomalies at 8.5m and 19.5m in which at the 
first one the magnetic field variation is stronger 
than the second one (figure 10, letters a and b). 
The first vertical derivative and the first 
horizontal derivative of the total field give the 
same results (figures 11 and 12). In this profile 
only two anomalies are recognized.  
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4.2 PROFILE 2 
The total magnetic anomaly of this profile shows 
the first anomaly at 1.5m while the second one is 
at 13m (figure 13). The first horizontal derivative 
and the first vertical derivative of the total field 
give the same results as the total magnetic field. 
 

4.3 PROFILE 3 
The total magnetic anomaly of this profile shows 
the anomalies at 3.45m, 7.50m and 20m (figure 
14). Again the first horizontal derivative and the 
first vertical derivative of the total field give the 
same results as the total magnetic field. 

 
 

 

 
 
Figure 3. Radargram of 50MHZ unshielded antenna on profile 1. The horizontal axis (m) is the profile direction and the 

right vertical axis is the depth (m) while the left one is the time (ns) axis. In all the shown radargrams this 
notation is valid. 

 
 
 
 
 

 
 

Figure 4. Radargram of 50MHZ unshielded antenna on profile 1 after required filtering. 
 
 
 
 
 

 
 

Figure 5. CMP survey to calculate formation velocity. 
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Figure 6. 100MHZ unshielded antenna on profile 1. 
 
 
 
 

 
 

Figure 7. 100MHZ unshielded antenna on profile 1 after filtering. 
 
 
 
 

 
 

Figure 8. Radargram of profile 3. 
 
 
 

 
 
 

Figure 9. Total magnetic map of the investigated area. 
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Figure 10. Total magnetic field of profile1. The solid squares are the data point positions. 
 
 
 
 
 
 

 
 
 

Figure 11. The first vertical derivative of the total magnetic field of profile 1. 
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Figure 12. The first horizontal derivative of the total magnetic field of profile 1. 
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Figure 13. Total magnetic field of profile 2. The solid squares are as figure 1. 
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Figure 14. Total magnetic field of profile 3. The solid squares are as figure 1. 
 
 
DISCUSSION 
When we compare figure 6 (100 MHZ radargram) 
with figure 4 (50 MHZ radargram), a tagh is seen 
on the former while nothing appears on the latter. 
There is an anomaly on the radargram of figure 6 
at 13m horizontal position while on the radargram 
of 50MHZ this anomaly does not appear. On the 
radargram of figure 4 at horizontal positions 24m 
and 30m it seems that the two anomalies are 
adjacent to each other while on figure 6 they are 
completely separated. Therefore, it is obvious that 
the 100 MHZ unshielded antenna reveals the 
anomalies better than the 50 MHZ one. This 
conclusion is physically reasonable as the 100 
MHZ antenna has a shorter wavelength than the 
50 MHZ antenna which gives the higher 
resolution. 

As is seen from the results, profile 1 and 3 of 
magnetic data give the same position of anomalies 
but profile2 does not have any result in common 
with the other two. We concluded that each 
magnetic profile only detects some of the 
anomalies and a combination of the results of the 
profiles gives a picture of the subsurface. 
However, the radar method reveals the caves 
better than the magnetic method. At least in this 
research work, the magnetic method does not give 
any additional information. Both of the radar 
antennas which were used on the anomalies 
revealed them clearly but the 100 MHZ module 

gives better results than the 50 MHZ one. 
 
5 CONCLUSIONS 
The radar method is a useful method for 
recognizing shallow underground cavities. The 
geometrical parameters of the anomalies at the 
study area can be obtained easily by the radar 
method (Table 1). GPR radargrams with proper 
frequency give the anomalies parameters which 
are not different from the real situation. This work 
reveals that the unshielded antenna with 100 
MHZ frequency is better than the 50 MHZ 
module from viewpoint of resolution due to the 
shorter wavelength of the module. The magnetic 
method also used for detecting the underground 
anomalies but it is not as effective as the radar 
method. This method only reveals some of the 
anomalies. The reason is probably due to the lack 
of susceptibility contrast of the taghs with the 
adjacent environment.  
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