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Abstract　Transient electromagnetic ( TEM) technique plays a signi fi cant role in mineral exploration . To accommodate the

complicated survey envi ronments in the west part of China, we developed a por table array TEM equipment ( ATEM - 1) ,

which was implemented based upon the idea to apply theGPS timing signal for the synchronization among transmi tters and

receivers. The structure of the system and its per formance are discussed and the case study is also described .
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Introduction

Transient Electromagnetic ( TEM) technique

has been further studied in Canada, USA , Australia

and Former Soviet Union . Since 1953 the first

patent about TEM appeared in the West , many in-

struments have been produced such as EMP - 1

(1964) , UTEM - 1 ( 1972) , and EM - 37 ( 1980 ,

made by Geonics Corp) , etc ( Nabighian et al . ,

1991) . And in U . S. A , VETEM ( Very Early

Transient Electromagnetic) has been developed in

recent years ( Pellerin et al . , 1997) . High perfor-

mance equipment and effective noise suppress tech-

niques are developed mainly for shallow layer high-

resolution exploration. In China, study on TEM was

begun in the early 1970' s. Many research groups

have developed thei r own TEM equipment from

then . They are the Changchun University of Science

and Technology , the Geology Institute of Nonfer-

rous Metal Industry of china, the Geophysical and

Geochemical Exploration Institute of the Minist ry of

Land and Resource, the Universi ty of Technology of

South China, the Xi' an Geology College, etc ( Jiang

Bangyuan, 1998) . These equipment are all success-

fully used in practical environments, but most of

these equipment were synchronized by crystal clock

,

f

f f y f f ( Z ,

1992) . And so they were not fi t for area resource

explorat ion in the West Part of China ( Lin Jun,

1997; Lin Jun et al . , 1997) . Besides transmit ting

large current , the factors such as equipment size,

weight , turn - of f time of the transmit ter and the

noise suppression of the receiver can all influence the

applications of TEM equipment in the complicated

environment of the West Part of China. In recent

years, wide dynamic rang array and network MT

explorat ion equipment play a signif icant role in the

resource exploration and these new equipment also

provide new ideasfor the development of new typeof

TEM equipment .

To be applicable to the complicated environment

of the West Part of China, the TEM explorat ion

system should be made portable with an explorat ion

depth from 2 km to 3km and can be used in multiple

applications. Based on the project of the Ministry of

Land and Resource”Study on Synchronization Mea-

surement Techniques and I tsApplications in Electro-

magnetic Exploration”( Lin Jun et al . , 1998) , with

modern electronic and computer technique, we de-

veloped a portable array transient electromagnetic e-

quipment (ATEM - 1) synchronized by GPS timing

signal . In this system, one or two transmit ters and

multiple receivers made up an array , and the dis-
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or acable between the receiver and transmitter con-

sisting o a single transmi tter and a single receiver

which resulted low e icienc or ield work onge

tributed receiver s stem was managed in master -

slavemode. uch structurewassui table not onl or

the area electromagnetic surve in comple environ-



ment such as desert and gobi in the West Part of

China, but also for the applications of deep detection

depth and high - resolution. The test system has

been tested with the model simulat ion experiments at

the lab and the field comparison experiments at

Yongji Toudaogou Diggings of Jilin Province.

Theimplementation of array transmit ter and re-

ceiver system provides ef ficiency technique, support-

ing not only for the prospect , exploration and utiliz-

ing of resource in China, but also for the under-

ground electromagnetic survey and mapping struc-

ture.

1　The Structure & Perf ormance of ATEM

- 1

1.1　TheStructure of ATEM - 1

ATEM - 1 consisted of 3 parts: transmitting

source ( t ransmit ter) , data acquisition system ( re-

ceiver) and software for data processing and inter-

preting .

1 .1 .1　Transmit ting source

Several important technique problemshavebeen

solved , such as the electromagnetic field inducing

wave form when multiple transmitters t ransmit ted at

the same time, the inf luence of turn - off time and

the output of controllable large current in battery -

powered transmit ter . Wi th the technique of delay -

control of turn - off waveform and fast recording and

storage, the transmit ter was made portable for the

array transient electromagnetic survey .

1 .1 .2　Data acquisition system

The array receiving system of ATEM - 1 uti-

lized the idea of dist ributed system. In this system

the master receiver was controlled by a note book

computer which consisted of an high - precise GPS

timing synchronous controller , high - performance

data acquisition card produced by QUOTECH in the
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quired data in whole turn - of f time which not only

provided suf ficient source material for the data pro-

cessing but also madei t easy to find out and process

various noise and increased the precision of deducing

interpret .

The slave receiver adopted single chip computer

as the master controller which consisted of a GPS

synchronies controller , a high - speed data acquisi-

tion circuit , high - performance preamplifier , large

- storage NVSRAM ( Non Volatile Stat ic Random

Access Memory) and a intellectual communicat ion

interface. I t could implement full - domain data ac-

quisition, storage, timming and data transfer . Be-

sides, the slave receiver was so portable that it could

be configured according to the application requi re-

ments.

The TEM exploration system was synchronized

by GPS and dual A/ D technique is adopted for solv-

ing exploration precision and speed . I t implemented

efficiency noise suppression by array synchronizat ion

technique.

1 .1 .3　The sof tware for data processing and inter-

preting

　　The functions of the software with ATEM - 1

are as following: decay waveform drawing on the

spot ( in dual logari thmic or arithmetic coordinate ax-

is) , prof ilegraph ( in half - logarithmic or arithmetic

coordinate axis) , waveform smoothing, f iltering,

deleting oddity point and error statistic and process-

ing . The general functions include transmit ting tran-

sient f ield , data acquisit ion and superposition.

With the sof tware for data processing and con-

verting equipped with this system, it was easy to

draw apparent resistivity profile graph .

1 .2　The ATEM - 1' s performance

1 .2.1　Performance of the transmi tter

Maxim transmit ting current : 50A/ 30A ( pow-

y ) , ( y y)
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. .A and an anti - saturation low - noise ampli i-

er . t implemented the automation and intelligent

data ac uisition and storage and visual displa o ac-

ered b generator 10A powered b batter

a im transmitting voltage: 800 powered b

generator 12 480 powered b batter



The transmit ting current waveform : BI - polar-

ity , duty cycle 1 :1

Fundamental f requency of the transmitt ing cur-

rent : 2 .5 , 6 .25 , 25, 62.5 , 262.5 Hz

Turn- off time: lit tle than 1. 3 us ( resistant

load)

Weight : 30Kg/ 50Kg

Operating temperature: - 20℃～50℃

Protection function: over - voltage, over - cur-

rent , over - heat , warning of lacking of voltage

Synchronization error of GPS: < 1μs

1 .2.2　Performance of the receiver

Master receiver slave receiver

Input voltage range: +/ - 2 .5 V + / - 2 .5 V

Sampling rate : 10μs 20 μs

Sampling time window : 10μs- 2s 20 μs- 2 s

Gain range: 1- 8000 1, 10 , 100, 1000

Delay time: 1- 9999 1- 9999

Input channel : 1 1

Synchronizat ion mode: reference cable or GPS reference cable or GPS

Operat ion mode: menu controlled by master

Begin delay point selection: set up by program set up by program

Communication interface: RS232 RS232

Instrument Weight : 3Kg (without bat tery) 1Kg ( without battery)

2　The Field Array Configurat ions

2.1　Single transmitter - single receiver mode

　 　In this working mode, several configurations

could be made, such as coincident loop, central loop

or fixed loop ( or large loop) . I t is convenient and

easy to work because the transmitter and receiver

were synchronized by GPS t iming signal .

2 .2　Single transmitter - mult i receiver smode

This is one of the area survey modes and two

configurations could be made: f ix loop ( Fig .1) and

moving loop (Fig .2) .

In figure 1, Rs1, Rs2, . . . , Rsn respectively

represent the master receiver and multi slave re-

ceiverswhich were synchronized by GPS. The multi

receivers acqui redatasimultaneously when the trans-

mit ter is working, which could improve the efficien-

y f y y
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f

eration system . The more the slave receivers are

added, the higher work ef ficiency will be gotten.

The power consumption will be also saved with this

mode.

Fig. 1　The conf iguration of area fi x loop f ield survey

I F ,

y , f

101Development of the Array Transient Electromagnetic System and Its Experiments

c o area surve obviousl . Compared to the single

receiving mode themeasurement speed could be im-

proved when slave receiversareadded to the ield op-

n ig.2 theworking mode is one special area

surve mode in which three pro iles could be mea-

sured with onemaster receiver and two slave



Fig. 2　The configuration of area pole- pole field survey

receivers at the same time. To make dataprocessing

and interpreting easy , it is necessary that the mea-

sure space should be as same as the space between

the transmit ter and the receiver .

2 .3　Dual transmit ter s- mul ti r eceiversmode

　　This is another working mode in area survey .

And i t was benef it f rom the high - precision GPS

synchronizat ion and synchronous acquisition of the

multi receivers, as shown in Fig .3 .

Fig. 3 　The field work ar rangements of area multi -

transmitter larger loop detection

I f 3 ,
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f

tion as shown in Fig .3 .

The length of power supply - loop' s border de-

pends on the practical demands. The efficiency of

thisworking mode is the same as that of figure 1,

which all depends on the number of the slave re-

ceivers. A uniform magnetic field was generated be-

tween the two transmi tting loops because it was

powered on both sides so that it made the data pro-

cessing and interpreting moreeasily . Another benefit

is that in this working a high - power transmi tter

could be substituted by mult i - low - power trans-

mit ters, which was fit for working in a mountainous

area because of the mobility .

3　Test Result at Lab

In the experiments, two kinds of model were

tested: slope and vertical conductivity metal plate in

the air . The conductivity metal plate was a copper

plate , 14cm length, 10cm width , 1 .2cm thickness

and burial depth is 0.5cm.

The metal plate was sloped about 90( for the

vertical model test . The length of the prof iling was

46cm, and the interval between two measure points

was 2cm, coincident loop conf igurat ion was adopt-

ed . The area of the transmit ting loop was 10cm

( 10cm( 100 which was the same with the receiving

loop. The transmit ting current was 1. 5A , and the

pulse width was 20ms. The sampling time was from

400μs to 6ms. The experimental resultswere shown

in Fig .4 .

I t could be seen from the figure that the re-

sponseover the thin , vertical bodieswas a symmetri-

cal dual - peak in its response profile and that the re-

sponse over the thin , oblique bodies was a non -

symmetrical dual - peak . And the peak on the ten-

dency sidewas greater than theanother one. Wecan

deduce the leaning direction using this character .

　F x R
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n igure it wasdemanded that the transmi t-

terson both sidesshould be s nchroni ed strictl and

that the transmi tting current should ollow thedi rec-

4 ield E perimental esul t

o veri the ield e ect o the instruments



Fig.4　The multi TEM response curve of ver tical metal

sheet

we did two experiments in Toudaogou diggings of

Jilin Ci ty in 3/ 2000 and 4/ 2000. The digging is a

geophysical test siteof Changchun University of Sci-

ence and Technology . Dif ferent geophysical methods

had been used here.

4 .1　The geologic and geophysical feature of the

diggings

　　The Toudaogou Diggings is located in the mid-

dle- south of Jilin Haixi Fold Zone. At the west sec-

tion of Toudaogou - Sanjiazi it is slope north , in the

southwest section of Kouqian - Xiaochengzi fault

zone.

4.2　The f ield working modeand the factor select-

ing of loop

　　An in - loop configuration was adopted in the

experiment , in which the transmit ting and receiving

loopswere not coincident . The area of t ransmit ting

loop was 50m×50m , and the area of the receiving

loop was 20m×20m×5. The borders of the trans-

mit ting loop which were parallel with the measure

line were laid respectively on the original the 53 and

the 54 survey route of the diggings and the practical

measured profile was between the 53 and 54, as

shown in figure 5. The interval of measurespotswas

20 m, and the transmit ting current was as much as

3 .8～6 A with a pulse width of 125 ms. The valid

observe time was 0. 1～10 ms. The end sampling

time postponed step by step with the initial delay

time.

Fig .6 ( a) and (b) show themeasured resultsof

the master and slaver on the same survey line

(53. 5) . I t shows that the shape and the posi tion of

the peak of the profiles measured with the master

and slaver are similar .

To verify the field performance and resolut ion

of ATEM - 1 and the corresponding relationship be-

tween exception position and practical vein , we plot

several profiles including geological section,TEM profiles

by ATEM - 1 and the composite profiling plotsby other

electrical methods. To make it easy to compare, Fig .7

shows composite profiles of line53. 5, combined resistiv-

ity profiles and induced polarization( IP) results are tak-

en from the data of line 54.

Fig .7 ( a) is the multi - channel t ransient elec-

t romagnetic secondary field response curve. I t shows

from the figure that the response over the main vein

is very obvious. The maxim anomaly appears on the

points 73 and 75 , and thecurveon the right of point

74 is scalar which value is li tt le than the small num-

ber spot' s. So, the main peak is caused probably by

F 5　T f f
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ig. he ield working sketch with in - loop con iguration



Fig.6　( a) The mul ti - channel TEM profi les wi th master receiver at L ine 53 .5

( b) The multi - channel TEM profiles with slave receiver at L ine53. 5

the sulfur - iron ore beneath thepoint 74 . The value

of the curve on the right side of poi nt 74 is higher

than the lef t side, because on this side there ismany

slagheaps on the ground. Besides, there are two

small veins at about 10m to the east of number 80 ,

which also can cause higher measured value.

Fig .7( b) shows the profiling curves of com-

bined resistivity profiles and induced polarization at

line 54 ,in which the low resisitivity across point of

the combined resistivity profiles is appeared between

point 74 and 75, and higher IP abnormal is appeared

between point 74～77 , but the maxim point is not

appeared at point 74, which is caused by the influ-

ence of mineral residue at the bigger point number

site。The low resisitivity abnormal is appeared be-

tween the point 73 and 75 of the IP curve。Line 54

is the test line for university student field study and

the results are showing no different at the different

survey, the abnormal peak is appeared at the point

3～ 。
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of t ransient electromagnetic and other electrical sur-

vey methods are identical , which are consistent with

the vein position in the geological section. So the

anomaly observed is believable.

5　Conclusion

ATEM - 1 system is implemented with ad-

vanced software and hardware. I t can be synchro-

nized by GPS. The system can beeasily organized as

a single receiver conf iguration or mult i receiver array

configuration. The system is portable for areasurvey

under the difficult conditions in mineral exploration.

Laboratory and field experimental results show that

the system provided here can be applied to practical

resources investigation and environment monitoring.
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ig.7 ntheti c electr i cal pro iles and geological pro i le at line 4

1- Amphibolite o Permian oudaogou ormation 2 - carn - amproph re 4 - iorite - ltrabasic rock - ul ur - diamond
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