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ABSTRACT

Low temperature prospects standing in clay-rich country rocks or
rocks saturated \_NiFt)h sdine pore flugl]ds produce, in general, rather
indistinct resitivity anomalies. Laboratory tests have shown thet the

ratio of apparent polarizability (rj,) and apparent resistivity (p,), here

defined as combined electrical factor F = (Ha/Pa)' **"°' much
affected by the concentration of the electrolyte but increases dmost
linearly with temperature.

Field surveys usng combined DC and |P soundings have shown that
digtinct high F-anomalies can be obtained over a low temperature
prospect (Xiamen City in Fujian Province) where the country rocks
are saturated with diluted sea water causing a rather indistinct low
apparent resistivity pattern. The method has aso been tested over a
few other low temperature prospects, namely Xiaotangshan near
Beijing and a Zhangzhou City In Fujian Province, in both areas
rather high F-anomalies were found to be associated with shalow
thermal waters.

METHQOD:

DC - dectricd surveys are sill the most effective geophysical method
presently used for geothermal prospecting. In general, low
resistivity anomalies can be observed over reservoirs saturated with
thermal Tluids, even in the case of low temperature prospects. In
some cases, however, such as prospects standing in clay-rich
country rocks or in rocks saturated with saline pore fluids, the

ent resistivity anomalies over low temperature prospects can be
rather indistinct.

In order to reduce the influence of low resistivity rocks, the
combined eectrical factor (F) method has been developed by the first
author since 1983. The method is based on smultaneous resistivity
and IP (induced polarization) soundings and plotting of the ratio of

T|a (apparent palarizability) and p, (apparent resistivity) versus
spacing factor of current electrodes (AB/2) in a section, the ratio
(Tjalpa) for a given spacing AB/2 is defined here as the combined
eectricd factor F (i.e. F =/Np™

The resdtivity of an eectrolyte and the polarizability of aconductive
rock saturated with an ectrolyte and containing a conductive matrix
are both temlgl)eature d lent. Laboratory studies of rock samples
saturated with an dectrolyte have shown thet the temperature effect in

resstivity and polarizability can be enhanced if the ratio of T}, and p,
isused. Fig. 1 shows the results of alaboratory experiment where
Ti, and p, together with theratio F = T|/p, are plotted. Other smilar

tests showed that the magnitude and the trend of the F-factor, which
increases dmost Iineerl?/ with the temperature of the pore fluids, does
not change significantly with the concentration of the electrolyte.
This is n in Fig. 2 where the results of measurements are
shown for the same rock sm;gloe whose concentration of dectrolyte
(Na Cl) was increased by about one order of magnitude. These
laboratory tests indicate that conductance anomalies caused
changesin temperature could be m by the F-factor method even
in the presence of latera changes in the concentration of pore fluids.
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Fig. 1. The relationship between p,,r\,, F and temperature as

measured in thelaboratory a arock sample.

RESULTSCF FI ELDTESTS:

The method has been used successfully in the exploration of ten low
temperature prospects in China. In the Xiaotangshang pr (see
Fig. 3) hot water occurs near the top of permeable Sinian dolomites
which are covered by 300 to 500m thick sediments. Hot water
ascends through the sediments and is discharged in nearby hot
springs. A section of the F-factor values plotted versus spacing
AB/2 is shown in Fig. 3; the highest F vaues occur near Well 32
which encountered the highest temperature in the basement aguifer.
Recently anew well was drilled in the nursery of the Xiaotangshang
sanatorium on top of the F-factor anomaly; the well was productive
Snd ﬁncountered therma water with atemperature of 56°C at 480m
epth.

Ancther example of afield survey is shown in Fig. 4 which shows
various geophysica anomalies over athermal prospect in Xingling
Bay near Xiamen City (Fujian Province). Here thin sediments
underlain by granites have been infiltrated by some seawater; the
apparent resistivity anomaly, showing apparent resistivities as low
as 6 ohm m, is not well defined but the F-factor plot outlines clearly
a highly anomaous area benegth stations S1 and S2. Hot water is
discharged by a hot wel (WI) which shows up in a shalow
temperature survey.

Other examples of field surveys using the F-factor method are a
survey of the Lingpo hot springs in Zhangzhou City (Fujian
Province); based on the results of the F-factor method a well was
drilled which encountered hot water with a temperature of 102°C at
155m depth.
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Fig. 2: Changesin pe r|y F as measured in the laboratory Ne N5 Ne Ns Nz Niob S o<& s 56 55 00
for two concentrations of pore fluids (NaCl); the
primed parameters refer to the higher concentration
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Fig. 4: Geophysical anomalies across a prafile in Xingling
Bay (Xiamen C|t¥]), profile 1 is the apparent
resistivity, 2 the F-factor, 3 the shalow
temperature, and 4 the SP anomaly. W2 denotes a
cold well, WI a hot well, and P anatural hot spring.
The Ffactor section plot is shown in the bottom part
of the figure.

Fig. 3: Plot of the F-factor adong a profile across the
Xiaotangshan hot spring ares; the geological section is
shown inthelcwesrphdng o

SUMMARY:

Prliminary studiesin the laboratory and in the field have shown thet
resistivity anomalies caused by thermal waters can be mapped with
g)\/e %ombl nedofel ectrical factlor _Izzei)a?tor) anqwgmod The Ffactor, g}](lven
the ratio er%parent polarizability apparent resigtivity for a
iven linear sounding array, enhances conductance anomdies caused
§y temperature-dependent changes of the pore fluids and produces
istinct anomaly patterns which are related to the temperature
structure of low temperature prospects even if they stand in clay-rich
country rocks or rocks saturated with sdine pore fluids. Further
research is required to understand why the F-factor is so sengitive to
changesin pore fluid temperature.





