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Abstract: The geothermal resources in Fujian Province are mainly hydrothermal resources of medium-low
temperature. To better understand the whole process and conditions of heat control in the middle and deep
crust, this study focuses on the analysis of heat accumulation model in Hongtang Area of Xiamen, and the
main conditions of the model such as faults and sags are explored and interpreted in detail by using gravity
and wide-field electromagnetic methods. 4 main faults (F33, F2, F12 and HT-F1) and 10 secondary faults
(HT-F2, HT-F3, HT-F4, HT-F5, HT-F6, HT-F7, HT-F8, HT-F9, HT-F10 and HT-F11) were inferred, and
the  distribution  range  of  sags  was  delineated.  The  convective  geothermal  system  is  composed  of  four
components: Heat source, geothermal reservoir, heat-conductive fault and heat retaining cover, which form
a quaternary heat accumulation model. According to the model, the intersection of the main faults F12, HT-
F1 and F33 can be delineated as the primary target area of geothermal exploration, while the intersection of
the secondary faults (F12 and HT-F6; F12 and HT-F2; HT-F9, HT-F10 and F12; F12 and HT-F11; F33 and
HT-F3;  HT-F8  and  HT-F3;  HT-F2,  HT-F10  and  HT-F1)  can  be  delineated  as  the  secondary  target  area.
Borehole  DR01,  which  is  located  in  the  primary  target  area,  shows  that  the  water  temperature  increases
from fast to slow in the depth range of 0–500 m, and stays at 36℃ below 500 m. The reliability of the heat
accumulation model and the target area was tested via geothermal boreholes, which is of great significance
to the exploitation and utilization of geothermal resources in Hongtang Area of Xiamen.
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Introduction

As  a  province  with  many  hot  springs  in  China,
Fujian  ranks  only  behind  Yunnan,  Tibet,  Sichuan
and  Guangdong  (Liao,  2012; Gao  et  al.  2018).
According  to  Zhuang  (2015),  there  are  215  hot
springs in the province, including 22 boreholes and
193 natural ones. Among them, 10 natural springs
and  8  drilled  holes  have  temperature  exceeding
80℃(Zhuang,  2015).  The  distribution  of  hot
springs  and  geothermal  boreholes  are  strongly
controlled by fault zones (Zhang et al. 2019; Wang

et  al.  2020).  The  NE  trending  faults  are  com-
pression-shear  and  the  NW  trending  faults  are
tension-shear, the latter of which often become the
main channel for geothermal fluid discharge (Wan
et al. 1987, 1988) (Fig. 1). From the perspective of
tectonics,  Fujian  is  located  at  the  junction  of
Eurasian  plate,  Pacific  plate  and  Philippine  plate,
and  has  experienced  collisions  and  subductions,
which  are  related  to  the  strong  tectono-magmatic
activity  during  Meso-Cenozoic,  as  part  of  the
Pacific Rim magmatic belt (Zhou et al. 2000; Chen
et  al.  2002; Zheng  et  al.  2013; Lin  et  al.  2015;
Teng et al. 2017). The NE and NW-trending faults
are  strictly  controlled  by  this  tectonic  settings
(Wan  et  al.  1987).  The  crustal  heat  source  of  hot
springs  in  Fujian  province  is  rich  in  radioactive
elements  U,  Th,  K  and  so  on,  which  may  be
associated  with  granite  (Lin  et  al.  2016).  In
addition  to  crustal  heat  source,  mantle-derived
magma  is  also  an  important  heat  source  of  hot
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springs (Wan et al. 1988; Xiong et al. 1991; Liao,
2012; Lin et al. 2019; Wu et al. 2019). Under ideal
heat  generation  conditions  of  both  crust  and
mantle,  the  terrestrial  heat  flow  in  granite  area
along  the  southeast  coast  can  exceed  100  μW/m2

(Lin  et  al.  2016).  Therefore,  Fujian  province  has
good  geothermal  conditions  and  abundant  geo-
thermal resources (Wan et al. 1988).

In  addition  to  geological  conditions,  the  survey
of regional geological structure is also very impor-
tant  for  the  development  of  geothermal  resources
in Fujian Province. Gravity and wide-field electro-
magnetic  methods  have  been  extensively  used  as
important  surveying  methods  (Goldstein  et  al.
1975; Ward, 1980) Among them, Bougher gravity
anomaly  is  the  comprehensive  reflection  of  ab-
normal  density  mass  at  different  depths  in  the
gravity  field  (Ma  et  al.  2006).  Gravity  data  not
only  reflects  the  distribution  of  geological  mass
and the characteristics  of  deep structures  from the
plane,  but  also  contains  important  information  of
the field source with a greater spatial scale (Hao et
al.  1997; Shao, 2013). Therefore, effective gravity
data processing methods can help to understand the
characteristics  of  gravity  anomalies  and  identify
regional structures successfully (Fang et al. 2002).
Wide-field  electromagnetic  method  inherits  the
advantages of controllable field source of CSAMT,
and  overcomes  the  disadvantages  of  magneto-
telluric  method  such  as  random  field  source  and
weak  signal  (He,  2020).  This  method  achieves
large-area,  great  depth, high-precision,  high-
efficiency  and  multi-parameter  detection  of  geo-
logical  structures  (He,  2019).  In  the  process  of
structural  interpretation,  gravity  method  can  help
to  detect  the  distribution  of  structures  in  the  area,
which  has  the  advantage  of  transverse “ plane” ,
while  wide-field  electromagnetic  method  can
interpret  the  properties  and  morphology  of  stru-
ctures,  which  has  the  advantage  of  longitudinal
 “ morphology” .  These  two  methods  can  be  used
together  to  interpret  structures  in  a  stereoscopic
way.

The  study  area  is  located  in  Hongtang  Village,
Xiamen  city.  A  commercial  hot  spring  pool  was
developed  with  a  water  temperature  of  61℃ pre-
viously,  but  the  scale  of  the  development  and  the
investigation are far from meeting the local demand
for geothermal resources. As an important geothe-
rmal  exploration  area  in  Fujian  Province,  the
geological structures in the area are the key factors
for further development and utilization of geother-
mal resources. However, most of the study area is
covered  by  quaternary  deposits,  which  results  in
the  lack  of  research  on  the  geological  structure  in

the  area.  Therefore,  gravity  and  wide-field  elec-
tromagnetic  methods  were  used  to  survey  and
interpret  the  faults  and  sags  in  the  area  in  detail.
Based  on  the  result,  the  exploration  target  area  is
delineated and the reliability of the research results
is validated by geothermal drilling. 

1  Geological characteristics

The  study  area  is  located  in  the  alluvial-pluvial
plain  near  the  estuary  of  Xixi  in  Xiamen  City,
which  is  a  volcanic  rock  area  along  the  southeast
coast  of  China.  Most  of  the  area  is  covered  by
alluvial-pluvial  deposits,  eluvium-slope  deposits
and  marine  deposits,  with  very  limited  bedrock
outcropped  (Fig.  1).  The  alluvial-pluvial  deposits
are  mainly  composed  of  light  grayish-yellow
medium-coarse  sand,  conglomeratic  sand  and
pebble, interbedded with sandy clay. The eluvium-
slope  deposits  mainly  consist  of  red  sandy  clay,
clayey  sand,  breccia-containing  clay  sand  and
gravel.  The  marine  deposits  are  basically  silt  and
sandy  silt.  Quaternary  sediments  and  wea-
thering crust form the heat-retaining cap, which is
more than 100 meters thick. The bedrocks are do-
minated  by  granodiorite  and  monzogranite,  acting
as the geothermal reservoir in the study area. 

2  Exploration methods

In  the  gravity  survey,  static,  dynamic  and  confor-
mance  tests  were  performed  on  the  CG-5  gravi-
meter to meet the calibration accuracy required by
the  specification  for  gravitational  field  operation.
Before  the  gravity  survey,  the  instrument  is  calib-
rated in the order of base point-auxiliary base point-
base  point  until  operation  is  normal.  Three  num-
bers are read at  the reference point and two at  the
measurement  point.  The average value  is  used for
calculation.  The  survey  lines  are  arranged  in
regular grid.  When the regular gridline encounters
obstacles,  it  can  be  deployed  in  a  semi-free  grid
with the size of 250 m×50 m.

The  instrument  system  developed  by  Hunan
Jishan  High-tech  Co.,  Ltd  was  used  in  the  wide-
field electromagnetic  survey.  The system used the
power source supplied by a pair of grounding elec-
trodes as the field source to measure the horizontal
component of the electric field which is parallel to
the  direction  of  the  grounding  electrodes.  To  en-
sure the reliability of the data, the consistency test
for  12  channels  of  2  instruments  was  carried  out
in  the  laboratory.  The  spacing  of  points  in  this
work  is  100  m.  In  field  construction,  7  frequency
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waves (3, 4, 5, 6, 7, 8, 9, 10, 11) of pseudo-random
signals were used for power supply. The frequency
range is 8 192 Hz to 0.015 625 Hz for a total of 62
frequency points. 

3  Gravity  and  wide-field  electromag-
netic characteristics

Hongtang  Area  of  Xiamen  is  located  in  a  gravity
anomaly  gradient  belt,  where  the  outliers  are  ma-
inly negative.  The anomaly variation is  increasing
from west to east with gravity values ranging from
–33.5×10−5 m/s2 to –22.5×10−5 m/s2.  Bouguer  gra-
vity value has a wide range with the higher limit of
11×10−5 m/s2,  and an average of 1.5×10−5 m/s2 per
kilometer  (Fig.  2C).  Generally,  the  gradient  belt
has  a  NNE  to  SSW  trend,  whereas  in  the  middle
zone it  is  suddenly bent  and presents  the shape of
inverted “ Z”  (Fig.  2C).  According  to  the  upward
comparison  map  of  Bouguer  gravity  anomaly  (50
m,  100 m,  200 m),  the  outliers  decay very  slowly
and  the  range  of  the  anomaly  changes  little  (Fig.
2).  The  200  m  map  shows  the  sparse  isolines,
gentle  gradient  zone  and  increasing  gravity  value
(Fig.  2A).  The  changes  from Fig.  2C to Fig.  2A
indicate  that  the “ high  frequency”  anomalies
caused by shallow field source mass decay rapidly

with the increase of height and are locally tapered
out,  while  the “ low frequency”  anomalies  caused
by large  and deep field  source  mass  decay slowly
in  a  wide  range.  The  trendline  of  relatively  low
anomaly  indicated  by  the  red  line  in  the  figure
always  exists  with  the  increase  of  the  upward
elevation,  following  the  same  direction  from west
to east.

The background field can be calculated based on
Bouguer gravity anomaly data. The average devia-
tion of the fifth-order trend surface is the smallest,
which may be the ideal background field. The red
and blue areas represent the high and low residual
gravity anomaly zones respectively, and the yellow
dotted  line  indicates  the  zero-value  line.  The  resi-
dual  gravity  anomaly  ranges  from –0.9×10−5 m/s2

to  0.8×10−5 m/s2 and the  spacing of  the  isolines  is
0.1×10−5 m/s2 (Fig.  3D).  The  low  residual  gravity
anomaly  zones  show  a  zonal  distribution  of  NW-
and  NE-trending,  and  some  are  EW-trending.  We
delineated 29 zones in the residual gravity anomaly
map,  including  17  high  residual  gravity  anomaly
zones and 12 low residual  gravity anomaly zones.
Each  zone  was  numbered  in  the  order  from south
to north, west to east and small to large.

Based on the statistics of aeromagnetic anomaly
in  the  study  area,  the  electrical  characteristics  of
various rock types are summarized as follows: The
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Fig. 1 Bouguer gravity isolines in the southeast coastal area and location map of the study area (modified from
Chen et al. (1992) and Li et al. (2019))
Notes:  Qs—Artificial  accumulation;  Q4cal-pl—Alluvial-pluvial  deposits  (Changle  Formation);  Q3lal-pl—Alluvial-pluvial  deposits  (Longhai
Formation);  Qel-dl—Eluvium-slope  deposits;  γδ5

2(3)b—Granodiorite;  F1 —Changle-Shaoan  fault;  F2 —Nanxi-Lufeng  fault;  F3 —Zhenghe-
Dapu fault; F4—Shaowu-Heyuan fault; F5—Shaxian-Nanridao fault; F6—Yongan-Jinjiang fault; F7—Jiulongjiang fault; F8—Shanghang-
Yunxiao fault.
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resistivity of monzogranite varies from 4 500 Ω•m
to 5 867 Ω•m, with a common value of 5 158 Ω•m;
The  resistivity  of  the  granodiorite  varies  from
1 959  Ω•m to 3 990 Ω•m, with a common value
of 2 454 Ω •m.  It  is  found  that  the  Quaternary
and the fault fracture zone in the area have low
resistivity. Granitoids is characterized by high re-
sistivity,  but  the  resistivity  of  intrusive  rocks  in
early  Yanshan  is  lower  than  that  of  the  late  in-
trusive rocks. 

4  Interpretation  methods  of  gravity
and wide-field electromagnetism

According  to  Bouguer  gravity  anomaly  map  and
the  extended  maps,  the  basic  interpretation  meth-
ods of fault are as follows: 1) Gravity anomaly gra-
dient  belt.  Linear  gradient  is  the  zone,  where  the
material of crust or upper mantle changes dramati-
cally  along  the  horizontal  direction.  It  is  the  divi-
ding  line  of  the  rise  and  fall  in  different  crustal
blocks. In fact, gradient belt with long duration are
often the reflection of regional faults, which can be
divided  into  two  types:  Linear  gradient  belt  and
linear arrangement of gradient belt; 2) Linear tran-
sition belt of anomaly. The boundary between high
and low gravity anomaly zones is also a reflection

of  faults;  3)  Long  and  narrow  anomaly  belt  or
linear  anomaly  belt,  where  the  long  axis  is  much
longer  than the short  axis,  tends to  be a  reflection
of faults,  even with a small  gradient;  4)  Isoline of
regular  distortion.  Local  disturbance  on  the  back-
ground  of  isoline  trend,  coaxial  distortion  of  the
flat  contour  of  isoline,  and  sharp  convergence  of
isoline at a certain position can also be interpreted
as faults; 5) A boundary on both sides of which the
anomaly  characteristics  are  obviously  different.  It
mainly  reflects  the  great  difference  in  the  struc-
tural characteristics of the two sides, which is often
a large scale regional fault; 6) Linear truncations or
staggered parts of multiple anomalies arranged side
by side are often related to faults; 7) The trend line
in the upward comparison map of Bouguer gravity
anomaly could also be interpreted as fault;  8) The
zero line of the vertical second derivative may be a
fault.

The  basic  interpretation  methods  of  sag  are  as
follows: 1) Bouguer gravity anomaly map. The low
gravity zones surrounded by the high gravity zones
may  be  sag  areas;  2)  Residual  gravity  anomaly
map.  The  overlap  of  low  residual  gravity  ano-
maly and low Bouguer gravity anomaly should be
sag areas; 3) Upward comparison map of Bouguer
gravity anomaly. The place where Bouguer gravity
anomaly disappears in the upward process may be
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Fig. 2 The upward comparison map of Bouguer gravity anomaly in Hongtang Area of Xiamen (50 m, 100 m, 200 m)
Notes: A: Upward 200 m; B: Upward 100 m; C: Upward 50 m.
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sag  areas;  4)  Gravity  anomaly  gradient  belt.  The
sparse  areas  in  the  Gravity  anomaly  gradient  belt
may be secondary sag areas.

The  basic  interpretation  methods  of  wide-field
electromagnetism  are  as  follows:  1)  By  analyzing
the  electrical  properties  of  rocks  in  the  area  using
statistical  method,  it  provides  a  reliable  basis  for
the establishment of geological geophysical model,
forward and inverse calculation and data interpreta-
tion; 2) The fault is inferred based on the gradient
map  of  the  inversion  profile.  The  inferred  results
are calibrated and corrected by 1D and 2D contin-
uum inversion; 3) Sequence division is determined
by electrical properties of rocks in the area and re-
gional geological data. Based on the characteristics
of  wide-field  electromagnetism  and  gravity,  the
geological interpretation can be reasonably carried
out. 

5  Discussion
 

5.1 The interpretation of faults and sags

According  to  the  structural  map  interpreted  from

the  gravity  data,  three  groups  of  faults  in  the  dir-
ection of NE, NW and nearly SN are identified in
Hongtang  Area  of  Xiamen.  The  main  faults  are
F33, F2, F12 and HT-F1, and the secondary faults
are HT-F2, HT-F3, HT-F4, HT-F5, HT-F6, HT-F7,
HT-F8,  HT-F9,  HT-F10  and  HT-F11.  In  Bouguer
gravity  anomaly  map,  the  fault  F12  shows  a
sudden  change  of  the  NNE-trending  gravity  ano-
maly  gradient  belt  and  parallel  distortion  to  the
isoline  in  the  direction  of  F12  (Fig.  2C).  The  iso-
lines  in  the  upward  linear  enhancement  maps  (50
m, 500 m) have the same characteristics (Fig. 3A,
Fig.  3B).  In  upward  comparison  map  of  Bouguer
gravity  anomaly  (50  m,  100  m,  200  m),  the  trend
of relatively low anomaly direction along the fault
F12  always  exists  with  the  increase  of  upward
height  (Fig.  2).  In  the  vertical  second  derivative
map,  the  position  of  fault  F12  shows  a  beaded
distribution of low anomaly zones (Fig. 3C). In the
wide-field electromagnetic profile, the resistivity at
the location of fault  F12 is shown as a three-layer
structure  of  low-high-low  values  from  top  to
bottom (Fig.  4).  The  high  resistance  zone  may  be
truncated and extended by the low resistance zone
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Fig. 3 Extended map of Bouguer gravity anomaly in Hongtang Area of Xiamen
Notes:  A:  Modular  map of  horizontal  gradient  (upward 50m);  B:  Modular  map of  horizontal  gradient  (upward 500m);  C:  Linear  enhancement  map
(upward 50m); D: Linear enhancement map (upward 500m); E: Vertical second derivative map; F: Residual gravity anomaly map
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(Line 1, Line 2, Line 3, Line 4). The reason for the
phenomenon should be that the fault cuts the high-
resistance granite, and reduces its resistivity. Accor-
ding  to  the  wide-area  electromagnetic  character-
istics, it is speculated that the fault F12 is a NW nor-
mal  fault  with  a  dip  angle  of  about  50°–70°.  The
fault HT-F1 is shown in Fig. 2C, Fig. 3A, Fig. 3B
as parallel distortion to the isoline in SE direction,
which can also be identified in Fig. 3C. In the wide-
field electromagnetic profile, the fault HT-F1 mainly
shows  that  the  high  resistance  zone  is  truncated
and extended by the low resistance zone (Fig. 4). It
is speculated that HT-F1 is a NW normal fault with
a dip angle of about 60°–80°. The fault F33 shows
sharp  convergence  of  isolines  in Fig.  2C, Fig.  3E
and Fig. 3F, and the zonal distribution of anomaly
zones  in Fig.  3C.  The  fault  F2  is  shown as  a  low
anomaly  zones  with  a  beaded  distribution  in Fig.
2C,  and  can  also  be  identified  in Fig.  3C.  The
secondary faults in the study area are mainly infe-
rred  from  the  upward  linear  enhancement  maps

and  the  vertical  second  derivative  map,  which
mainly  show  as  parallel  distortion  and  sharp
convergence  of  isolines  and  low  anomaly  zones
with zonal distribution. Some secondary faults also
have  the  characteristics  of  parallel  distortion  and
sharp  convergence  of  isolines  in  Bouguer  gravity
anomaly map.

In  areas  with  uniform  bedrock  types,  the  phen-
omenon  that  the  high  gravity  anomaly  zones  and
the  low  gravity  anomaly  zones  are  surrounded  by
each  other  in  Bouguer  gravity  anomaly  map  is
usually  caused  by  alternative  sag  and  uplift.  In
order  to  identify  the  specific  locations  of  sag  and
uplift,  we  select  the  appropriate  background  field
to  calculate  the  residual  gravity  anomaly.  After
eliminating  the  interference  of  background  field,
the  scale  of  sag  and  uplift  can  be  delineated  by
residual gravity anomaly (Fig.  3D).  In the vertical
second derivative map, the relative depth and scale
of sags can also be well presented (Fig. 3C). In the
wide-field  electromagnetic  profile,  the  low  resis-
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Fig. 4 Wide-area electromagnetic profile in Hongtang Area of Xiamen
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Fig. 5 Inferred result maps in Hongtang Area of Xiamen
Notes: A: Locations of the delineated sags; B: Locations of the inferred faults and target areas of geothermal exploration
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tivity  zone  on  the  surface  is  mainly  related  to  the
loose  sediments  of  the  Quaternary  and  the  deep
weathered layer  caused by faults.  Its  relative  thic-
kness also indicates the scale and depth of the sag
(Fig. 4). In general, “ large” sags are distributed at
the  intersections  of  fault  F33  with  fault  F22  and
HT-F1,  and  relatively  small  sags  are  also  deve-
loped in other areas (Fig. 5). 

5.2 Analysis  of  heat  accumulation  mo-
del

At present, the geothermal resources in Fujian Pro-
vince are mainly hydrothermal resources with me-
dium-low temperature (<150℃) (Wan et al. 1988).
From the perspective of thermal contribution, Pang
(1987)  found  that  mantle-derived  heat  in  Zhang-
zhou Area accounts for about 60%, while the radi-
oactive  element  decay  accounts  for  about  40%.
Based  on  the  simulation  of  element  and  isotope
geochemical characteristics, Zhou et al. (1988) also
found that the material contribution rate of mantle
was over 60%, which was basically consistent with
the research results of Lin et al. (2017). The upper
part  of  the  heat  source  is  the  heat  reservoir  domi-
nated by highly radioactive granite, which is one of
the main sources of heat in the lithosphere. Most of
the southeastern coastal areas have the background
of  high  heat  generation  (Wang  et  al.  2007),  ex-
ceeding  2.8  μW/m3.  According  to  the  temperature
data  of  the  existing  boreholes  in  the  southeast
coastal  area,  the geothermal gradient  in the south-
east  coastal  area  is  20–40℃/km.  The  temperature
of the hot reservoir at the depth of 5km may reach
180℃ (Li et al. 2020). Combined with gravity and
wide-field electromagnetic characteristics, the ther-
mal  reservoirs  in  the  study  area  may  be  grano-
diorite  and monzogranite,  which covers  the whole
area within a wide range of depth.

Several  large  fault  zones  are  exposed  in  the
southeast  coastal  area,  such  as  Changle-Shaoan,
Nanxi-Lufeng, Zhenghe-Dapu and Shaowu-Heyuan
fault zones (Fig. 1). These large faults transfer the
deep  heat  to  the  shallow  zones  and  hot  springs
frequently occur at the intersections of large faults
with  the  shallow  tensile  faults  (Teng  et  al.  2017).
Although the occurrence of hot spring may not be
directly  related  to  the  regional  main  fault,  it  is
closely  related  to  the  secondary  fault  (Li  et  al.
2020).  The  hot  springs  in  Zhangzhou  Basin  of
Fujian  Province  are  mainly  arranged  in  the  north-
east direction, which reflects that the heat source of
underground hot water is mainly controlled by the
northeast  direction  structure  (Nian,  2008).  For  the

location of individual hot spring, most of them are
located at the intersection of the NE- and NW- tren-
ding faults. The NW-trending faults are the newest
structures  in  the  region,  with  good  transmissivity
and  storativity,  which  can  provide  the  main  re-
charge  source  and  runoff  channel  for  geothermal
water  (Pang,  1987).  According  to  the  results  of
structural  interpretation,  the  NW-trending  faults
F12 and HT-F1 are the main hydraulic controlling
structures,  and  the  NE-trending  faults  F33  and  F2
are the main thermal controlling structures.

Meteoric  precipitation  can  infiltrate  to  and  cool
geothermal reservoir, but heat retaining cover with
low  thermal  conductivity  can  reduce  the  effect.
This  cover  layer  is  usually  composed of  sedimen-
tary  rock  or  volcanic  rock,  and  sometimes  it  can
also be weathered layer with appropriate thickness
(Li  et  al.  2020).  The  thickness  of  the  cover  layer
and  the  development  of  faults  play  an  important
role in heat preservation (He et al. 2020). There is
a direct relationship between the sag and the cover
layer  in  the  study  area.  Sags  generally  refer  to
areas with deep quaternary and weathered fracture
zones, and the deepest can reach 300 m.

Through  the  above  analysis  of  the  geothermal
systems,  the geothermal  resources  of  medium-low
temperature  in  Hongtang  Area  of  Xiamen  should
be convective geothermal resources, mainly contro-
lled  by  regional  deep  faults.  The  geothermal  sys-
tem should meet four conditions: Heat source, geo-
thermal  reservoir,  heat  conductive  fault  and  heat
retaining cover (Wang et  al.  2016; Lu et  al.  2017;
Shi  et  al.  2019; Liu  et  al.  2020),  which  is  a
quaternary heat accumulation model. According to
these  conditions,  the  author  proposed  the  genetic
conceptual  model  of  the  hydrothermal  systems  of
medium-low temperature in this area (Fig. 6).

  

Magma heat source

Exploratory well

Sedimentary cover of
the Quaternary

Granite basement 

Legend

Direction of flow

Direction of
heat conduction

 

Fig. 6 Conceptual  model  of  the  ternary  heat  accu-
mulation  in  Hongtang  Area  of  Xiamen  (Modified
from Li TX et al. (2020)) 
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5.3 Target areas of geothermal explora-
tion and inspection

According  to  the  heat  accumulation  model  in  this
area,  the  delineation  of  geothermal  exploration
target area should meet four conditions: Heat sou-
rce, geothermal reservoir, heat conductive fault and
heat retaining cover. The deep rock mass in Hong-
tang  area  of  Xiamen  is  granite  and  granodiorite.
The  heat  source  and  geothermal  reservoir  in  the
area  are  consistent  with  the  regional  geothermal
conditions.  Therefore,  more  attention  should  be
paid to fault and cover conditions in the delineation
of geothermal exploration targets. The NE trending
F12 and HT-F1 faults in the area are regional faults
with  compression-shear  characteristics,  which  can
transfer deep thermal energy to shallow rock mass.
The  EW  trending  F33,  F2  faults  and  other  NW
trending secondary faults  have tension-shear char-
acteristics, good for groundwater circulation. These
faults act as hydraulic conductive structures to ext-
ract thermal energy from the rock mass via ground-
water transportation. Therefore, the intersection of
compression-shear  and  tension-shear  faults  often
has  good  geothermal  conditions.  In  addition,  the
interpretation results show that there are small sags
in  the  area,  characterized  by  shallow  coverage,
small  scale,  but  well-shaped. These local  sags can
be used as heat retaining cover and play an impo-
rtant  role  in  geothermal  preservation.  The  sags  in
the  area  mostly  occur  in  the  fault  zones  and  have
good  water  yield  property,  which  are  sustainable
exchange  zone  of  deep  geothermal  energy.  After
comprehensive analysis, the sags at the intersection
of main faults F12, HT-F1 and F33 are found to be
large and deep, classified as the primary target area
of  geothermal  exploration  (Fig.  5B).  The  NW-,
EW- and NE-trending secondary faults are intercon-
nected with the primary faults at depth in the area.
The intersection of the faults (F12 and HT-F6; F12
and HT-F2; HT-F9, HT-F10 and F12; F12 and HT-
F11;  F33  and  HT-F3;  HT-F8  and  HT-F3;  HT-F2,
HT-F10 and HT-F1) can be delineated as the secon-
dary target area of geothermal exploration (Fig. 5B).

In  this  study,  gravity  and  wide-field  electroma-
gnetic  methods  were  used  to  investigate  gravity
anomalies  and  electromagnetic  characteristics  in
the  study  area,  on  the  basis  of  which,  the  distri-
bution  of  faults  and  sags  were  interpreted  and  the
geothermal  exploration  target  areas  were  delin-
eated.  However,  there  are  uncertainties  in  the sur-
vey and interpretation during the research process.
In order to test the reliability of the results, a geo-
thermal hole (Dr01, with footage of 603.31m) was
drilled at 100 meters from the direction of No. 40,

Xinxue  Village,  Hongyong  Town,  Xiamen  City,
Fujian  Province  (Fig.  6B).  DR01  is  located  at  the
intersection  of  primary  fault  F33  and  HT-F1,
which  has  better  conditions  regarding  faults  and
sedimentary  cover.  The  temperature  measurement
curve  of  Dr01  shows  that  the  water  temperature
rises  to  36℃ at  the  depth  of  0–500  m  and  then
tends  to  be  stable  after  500  m (Fig.  7),  indicating
that  the  Hongtang area  of  Xiamen is  a  convective
geothermal  system.  The  geothermal  resources  are
mainly  transferred  from  deep  thermal  energy  to
shallow rock mass by regional faults, while geother-
mal  gradient  is  a  relatively  weak  factor,  which
explains  that  the  temperature  curve  tends  to  be
stable  after  reaching a  certain  depth.  In  the  mean-
time,  the  temperature  curve  of  Dr01  also  proves
that  the  heat  accumulation  model  of  Hongtang  in
Xiamen  conforms  to  the  geothermal  geological
characteristics  of  this  area,  and  the  interpretated
structures  and  depressions  in  this  area  have  high
reliability,  which  can  provide  strong  support  for
the  subsequent  development  and  utilization  of
geothermal resources.
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Fig. 7 Temperature  curve  of  drilling  Dr01  in
Hongtang area of Xiamen
  

6  Conclusions

The  convective  geothermal  system  in  Hongtang
Area of Xiamen should have four conditions: Heat
source,  geothermal  reservoir,  heat  conductivity
fault  and heat  retaining cover,  which form a quat-
ernary heat accumulation model. Based on the inter-
pretation  of  gravity  anomaly  in  Hongtang  area  of
Xiamen,  the  NW trending  primary  faults  F12  and
HT-F1,  NE  trending  primary  faults  F33  and  F2,
and  10  secondary  faults  were  identified.  The  sags
are distributed along the inferred faults. The sags at
the intersection of main faults F12, HT-F1and F33
are  large  and  deep,  which  are  delineated  as  the
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primary target area of geothermal exploration. The
intersection of faults (F12 and HT-F6; F12 and HT-
F2;  HT-F9,  HT-F10  and  F12;  F12  and  HT-F11;
F33  and  HT-F3;  HT-F8  and  HT-F3;  HT-F2,  HT-
F10 and HT-F1) can be delineated as the secondary
target area of geothermal exploration. The tempera-
ture  curve  of  Dr01  shows  that  the  temperature
stays  at  36℃ below the  depth  of  500 m.  The  res-
ults confirm that the heat accumulation model, the
inferred faults  and sags in Hongtang Area of  Xia-
men have high reliability, which can provide strong
support for the subsequent development and utiliza-
tion of geothermal resources. 
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