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Abstract

The stress state and rock mechanical properties govern the growth of faults and fractures, which constitute
shallow hydrothermal pathways and control the distribution of seafloor massive sulfide (SMS) mounds in the
seafloor hydrothermal field. The stress field has an important influence on the formation and persistence of
hydrothermal pathways. Based on multibeam bathymetric data from the Trans-Atlantic Geotraverse (TAG) field,
we establish two three-dimensional geological models with different scales to simulate the stress field, which
investigate the characteristics of hydrothermal pathways and associated SMS mounds. The simulation results
show that oblique faults and fissures form in the tensile stress zone and that mounds, including active and
inactive hydrothermal mounds form in the compressive stress zone. Fault activity, which is related to the stress
field, affects the opening and closing of hydrothermal channels and changes the permeability structure of
subseafloor wall rock. Therefore, the stress field controls the development and persistence of shallow
hydrothermal pathways. The features of shallow hydrothermal pathways in the stress field can provide

geomechanical information that is useful for identifying favorable zone for SMS deposit formation.
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1 Introduction

Seafloor massive sulfide (SMS) deposits are mainly dis-
covered at ocean spreading ridges and are commonly seen as fu-
ture deep-sea resources (Hannington et al., 2011; German et al.,
2016; Petersen et al., 2016). The abundance of SMS deposits in
neovolcanic zones of global oceans is estimated at 6x108 t, and
tectonic-hosted SMS deposits exhibit high concentrations of Cu
and Au with high commercial interest (Hannington et al., 2011;
German et al., 2016; Petersen et al., 2016). However, mining of
SMS deposits is suggested to be restricted to inactive SMS depos-
its. Koschinsky et al. (2018) and Jamieson and Gartman (2020)
proposed the concept of geological connectivity to define hydro-
thermal activity at the vent field scale, containing hydrothermal
circulation cells. Understanding the formation of hydrothermal
vents is key for defining hydrothermal activity and classifying
SMS deposits, as hydrothermal activity and SMS deposits require
heat sources, hydrothermal fluids, and channels (Tivey, 2007;
Olive and Crone, 2018). Shallow subcirculating fluid channels
control the locus of hydrothermal fluids venting on the seafloor
(Sleep, 1991), and faults and fissures within the oceanic crust
provide hydrothermal paths, which determine the location of hy-

drothermal activity and SMS deposits on the seafloor (Kleinrock
and Humphris, 1996; Bohnenstiehl and Kleinrock, 2000; Carruth-
ers et al., 2013). Dike emplacement changes the stress state and
provides a damage zone with high permeability (Bohnenstiehl
and Kleinrock, 2000; Germanovich et al., 2000). Additionally, nu-
merical simulations have revealed that the stress field is one of
the important factors affecting the development of faults and fis-
sures (Eshiet et al., 2018; Chen et al., 2020) and that the permeab-
ility of serpentinites with higher porosities is more sensitive to
stress (Falcon-Suarez et al., 2017). Therefore, we propose that the
stress field might influence the development and permeability of
hydrothermal paths in a hydrothermal field.

Knowledge of the stress field has significant implications for
the interpretation of the geodynamic process, management of
georeservoirs and identification of geological repositories
(Heidbach et al., 2018). The World Stress Map (WSM) project
compiles global crustal stress state records, resolving stress pat-
tern heterogeneities from plate-wide to local scales (Heidbach et
al., 2018). Deriving the 3-D stress field from pointwise data is a
key challenge for investigators, and geomechanical numerical
models have been set up for predicting the present-day stress
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field in the Australian continental crust and analysing the stress
state of faults and petroleum accumulation in basins (Hergert
and Heidbach, 2011; Rajabi et al., 2017; Hu et al., 2019). However,
the stress database primarily contains the stress tensor rotation,
and very few or even no data are available for small-scale models
(Heidbach et al., 2018). Previous researchers have made success-
ful attempts to derive the topographic stress field and found that
topographic stress can influence subsurface rock fracture pat-
terns (Slim et al., 2015). Furthermore, geological data reveal the
control that topographic stress has on bedrock weathering and
hydrothermal vent occurrence (Schépa et al., 2011; Clair et al.,
2015; Chen et al., 2017). However, the precise relationship
between the stress field and hydrothermal paths is not well un-
derstood.

The Trans-Atlantic Geotraverse (TAG) hydrothermal field has
been intensively studied (Murton et al., 2019), as the detachment
fault has been exploited to extract heat from a deep melt reser-
voir (deMartin et al., 2007). Faults control the localization of hy-
drothermal activity at the active TAG mound (Kleinrock and
Humphris, 1996), furthermore, the properties of the faults and
fissures there suggest a relationship between the stress field and
hydrothermal venting (Bohnenstiehl and Kleinrock, 2000). The
geophysical records imply that there are fluid subreservoirs and
secondary circulation systems distributed beneath the hydro-
thermal field (Sohn et al., 2009; Pontbriand and Sohn, 2014). To
better understand the control of the stress field on shallow sea-
floor hydrothermal paths, we establish two 3-D geomechanical
models of different sizes to simulate the stress state of the TAG
hydrothermal mound and field using multibeam bathymetric to-
pographic data. The goal of the present study is to discuss the re-
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lationship among the stress field, hydrothermal vents, and shal-
low seafloor hydrothermal paths of the region.

2 Geological setting

The TAG hydrothermal field is one of the most intensively
studied seafloor hydrothermal systems. It is located along the
Mid-Atlantic Ridge, which has a slow spreading rate (22 mm/a),
an axial valley controlled by NNE-SSW-oriented faults and
abyssal hills, and water depths of -3 380 m to -3 760 m (Fig. 1).
This area hosts young neovolcanic (NV) areas and active and in-
active hydrothermal mounds (White et al., 1998; Murton et al.,
2019). The detachment fault in the TAG field provides a pathway
for hydrothermal fluid, which extracts heat from a deep source
(deMartin et al., 2007; Murton et al., 2019). Active and inactive
mounds are located in the fault and fissure zone of the Mid-At-
lantic Ridge and controlled by ridge-parallel (NNE-trending) and
oblique faults and fissures (Kleinrock and Humphris, 1996; White
et al., 1998; Bohnenstiehl and Kleinrock, 2000). The average
depth of the fissures near the active TAG hydrothermal mound is
approximately 70 m; the fissures have various strikes that differ
from that of the ridge axis (Fig. 1b). Dyke intrusions formed these
oblique fissures and maintained localized hydrothermal flow
(Bohnenstiehl and Kleinrock, 2000). These fissures and faults can
provide hydrothermal pathways for seawater entrainment and
the ascent of hydrothermal flows (Humphris and Kleinrock, 1996;
Humpbhris et al., 2015).

The faults parallel to the oceanic ridge (oriented NNE) and
the oblique faults (oriented NWW) provide channels for hydro-
thermal fluid accumulation and release that form the TAG hydro-
thermal mound. The ascending hydrothermal fluid circulation
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Geological background of the TAG hydrothermal field (created with Generic Mapping Tools (GMT version 6) from

https://www.generic-mapping-tools.org/). a. The red star represents the active TAG hydrothermal mound, the white stars show eSMS
deposit mounds, white solid lines and dotted lines denote ridge-parallel faults and oblique faults, and shaded lines mark the young
NV areas (modified from Murton et al. (2019)). The black rectangle indicates panel b. b. Topographic map of the TAG hydrothermal
mound. The white dotted circles represent the scope and platform of the active TAG hydrothermal mound, the black smoker chimney
(BSC) complex is in the middle circle, and the black solid lines denote fissures.
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concentrates along the detachment fault, but the permeability
structure of the seafloor largely determines the hydrothermal flu-
id release and the growth of chimneys (Humphris and Kleinrock,
1996; Kleinrock and Humphris, 1996; deMartin et al., 2007; Guo
etal., 2020). Normal faults near the vent are conducive to hydro-
thermal circulation, and oblique faults that cross-cut the normal
faults may control the location of the vent field on the seafloor
(Grevemeyer et al., 2013). Pontbriand and Sohn (2014) proposed
that microearthquakes 50-125 m beneath the subsurface of the
active TAG mound are driven by volume expansion of anhydrite
precipitated from the mixing of seawater and hydrothermal fluid
(Pontbriand and Sohn, 2014). In addition, the abundant anhyd-
rite in the summit and inner veins of the active TAG mound in-
dicates that seawater was entrained into the shallow parts and
stockworks of the mound (Humphris et al., 2015). Near-seafloor
magnetic data reveal that nonmagnetic stockwork zones below
the active TAG mound and extinct seafloor massive sulfide
(eSMS) mounds are related to ascending hydrothermal pipes.
The pipes beneath eSMS mounds are vertical, while those be-
neath the TAG mound dip 60° and trend N60°W (Tivey et al.,
2003; Adelinet et al., 2013; Szitkar et al., 2019).

3 Finite element modelling

3.1 Model assumptions

Several stress sources contribute to the stress field on the fol-
lowing scales: First-order (>500 km) stress sources are the main
plate boundary forces, and second-order (100-500 km) stress
sources are the lithospheric variations. Third-order (<100 km)
stress sources are local rock property differences, topography
variations, and artificial stress disturbances (Reiter and
Heidbach, 2014). Under the scale required to simulate the stress
state of the TAG hydrothermal field, the model should be refined
to reveal the topographic stress, thus we extract the geometric
features from multibeam bathymetric data from the TAG hydro-
thermal field with a resolution of 2 m (Petersen, 2019). The plate
boundary force of mid-ocean ridge spreading is represented by
the displacement boundary condition, which previous research-
ers have applied (Reiter and Heidbach, 2014; Hu et al., 2019). Ad-
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ditionally, the pressure of the water column on the seafloor
should not be neglected, and hydrostatic pressure is represented
by the boundary load condition.

Linear elastic material properties are assumed in geomechan-
ical numerical models (Schépa et al., 2011; Griffith et al., 2014;
Reiter and Heidbach, 2014; Chen et al., 2017), assigning the para-
meters to lithological layers. There are three groups of linea-
ments in the TAG area, which represent different stress regimes
(Graber et al., 2020). The depths of the fissures near the active
TAG mound is less than 500 m, with an average of 70 m (Bohnen-
stiehl and Kleinrock, 2000). Between 100 m and 125 m below the
seafloor of the active TAG mound, the drilling core consists of
altered basalt breccia (Grant et al., 2018), a microearthquake
seismogenic zone of generally <150 m below the seafloor (Pont-
briand and Sohn, 2014). Therefore, we assume that the thickness
of the altered basalt breccia layer is 150 m near the TAG mound
and 500 m in the TAG field.

As the description of the stress tensor in the WSM project, the
three principal stresses (vertical stress S, and the maximum and
minimum horizontal stresses Sy, and Sy,.;,) define the stress
state at any point within a body (Heidbach et al., 2018); here,
tensile stress is positive, the principal stresses 01 and o2 are hori-
zontal, and the principal stress o3 is vertical (Schépa et al., 2011).

3.2 Model setup

To investigate the implications of the stress field on hydro-
thermal paths, we establish a model of a TAG mound (Fig. 1b) to
simulate the stress state of an active hydrothermal mound. Fur-
thermore, we construct a model of the entire TAG field (Fig. 1a)
as a comparison, examining the results of the former model. The
models are illustrated in Fig. 2, and the scales are 500 mx554 mx
H (Fig. 2a) and 3 001 mx3 325 mxH (Fig. 2b). We applied the
Structural Mechanics module of COMSOL Multiphysics to solve
the models. To eliminate the influence of the bottom boundary
on the stress in the upper part of the model, the height H of the
models is set to ten times the depth (Schopa et al., 2011). The
value of H is calculated by Eq. (1).

H =10 x (Depth,,, — Depth

+ Depth — Depth, ;.. (1)

min )

Height/km

Fig. 2. Model A, 3-D geological model of the active TAG hydrothermal mound with a scale of 500 mx554 mxH (a); Model B, 3-D
geological model of the TAG hydrothermal region with a scale of 3 001 mx3 325 mxH (b).
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Based on drilling core and microearthquake evidence of
cracking within the active TAG mound (Pontbriand and Sohn,
2014), the upper layer of altered oceanic crust consists of altered
basalt breccia and mineral materials, with a thickness of 150 m in
the mound. The crustal velocity model determines the inset de-
tail panels for the eSMS mounds, the bottom boundary of the
altered upper oceanic crust lies ~500 m below the seafloor, and
the geometry is similar to the topography of the seafloor (Murton
et al., 2019). Therefore, the thickness of the altered oceanic crust
is 500 m in the TAG hydrothermal field. As shown in Fig. 2, the
models are divided into two layers, and the petrophysical para-
meters of the materials are summarized in Table 1.

Vertical displacement should be zero at the lower boundary,
except for the west boundary (Schépa et al., 2011). In considera-
tion of the spreading rate of the Mid-Atlantic Ridge, the normal
displacement velocity of the west boundary is set at 13 mm/a
(McGregor et al., 1977). Unlike geomechanical models without
water body, the present-day stress field accounts for the ambient
regional stress and the effects of the topography and seawater
loading (Moon et al., 2020), and the external stress on the upper
boundary is calculated with Eq. (2).

A
n=gf iz @
0

where Py is the external stress derived from surficial seawater
loads, gravity g is 9.8 m/s?, Z is the depth, and the density of wa-
ter p is 1 000 kg/m3.

Table 1. Petrophysical characteristics of each layer of rock
(Hyndman and Drury, 1976; Chen et al., 2017)

Layer Density/(kgm=%) Young’'s modulus/Pa Poisson’s ratio
Layer 1 2795 7.740 6x1010 0.295
Layer 2 2975 1.072 1x1010 0.310
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The models are divided with a free tetrahedral mesh, as illus-
trated in Fig. 2. The size of Model A ranges from a minimum of
15.9 m to a maximum of 88.5 m, and 39 251 mesh cells are used.
The size of Model B ranges from a minimum of 40.8 m to a max-
imum of 362 m, and 155 642 mesh cells are used. These two mod-
els are computed in a stationary solver based on the finite ele-
ment method.

4 Results

Based on the convention that the tensile stress is positive, the
principal stresses 01 and 02 are the maximum and minimum hori-
zontal stresses, respectively, while the principal stress o3 is vertic-
al. We present the results of the active TAG mound and TAG hy-
drothermal field. The magnitude of the maximum horizontal
stress 01 is investigated to infer rock failure, and the magnitude of
the vertical stress o3 is used to verify model reliability. In addi-
tion, the value of differential stress 01 —o3 is adopted to evaluate
fault activity.

Figure 3 shows the stress state of the active TAG mound. The
domain of the TAG mound features a negative maximum hori-
zontal stress o1, presenting a compressive stress zone (Fig. 3a).
Fissures near the mound are mainly associated with positive
maximum horizontal stress o1, presenting a tensile stress zone
(Fig. 3a). The differential stress o1 — 03 of the TAG mound is simil-
ar to the distribution of the maximum horizontal stress o1; the
TAG mound is dominated by low differential stress, and the ob-
lique fissures are mainly located in the region of high differential
stress. The first row of Fig. 4 shows that the low-stress zone and
high-stress zone are located on the TAG mound and fissure, re-
spectively, with the maximum horizontal stress o1 (-25.65 MPa)
at the dome of the TAG mound and the maximum o1 (29.94 MPa)
at the outcrop with fissures (Figs 4a, d). The second row of Fig. 4
displays that the vertical principal stress o3 fluctuates at approx-
imately 30 MPa and increases with depth, agreeing with the res-
ult of Eq. (2) (Figs 4b, e). The third row of Fig. 4 presents the dif-
ferential stress inside Model A. The highest differential stress
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Fig. 3. Surface stress diagram of the 3-D geological model of the TAG active hydrothermal mound. a. The principal stress gy; b. the

differential stress o,

—o3. The white dotted circles in the figure represent the scope of the TAG active hydrothermal mound and the

locations of black smoker chimneys (BSC). Solid black lines represent cracks near the TAG active hydrothermal mound, which are

observed from near-bottom camera images.
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Fig. 4. Magnitudes of the principal stress ¢, (a, d), the principal stress o3 (b, €), and the differential stress o, — o3 (¢, f) in the S-N cross-

section A-A’ of the TAG active hydrothermal mound.

(57.4 MPa) corresponds to the fissure, and the low differential
stress zone (~7.5 MPa) corresponds to the mound (Figs 4c, f).

The stress state derived from Model B shows that both active
and inactive hydrothermal mounds, as well as the Mir zone, are
located in the zone that features a negative maximum horizontal
stress o1 and relatively low differential stress o1 —o3 (Fig. 5). In
contrast, faults, fissures, and young NV zones seem to be associ-
ated with a positive maximum horizontal stress o1 and relatively
high differential stress 01 — 03, as shown in Fig. 5.

Profiles show the consistency of the stress state between the
active mound and inactive mounds. The active TAG mound is
located in the compressive stress zone and low differential stress
zone, where o1 is less than —30 MPa and o1 — o3 is less than 20 MPa
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(Fig. 6). The profile of the Southern inactive mound shows that
the dome of the mound features a compressive stress regime and
low differential stress (Fig. 7). The sections of the Shikai and
Double mounds show similar stress states (Fig. 8), except with a
decrease in the stress magnitudes. The magnitudes of the hori-
zontal and differential stresses in the sections reveal that the
tensile stress is primarily concentrated in faults and NV zones
(Figs 6, 7 and 8), where the fault activity is predicted to be in-
tense. The stress state of faults and NV zones is distinct from the
SMS mounds (Fig. 9), both active and inactive mounds are char-
acterized by lower differential stress and compressive stress, and
the faults and NV zones are featured by higher differential stress
and tensile stress.
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Fig. 5. Surface stress maps of the 3-D geological Model B of the TAG hydrothermal field. The principal stress o, (a), and the

differential stress g; — a3 (b).
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5 Discussion

5.1 Formation of hydrothermal paths

Although numerous studies have been conducted on the TAG
hydrothermal field, knowledge of hydrothermal paths within the
oceanic crust is very limited (Humphris et al., 2015). Geophysical
surveys have revealed that primary circulation may be focused
on detachment faults (deMartin et al., 2007), but the heat source
is hypothesized to be distributed along a certain segment (Zhao
et al., 2012). While high-temperature fluids are discharged
through the summit of the active TAG mound, the flow is dis-
persed in the platform, and anhydrite precipitates in the inter-
secting sets of faults and fissures (Humphris and Kleinrock, 1996;

Pontbriand and Sohn, 2014; Humpbhris et al., 2015). These fea-
tures reveal that there are hydrothermal paths within shallow
oceanic crust for venting high-temperature fluids and entraining
seawater into the mound. Fissuring near the active TAG hydro-
thermal mound is due to tensile stress, with fissure widths ran-
ging from 0.15 m to 3.5 m (Bohnenstiehl and Kleinrock, 2000).
The depth of reaction-driven cracking is <150 m (Pontbriand and
Sohn, 2014), and the tensile stress of fissure formation is estim-

ated with Eq. (3).
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Using the values of the static shear modulus G, Poisson’s ra-
tio v, fissure width w and fissure depth Z outlined in Table 2
(Wright et al., 1995; Wright, 1998; Pontbriand and Sohn, 2014),
we estimate that the tensile stress ranges from 3.85 MPa to 90.06
MPa, consistent with the stress state of the fault and NV zone de-
rived from our models, which is higher than the tensile strength

(~1-6 MPa) in a volcanic rift zone environment (Haimson and
Rummel, 1982). Fissures near the TAG mound are partially
rubble-filled and initiate within the tensile stress field (Bohnen-
stiehl and Kleinrock, 2000), as Figs 3a and 5a show that fissures
and faults are associated with the positive maximum horizontal
stress 01, representing the tensile stress field. The intersections of

Table 2. Parameters used to estimate tensile stress (Wright et al., 1995; Wright, 1998; Pontbriand and Sohn, 2014)

Variable Symbol Value utilized Reference
Static shear modulus/MPa G 3400+1 000 Wright et al. (1995)
Poisson’s ratio v 0.43 Wright et al. (1995)
Fissure width/m w 0.15-3.5 Bohnenstiehl and Kleinrock (2000)
Fissure depth/m Zo <150 Pontbriand and Sohn (2014)
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faults and fissures control hydrothermal activity (Kleinrock and
Humphris, 1996), and tensile stress drives the formation and
propagation of fractures, serving as hydrothermal paths.

Near-seafloor magnetic data indicate that there are inclined
hydrothermal conduits beneath these SMS mounds of the TAG
hydrothermal field, which may have undergone tectonic tilt (Sz-
itkar et al., 2019). Hydrothermal fluid ascent is focused along the
conduits, and the degassing and high-temperature anomalies co-
incident with the low compressive stress values suggest that the
stress field controls the occurrence of fumaroles (Schopa et al.,
2011). Furthermore, the low-value zone of the maximum hori-
zontal principal stress is considered the location of hydrotherm-
al fluid discharge in the active TAG mound (Chen et al., 2017).
Reservoirs derive overpressure and sustain hydrothermal activ-
ity, and individual mounds are linked by the same underlying hy-
drothermal permeability structure (Sohn et al., 2009; Jamieson
and Gartman, 2020). Observations of flow-induced ground sur-
face deformation imply that there are fluid subreservoirs distrib-
uted beneath the hydrothermal field, with overpressures ranging
from several kPa to several MPa (Sohn et al., 2009). Given a com-
pressive stress condition, if the overpressure is stronger than the
interlayer differential stress, hydraulic fractures tend to grow ver-
tically (Chen et al., 2020). This mechanism might account for the
formation of vertically hydrothermal conduits. Figures 3a and 5a
show that the active TAG mound and eSMS mounds are located
in the region of negative maximum horizontal stress 01. In addi-
tion, Fig. 9 shows that these SMS mounds are characterized by a
compressive stress state and low differential stress, supporting
the former assumption that the formation of hydrothermal con-
duits is jointly controlled by differential stress and horizontal
compressive stress.

5.2 Implications for permeability

The hydrothermal circulation of the active TAG mound and
eSMS mounds can be activated by seawater penetrating through
the hanging wall of the detachment fault with high permeability,
which is enhanced by fault activity (Tivey et al., 2003). Numerical
simulation results show that the occurrence, material flux, and
mineral precipitation associated with hydrothermal activity cor-
respond to the permeability of the oceanic crust (Germanovich et
al., 2000; Marjanovi¢ et al., 2019; Guo et al., 2020). Furthermore,
the permeability of serpentinites from the Mid-Atlantic Ridge
demonstrates a decreasing trend with increasing differential
stress (Falcon-Suarez et al., 2017). The dependence of permeabil -
ity on stress suggests that the stress field can, to some extent,
change the permeability of oceanic crust, which is one of the
main controlling factors for hydrothermal circulation (Marjan-
ovi¢ et al., 2019). Therefore, in the homogeneous basaltic ocean-
ic crust, the permeability of the low differential stress region may
be higher than that in other regions. In our homogeneous mod-
els, the active TAG hydrothermal mound and inactive mounds
are located in the predicted high-permeability region, which is
dominated by the low-differential-stress region (Figs 3b and 5b).

Additionally, fault activity is related to the differential stress
o1—03(Zhu et al., 2015; Wang et al., 2017), and the fault and NV
zone are located in the-high-differential-stress region (Figs 3b
and 5b), implying that tectonic activity might be intensive. Sea-
floor morphology shows that the TAG hydrothermal field mainly
consists of faulted volcanic rocks (Szitkar et al., 2019), fault and
fissure groups represent different stress regimes, and tectonic
processes occur during the evolution of the TAG hydrothermal
field (Graber et al., 2020). The high-differential-stress region rep-
resents the potential for intensive tectonic activity, which forms a

fault and NV zone (Fig. 9). Cracks in the rock could propagate
downwards by thermoelastic stress (Olive and Crone, 2018),
providing highly permeable paths for seawater penetration. In
addition, the positive maximum horizontal stress 01 may be suffi-
cient to induce and reopen cracks in shallow seafloor. The per-
meable structure of the TAG hydrothermal field is induced by the
regional stress field, and its permeability is assumed to depend
on the stress regime.

5.3 Model limitations

The geomechanical numerical models are designed as
double-layer homogeneous elastic materials, ignoring the geolo-
gical heterogeneity caused by tectonic processes and hydro-
thermal alteration. The thickness of the upper altered oceanic
crust is estimated from the depth of the cracks and crustal velo-
city model instead of the observed lithology. According to the ve-
locity model (Murton et al., 2019), the properties of the material
are modified from those of oceanic basement rocks in the Mid-
Atlantic Ridge (Hyndman and Drury, 1976). Tectonic and mag-
matic features, including block tilting and hot gabbro plutons
(Zhao et al., 2012; Szitkar et al., 2019), are not considered in the
model setup. Therefore, we focus on the stress field control of hy-
drothermal paths within the upper altered basaltic crust, and the
stress field consists of ridge push force and body force, consist-
ent with previous studies (Schopa et al., 2011; Reiter and
Heidbach, 2014; Hergert et al., 2015).

The calibration of models is based on the pressure of the
overlying water column, without considering information of the
crustal stress field. Although a multistage 3-D stress field model-
ling approach has been developed to overcome the limitation of
insufficient stress data, the model’s reliability still depends on the
stress data (Ziegler et al., 2016). Stress information, including
magnitude and orientation, is significant for model calibration,
using the geological convention that the principal stress 03 is ver-
tical and calculated with Eq. (2), the calibration of our models is
reliable. Numerical simulation of the stress field would be greatly
facilitated by technical methods to obtain the in situ stress state,
and the WSM project is pursuing this effort (Heidbach et al.,
2018).

6 Conclusions

In the present study, we established two geomechanical nu-
merical models to simulate the stress field of the active TAG
mound and TAG hydrothermal field. Comparing the results in
the locations of SMS mounds, faults, and NV zones, the model-
ling results indicate a relation between the stress field and hydro-
thermal paths. The SMS mounds feature compressive and low
differential stress regimes, and we assumed that the formation of
hydrothermal conduits beneath mounds is controlled by the ho-
rizontal maximum stress and differential stress. However, faults
and fissures are formed mainly in the tensile stress zone, where
the horizontal maximum stress is positive. In addition, the high
differential stress may induce intensive fault activity, providing
cracks for seawater penetration. Furthermore, the permeability
dependence on stress implies that the permeable structure is as-
sociated with the stress magnitude in the homogeneous model.
These SMS mounds and Mir zone are located in the region of low
stress, revealing the control of the stress field on the hydrotherm-
al path.

In conclusion, the fluid paths for the secondary hydrotherm-
al circulation system consist of faults and fissures within the shal-
low crust, and we presume that there are two mechanisms of
path formation. The cracks that allow seawater penetration are
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induced by tensile stress and intensified by high differential
stress. The hydrothermal conduits for ascending fluid are con-
trolled by compressive stress and low differential stress. In addi-
tion, the permeability stress sensitivity strengthens the influence
of the stress field on the hydrothermal paths. These stress field
features might be preferred targets for SMS deposits.
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