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Abstract

The Yuhuang hydrothermal field (YHF) is located between the Indomed and Gallieni fracture zones near the top
of the off-axis slope on the south rift wall of Segment 29 on the ultraslow Southwest Indian Ridge (SWIR). Previous
studies have shown that sulfides in the YHF formed during different mineralization episodes and the YHF has the
greatest potential for the formation of large-scale seafloor massive sulfide deposits. However, the sulfide
chronology and hydrothermal activity of the YHF remain poorly constrained. In this study, mineralogical analyses
and 23°Th/U dating were performed. Hydrothermal activity may start about (35.9 + 2.3) ka from the southwest part
of the YHF and may cease about (708 + 81) a ago from the northeast part of the YHF. The 74 nonzero
chronological data from hydrothermal sulfide samples provide the first quantitative characterization of the spatial
and temporal history along the SWIR. Hydrothermal activity in the SWIR has been relatively active over the past
20 ka. In contrast, between 40 ka and 100 ka, hydrothermal activity was relatively infrequently and short in
duration. The maximum activity occurred at 15-11 ka, 9-7 ka, 6-0.2 ka. There was a slight positive correlation
between the maximal age and estimated surface area or estimated tonnage. The minimum mass accumulation
rate of YHF is about 278 t/a, which is higher than most HFs related to ultramafic systems. The ultraslow spreading
SWIR has the greatest potential to form large-scale seafloor massive sulfides (SMS) deposits. The results of this
study provide new insights into the metallogenic mechanism of hydrothermal sulfides along ultraslow-spreading
ridges.
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1 Introduction

Polymetallic sulfides associated with submarine hydrotherm-
al activity are rich in cooper (Cu), zinc (Zn), gold (Au), silver (Ag),
cobalt (Co) and other elements, and represent a potential miner-
al resource. It is estimated that the total amount of sulfide in the
submarine neovolcanic zones in the global oceans may reach 600
million tons and contain about 30 million tons of Cu and Zn
(Hannington et al., 2011). In total, about 721 sites with seafloor
hydrothermal venting at the seafloor have been discovered, in-
cluding 666 active vent fields and 55 inactive vent fields. Among
them, 404 sites are located along the mid-ocean ridges while 71
are at ultra-slow spreading midocean ridges (www.interridge.

com).

The Southwest Indian Ridge (SWIR) is characterized by a het-
erogeneous magma supply along the ridge axis, which is com-
posed alternately of magmatic-enriched and magmatic-barren
Segments. The magmatic-barren segments often develop detach-
ment faults and oceanic core complexes (Cannat et al., 1999;
Sauter et al., 2001; Tao et al., 2012, 2020; Liu and Buck, 2018).
Since 2007, many hydrothermal fields (HFs) have been dis-
covered in the SWIR, including Longqi, Duanqiao, Yuhuang,
Suye, Tianzuo and Tiancheng (Tao et al., 2012; Liao et al., 2018,
2022; Ding et al., 2021; Chen et al., 2018). Recent studies have
shown that ultraslow spreading mid-ocean ridges also have the
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potential to form large-scale sulfide deposits (Pedersen et al.,
2010; Tao et al., 2012; Yu et al., 2021). For example, the ore-form-
ing scale of Loki’s Castle HF on the Arctic mid-ocean ridge is
equivalent to the super-large sulfide deposits in the Trans-At-
lantic Geotraverse (TAG) hydrothermal field in the Mid-Atlantic
Ridge (Pedersen et al., 2010). The Yuhuang hydrothermal field
(YHF) located on the south rift wall of segment 29 on the SWIR, is
a detachment faulting hydrothermal system (Liao et al., 2018;
Zhu et al., 2020a). Its estimated total resources are 10.6 x 106 t
which may be considered as one of the largest seafloor massive
sulfides (SMS) deposits (Yu et al., 2021). Sulfide geochemistry,
sulfur and zinc isotope features of YHF have been studied and
described different mineralization episodes that may form the
different types of sulfides (Liao et al., 2018, 2019). However, the
sulfide chronology and the hydrothermal activity of YHF remain
poorly constrained compared with other HFs on the SWIR (e.g.,
Longqi, Duangiao and Mt. Jourdanne) (Liang et al., 2018; Yang et
al., 2017; Miinch et al., 2001).

Chronology research can reveal multi-stage formation and
superposition processes of ore bodies, as well as the formation
and evolution history of sulfides, their growth and hydrothermal
fluid activities more accurately (Lalou and Brichet,1982, 1987;
Lalou et al., 1993, 1996; Kuznetsov et al., 2015; Wang et al., 2012;
Jamieson et al., 2014). Limited chronological data on sulfides in-
dicate that the maximum lifespan of a sulfide deposit is usually
100 000 a (Lalou et al., 1990, 1995; Cherkashov et al., 2010). In this
study, mineralogical and chronological analyses were performed
on four representative sulfides. We used the 23°Th/U dating
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method to constrain the sulfide formation history and the hydro-
thermal activity of YHF, and we coupled results of the estimated
deposits tonnage to determine the accumulated rate of the sulf-
ide deposits. We also established the relationship between the
geological data and the surface area and resources. The results of
this study provided new insights into the metallogenic mechan-
ism of hydrothermal sulfides along ultra-slow spreading ridges.

2 Geological setting

As one of the major global plate boundaries, the SWIR separ-
ates the African and Antarctic plates, running from the Bouvet
Triple Junction (55°S, 0°40'E) to the Rodrigues Triple Junction
(25°30'S, 70°E) (Bach et al., 2002; Meyzen et al., 2003) (Fig. 1a).
The SWIR has a full spreading rate of 14-18 mm/a, which varies
slightly along the axial direction from N18°E to NO°E, which is a
typical ultraslow spreading mid-ocean ridge (Dick et al., 2003).
The average crust thickness of the SWIR is 4 km, which is much
thinner than the average ocean crust thickness, and character-
ized by a lack of magmatic supply (Baker and German, 2004;
Sauter and Cannat, 2010).

The YHF (37.94°S, 49.26°E) is located between the Indomed
and Gallieni fracture zones near the top of the off-axis slope on
the south rift wall of Segment 29 at a water depth of 1 400-1 900 m
(Cannat et al., 1999; Sauter et al., 2001) (Fig. 1b). It is the shallow-
est mineralized area found in the SWIR. The YHF was first dis-
covered in 2010 during the DY115-21 cruise R/V Dayangyihao
(Han et al., 2010). Deep-tow camera, TV-grab sampling, and self-
potential surveys have been conducted in 2014-2021 during the
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Fig. 1. Geological setting and topography of the study area. a. Geotectonic setting and topography of the Southwest Indian Ridge
(SWIR) (modified from Yang et al., 2023). b. Shipboard bathymetric map of Yuhuang on the SWIR. c. The sampling stations in this
study, all the others sampling stations can be seen in Yu et al. (2021). The red star in a represents the study area while the black dots
represent the hydrothermal fields which have mentioned in this paper. White dotted lines in b and red dotted lines in c represent the
non-transform discontinuity and inferred faults, respectively. Abbreviations: RT]J, Ridge Triple junction; CIR, Central Indian Ridge;

SEIR, Southeast Indian Ridge.
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DY34, DY39, DY40, DY43, DY52, DY58 and DY65 cruises. It is
suggested the YH mineralization area can be divided into two
sulfide accumulation areas including the northeast sulfide de-
posits (NES) and the southwest sulfide deposits (SWS). The NES
area is relatively small compared to the SWS (Liao et al., 2018; Yu
etal., 2021) (Fig. 1c). Samples of massive sulfides, sulfide rich
chimneys, basalts, ultramafic rocks and hydrothermal sediments
were obtained in this area by TV-grab sampling and shallow
drilling by a robotic lander-type seafloor drilling rig (Yu et al.,
2021).

3 Samples and analytical methods

3.1 Sample collection and description

The sulfide samples used in this study were collected by a TV
grab during the DY115-21 and DY125-34 cruises of R/V Day-
angyihao. Samples 34-TVG22-1 and 34-TVG22-2 were collected
from the SWS, whereas samples 21-TVG22-1 and 34-TVG23-4
were recovered from the NES. All the sulfides were recovered at
water depths between 1 440 m and 1 560 m (Fig. 1¢). The pyritic
massive sulfide sample (21-TVG22-3) has obvious three layers:
pyrite-marcasite-sphalerite, sphalerite-pyrite and chalcopyrite-
sphalerite (Fig. 2a). The silicified sulfide rich sample (34-TVG22-
1) consists two parts: pyrite-sphalerite-marcasite-silicon and pyr-
ite-marcasite-silicon (Fig. 2b). A small number of cellular fluid
channels can also be seen inside the sample. The sphalerite-rich
massive sulfide sample (34-TVG22-2) consists of a pyrite crust
and a sphalerite core (Fig. 2c). Sample 34-TV(G23-4 is a section of
a silicified sulfide rich chimney (Fig. 2d).

3.2 Analytical methods

Mineral and textural examinations were described from pol-
ished thin sections using a reflected and transmitted light polar-
izing microscope (Zeiss AXIO Scope A1) at the Key Laboratory of
Submarine Geosciences (Ministry of Natural Resources, Hang-
zhou, China).

Three whole-rock samples and thirteen micro-drilling
samples were selected for 220Th/U dating. The outer brown oxid-
ation layers of the three whole-rock samples have been removed.
And then the samples have been washed several times by de-ion-

Fig. 2. Photographs of sulfides from the Yuhuang hydrothermal
field (Modified from Liao et al., 2018). a-d represents sample 21-
TVG22-3, 34-TVG22-1, 34-TVG22-2 and 34-TVG23-4, respect-
ively. Mineral abbreviations: py, pyrite; ccp, chalcopyrite; mas,
marcasite; sph, sphalerite; si, amorphous silica. The numbers in-
dicate the microdrilling sample series for the dating analysis cor-
responding to Table 1.

ized water in an ultrasonic bath. After drying, the samples were
milled using a ball mill (mixer mill MM 200) for further analyses.
The micro-drilling was carried out by a MICRODRILL SYSTEM at
the State Key Laboratory of Ore Deposit Geochemistry, Institute
of Geochemistry, Chinese Academy of Sciences. U and Th chem-
ical separations and the mass spectrometry analyses were per-
formed at the U-series chronology lab of Institute of Geology and
Geophysics, (IGG) Chinese Academy of Sciences . A triple-spike
(229Th-233U-236U) isotope dilution method was employed to de-
termine U/Th isotopic ratios and correct the instrumental frac-
tionation. The chemical separation procedures were similar to
those described in Yang et al. (2017) and Wang et al. (2021).
Briefly, 20-50 mg samples were total digested with concentrated
acid (HF/HNO,/HCI). Then, the U and Th were purified and sep-
arated with 0.5 mL AG1-X8 resin. Finally, U and Th isotopes were
analyzed using a Thermo Fisher NEPTUNE plus multi-collector
inductively coupled plasma mass spectrometry (MC-ICP-MS) at
IGG. The sample solution was introduced using a Poly-
fluoroalkoxy 50 pL/min nebulizer on an Aridus II desolvating
nebulizer system. The instrumental parameters and procedures
are described in Wang et al. (2021). 230Th ages were calculated via
equations presented in Edwards et al. (1987), Cheng et al. (2013),
Yang et al. (2017) and Wang et al. (2021). A 230Th age standard
sample (GBW04412) was analyzed to verify the accuracy and pre-
cision of 20Th/U dating. The precision of the method for 230Th/U
dating was better than 95%. All the results are within 2¢ uncer-
tainty, unless indicated. The chemical blanks for the entire pro-
cess were 5-12 pg for 238U, 0.5-1 fg for 239Th and 3-5 fg for 232Th,
which were negligible for dating quaternary sulfide samples.

4 Results

4.1 Minerals

The main mineral composition of pyritic massive sulfide
sample (21-TVG22-3) consisted of pyrite (20%-30%), sphalerite
(15%-20%) and chalcopyrite (8%-12%). Sphalerite coexists with
the chalcopyrite (Fig. 3a). Pyrrhotite was rare in YHF sulfide
samples (3%-5%), it is usually replaced by chalcopyrite (Fig. 3a).
Pyrite was the most abundant sulfide phase in the silicified sulf-
ide rich sample (34-TVG22-1). Based on the morphology, pyrite
can be subdivided in three types: grained pyrite (Pyl), coarse-
grained pyrite (Py2), and colloform pyrite (Py3) (Fig. 3b). Pyrite
generally coexisted with chalcopyrite and marcasite, which was
often replaced by chalcopyrite (Figs 3¢, d). Bornite often exhib-
ited exsolution texture in chalcopyrite (Fig. 3d).

Sphalerite and pyrite were the main minerals in the sphaler-
ite-rich massive sulfide sample (34-TVG22-2) while the chal-
copyrite and bornite are less. The sphalerite exhibited two gener-
ations, early Sphl and late Sph2 that is replaced by chalcopyrite
and pyrite (Fig. 3e). The replacement of chalcopyrite with
sphalerite was also observed (Figs 3e, f). Chalcopyrite has a
bornite solid solution and growth edge (Figs 3e, f). The silicified
sulfide rich chimney (34-TVG23-4) from the bottom part of a sili-
cified chimney grew on basalt. Pyrite was often presented as a
veined form in amorphous silicon and often replaced by sphaler-
ite (Fig. 3g). Sphalerite had many generations and presented as
banded aggregates (Fig. 3h). In addition, sphalerite was some-
times replaced by pyrite (Fig. 3i).

4.2 U-Th isotope ratios and U-Th ages

The U-Th isotope systematics of the samples are presented in
Table 1. The U concentrations ranged from 35.1 x 109 to 39 847 x
10-? for massive sulfide samples, with an average of 3 126.2 x 10-9.
The Th concentrations ranged from 276 x 10712 to 2 723 x 10-12,
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Fig. 3. Represent photomicrographs of sulfides from the Yuhuang hydrothermal field. a. Sphalerite coexisting with chalcopyrite and
replacing pyrrhotite (21-TVG22-3). b. Typical varieties of pyrite: predominant fine-grained pyrite (pyl), coarse-grained pyrite (py2),
and colloform pyrite (py3) (34-TVG22-1). c. Colloform structure of pyrite and marcasite (34-TVG22-1). d. Pyrite replaced by
chalcopyrite, and bornite replaced by chalcopyrite (34-TVG22-1). e. Sphalerite shows two generations (sphl and sph2) that replaced
by chalcopyrite, bornite replaced by chalcopyrite (34-TVG22-2). f. Chalcopyrite replaced by sphalerite, chalcopyrite has a bornite solid
solution and growth edge (34-TVG22-2). g. Pyrite in the amorphous silica vein replaced by sphalerite (34-TVG23-4). h. Banded
sphalerite (34-TVG23-4). i. Sphalerite replaced by pyrite (34-TVG23-4).

with an average of 685.3 x 10-12. The U content was very low in
subsamples 21-TVG22-3-4 (35.1 x 10-9) and 34-TVG 22-2-4 (37 x
10-9), but extremely high in subsample 21VII-TVG22-1. Also,
most subsamples showed a significant positive correlation
between U and Th (Fig. 4a). Notably, the 230Th/232Th ratios of
most samples had a lower value, ranging from 19 x10-6 to
3692 x10-6 which the 230Th/232Th ratio of 21VII-TVG22-1 can
reach up to 198 929.6 x10-6. Most of the measured 4234U values
range between 94 + 24.4 and 150.5 + 2.4, while the corrected
0%34U, ;i TaNge between 104 + 27 and 156 + 2 (Table 1). Most of
the 0234U;;,; values are within the known range of seawater
(149-155) and vent fluid (92-146) (Chen et al., 1986; Ludwig et
al., 2011). The corrected 239Th age of most subsamples from the
massive sulfide 21-TVG22, 34-TVG23 and 34-TVG22 varied from
(708 +81)ato (9399 +374) a, (7448 +59) ato (9 148 +59) aand (11 549 +
59) a to (35974 + 2 312) a, respectively (Table 1). However, there
was no systematic relationship between the 232Th, 238U, §234U
and the sample ages (Figs 4b-d).

initial

5 Discussion

5.1 Temporal evolution of hydrothermal activity in the YHF
Complete geochronological data of sulfides from the YHF are

given in Table 1. The oldest sulfide age was (35974 + 2 312) a and
the sample originated from the southwest part, whereas the
youngest sulfide (708 + 81) a was from the northeast part of the
YHF. Subsamples from the NES ranged from (708 + 81) ato (9418 +
374) a while subsamples from the SWS ranged from (11 569 + 59) a
to (35974 + 2 312) a, demonstrating that NES sulfides are young-
er than SWS sulfides (Fig. 5a). Thus, it appears that mineraliza-
tion in the YHF has shown spatial migration, progressing from
the southwest towards the northeast. These results are consist-
ent with sulfide Zn isotopes, which show significantly different
values between the SWS and NES (Liao et al., 2019). This indic-
ates that they are probably products of separate mineralization
phases. The silicified sulfide-rich NES sample lacked character-
istics for fluid venting and no active hydrothermal vents have
been discovered in the SWS. All this evidence suggests that hy-
drothermal activity has likely ceased in these areas (Liao et al.,
2019; Yu, 2022).

A preliminary data analysis suggests that hydrothermal activ-
ity may start about (35.9 £ 2.3) ka from the southwest part of the
YHF and extended to the northeastern area by about (9.4 + 0.4) ka.
Hydrothermal activity likely ceased about (708 + 81) a ago. The
different temporal scale may represent the presence of hydro-
thermal activity during this period (Fig. 5b). However, because of
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Fig. 4. The temporal variation of U-Th chemistry of sulfides from the Yuhuang hydrothermal field (YHF) the relationship between
232Th and 238U concentrations (a), age versus 22Th (b), age versus 238U (c) and age versus 624U, ;;,, (d).

the small dataset, it is not possible to more precisely narrow
down the active hydrothermal periods. Additionally, it is not pos-
sible to determine whether the venting was episodic or continu-
ous from (35.9 + 2.3) ka to (708 + 81) a. The sulfur isotopes of the
YHF sulfides are highly variable (-1.37%o to 8.73%o), which may
be related to the multi-stage hydrothermal activities (Liao et al.,
2018). In the study area, both ultramafic rocks and basalts were
exposed, indicating that detachment faults may be the main
factor controlling hydrothermal activity in the YHF (Liao et al.,
2018; Zhu et al., 2020Db).

5.2 Sulfide chronology along the SWIR

From west to east along the SWIR, there are numerous HFs
such as Yuhuang, Longqi, Duangiao, Tianzuo, Mt. Jourdanne. In
additional to the YHF and Tianzuo HF, we also collected fifty-six
sulfide ages from Longqi, Duangiao and Mt. Jourdanne HFs that
has been reported so far (Yang et al., 2017; Liang et al., 2018;
Miinch et al., 2001). In total, these 74 nonzero chronological data
from hydrothermal sulfide samples provide the first quantitative
characterization of the spatial and temporal history along the
SWIR (Fig. 6). Compared with Longqi, Duangiao and Mt. Jourd-
anne, the sulfide formation in the YHF is relatively young. The
only one dating result from the Tianzuo HF shows that the sulf-
ide formation age is (54.3 * 0.2) ka. Observations of significantly
weathered sulfide and the presence of a thick sediment layer sug-
gest that hydrothermal activity of Tianzuo HF ceased a long time
ago (Chen et al., 2018). As a result of limited data from the Tian-
zuo HF, more samples are needed to expand our knowledge in
this area.

The SWIR sulfide data indicate that hydrothermal events have
been distributed unevenly through the time interval from 100 ka
to 0.2 ka (Miinch et al., 2001; Yang et al., 2017; Liang et al., 2018).
Hydrothermal events in the SWIR demonstrate that over the past
20 ka, hydrothermal activity in the SWIR has been relatively act-
ive. In contrast, between 40 ka and 100 ka, hydrothermal activity
was relatively infrequent and short in duration. The maximum
activity occurred at 15-11 ka, 9-7 ka and 6-0.2 ka (Fig. 7). The 4C
dating of sediment cores in Longqi and Tianzuo HFs suggests
that they have been affected by hydrothermal activity at ~8 ka
and >45 ka, respectively (Huang, 2021). The accumulation and
sediment redistribution of contourite drift have occurred
throughout the last 40 ka of sediment deposition in the South-
east Indian Ridge (Dezileau et al., 2000).

YHF can be classified as the off-axis, detachment fault type.
Longqi HF exhibits high-temperature hydrothermal vents and is
associated with a major detachment fault system (Tao et al.,
2012, 2020). The Duangiao and Mt. Jourdanne HFs are typical
local strong magma supply mineralization areas along the ridge
axis (Tao et al., 2012; Yang et al., 2023; Miinch et al., 2001; Nayak
et al., 2014). Tianzuo HF is close to a non-transform discontinu-
ity and far from the thermal activity controlled by the detach-
ment fault system (Ding et al., 2021, Chen et al., 2018, Cao et al.,
2021). Age data from all of the HFs indicate that hydrothermal
activity lasted for thousands or even tens of thousands of years.
The duration of this activity may provide favorable conditions for
the formation of large sulfide deposits on the seafloor (Lalou
et al., 1995; Jamieson et al., 2014; German et al., 2016).
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2018); Duangiao (Yang et al., 2017); Mt. Jourdanne (Miinch et al.,
2001).

5.3 Correlation between the age, surface area and resource of hy-

drothermal sulfides along the mid-ocean ridge

Previous studies have shown that time is crucial for the form-
ation of large-scale ore deposits and the distribution scale of hy-
drothermal sulfide deposits along a mid-ocean ridge is closely re-
lated to the spreading rate of that ridge (Fouquet, 1997; Hanning-
ton et al., 2005; Cherkashov et al., 2017). The fast-spreading mid-
ocean ridge is affected by frequent magmatic and tectonic pro-
cesses and the duration of hydrothermal activity is short, so that
the distribution area of sulfide formed by a magma chamber is
often small (Fouquet, 1997; Hannington et al., 2011). In contrast,
sulfide deposits formed along a slow-spreading mid-ocean ridge
are large because of the long duration of hydrothermal activity
(Petersen and Hein, 2013). We added the maximal ages and size
of the ultraslow-spreading SWIR to available data of fast, inter-
mediate, and slow-spreading ridges (Fig. 8). Compared with fast,
intermediate, and slow-spreading ridges, the sulfide ages from
the SWIR are relatively old. Hydrothermal fields, such as
Yuhuang, Duangqiao and Tianzuo, are large and have good re-
source potential whereas the Mt. Jourdanne HF is small in scale
and resource (Figs 8a, b). There was a slight positive correlation
between the maximal age and estimated surface areas (n = 26,

Frequency

0 [ I I

0 20 40 60 80 100
Age/ka

Fig. 7. Distribution bar chart of hydrothermal events during the
last 100 ka in the Southwest Indian Ridge (SWIR).

R%2 =0.189) (Fig. 8a) as well as a weak positive correlation
between the maximal age and estimated tonnage (n = 23, R? =
0.101) (Fig. 8b). Statistical analyses of maximal age and estim-
ated surface area showed a relatively good positive correlation for
HFs related to ultramafic-hosted systems (n = 13, R? = 0.393 3)
while there was no correlation for basalt-hosted HFs (Fig. 8a).
The relationships between estimated tonnage and the maximal
age showed similar characteristics (Fig. 8b). Sulfide mineraliza-
tion related to basalts typically form mounds, while sulfide min-
eralization with ultramafic rocks form relatively flat deposits
(Fouquet et al., 2010). When using the same parameters, ul-
tramafic-related deposits may provide a better approximation of
the volume/resource available than basalt-related deposits
(Cherkashov et al., 2017).

Studies have shown that the estimated size of the YHF is
10 650 000-45 100 000 t, which is one of the largest SMS deposits
worldwide (Yu et al., 2021). According to the maximal age and
the minimum estimated size, the minimum mass accumulation
rate of the YHF is about 278 t/a. This is higher than the accumu-
lation rates related to most ultramafic HFs (Jamieson et al., 2014).
Using the minimum mass accumulation rate, the sulfide re-
sources of Duanqiao HF is estimated at 23 574 400 t. TAG
mounds can contribute to a substantial accumulation of hydro-
thermal material (~29 Mt), which is comparable to other modern
seafloor vent fields (Graber et al., 2020). These results further
confirm that the ultraslow-spreading SWIR has a great potential
to form large-scale SMS deposits. The YHF is located in the foot-
wall of a detachment fault associated with basalts and ultramafic
rocks which this is different from other ultraslow-spreading areas
in its tectonic complexity (Liao et al., 2018, 2019). As a result of
this complex geology, sulfide ore bodies in the YHF generally ac-
cumulated over long term in relatively small areas through mul-
tiple periods of hydrothermal activities. Serpentinization with
deep ultramafic rocks provides a continuous heat source for the
hydrothermal cycle, and accompanied by long-term hydro-
thermal activities, which makes the YHF more conducive to sulf-
ide accumulation.

6 Conclusions

(1) The sulfides from the NES are younger than the SWS. Hy-
drothermal activity may start about (35.9 + 2.3) ka from the
southwest part of the YHF and may cease about (708 + 81) ka ago
from the northeast part of the YHF. The mineralization in the
YHF shows spatial migration with hydrothermal mineralization
first occurring in the southwest.
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this figure.

(2) Hydrothermal activity in the SWIR has been relatively act-
ive over the past 20 ka, while during 40-100 ka, hydrothermal
activity was relatively infrequent and short in duration. The max-
imum activity occurred at 15-11 ka, 9-7 ka and 6-0.2 ka.

(3) Hydrothermal fields, such as Yuhuang, Duanqiao and
Tianzuo, are large and have good resource potential whereas the
Mt. Jourdanne HF is small in scale and resource. Statistical ana-
lyses of maximal age and estimated surface area or tonnage show
arelatively good positive correlation for HFs related to ultramafic-
hosted systems while there was no correlation for basalt-hosted
HFs.

(4) The minimum mass accumulation rate in the YHF was about
278 t/a, which is higher than most HFs related to ultramafic sys-
tems. Due to the complex geological structure of the YHF, sulfide
ore bodies generally accumulate over longer periods of time in
relatively small areas through multiple intervals of hydrothermal
activity. Thus, the ultraslow spreading SWIR has a great potential
to form large-scale SMS deposits.
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