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Abstract The Luobusa Ophiolite, Southern Tibet, lies in
the eastern portion of Indus–Yarlung Zangbo suture zone
that separates Eurasia from the Indian continent. An
aeromagnetic reconnaissance survey has revealed an EWtrending Yarlung Zangbo River aeromagnetic anomaly
zone, and it is considered to be caused mainly by the
Indus–Yarlung Zangbo Ophiolite. The Luobusa Ophiolite
reflects the eastern portion of the Yarlung Zangbo River
aeromagnetic anomaly zone. Conventionally, the ultramafic rock in the Luobusa Ophiolite is considered as the
origin of the high magnetic anomalies. However, results
from the surface magnetic survey and the magnetic susceptibility measurements from drill cores indicate that the
high magnetic anomalies are distributed inhomogeneously
in the Luobusa Ophiolite. In some cases, the susceptibility
exhibits more than 30 times difference between two sides
of the same sample. A fact emerged that the susceptibility
of dunite with serpentinization is higher than that of fresh
dunite, harzburgite and chromite when we analyzed the
measurement results. In order to understand the origin of
the high magnetic anomalies, we measured the density and
susceptibility of 17 samples, microscopic and electron
probe analyses have been performed as well. The result
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indicates the presence of dunite with serpentinization
containing an abundant of micro-fissures filled with magnetite. Olivine has a susceptibility of about 2.7–351
(910-5 SI), pyroxene about 16–320, and chromite about
200–800. All these units feature relatively low susceptibility in ultramafic rock, and only the magnetite is characterized by a high susceptibility of about 200,000 (910-5
SI). Based on these observations, we conclude that the
precipitation of magnetite in the process of serpentinization
of the olivine caused by the geological process in the
Luobusa Ophiolite is the origin of high magnetic
anomalies.
Keywords High magnetic anomalies  Origin 
Magnetite  Ultramafites  Luobusa  Ophiolite

1 Introduction
High magnetic anomalies (HMA), which are caused by
induced or remanent magnetism, are where the measured
field strength is significantly higher than the value predicted by the global model or the average value in a certain
area. Their presence is ubiquitous throughout the globe [1].
How to understand and interpret such high magnetic
anomalies is of great interest to geologists and geophysicists, because the cause of such anomalies is a fundamental
geoscientific problem [2–5]. In addition, HMA results can
also play a key role in many geological issues such as
geodynamics study [6–8], tectonics research [9–11], and
mineral resources prediction [12–14]. On the other hand,
the geological structure and the presence of the intrusive
rocks are considered to be the cause of HMA by conventional wisdom. The large-scale HMA with great spatial
extents are interpreted as caused by the ophiolite formed
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from the subducting slab or residual of the slab along the
plate suture zone, or zones of intermediate-acidic intrusive
rocks [15–18]. The cause of small- or intermediate-scale
HMA with minor extent is always considered as the
igneous rock associated with small-scale or the local tectonic uplift [19–22]. Most regional magnetic anomalies are
derived from long-wavelength data, and they reflect the
characteristics of deep sources but prove difficult to verify
by drilling or direct sampling. In these cases, most of
magnetic anomaly interpretations rely on another method
such as magnetotelluric sounding, gravity, or seismic to
corroborate the result [15, 18–22]. The origin of magnetic
anomalies produced by shallow buried or outcropping
igneous rock can be discovered by analyzing the rock
samples [23]. However, up to now, little work has been
conducted on this issue. In Japan, Europe, and America,
research has been carried out to study the origin of HMA of
igneous rock and environmental magnetism by analyzing
the magnetic rocks and minerals [24–28]. In China, the
majority of similar research has focused on environmental
magnetism [29–32]. Very few works are published concerning the origin of HMA based on the magnetic properties of rocks and minerals [23, 32].
The Luobusa Ophiolite (Southern Tibet) is located in the
eastern portion of Yarlung Zangbo Ophiolites (Fig. 1); it is
controlled by Indus–Yarlung Zangbo suture zone. Given
that it hosts the largest chromitite resources in China and
has perfectly outcropping ophiolite and mantle peridotite,
Luobusa Ophiolite has attracted great interest of the geologists from all over the world [33, 34]. As a result, great
progresses have been made on understanding its mineral
characteristics [33, 35–37], deposit features [38–42], geological age of rock units, formative environment [43], and
the regional tectonics [34, 44]. However, when it come to
the key issues about the ophiolite, such as the origin of the
rock and the chromitite, tectonic occurrence, and
emplacement mechanism, there still remains debate [33,
34]. Zhou et al. [41, 42] provided a possible petrogenetic
model for the formation of the Luobusa mantle sequence.
In this model, the chromitites deposit is mainly formed by
the interaction of water rich melt which was released from
the down-going slab with the depleted harzburgite in the
upper parts of the clino-pyroxene-bearing harzburgite.
Research by Ren et al. [45] indicates that the peridotite
recrystallized and formed the deformational coarse grained
olivine, and fine grains and textures in olivine and compositional zones of chromite are preserved due to the fast
cooling rate of the rock or rapid tectonic emplacement.
Both of these research results consider that the mantle
peridotite and the chromite within are formed in the
uppermost mantle of the subduction zone. Yang et al. [46]
reported the occurrence of diamond as an inclusion in Os-Ir
alloy and coexist as a part of a silicate assemblage rimming

2899

grains of Fe-Ti alloy, both of which were recovered from
chromitite. These evidences confirm the presence of
ultrahigh pressure (UHP) minerals. These researchers
proposed that the UHP minerals were incorporated into
chromitites in the deep upper mantle or that these minerals
have an impact origin [33, 34]. Most of the researchers
accepted the emplacement model of Yarlung Zangbo
Ophiolites as Tethys-type obduction [33, 34].
An HMA belt, named Yarlung Zangbo River Anomaly,
is delineated by aeromagnetic studies in Tibet in 1970s and
1990s [16]. The belt includes two branches that extend
about 1,400 km from west to east Tibet [16]. The Luobusa
HMA lies in its north branch of the eastern portion. The
width of Luobusa HMA is about 6 km based on the result
of aeromagnetic studies in 1970s, which has flight altitudes
varying from 2,000 to 3,000 m. In 1990s, a second aeromagnetic study with flight altitude about 1,000 m was
carried out, and the result indicated the width of Luobusa
HMA was about 2 km [16]. In order to analyze the distribution of Luobusa HMA and its origin, we have processed the ground magnetic survey data acquired in 2012
and measured the susceptibility of the cores from 11
boreholes. In addition, a 3D susceptibility inversion of the
observed data has been conducted, and susceptibility
measurements, microscopic analyses, SEM analyses of thin
sections have been carried out. Based on the mineral
characteristics and susceptibility values, an origin model of
the high magnetic anomalies in Luobusa Ophiolite has
been proposed.

2 High-accuracy ground magnetic survey in Luobusa
Ophiolite
In 2012, a high-resolution ground magnetic survey was
conducted in Luobusa Ophiolite, obtained an overall
characterization of magnetic feature of the rock mass. Five
G-858 magnetometers were used for magnetic data acquisition, and a TrimbleÒ 5700 GPS system was used for
positioning. Two types of survey grid (40 m 9 20 m and
80 m 9 20 m) were used in field data acquisition, and the
magnetic observation accuracy is better than 0.7 nT. Fig.
2(a) shows a portion of the reduction-to-the-pole DT magnetic anomalies of Luobusa Ophiolite. As we can see from
the figure, about 60 % of the rock mass has magnetic
anomalies less than 100 nT. About 10 % of the rock mass
has magnetic anomalies larger than 500 nT, and it is mainly
distributed in the south of study area with a width of 100 to
400 m. A rapid 3D magnetic inversion method based on a
standard geometric frame and layer-separation technique
[47] was used for data inversion. This method combines
fast iterative inversion with constraint inversion to obtain a
robust modeling result. The fast 3D magnetic inversion
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Fig. 1 Schematic geological map of the Luobusa Ophiolite (modified from Li et al. [33]). The legends are: 1, harzburgite (bearing dunite and
lherzolite); 2, dunite; 3, chromitites ore; 4, cumulus bojite; 5, cumulus consist of bojite, wehrlite; 6, scope of the surface magnetic survey; 7,
Luobusa group conglomerate; 8, upper Triassic Formation; 9, quartz diorite, quartz monzonite; 10, biotite granite; 11, lithostratigraphic
boundary; 12, unconformable contact; 13, reverse fault; 14, strike-slip fault; 15, sample number and its position

include three algorithms, the standard geometric frame
based coefficient forward modeling, the layer-separation of
magnetic anomaly and the rapid inversion constrained by
anomaly grid. The details of the inversion methods can be
found in Yao et al. [48, 49] and Liu et al. [47, 50]. Fig. 2b
displays the result of the 3D inversion, which shows that
the spatial extend of HMA in Luobusa Ophiolite is limited
between 200 and 400 m in depth and 100 to 400 m horizontally. The results also indicate that the distribution of
magnetic susceptibility associated with the HMA in Luobusa Ophiolite is also quite inhomogeneous.

3 Susceptibility measurement of drill cores
and samples
Susceptibility of 1,558 cores from 11 boreholes have been
measured using the susceptibility meter ZH-1 (China
Aerogeophysical Survey & Remote Sensing Center). The
locations of the boreholes are shown in Fig. 2a. The
lithology of drill core in Luobusa Ophiolite mainly consists
of Cpx-bearing harzburgite and dunite. In order to highlight
the contribution of the serpentinization to the rock susceptibility, the cores with serpentinization (including serpentine-bearing harzburgite and dunite) have been
separated from Cpx-bearing harzburgite and dunite. The
1,558 cores are divided into 4 groups: (1) Cpx-bearing
harzburgite (2) dunite (3) cores with serpentinization, and
(4) chromitite. Two core samples are of diabase and they

are not included in the statistical analyses. Note that almost
all of the core samples in Luobusa Ophiolite are serpentinebearing to various degrees. The number of core samples
with serpentinization in the statistics is those in which the
serpentine could be recognized by naked eyes. Table 1 lists
the susceptibility of four groups: the average susceptibility
of the core with serpentinization is 2654 9 10-5 SI (unless
specially noted, the unit of susceptibility is 10-5 SI
henceforth), about five times higher than the other groups.
The results also show that 8 % of the susceptibility values
of dunite is greater than 1,000, and 2.3 % for Cpx-bearing
harzburgite, while 94.2 % of core samples with serpentinization exhibit susceptibility greater than 1,000. These
values indicate that the major components of Luobusa
Ophiolite, such as Cpx-bearing harzburgite and dunite, are
characterized by relatively low susceptibilities, whereas the
samples with serpentinization is much more magnetic and
thereby contribute predominantly to the overall high susceptibility. Table 2 lists the statistics result of the core
susceptibility values, and it shows that 8 percent of total
core samples has a susceptibility less than 100, 64 percent
ranges from 100 to 500, 17 percent from 500 to 1,000, the
remaining 11 percent has a susceptibility greater than
1,000. Figure 3 shows the variation of the measured susceptibility with drilling depth and lithology. The results
indicate that the core sample susceptibility varies with the
lithology over a range between 30 and 32,000. Meanwhile,
the result of measurements in the mine indicates that the
rock susceptibility has a difference of more 30 times at two
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(a)

(b)

Fig. 2 Distribution of HMA in Luobusa Ophiolite (the laoction of survey area is shown in Fig. 1) a the reduction-to-the-pole magnetic anomaly
map; b distribution map of 3D susceptibility inversion 1, sample position; 2, measured core susceptibility borehole location; 3, boundary of upper
Triassic Formation (T) and Luobusa Ophiolite (u), this is also the location of the fault; 4, boundary of pyroxenite, complex, conglomerate
(g ? ZH ?RL) and Luobusa Ophiolite (u)

locations separated by a distance of about 50 m. On different side of the same sample with a diameter of 48 mm,
the difference of susceptibility is as high as 7 to 30 times
(Fig. 4b and 4a, respectively). These results point to a

highly inhomogeneous susceptibility variation in Luobusa
Ophiolite.
In order to analyze the origin of HMA in Luobusa Ophiolite, 17 samples were collected from different parts of Luobusa

2902

Chin. Sci. Bull. (2014) 59(23):2898–2908

Table 1 Statistics of rock susceptibilities in Luobusa Ophiolite
Lithology

Serpentinization core

Cpx-bearing harzburgite

Dunite

Chromitites

Susceptibility (910-5 SI)
Mean (min–max)

2654 (409–32021)

328 (33–2935)

469 (50–3072)

338 (228–537)

Number of sample (piece)

139

1176

228

13

Table 2 Distribution of the core susceptibility
Susceptibility
(910-5 SI)

10–100

10–500

500–1000 [1000

Total

Number of sample
(piece)

124

996

262

1558

176

Ophiolite. Nine samples are from Luobusa Mining Areas, six
from Xiangkashan, and two from Kangjingla. The sampling
locations are shown in Figs. 1 and 2. The rock types range from
Cpx-bearing harzburgite, dunite, magnesite, dense chromitites, scattered specks chromitites, to pea chromitites. Measurements of density, and susceptibility, as well as
microscopic and SEM analyses have been carried out on the
17 samples. Susceptibility was measured using Kappabridges
MFK1FA kappameter of ASC Scientific. SEM analyses were
0

0

100

100

100

200

200

200

300

300

300

400
0

4000

8000

1556

conducted in the State Key Laboratory of Mineral Deposits
Research, Nanjing University by JXA-8100 electron microprobe with an analytical error around 200 ppm. Table 3 lists
the result of density and susceptibility measurements. Figure 4
shows the appearance of the typical core samples. As we
can see, core samples with obvious serpentine alteration
(Nos. 7, 82) exhibit high susceptibility, dark-colored mineral
bearing cores have relatively high susceptibility (102), fresh
rock with little serpentine alteration has low susceptibility
(Nos. 81 and 9). Figure 5 is the crossplot of density and susceptibility values of the 17 samples, and it shows that the susceptibility of dunite varies over the largest range, then the Cpxbearing harzburgite, and followed by the chromitites and
magnesite. Figure 6 shows the micrograph of six samples, three
of them have higher susceptibility and rest have lower susceptibility. The micrograph shows that the three samples with

0

400

Total

400
0

4000

8000

0

4000

8000

Fig. 3 Distribution of the measured core susceptibility in the borehole and its lithological column (1, Cpx-bearing harzburgite; 2, dunite; 3, slope
wash, eluvium, with float of ultrabasic rock and diabase; 4, tectonic breccias which mainly consist of Cpx-bearing harzburgite and dunite; 5,
chromitites-bearing layer; 6, core with serpentinization; 7, measured core susceptibility curve)

Chin. Sci. Bull. (2014) 59(23):2898–2908

2903

Fig. 4 Photographs of a typical 48-mm diameter core sample. a The difference of susceptibility values on the same core sample. The values and
positions are marked in the photograph, and the data unit is (10-5 SI); b shows the measurement position (81, 82) of Sample No.8; c shows the
measurement position (101, 102) of Sample No.10; d shows the serpentinization of Sample No.7; e is the Sample No.9, a fresh dunite

Table 3 Density and susceptibility of samples in Luobusa Ophiolite
No. of the sample

1

2

Susceptibility (910-5 SI)

3884

Density (kg/m3)

2744

3

4

5

7

81

82

9

101

554

3924

2359

4649

8072

411

3422

576

109

2475

2777

2768

2375

2516

2913

2362

2322

2829

No. of the sample

102

11

12

13

14

15

16

17

18

Susceptibility (9 10-5 SI)

546

1809

240

1234

339

1725

761

2150

1729

2730

2942

3590

2375

4047

2807

4091

2515

2700

Density (kg/m3)

81, 82 from the different position of Sample No. 8; 101,102 from the different position of Sample No. 10

higher susceptibility have well developed micro-fractures filled
with dark-colored minerals; the samples with lower susceptibility have almost no micro-fracture but contain cloddy darkcolored minerals. Table 4 lists the SEM analysis results, whose
positions are shown in Fig. 6. The result confirms that the darkcolored minerals in the micro-fractures are magnetite and that
in the cloddy is picotite. The SEM analyses also show that the
picotite is enveloped by magnetite that has a thickness varying
from 2 to 20 lm. The micro-fractures inside the picotite are
filled with magnetite (Fig. 7).

4 Discussion
4.1 Factors influencing the HMA and susceptibility
of Luobusa Ophiolite
Most magnetic surveys are carried out on the ground, and
the result varies with the survey position. Apart from some
areas where the rock’s remanent magnetization is strong,

most magnetic anomalies are caused by induced magnetization. The induced magnetization is equal to the product
of the volume magnetic susceptibility and the inducing
field of the earth as shown in formula (1) [51],
I ¼ jF:

ð1Þ

where I is the induced magnetization, j the volume magnetic susceptibility (dimensionless), and F the field intensity in tesla (T).
In a relatively small working area (for example, less
10 km2), the effect of geomagnetic field and rock’s remanence
could be considered as a constant, the observed magnetic field
intensity mainly reflect the rock’s overall susceptibility. As a
result, research on the feature and the origin of the rock’s
susceptibility could help in some way understand the distribution and the origin of HMA in a given area. The scope of the
study area in Luobusa is only 2.8 km2, and most of the
observed stations lie in the Luobusa Ophiolite, so we consider
the magnetic anomalies mainly vary with the variation of the
rock susceptibility as a function of locations.
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Fig. 5 Crossplot of the sample’s density and susceptibility (the number in the figure is the sample code)

The susceptibility of constituent minerals and their
volume or mass percentage in the rock are the major factors
determining the rock’s susceptibility [28, 51]. Although the
main components such as olivine, pyroxene and micas are
usually ferrous, they are paramagnetic. Only the iron-titanium oxide is the ferromagnetic mineral in rocks [28–32].
Tests on rock materials have shown that a rock containing
1 % magnetite may have a susceptibility as large as 1,000
times greater than that most rock materials [51]. The major
rock types in Luobusa Ophiolite are Cpx-bearing harzburgite, dunite, olivine and chromitites, with primary
minerals being pyroxene, olivine, chromite, and magnetite.
Wang et al. [30] reported the mass susceptibility of
pyroxene, olivine and magnetite as 50,000, 5 to 20, and 1 to
130 (910-8 m3/kg), respectively. The average density of
pyroxene, olivine, and magnetite is 3,200, 2,700, 4,000 kg/m3,
respectively. Therefore, we obtain the susceptibility of the
three minerals as 16–320, 2.7–351, and 200,000 (910-5
SI), respectively. The measured susceptibility of chromites
is 200–800. These data indicate that the main components
of Luobusa Ophiolite, pyroxene and olivine, have relatively low susceptibility. Chromites in the rock also have
low susceptibility. The only component of Luobusa Ophiolite that has high susceptibility is magnetite. Based on the
above evidence, we conclude that magnetite in Luobusa
Ophiolite is the primary contributor to the rock’s overall
susceptibility.

4.2 Origin of magnetite in Luobusa Ophiolite and its
relation to susceptibility
Magnetite is one of the products from serpentinization process
of the ferrous end member in olivine [52–54]. Zhang et al. [38]
found that the magnetite in the Cpx-bearing harzburgite and
lherzolite from Luobusa Ophiolite is epigenetic metasome
rather than protogenous magmatic crystallization product.
The average percent weight value of TiO2 from the 14 SEM
analysis test data of magnetite is 0.03 %. Based on the TiO2–
AL2O3–MgO ternary phase diagram [38], the presence of less
than 10 % of TiO2 also indicates that the magnetite in Luobusa
Ophiolite is a type of epigenetic metasome. Photomicrographs
in Fig. 6a, b, and c show that the magnetite is mainly distributed in the micro-fractures; whereas photographs of electron probe indicate that the magnetite is mainly located in the
contact zone between picotite and its host olivine. The location is also consistent with the characteristics of the magnetite
produced from epigenetic metasome.
Photomicrographs of six samples and SEM data (Table 3)
provide a rough relationship between magnetite content and
susceptibility. The susceptibility of Samples No. 7, 5 and 3, is
higher than 3,000, while the photomicrographs show that the
micro-fractures filled with magnetite are well developed in
these three samples. From No.7 to 5 to 3, both the width of the
micro-fractures and the magnetite content decrease. Correspondingly, these samples’ susceptibility decreases from
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Fig. 6 Micrograph of six Samples a Sample No.7; b Sample No.5; c Sample No.3; d Sample No.2; e Sample No.9; f Sample No.12; Cr,
picotite; Mag, magnetite; Ol, olivine

8072 to 4649 to 3923. Samples No. 2, 9 and 12 have susceptibility values less than 600, which are relatively low
among the 17 samples. Photomicrographs show almost no
micro-fractures in these three samples, and only a little
magnetite surrounds the picotite in Samples No. 9 and 12. All
these data indicate that the content of magnetite in Luobusa
Ophiolite dominates the rock susceptibility.
4.3 Origin of the HMA in Luobusa Ophiolite
Controlled by the oxygen fugacity, the fresh Cpx-bearing
harzburgite, dunite, and olivine contain little magnetite [55,

56]. The surface magnetic survey result shows that only 10
percent of the rock mass has magnetic anomalies greater
than 500 nT, about 60 percent of the rock mass in Fig. 2a
corresponds to low magnetic anomalies that are less than
100 nT. The susceptibility measurements indicate that
more than 70 percent of core and samples have a susceptibility less than 500. It is clear that the origin of the HMA
in Luobusa Ophiolite could not be generalized as the
occurrence of the ultramafites. The magnetic survey has
found that the HMA is mainly present in the contact zone
between upper Triassic Formation (T) and Luobusa Ophiolite (u). This zone is greatly affected by regional faulting
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Table 4 SEM analysis result of the dark-colored minerals and its host rocks (wt%)
SiO2

TiO2

MnO

ZnO

2–3(picotite)

0.02

0.19

2–6(olivine)

41.16

–

19.63

0.28

0.06

11.86

–

0.04

0.02

0.07

0.05

99.16

5.39

0.07

–

52.87

0.07

0.05

0.05

0.23

0.05

99.95

3–1(picotite)

–

0.08

11.10

55.38

24.03

0.29

–

8.21

–

0.02

0.01

0.04

0.02

99.19

3–5(magnetite)

0.07

0.02

3–7(olivine)

41.17

BL

0.02

BL

91.40

0.07

0.05

BL

–

7.47

0.12

–

5–1(magnetite)

0.03

0.05

0.03

5–2(Cr-magnetite)

1.23

0.14

2.55

0.05

89.94

0.04

0.03

22.18

64.22

2.03

0.14

5–3(magnetite)

0.02

–

7–2(magnetite)

0.02

0.05

–

0.00

90.20

0.06

BL

0.02

90.63

0.04

7–3(magnetite)

0.03

9–1(picotite)
9–5(magnetite)

0.01
0.05

0.02

BL

0.06

90.37

0.20
0.04

2.60
0.38

56.78
7.10

33.61
85.71

9–6(picotite)
12–1(picotite)

0.04

0.26

12.36

54.03

0.03

0.16

11.90

58.09

12–2(picotite)

0.05

0.18

11.91

57.19

12–3(olivine)

40.71

–

BL

0.03

No. of sample

Al2O3

Cr2O3

FeO

11.42

55.54

–

–

MgO

0.19

CaO

Na2O

K2O

NiO

V2O3

Total

–

0.03

–

–

0.02

91.87

0.03

0.03

–

0.18

0.03

100.71

0.08

–

–

–

BL

–

90.25

1.75

–

–

–

–

0.03

94.26

0.09

0.08

–

–

–

–

–

90.44

0.02

0.08

–

–

–

–

BL

90.87

0.07

–

0.14

–

–

–

–

–

90.69

0.49
–

–
–

4.70
0.30

BL
–

–
0.07

0.02
0.02

0.02
BL

0.02
BL

98.46
93.68

20.75

0.27

0.02

11.47

0.03

0.07

0.03

0.09

BL

14.60

0.17

–

15.09

–

–

–

0.04

–

14.20

0.17

–

15.24

–

–

–

0.04

0.02

99.00

2.80

0.03

–

55.55

–

–

–

0.20

BL

99.32

51.68

99.41
100.08

SEM analysis position are shown in Fig. 6, BL means the data lower than detection limit, ‘‘–’’ means no data

Fig. 7 Contact relation of the picotite and the magnetite (a, picotite is enveloped by magnetite picotite; b, magnetite in the micro-fractures of the
picotite)

and other geological processes. Therefore, we consider
faults and the geological processes related to faulting play
an import role in the formation of the HMA. On one hand,
the fault process deformed the ultramafic rock, and provided passage for groundwater infiltration. On the other
hand, the extrusion and collision between plates provided
the heat source for the alteration of the ultramafic rock.
Considering the combined effect of these conditions, we
surmise that the large-scale serpentinization of various
degree occurred near the contact zone. Thus, we believe
that the serpentinization of the olivine in the ophiolite and
conversion to magnetite in this process are the origin of the
HMA in Luobusa Ophiolite.

5 Conclusions
Although the aeromagnetic studies have shown that the
HMA in Luobusa Ophiolite is an HMA belt, the results of
surface magnetic surveys and measurement of cores and
samples indicate that the distribution of HMA in Luobusa
Ophiolite is highly inhomogeneous. The HMA in Luobusa
Ophiolite is mainly located at the contact zone between
upper Triassic Formation (T) and Luobusa Ophiolite (u) in
southern of the Ophiolite. 3D inversions of the magnetic data
show that the distribution of HMA source in Luobusa
Ophiolite is limited in depth between 200 and 400 m, which
is a kind of shallow source HMA. Results from core and
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sample analyses show that cores or samples with high susceptibility have visible macroscopic serpentinization, while
microscopic and SEM analyses confirmed that magnetite
fills the micro-fracture in the samples. The major composition difference between the samples with high and low susceptibility is the content of magnetite, and the amount and
distribution of the exsolution of magnetite in the process of
the serpentinization of the olivine in the ophiolite mainly
contribute to the HMA and its spatial distribution. We conclude that the serpentinization of the olivine in the ophiolite
and rock exsolution of magnetite in the geological process,
especially the tectonics, account for the origin of the HMA in
Luobusa Ophiolite.
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