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Yarlongite: A New Metallic Carbide Mineral
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Abstract: Yarlongite c~\:unincph~()HdcchrLmjti_1f~Hf~t\';Luobushamine (29°5'N 92"5'E, about 200
krn ESE of Lhasa), Qasum CO/JUlY, Sl;,o:.nnan Prefecture, Tibet Autonomous Region. People's
Republic 'lfC-h;:lJa. AS$och.1ted minerals are: diamond, moissanite. wiistite, iridium ("osmiridium"),

osmium ('"kidosffiine"), periclase, chromite, native iron, native nickel, native chromium, forstcrite,
Cr-rich diopside, intennetaHic compounds Ni.Fe~Cr, Ni~Cr, CrMC, etc. Yarlongite and its associated
minerals were handpicked from a large heavy mineral sample of chromitite. The metallic carbides
as."lociated with yarlongite are cohenite, tongbaite, khamrabaevite and qusongite (lMA2007M034).
Yarlongite occnrs as irregular grains, with a size between 0.02 and 0.06 mm, steel-grey colour, H
Mohs: 51/2-6. Tenacity: brittle. Cleavage: {O 0 I} perfect. Fracture: conchoidal. Chemical formula:
(Cr,tFe4Nih:",C4, or (Cr.Fe,Ni)~9C4'Crystal system: Hexagonal, Space Group: P6:/mc, a = 18.839(2) A, C

=4.4%0 (9) ,;., V =745.7(2) A', Z =6, Density (calc,) =7,19 glcm' (with simplified formula), Yarlongite

has been approved as a new mineral by the CNMNC (IMA2007-035). Holotype material is deposited
at tbe Geological Museum of Cbina (No. M11650).
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Ilntroduction

The mineralogical study of the Luobusha area was
proposed after the discovery of diamonds in ophiolite
rocks located in Luobllsha and at Dongqiao, Tibet in 1981
(Fang and Bai, 1981)<

Apart from the natural occurrence of diamond,
moissanite, wiistite, etc, the presence of UHP minerals was

confim1ed, together with the discovery of several native
metallic elements (SL Fe, Zn. Pb. At Cr, Ni, Os, Ir, Ru,
Rh. Pd, Au. Ag, W, Cu, S and Til. and intennetallic
compound minerals (Fe-Si, Fe-Ti-Si. Ni~Fe~Cr, Ni-C. Fe
e, Cr-C, Ti-C, W-c, Si-c' Fe-Co, AI-Fe-La, W-Co, Fe

Mn, Au-Ag, Ag-Sn Ti-W, Cli-Zn. Si-Ca. Ti-N, Fe-Si Si
Ca-eli as well as platinulTIMgroupMclement minerals (NiM

Fc-Ir, Rt-Fc. Pt-Fe-Pd, Fe-Ru) (Ea; et a1.. 2000a. 2oo0b),
2003: Shi e' aI., 2005b, 2005e: Li ct a[" 2005. 2(07).

Among the intermetallic compounds. the ferric silicides
and ferric carbides were thoroughly investigated. In FeMSi
and Ti-Fe-Si system, the new mineral luobusaite
(Feox.,Si,) (IMA2005-052a) (Bai e' aI.. 2006) and
zangboite (TiFeSi2 ) (IMA2007-036) were discovered. In
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the W~c. Cr-C and Ti-C system, qllsongite (WC) (new
mineraL IMA2007-034), tongbaite (Cr.'lC.;) and

khamrabaevite (TiC) were identified. Yarlongite is a
species of the above-mentioned metallic carbides from this

area.
As new minerals, luobusuite (IMA 2005M052~i),

qusongire (IMA2007-034) and zangboite (IMA2007-036)
have been discovered (Bai et aL, 2006). Y..trlongite is also

a new ferric carbide mineral from the podiform
chromitites of the Luobusha ophiolite in Southern Tibet.

2 Geological Setting

The new mineral yarlongitc occurs in the ophiolitic
podifonn chromitite at the Luobusha mine (29°5'N, 92°5'
E. about 200 km ESE of Lhasa). Qusum County. Shannan
Prefecture, Tibet Autonomous Region, People's Republic
of China. The chromitites occur as tabular. lenticular and
podiform bodies in depleted harzburgites, Most of the
chromitite bodies are surrounded by envelopes of dunitc.
StructuraHy the ophiolite consists of several thrust slices,
and the lowest rocks are harzbllrgitc that contain dunite
dykes with chromititc bodies tBai et a1.. 2000a). The top
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Fig, I. SEM image of yarlongite, It is shown as the greyish area in the center of the figure.
The chemical composition of measurement points 1 and 3 are listed in Table 3.

of the ophiolite is a
cumulate dunite layer and
ophiolitic melange. There
are differing views as to

the age of the ophiolite.
While we believe this

formation to be from the
Jurassic period, one study

shows that it was formed

in the Cretaceous period
(Robinson et aI., 2004).

3 Sampling and
Separation

The chromititc has
been mined at the
Luobusha mine for over a

decade. and a number of
pods are exposed in open
pits. About 1500 kg of

ore was removed from
the orebody C31 of the
Luobusha mine. The
samples were hand-

washed, air-dried and
crushed to pass a I-cm sieve. before being transported to
the Institute for MUltipurpose Mineral Separation in

Zhengzhou, China for mineral separation. Mineral
separation was carried out using a variety of magnetic,

electric and heavy-liquid techniques (Hu, 1999; Bai et ai.,

2000a~ Robinson et a1., 2004). The mineral samples were

handpicked from separates of various grain sizes. Selected

grains were mounted in epoxy, polished and then analyzed

hy an EPMA-1600 microprobe.

4 Analytical Methods

Selected yarlongite grains were analyzed by an EPMA
1600 microprobe and an 5-3500 N scanning electron
microscope with an energy-dispersive spectrometer. The
operating conditions for the microprobe were a voltage of
20 kV and beam current of 15 nA. The SWYlOO NIST
multiple element standards were used for calibration.
Chemical analyses were made by means of the electron
microprobe. X-ray diffraction experiments were carried
out with an X-ray diffractometer equipped with CCD
detector (SMART APEX, Bruker AXS Inc.) in the X-ray
Diffraction Laboratory of China University of
Geosciences (Beijing).

5 Physical Properties

Yarlongite occurs as irregular grains, with a size
between 0.02 mm and 0.06 mm (Fig. ]). Colour: steel~

grey. Streak: black. Lustre: metallic. Diaphaneity: opaque.

Non-fluorescent. H Mohs: 5'12-6. Tenacity: brittle.
Cleavage: {O 0 I} perfect. Fracture: conchoidal. Density
(mea~.): could not be measured because of small grain
size. Density (calc.): 7.19 g/crn3 (using simplified
formula).

6 Optical Properties

In incident polarized light: greyish white colour, no
bireflectance, no pleochroism, medium anisotropy, and no
internal reflections. The reflectance values (air) for
yarlongite are listed in Table I.

Table 1 Reflectance values (air) for yarlongite

R (%) Wavelength (run) R (%) Wavelength (nm)
42.90 400 47.60 560
39.24 420 46_99 580
40.03 440 48.59 589 (COM)
42.90 460 50.! 9 600
42.74 470 (COM) 52.75 620
42.58 480 49.72 640
43.13 500 51.10 650 (COM)
45.72 520 51.10 660
45.81 540 54Jl5 680
46.70 546 51.61 700



54 Yarlonglte: A New Metallic Carbide Mineral Shi ct al.

Table 2 Chemical composition of Yarlongite by EPMA
No, 45-4-1 454-4 45-5-1 45-5-3
C('k) 13,75 IU~4 6.56 lUl6
Cr 82,05 84.82 49.66 48.82
Fe 2.06 1.76 24.1.J. 24.74
Ni 2.14 L58 17 .63 18.38
L 100.00 100.00 97.Y9 loo.oa

456-1
7.45

11.27
76.52

4,76

100.00

45-6-2
S,O?>

1O,6f;
76,36

4,92
9<;99

6.47
1I.! 3
77.03
5J3

9996

I p~ 1
11.60
32.60
42.20
13.60

100.00

9.22
41,38
40.00

S.54
99.H

'fable 3 Calculated X~ray powder-diffraction pattern for
yarlongitc

I dc'.,le h k I I de,!,· /; k I
100 6.920 I I 0 9" 2.023 4 2 1
10 5.993 2 (J 0 32 1.998 /; " "35 4.530 2 I • 16 1.942 5 I
10 4.210 I • I 47 1!?:!5 /; 0
I. 3.')95 3 0 (J :"'4 1.7'>'''l 4 0 .~

55 3.596 C , :1 J,:;<-j.') J ,
19 3191 I g I.!JO + , (I

1+ 2.996 0 II 1.559 " 2 I
23 2986 I 9 1315 " + I

7 2,750 j 2 0 5 1,256 8 , I
17 2615 + I " 17 1.199 6 II J
36 2.493 4 0 1 19 Ll73 6 4 ,
23 2.265 + 2 (I 9 1.158 III (I I
16 2.260 + I I I' 1.153 " 6 0
9 2,209 I 0 ,

II) 2.115 + 2 ,
50 2105 , I +

7 Chemical Data

Chemical analyses were carried out by means of an

electron microprobe. and the results are listed in Table 2.
The empirical fonnula (based on 4 C atoms per formula

unit) is (Cr4 j-4Fe:U9Nio76b:L69C1_ The simplified formula is

(Cr",Fe--\Nih9C4. Considering that 'jl,C transition metal

content has,; wide ran;:;? fr"i1l'ra':lk 2. the chemical

fonr,uJa i7J.iJ rcalso wfhlen~s·(Cr,Fc,Ni}::,)C--\.

Single-crystal X-ray studies were eUITied out using a
Smart Apex single~crystal X~ray diffractometer with U

Bruker AXS CCD, and gave the following data:

Hexagonal Space Group: P6/ml·
a = J8.839(2) A c = 44960(9) A, ,
V=745.7(2) A Z=6
The X~ray powder~diffraction data were calculated from

the single-crystal structure (Table 3).

9 Crystal Structure

An X-ray single~crystal structure determination (Lab.

sample No: 2001-195) was canied out using a Smart

APEX CCD System. The distance between the crystal and

the detector was 5.07 cm, using MoKa (A ::: 0.71073 A),
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Fig. 3. Distribution of trigonal-prismatically coc"dilnat<:d plJlylledra in yarlongite.

45 kV, 30 rnA, and graphite monochromator. The crystal
structure has been solved by Bluker Shelextl procedures,
then refined using full matrix least squares. Anisotropic
refinement using all 918 measured independent data and
the reflections with I > 2a(l) resulted in an R l factor of
0.079 and WR2 of 0.177, respectively. The results were
published by Shi et aL (2005a).

The arrangement of the atoms in yarlongite is shown in
Fig. 2. The determination indicated that deficiencies of the
Fe, Cr and Ni in their crystallographic positions were
detected. The crystallochemical fonnula calculated by the
determination of the crystal structure is (Fc4Cr4Nih9C4.
The crystal structure is characterized by trigonal~

prismatically coordinated polyhedra formed by a
combination of the metallic atoms Fe, Cr and Ni with C.

In the mineral, the close-packed layers are arranged
alternately along the c axis (Fig. 3). Particularly, the layers
of Fe, Ni and layers of Cr, C are stacked alternately
between flat layers and wrinkled layers respectively. Fe,
Cr and Ni can be linked with each other to fonn bonds and
the bond distances are in the range of 2.486-2.698 A.. The
distances between Fe, Cr, Ni and C are in the range of
1899-2175 A.

10 Name

The name is for the first two syllables of the name of

the Yarlong Zangbo River, which is near the Luobusha
ophiolite (also known as the Brahmaputra River). It has
been approved as a new mineral by the CNMNC
(IMA2007-035). Holotype material is deposited at the
Geological Museum of China under specimen number
Ml1650. Another specimen is deposited at the Institute of
Geology, Chinese Academy of Geological Sciences (lG
CAGS), under specimen number 45.

11 Discussion

Among metallic carbide minerals, khamrabaevite «Ti,
V,Fe)C), niobocarbide «Nb,Ta)C), tantalcarbide (TaC),
tongbaite (Cr,C,), isovite «Cr,Fe)"C6), haxanite «Fe,Ni)
23C6) and cohenite «Fe, Ni, CO)3C) have been discovered.
Some of these transition-metallic element carbides are
listed in Table 4. There are two types of carbon
coordination in the five minerals, I.e. trigonaI
prismatically coordinated polyhedra (yarlongite, cohenite
and tongbaite) and octahedral polyhedra (isovite and
haxonite). In trigonal-prismatically coordinated polyhedra,
the crystal structure is characterized by double trigonal
prisms with shared edges. In yarlongite the main
structural unit are polymers fonned by linking three
trigonal prisms via shared edges (Fig. 3). This new linking
mode is rare in metallic carbides. The crystal structure of
yarlongite and its mineral data, which are listed in Table
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Table 4 Comparison of transition~element(Fe, Cr, Co and Ni) carbides

Shi et al.

4, indicate that yarlongite is a new species. Therefore,
yarlongite is different from other formerly discovered
metallic carbides both in chemical composition and crystal

structure.

YarJongitc is not part of the eutectic compositions
within the Luobusha chromitites. In fact, the Fe-C
compounds (including yarlongite) are considered to be
xenocrysts from the mantle, transported to shallow depths

by a rising plume and then captured by the melts from
which the Luobusha chromitites crystallized (Robinson et

al.,2004).

Acknowledgements

We wish to thank Professor Ernst A. 1. Burke (Chairman

of CNMNC Commission on New Minerals. Nomenclature

and Classification) for his help and advice. We would also
like to thank Jeffrey de Fourestier, MSM, FMinSoc, for

checking this paper. This work was financially supported

by the National Natural Science Foundation of China

(Grant 40472025, 40672030 and 40872043).

Manuscript received April 21. 2008

accepted Aug. 18. 2008

edited by Fei Hongcai

References
Bai Wenji. Zholl Meifu, Pall I T. Robinson, Fang Qingsong,

Zhang Zhongming, Van Binggang, Hu Xufeng and Yang
Jingsui, 2000a. Origin ofpod~form chromitites. diamonds and
associated mineral assemblage if! rhe Luobltsha ophiolire,
Tibet. Beijing: Seismological Press.

Bai Wenji, Paul T Robinson. Qingsong Fang, Jingsui Yang,
Binggang Van. Zhongming Zhang, Xufeng Hu, Meifu Zhou
and John Malpas, 2000b. The PGE and base-metal alloy in the
podiform chrornitites of the Luobusha ophiolite. Southern
Tibet. Canadian Mineralogisr, 38: 585-598.

Bai Wenji, Yang Jingsui, Fang Qingsong, Van Binggang and Shi
Rengdeng, 2003. An unusual mantle mineral group in the
ophiolites of Tibet. Geology in China. 30(2): 144--150.

Bai Wenji, Shi Nicheng, Fang Qingsong, Li Guowu, Xiong
Ming, Yang Jingslli and Rong He, 2006. Luobusaite: A new
mineraL Acta Geologica Sinca, 80(5): 656-659 (in English),

Fang Qingsong and Bai Wenji, 1981. The discovery of Alpine
type diamond-hearing ultrabasic intrusions in Tibet.
Geological Revin... , 22: 455-457.

Hu Xufeng, 1999, Origin of Diamonds in Chromitities of the
Luobusha Ophiolite, South Tiber. China. MSc Thesis,
Dalhousie University, Halifax, Nova Scotia, Canada.

Li Guowu, Shi Nicheng, Xiong Ming, Ma Zhesheng, Bai Wenj!
and Fang Qingsong, ::m05, X-ray diffraction investigation of
Si-Fe alloy from Luobusha, Tibet. Acta Perrologica et
Mineralogica, 24(5): 453-456 (in Chinese with English
abstract).

Li OUOWU, Shi Nicheng, Xiong Ming Ming. Bai Wenji and Fang
Qingsong, 2007. X-ray diffraction investigation of native Si·
Fe alloy minerals from Luobusha, Tibet. Frontiers I?l Earth
Sciences in China. l( 1): 21-25 (in English).

Robinson, Paul T., Bai Wenji, John Malpas, Yang Jingsui. Zhou
Meifll, Fang Qingsong, Hu Xufeng, Cambron, $.. and
Staudigel, H.• 2004. Ultra-high pressure minerals in the
Luobusha ophiolite, Tibet, and their tectonic implications. In:
Malpas, John, LJ,N. Fletcher, J.R. Ali and J,c. Aitchison
(ed~.). Aspects of the Tectonic Evolution (If China. Geological
Society London Special Publication, 226: 247-27 L

Shi Nicheng, Ma Zhesheng, Xiong Ming, Dai Mingquan, Bai
Wenji, Fang Qingsong, Van Bingang and Yang Jingsui.
2005a. The crystal structure of (Fe4Cr4Ni)9C4, Sciences in
China (Set. D-Earth Seiences), 48(3): 338-345 (in English).

Shi Nicheng. Rai Wenji, Li GUOWIl, Fang Qingsong. Ma
Zhesheng, Yang Jingsui, Xiong Ming and Van Binggang,
l005h, Crystal chemistry of metallic carbide minerals in the
depth of Earth. Earth Science Fromiers. 12l I): 29-36 (in
Chinese with English abstract).

Shi Nicheng. Li Guowu, Xiong Ming and Ma Zhesheng. 2005e.
Metallic and intermetallic compounds of Fe-group elements
from Luobusha, Tibet. and their origin. Acta Pertro!ogica et
Minera!ogica, 24(5): 443-446 (in Chinese with English
abstraCt),




