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Occurrences Structures and textures Mineralogy
Stratiform
Tourmalinites

In unit 3,restricted within the range
of  borates; occur as hanging walls
of the borates, hosted mostly in
biotite leptynites; lenticular, up to
200 m along strike

Banded structures with relict beddings similar
to those of the host rocks; tourmaline shows
metamorphic textures and the c-axis of
tourmaline parallel to S

Tourmaline accounts for 20%—90%;the associated minerals are
Quartz, biotite and feldspars, which are dependent upon the host
lithology; other�accessory minerals are similar to their host
rocks but lack magnetite and ilmenite

Tourmaline-
leptynites

Hosting borates; up to tens of
metres thick and can be traced for
kilometers along strike; they are
stratigraphically equivalent to the
stratiform tourmalinites and a mark
layer of unit 3

Striking beddings expressed by biotite,
amphiboles and tourmaline bands, parallel to
S in most places except in fold hinges; the
minerals exhibit granoblastic texture;
tourmaline can either be inclusions in quartz
and feldspars or encloses the latter to form
poikiblastic texture

Quartz,K-feldspar or albite,with or without plagiocalse, dark
colored minerals include biotite,tremolite/diopside or
hornblend/hend-bergite;tourmaline may account for <5% to up
to 20%;accessory minerals include magnetite, ilmnite,zircon,
sphene, and apatite, etc..

Tourmaline
veins

Crosscutting characteristically the
borates-carbonates; also found in
amphibolites; small size;  usually
occur  near pegmatites

Crosscutting S , as veinlets, irregular veins or
disseminations in the host rocks; tourmaline
grains and associated quartz+feldspars are not
deformed

Tourmaline is associated with tremolite, phlogopite (in
carbonates) or actinolite (in amphibolites);with or without quartz

Tourmaline
pegmalites

Can crosscut a variety of
lithologies,but  more commomly
occur within or adjacent to the
borate-carbonates; tourmaline often
occurs at the margins of pegmatites

Crosscutting S , as veins or stockworks;
tourmaline coarser than other categories; no
preferred orientation

Relatively simple mineralogy, dominated by tourmaline, quartz
and feldspars

XJ"
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H5-112 H1-43 La-12  H4-39 Wl-9 R11 R4�-11 H5-60 H5-70* H5-76* H5-79* Dc-10* W1-6*

SiO 56.01 66.72 62.66 57.91 62.36 63.50 69.31 73.37 63.69 72.27 70.48 65.59 73.93
Al O 15.99 15.19 13.99 18.01 15.41 13.01 12.86 14.23 18.28 14.80 10.80 14.33 7.53
Fe O 1.77 5.79 4.08 6.41 5.52 9.96 5.38 0.43 0.59 1.19 0.43 3.53 9.82
FeO 4.47 2.08 2.61 2.21 1.76 2.45 1.59 0.77 1.04 0.91 2.13 2.57 1.53
TiO 0.61 0.56 0.75 0.45 0.60 0.55 0.49 0.61 0.67 0.45 0.50 0.66 0.30
P O 0.10 0.07 0.15 0.01 0.12 0.01 0.08 0.31 0.12 0.10 0.09 0.17 0.10
MnO 0.09 0.02 0.04 0.06 0.17 0.04 0.03 0.03 0.04 0.11 0.09 0.11 0.13
CaO 0.53 0.60 1.19 3.18 0.43 0.95 0.90 2.17 0.95 0.86 1.83 0.31 0.32
MgO 7.89 3.64 4.29 7.35 1.82 3.01 3.53 0.79 1.34 0.80 5.59 2.65 0.51
K O 11.15 30.16 7.30 0.10 10.52 3.66 3.10 0.88 8.83 2.05 2.97 5.31 5.66
Na O 0.86 3.04 1.23 1.12 1.10 1.23 1.16 5.98 4.21 6.46 3.95 3.99 0.34
Los 1.11 1.52 1.13 2.78 0.42 1.01 0.93 0.92 0.57 0.45 0.57 0.38 0.26

Trace elements (10 )
Cr 80.4 57.8 103 47.7 42.3 90.5 50.4 54.2 65.4 42.7 63.8 55.7 18.7
Rb 320 4.31 114 1.73 374 67.3 36.6 24 147 27.2 164 418 168
Sr 145 123 157 320 134 217 171 136 79.7 39.4 199 316 97.9
Ba 615 40 444 14 1458 135 383 219 897 331 174 1555 3872
Zr 254 223 260 261 186 210 200 438 329 302 196 1199 63.8
Hf 7.50 3.70 4.10 5.30 15.10 8.00 6.00 4.10 5.00 11.70 5.00 15.10 6.30
Nb 29.9 15.5 15.5 17.5 23.1 8.49 19.4 17.2 27.4 25.4 20 85.5 13.2
Ta 3.40 3.40 3.10 3.10 2.00 3.50 3.30 3.00 3.70 3.00 2.90 1.20 1.00
Th 14.01 8.01 4.02 3.26 19.91 1.34 6.95 7.69 20.49 8.95 8.95 15.35 6.68
La 103.6 37.67 29.03 5.73 48.77 17.77 34.61 48.21 65.23 37.53 37.53 37.99 14.79
Ce 230.2 80.8 62.11 10.93 117.5 37.09 79.99 125.2 138.66 79.37 79.37 85.53 31.06
Nd 67.56 25.22 23.12 3.69 39.53 15.51 28.87 42.29 45.96 25.34 25.34 28.28 12.46
Sm 8.97 3.85 3.32 0.46 6.05 2.91 6.01 7.04 8.84 3.27 3.27 4.27 1.94
Eu 2.28 0.52 0.98 0.09 2.42 0.71 1.09 2.49 2.64 0.70 0.70 2.16 3.32
Gd 15.94 6.76 6.64 0.91 10.7 4.03 8.64 11.36 12.35 6.15 6.15 5.27 3.03
Yb 1.37 0.71 0.80 0.26 0.93 0.55 1.33 1.68 1.95 1.01 0.75 0.66 0.97
Lu 0.19 0.10 0.10 0.05 0.13 0.10 0.22 0.19 0.35 0.11 0.11 0.04 0.12
Y 15.19 8.51 11.25 2.05 11.72 7.50 12.90 20.40 45.31 9.55 9.55 10.05 12.49

Major elements (%)                    

*untourmalinised leptynites
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Tourmalintes and tourmaline-bearing leptynites form the hanging wall
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LN35 +9.2±0.3 +9.6±0.4    Tourmaline quartz vein in borate-carbonates, Zhuanmiao
LN-37  +0.5±0.4    +0.9±0.2    Tourmaline pegmatite in borate-carbonates, Zhuanmiao
LN-21a   +3.2±0.4      +2.4±0.3  Tourmaline-phlogopite vein in borate-carbonates, Wengquangou
LN-21b        +1.3±0.4  +1.1±0.4 Tourmaline quartz vein, Wengquangou
LN-15      -12.3±0.2    -12.4

�

0.3 Felsic vein with trace tourmaline in hanging wall amphibole leptynites, Wengquanggou
LN21c           -4.0±0.4  -3.1±0.3 Tourmaline-pyrite quartz vein in borate-carbonates,Wengquangou
LH5-92        +1.3±0.4 -0.2±0.4   phlogopite-rich rocks in carbonates,rimming pegmatite,Zhuanmiao

Tourmaline-bearing leptynites away from the borate bodies
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Tourmaline  veins from hanging wall and borate-bearing carbonates
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