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Table 1 Sequence division of the Paleoproterozoic

Liaohe Group (modified by reference[8])
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Fig.1 Geological sketch map of a Paleoproterozoic terrane in
the Liaoning—]Jilin area 1l
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Fig.2 Section of the western slope of the Nangougoukou open mine pit in Lujiapuzi, Houxianyu

Hbim—amphibolite homogenic migmatite ; B11m—biotite homogenic migmatite ; Tri—biotite leptite intercalated leptynites;

Trileptynites and leptite ; Tr—biotite gneiss intercalated leptite ; Tri—leptite ; Tr;—biotite gneiss
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Fig.3 Photograph of the field occurrence of tourmaline—rich rocks

a—Stratification of fine—grained gneiss;b—Tourmaline in a quartz vein
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Fig.4 Microphotographs of tourmaline—rich rocks (crossed nicols)

a—Tourmaline—tremolite rock ;b—Sieve texture of tourmalinite ; c—Tourmalinite ; d—Phlogopite—tourmaline fine—grained gneiss Tour—

Tourmaline ; Tr—Tremolite ; Q—Quartz ; Fel—Feldspar ; phl—Phlogopite
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Table 2 Polarized light microscopic characteristics of tourmaline
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Table 3 Chemical analysis of tourmaline (%)
e ] Na2,0 Ca0o ALO; Si0, MgO FeO TiO, Cry04 K,0 hs¥ill
1 P1BHI 2.087 1.936 29.47 4224 11.188 9.76 2.594 0.726 100
2 P1BHS 1.993 2548 31416 42285 10911 9012 1.834 100
3 PIBH4-1 2391 1.687  30.109 41766  9.752 12.62 1.637 100
4 P3BH4-2 2346 1634  29.141 41514  9.809 13.64 1.941 100
5 P2BF3-1 2212 1984 29765 41879  10.17 12.9 1.096 100
6  P2BF32 2365 1815 28214 41276 9527 15.46 134 100
7 P2BF4 2219 1888 28429 4129 9.307 15.73 1.137 100
8§  P3BH5-1 1937 2465 29641 41721 10124 1283 1.283 100
9  P3BH5-2 2117 2189  30.668  41.789 9.93 1231 0.999 100
10 PIBH6-1 2533 1747 32209 43284 12195 7258 0.774 100
11 PIBH6-2 2564 1792 32235 43523 1202 7.123 0.501 0.231 0.011 100
12 P3BH2-1 2394 1861 3038 4278 11687 9017 1.874 100
13 P3BH2:2 2228 2.06 31.05 42367 11285  9.145 1.759 0.143 100
14 P3BH4-1 2278 1.848  31.505 4265 11539 8667 1.515 100
15  P3BH4-2 2249 2097 31246 4288 11344 9367 0.817 100
16  P2BFl-1 2227 2367 32209 43769 13371 5898 0.159 100
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Fig.5 Variation of Mg and Fe in tourmaline compositional zones
a—P1BH6-2 tourmaline—phlogopite—tremolite rock ;b and ¢c—P1BH4—1 tourmalinite
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Fig.6 Range of the chemical composition of tourmalines in Al-=Fe50AI50—Mg50AI150
and Mg—Fe—Ca diagram™
1—Tourmaline in Li—rich granite, pegmatite and aplite ; 2—Tourmaline in Li—poor granite, pegmatite and aplite;
3—Tourmaline in hydrothermally altered granite ;4—Tourmaline in metapelite and metapsammite containing an Al—saturating mineral;
5—Tourmaline in metapelite and metapsammite ; 6—Tourmaline in Fe*"—rich quartz—tourmaline rock, calc—siliceous rock and metapelite ;
7—Tourmaline in low—Ca ultrabasic rocks and Cr— or Va—rich metasedimentary rocks;8—Tourmaline in metacarbonate and metamorphic rocks;
9—Tourmaline in Ca—rich matapelite ; 10—Tourmaline in Ca—poor matapelite, metasandstone and quartz—tourmaline rock;
11—Tourmaline in metacarbonate rocks; 12—Tourmaline in meta—ultrabasic rocks
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Mineralogical characteristics of tourmaline in the Houxianyu boron deposit in
Liaoning and their significance for rock and ore formation

XUE Jian—ling”?, XU Hong’, GAO Yi—ming’, HUANG Jing—yi’

(1. Development and Research Center, China Geological Survey, Beijing 100083, China;
2. China University of Geosciences , Beijing 100083, China)

Abstract: The mineralogical and chemical characteristics of tourmaline in the Houxianyu boron deposit,
Liaoning, are analyzed and their significance for the formation of rocks and deposits is discussed. The tourmaline
in the study area belongs to the magnesium tourmaline—iron tourmaline series (schorl—dravite solid solution series)
and its Mg/Fe has close spatial and temporal relations to borate orebodies. Tourmalines with different modes of
occurrence show marked differences in color, size, shape and zonal features. The content of Mg is quite high in
all zones of tourmaline near the borate orebodies and has a general trend of decrease from the center to edges,
whereas the iron content is quite high in all zones of tourmaline far away from the borate orebodies and has a
general trend of decrease from the center to edges. The tourmaline content is generally higher in the hanging wall
than in the footwall. Tourmalinite mainly appears near borate orebodies and there is a pronounced positive
correlation between Mg/Fe and Na,O in tourmalines far from the borate orebodies. The above —mentioned
chemical characteristics of tourmaline reflect the features of the evolution of fluids during the formation of rocks
and deposits. The older tourmalines formed by metasomatism of the boron—rich part in sediments. During the
evolution of the evaporite basin, the contents of Mg, Na and K in fluids increased, which induced zoning of Mg/
Fe. All the mineralogical and chemical characteristics of tourmaline indicate that tourmalines are of
metamorphosed sedimentary origin and hydrothermal metasomatic origin and that the formation of tourmalines is
closely related to the deposition of borate.

Key words : tourmaline ;boron deposit; Mg/Fe ; zoning; Houxianyu.
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