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SUMMARY
Tin-polymetallic vein type deposits are a complex mixture of cassiterite and sulfides and they are the main

source of technologically important rare metals such as indium and bismuth. Constituent minerals are usually fine-
grained having wide range of chemical composition and often the elements of interest occur as trace elements not
amenable to electron microprobe analysis. PIXE with a proton microprobe can be an effective tool to study such
deposits by delineating the distribution of trace elements among carrier minerals. Two representative indium-bearing
deposits of tin-polymetallic type, Tosham of India (Cu-In-Bi-Sn-W-Ag), and Mount Pleasant of Canada (Zn-Cu-In-Bi-
Sn-W), were studied to delineate the distribution of medical/high-tech rare metals and to examine the effectiveness of
the proton probe analysis of such ore. One of the results of the study indicated that indium and bismuth are present in
chalcopyrite in the deposits. In addition to these important rare metals, zinc, copper, arsenic, antimony, selenium, and
tin are common in chalcopyrite and pyrite. Arsenopyrite contains nickel, copper, zinc, silver, tin, antimony and
bismuth. In chalcopyrite and pyrite, zinc, arsenic, indium, bismuth and lead are richer in Mount Pleasant ore, but silver
is higher at Tosham. Also thallium and gold were found only in Tosham pyrite. The Tosham deposit is related to S-
type granite, while Mount Pleasant to A-type. It appears that petrographic character of the source magma is one of the
factors to determine the trace element distribution in tin-polymetallic deposit.

1. INTRODUCTION

Tin-polymetallic deposits in which cassiterite (SnO2) and sulfides occur together in crustified veins or in
massive ore bodies were once called xenothermal type due to their complex structure of ore bodies and ore textures.
The ore usually exibits telescoping or dumpling character where small mineral grains of various kinds coexist in a
small region. In most of the cases worldwide, this type of deposit is found in a volcano-plutonic complex, especially
between volcanic rocks and plutonic batholith. Such occurrence mode of the ore implies strong magmatic contribution
to the mineralizing fluid. Thus it is an interesting research target to identify magmatic elements in a magma-
hydrothermal system. From economic point of view, this type of deposit is important as carrier of medical/high-tech
rare metals, especially of indium and bismuth (1).

In spite of such importance, there is paucity of published geochemical research of tin-polymetallic deposit
because of the difficulty in detecting trace elements in each mineral grain with sufficient sensitivity. It is essential to
determine the distribution of trace elements in each mineral grain to study tin-polymetallic ore. But, usually, trace
elements are not amenable to electron microprobe analysis and the grain size is very small in this deposit type. PIXE
with a proton microprobe could be an effective tool to solve this problem through the low detection limit and the
ability to treat small area of the target. We have thus performed proton microprobe study on two representative
deposits of tin-polymetallic character, Tosham of India, and Mount Pleasant of Canada, to elucidate the occurrence
mode of medical/high-tech metals in the ore and to examine the effectiveness of proton probe analysis on this type of
deposit.

2. DEPOSIT GEOLOGY AND MINERALOGY

The Tosham deposit is situated at 120 km WNW of Delhi, India. The mineralized area is composed of
metasediments, granitoid and rhyolite of Precambrian age. The rhyolite occupies the central area with long axis of
NNE-SSW direction, surrounded by the granite on the western and southwestern flanks, and by metasediments along
the southern, eastern, northeastern, and northwestern margins. The granitoid is of S-type character, associated with
aplite and pegmatite, and is cut by the rhyolite dyke. Mineralization is observed as stringers and dissemination along
the granite-rhyolite and rhyolite-metasediment contacts, especially in the former. It is also observed as stringer or
veinlet within granite and rhyolite bodies. The major ore minerals are chalcopyrite, pyrite and marcasite. The



chalcopyrite coexists with pyrrhotite, biotite, small amount of sphalerite and Cu-Zn-Fe-In-Sn-S minerals, while pyrite
and marcasite are in contact with calcite. Under the ore microscope, chalcopyrite sometimes contains small inclusions
of sphalerite but usually its surface seems to be homogenous.

The Mount Pleasant deposit is situated in Charlotte County, New Brunswick, Canada. The mineralized area is
a part of the caldera structure, and is composed of feldspar porphyry, quartz-feldspar porphyry, sedimentary breccia
and A-type granites (2). The ore deposits are porphyry-type tungsten-molybdenum deposits and vein-type or
replacement bodies of tin-polymetallic character that are related to the A-type granites. The tungsten-molybdenum
mineralization is earlier than tin-polymetallic mineralization. Major constituent minerals of the tin-polymetallic ore at
Mount Pleasant are sphalerite, arsenopyrite, pyrite, chalcopyrite, stannite and cassiterite. They exhibit dumpling and no
time relationship can be speculated among the minerals genesis. Usually chalcopyrite and sphalerite are closely
associated with each other, contacting with mutual boundary. Chalcopyrite often includes sphalerite stars, and
sphalerite has chalcopyrite microinclusions with diameter ranging from less than 1 um to a few tens urn. Stannite is a
few tens u.m in diameter and is found in sphalerite.

3. PROTON PROBE STUDY AND RESULT

We selected chalcopyrite, pyrite and arsenopyrite for the study because these minerals often contain trace
elements. We did not analyse sphalerite and stannite because trace elements in these minerals are amenable to electrom
microprobe analysis (3). During the analysis, we carefully avoided the grains which contains microinclusions, e. g.,
sphalerite stars in chalcopyrite.

The measurements were carried out using the proton microprobe at CSIRO (4,5). Samples were analysed with
microbeams of 3 MeV protons, focused to between 1 0 - 3 0 u.m spatial resolution. The X-rays were detected in an
energy dispersive Si(Li) detector at 135° with respect to the beam direction through Al or Be filters. The filters were
chosen to optimize the detection sensitivity for trace elements: 300 um Al for chalcopyrite and pyrite; 300 or 400 [xm
Al for arsenopyrite.

Figure 1 shows a typical X-ray spectrum of a Bi-bearing arsenopyrite from Mount Pleasant deposit, and
figure 2 shows a spectrum of Ag and Sn bearing pyrite from Tosham. The X-ray spectra were deconvoluted for peak
areas and converted to concentration using the CSIRO Geo-PIXE software (6). Data were collected for a minimum of 3
(iC beam charge, giving detection limit (MDL) for most elements (Z>26) at 3 - 50 ppm. The MDL values are defined
at 99 % confidence limit.

The proton microprobe at CSIRO was effective for detecting trace elements in the specimens. Especially
indium and silver peaks were easily identified in the spectrum of sulfides. In chalcopyrite zinc is high up to 8690 ppm
for Tosham and 8280 ppm for Mount Pleasant. The mineral also contains arsenic, antimony, selenium, silver, tin, lead
and bismuth. In pyrite nickel was found at Tosham up to 2.4% but was not detected at Mount Pleasant.

Thallium, rubidium and strontium were detected only in Tosham, while indium was noticed only in Mount
Pleasant specimens. The other elements in pyrite are copper, zinc, arsenic, selenium, silver, tin, antimony, bismuth, and
lead. Bismuth is included by pyrite up to 8360 ppm. Arsenopyrite of Mount Pleasant contains nickel, copper, zinc,
silver, tin, antimony, bismuth, and molybdenum. The bismuth concentration is high, up to 1310 ppm.

4. DISCUSSION

The data presented above indicate that Tosham ore is enriched in silver, gold and thallium compared to Mount
Pleasant, while that of Mount Pleasant is richer in zinc, copper, arsenic, indium, tin, lead and bismuth than Tosham:
Mount Pleasant seems to be better rare metal deposit.

Trace element concentration in a deposit is controlled by various factors including source character, host
lithology, alteration, water/rock ratio and mineral assemblage. The deposits in this study are both embedded by shallow
acidic intrusions and host lithology of the mineralized areas are not complex: Tosham area is mostly covered by S-type
igneous rocks, and Mount Pleasant district is occupied by A-rype intrusions. In spite of the absence of geochemical
data to base a discussion on trace element partitioning, it appears that source character of magma is one of the most
important factors to determine the distribution of rare metals: A-type magma is suitable for indium and bismuth
accumulation, while S-type is necessary to concentrate silver and possibly gold.

Usually trace elements are not amenable to electron microprobe in tin-polymetallic ore. But the present study
demonstrates that the proton microprobe can solve this problem and thus it is an essential tool for the study of complex
tin-polymetallic deposits.
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Fig. 1. A typical X-ray spectrum including computer fit to the data of arsenopyrite from Mt. Pleasant deposit, showing
the presence ofBi. Peaks labeled p are the pile-up peaks.
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Fig. 2. A typical spectrum ofpyritefrom the Tosham deposit showing the presence ofAg and Sn.
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