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The trace element assemblages and the relative concentrations of 

some trace elements have been determined in samples of pyrite by 

means of spark source mass spectrographic analysis. The samples were 

from hydrothermal and magmatic, marine, fresh water and metamorphic 

environments. It is considered, in the case of the samples studied, that 

hydrothermal and magmatic pyrites can be distinguished from authigenic 

marine pyrites on the basis of their Ti, V, Mn, Mo, Sn, Ag, and Te 

contents. Marine pyrites have a higher content of Ti, V, Cr, Co, Ni, Cu, 

Zn, and Se than fresh water pyrites. It is concluded that pyrite may only 

be used as an indicator of marine or fresh water environments within the 

same geochemical province. Metamorphism has little effect upon the 

trace element content of pyrite. 
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This paper presents the results of an investigation into the trace element 

assemblages of pyrites from various natura! environments. The analyses have 

been made using a spark source mass spectrograph. Previous investigations 

of geological problems by this technique are few, the only documented ones 

being those of Brown & Wolstenholme (1964), Taylor (1965a, 1965b, 1966) 

and Nicholls et al. (1967). Use of this type of mass spectrograph enables all 

the elements from boron to uranium to be detected simultaneously at concen

trations down to the 0.01 p p. m. (atomic) level (Craig et al., 1959) without 

the occurrence of matrix effects. The method can be used for accurate quanti

s 
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tative geochemical work (Nicholls et al., 1967) but the best applications of the 

instrument would seem to be in rapid semi-quantitative analyses. The tech

nique would thus be of immense value in geochemical prospecting programmes 

because semi-quantitative analyses can be carried out for a large number of 

samples for over 80 elements in a very short time (approximately six samples 

per day). 

In the present work only relative intensities of the mass spectral lines have 

been used to provide an estimate of the concentrations of the trace elements. 

ANAL YTICAL METHOD 

The instrument used in the present work was a double focussing spark source 

mass spectrograph manufactured by Associated Blectrical Industries (Type 

MS7). A description of this instrument and the operating procedures have 

been given by Craig et al. (1959), Taylor (1965b), and Nicholls et al. (1967). 

Pyrite samples were selected for analysis which did not contain any visible 

traces of sphalerite, galena, pyrrhotite or magnetite. Polished sections were 

used to estimate whether an y impurities were present. 

Bach pyrite sample was then broken down into small pieces by means of a 

hardened steel mortar. Crushing of the samples during this operation was 

avoided in order to reduce any possible contamination from the mortar. The 

samples were then crushed by means of an agate pestle and mortar so that 

they passed through a l 00 mesh bolting cloth sieve. A small hand magnet was 

then passed over the samples to remove any magnetite which might be present. 

The sample was then passed through a magnetic separator to remove any 

ferromagnesian silicates and pyrrhotite. The sample was then purified by 

shaking and centrifuging with fresh clerici solution to remove any non-mag
netic silicates and carbonates together with the lighter sulphide minerals. The 
pyrite was then washed repeatedly with hot aqueous formic acid solution and 

hot water to remove all traces of the clerici solution. The pyrite was then dried 

in an oven at 100° C and then examined in reflected light to see if any im

purities remained. Bach sample was then further ground in an agate mortar 

for about half an hour to reduce the grain size as much as possible and to 

ensure that the sample was homogeneous. 

For the analysis, pyrite and Ringsdorffwerke RWA grade graphite were 

mixed together as a l : l mixture for about l hour to ensure adequate homo

geneity. Blectrodes were then formed from the pyrite-graphite mix in an elec

trode forming die manufactured by Ringsdorffwerke A.G. (Brown & Wolsten

holme 1963). Blectrodes were then mounted in to the spectrograph and sparking 

commenced. A pre-sparking period of about five minutes was allowed to 

enable surface contamination on the electrodes to be removed and to allow 
'de-gassing' of the sample to take place. Sparking pyrite 'de-gassing' is 

initially very pronounced but eventually equilibrium with the pumping system 

is attained if the-. spark parameters are not altered. After the pre-sparking 

period, mass spectral lines were recorded on Ilford Q-2 photographic plates. 
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The lines were recorded at two fixed exposures at fixed pulse rates and lengths 

so that a comparison between the concentrations of the elements in the differ

ent samples could be made. The exposures employed were 0.5 and 10 nano

coloumbs, the pulse repetition rates and lengths being 30 per second, 50 micro

seconds and 100 per second, 50 microseconds respectively. The spark voltage 

was 25 kV., the accelerating voltage 19.5 kV., and the magnet current was 

310 rnA. Operating pressures in the analyser region were 10-8 to 10-7 torr 
and in the source region 10-6 to 10-5 torr. Pulse parameters were not changed 

during each analysis. 

Mter exposure the photoplates were developed for 3 minutes in Ilford 

Caustic Hydroquinone developer and fixed for 2 minutes in llford Universal 

Fixer. Densities i. e. peak heights of the spectral lines were then determined 

by means of Joyce-Loebl automatic recording microdensitometer. The den

sities of the spectral lines are proportional to the concentrations of the isotopes 

causing them. Use of this method did not allow for variations in the sensitivity 

of the emulsion, which is known to vary slightly from plate to plate. The plates 

were, however, all from the same batch and variations in line densities caused 

by this are probably negligible. As a test of the precision and accuracy of the 

method several of the pyrites were analysed for arsenic by means of a neutron 
activation procedure (Smales et al. 1957). The same samples were then ana

lysed by spark source mass spectrography for arsenic using a rhenium internal 

standard (Nicholls et al. 1967, Mitchell 1966). Comparison of the two sets of 

data (Table l) showed that the mass spectrographic results varied between 

+ 13,6% and - 21% of the activation val u es. The precision of the spectro

graphic results including mixing erros (Mitchell 1966) is ± 8%. 

RESULTS 

Pyrites from hydrothermal and magmatic, fresh water, marine, and meta

morphic environments were analysed. All the elements from titanium to 

uranium were looked for in the samples. The elements detected in the pyrites 
were Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Y. Zr, Nb, Mo, Sn, Te, 
Sb, Ba, Ce, La, Pb and Bi. The results are shown in Tables 2, 3 and 4. 
The variations in the concentrations of individual elements are shown in Figs. 
1-12. The concentrations of the elements in these diagrams are represented 

by the peak heights of the densitometer scans of the mass spectral lines. All 

the mass spectral lines used were free of interference from poly-atomic, 

multiple, and complex ions. Increase of the exposure to 500 nano-coloumbs 

did not bring to light any variation in the trace element assemblages. Detec

tion limits were in the l p. p.m. range. 

DISCUSSION OF RESULTS 

The factors controlling the trace element assemblage of any pyrite (apart 
from the availability of the elements) depend upon the environment of for-
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mation of that pyrite. Such factors can be expected to be radically different 

in the environments in which pyrite is able to form, as hydrothermal and 

magmatic pyrites crystallise directly, whilst authigenic pyrites for the most 

part are diagnetic modifications of initial black iron sulphides (FeS). Hydro

thermal and magmatic pyrites have their trace element assemblages controlled 

largely by thermadynamical and crystallo-chemical factors. The theory of 

trace element substitution at lattice sites in covalent sulphides is fairly well 

known and need not be discussed here; however, it should be borne in mind 

that trace elements can be located in other sites. De Vore (1955) and Burn

ham (1959) have proposed that many trace elements are located at growth 

surfaces and imperfections in the crystals. De Vore (1955) considers that 

adsorption of trace elements may be important during crystallisation. The 

occurrence of trace elements in defect sites will be especially important in 

non-stoichiometric minerals such as pyrrhotite. The reported occurence of 

many trace elements in sulphides can also be ascribed to the presence of 

microscopic inclusions of gangue mineral or other sulphides. 

Authigenic pyrite is formed in a reducing environment from sulphate ions 

which have been reduced by anaerobic bacteria and from iron which has 

been mobilised from the iron minerals in the sediment (Hutchinson 1957, 

Carrol 1958, and Degens 1965). The iron and reduced sulphates combine in 

most cases to produce an amorphus black iron sulfid, FeS (Berner 1964), 

which is later converted to pyrite. In some cases, however, pyrite is the 

first formed sulphide (Emery & Rittenberg 1952). As iron is drawn into 

solution, other elements associated with the iron minerals in the sediment will 

also be drawn into solution and may become incorporated into the growing 

sulphide. Consequently, the sulphide will primarily reflect the trace element 

content of the iron minerals in the sediment. Many iron minerals are capable 
of collecting by adsorption appreciable amounts of trace elements (Goldberg 

1954, Tiller & Hodgson 1962, and Weiss & Amstutz 1966). 

It is also important to note that living organisms concentrate trace elements 

(Krauskopf 1955); the element collected depends upon the species. The en

richment of trace elements is not only seen in living organisms, as decaying 

organic matter is a very good adsorbing agent. The general reducing environ

ment in the vicinity of a decaying organism may cause precipitation of sulph

ides if the metal concentration in the vicinity is such that the solubility pro

duct of the sulphide is exceeded. Pyrite formed in such an environment will 

reflect both the trace element assemblage of the sediment and that of the 

organism; that is both the elements collected by the living organism and those 

collected by adsorption since its death. Such effects are particularly impor

tant in the case of pyrites formed in fresh water environments where pyrite 

is commonly found associated with and replacing fossils. Similar occurrences 

can be seen in marine environments. 

In theory it should be possible to predict the relative concentrations and 

assemblages of trace elements in authigenic pyrites from marine and fresh 

water environments by a detailed consideration of the weathering cycle of the 



TRACE ELEME�TS IN PYRITE 69 

elements concemed. However, actual trace element assemblages are depen

dent upon the aviability of the elements both at the primary source and 

the site of deposition and by 'dilution' effects of the type described by Degens 

(1965), i.e. the higher the abundance of the sulphides in a sediment, the lower 

the trace element content of the sulphides. Mannheim (1961) has also found 

that some trace elements are concentrated at the edges of reducing basins; 

thus sulphides formed in the ioner parts of the basin should be poor in easily 

reduced elements, such as manganese, relative to the sulphides found at the 

edge of the basin. 

In the case of pyrite, diagenetic effects are of profound importance; the 

change of black iron sulphide to pyrite may bring about purification of the 

sulphide by recrystallisation, some trace elements being expelled during this 

recrystallisation. Which elements will remain and which expelled will be 

determined by the same thermodynamical and crystallo-chemical factors 

which determine the trace element assemblages in hydrothermal sulphides. 

Purification of the pyrite may not be accomplished completely. 

The trace element assemblage of metamorphic pyrite will depend upon 

whether the original pyrite was of authigenic or hydrothermal origin and 

whether recrystallisation during metamorphism caused purification of the 

pyrite. One of the objects of the present work was to determine whether or 

not gross differences in the trace element assemblages of hydrothermal and 

metamorphic pyrites could be recognised. The metamorphic pyrites examined 

were all from hydrothermal or submarine exhalative deposits which have now 

been metarmorphosed to the amphibolite grade of metamorphism. 

Tables 2, 3 and 4 show that a wide variety of trace elements can be 

detected in pyrite. From a consideration of metal-sulphur bond lengths in 

sulphides, stereochemistry of bonds, and experimentally investigated sulphide 

phase equilibria, it is concluded (Mitchell 1966) that Ti, V, Cr, Mn, Co, Ni, 

Cu, Zr, Mo, Nb, and Sn can replace iron and that As, Se, Te, Sb, and Bi can 

replace sulphur at lattice sites in pyrite. The degree of replacement varies 

from trace amounts (Mo) to comp1ete rep1acement (Co). The incorporation 

of Zn, Ga, Ge, Au, Hg, Pb, Th, and U occurs at defect sites in the lattice. 

It is significant that none of the platinum metals were detected as these ele

ments can be expected to replace iron. Their absence is attributed to the 

Jack of such elements at the site of formation of the pyrite. In this context 

Table I. Comparison of the arsenic content of pyrite as determined by neutron activation 

analysis (NAA), and by spark source mass spectrography (MS7) 

Arsenic p.p.m.wt. 

Sample MS7 NAA 

Dal em yr 479.2 480.0 

Bjørkåsen 225.9 285.5 

Llangranog 2064.2 2235.1 

El ba 52.2 48.2 

Cornwall 71.8 73 .0 

Penryn 15.0 13.2 
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it is important to note that platinum metals have only been detected in sul

phides from very early differentiates of basic magmas (Hawley et al. 1951, 

Hawley & Rimsaite 1953, and SchneiderhOhn 1929). None of the pyrites 

examined were from such an environment. 

Table 2. Trace element content of hydrothermal pyrites (Hl-HIO ). (-denotes not detected) 

Sam p le 

Hl, Sølvverket 

H2, Svenningdal 

H3, Shap 

H4, Softestad 

H5, Y lojiirvi 

H6, Elba 

H7, Bamble 

H8, Winster 

H9, Cornwall 

HIO, Cornwall 

Ti V Cr Mn Co Ni CuZn Ga GeAs SeZr Nb MoAgSn SbTe Y BaLa CePbBi 

Ti V Cr Mn Co Ni Cu Zn Ga Ge As Se- - Mo Ag Sn- Te- - - - Pb -

Ti V Cr Mn Co Ni Cu Zn - - As Se- Ag Sn Sb- - - La Ce Pb -

Ti V Cr Mn Co Ni Cu Zn - - As Se- - - Pb Bi 

Ti V Cr Mn Co Ni Cu Zn Ga Ge As Se - Nb- Ag- - Te Y - La Ce Pb Bi 

Ti V Cr Mn Co Ni Cu Zn- Ge As Se Zr- - Ag Sn - - Y - Pb Bi 

Ti V Cr Mn Co Ni Cu Zn- Ge As Se Zr Nb- Ag Sn- Te- - Pb Bi 

Ti VCrMnCoNiCuZn- - AsSe- - - Ag- - - -Ba-

Ti V Cr Mn Co Ni Cu Zn- - As Se- - - - - Sb - - - - - Pb -

Ti V Cr Mn Co Ni Cu Zn Ga - As Se Zr Nb- Ag- - Te - Ba La Ce Pb Bi 

Ti V Cr Mn Co Ni Cu Zn- - As Se - - - Ag Sn - - - - - - Pb Br 

Of the overall trace element assemblages only broad generalisations can 

be made. All the pyrites are seen to contain Ti, V, Cr, Mn, Co, Ni, Cu, Zn, 

As, and Se. The hydrothermal pyrites typically contain Ag and Sn whilst 

the marine pyrites are poor in Ag, Sn, and Te but seem to be characterised 

by the frequent presence of Mo. Fresh water pyrites also lack Ag, Sn, and 

Te and are characterised by a rather sparse assemblage of trace elements. 

In this respect they are very similar to the metamorphic pyrites. The occurence 

of Y, Ba, La, and Ce in the samples is an indication that even after extensive 

purification impurities remain. Such impurities can be presumed to be gangue 
minerals (calcite); the frequent occurrence of these impurities is a prominent 

feature of the marine pyrite and is due to the incomplete expulsion of sedi-

Tab/e 3. Trace element content of authigenic pyrites (Al-A9, Fl-F4) (- denotes not detected) 

Marine 

Al, Lyme Regis 

A2, Llangranog 

A3, Malmøya 

A4, Lancashire 

A5, Westbury 

A6, Delph 

A7, Whitby 

AS, Black Venn 

A9, Black Venn 

Fresh Water 

Fl, Radcliffe 

F2, Moorgate 

F3, Glodwick 

F4, Atherton 

Ti V Cr Mn Co Ni Cu Zn Ga Ge As Se Zr Nb Mo Ag Sn Sb Te Y Ba La Ce Pb Bi 

Ti V Cr Mn Co Ni Cu Zn - - As Se- - - - - Sb- -Ba- - Pb Bi 

Ti V Cr Mn Co Ni Cu Zn Ga- As Se Zr Nb- Ag- Sb- Y Ba La Ce Pb

Ti V Cr Mn Co Ni Cu Zn Ga Ge As Se Zr Nb Mo - - Y Ba - - Pb -

Ti V Cr Mn Co Ni Cu Zn- - As Se Zr- Mo Ag- Sb - Y Ba- - Pb -

Ti V Cr Mn Co Ni Cu Zn Ga- As Se Zr Nb Mo- Y Ba La Ce Pb Bi 

Ti V Cr Mn Co Ni Cu Zn - Ge As Se - - - - - Sb - Y Ba La Ce Pb -

Ti V Cr Mn Co Ni Cu Zn - Ge As Se- - Mo - -

Ti V Cr Mn Co Ni Cu Zn Ga Ge As Se Zr Nb- Ag

Ti V Cr Mn Co Ni Cu Zn - - As Se- - Mo- -

Ti V Cr Mn Co Ni Cu Zn - - As Se- - Mo- -

Ti V Cr Mn Co Ni Cu Zn - - As Se- - - - -

Ti V Cr Mn Co Ni Cu Zn - - As Se- NbMoAg-

Ti V Cr Mn Co Ni Cu Zn - - As Se- - - - -

YBaLaCePb

YBaLaCePb

YBa- -

Sb-- Ba- - Pb-

Sb- -Ba- - Pb-

Sb- - Ba- - Pb-

-Ba- - Pb-
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Tab/e 4. Trace element content of metamorphic pyrites (Ml-M9) (-denotes not detected) 

Sam p le Ti V Cr Mn Co Ni CuZnGa GeAsSeZrNb Mo AgSn SbTe Y Ba La Ce Pb Bi 

Ml , Bursi Ti V Cr Mn Co Ni CuZn- - As Se- Ag- Sb- -Ba- - PbBi 

M2, Båsmo Ti V Cr Mn Co Ni Cu Zn- - As Se- - Mo Ag- - - -Ba- - Pb-

M3, Skorovas Ti V Cr Mn Co Ni Cu Zn- - As Se- - - -- - - Pb-

M4, Mosgruven Ti V Cr Mn Co Ni Cu Zn- - As Se- - Mo Ag- -- - - Pb-

MS, Malmhaugen Ti V Cr Mn Co Ni Cu Zn - - AsSeZr- - Ag- -Ba- - PbBi 

M6, Rødfjellet Ti V Cr Mn Co Ni Cu Zn Ga- As Se- - - Ag- - - -- - - Pb-

M7, Dalemyr Ti V Cr Mn Co Ni Cu Zn- - AsSeZr- Mo Ag- Y Ba- - PbBi 

MS, Bjørkåsen Ti V Cr Mn Co Ni Cu Zn - - As Se- Ag- Y- PbBi 

M9, Joma Ti V Cr Mn Co Ni Cu Zn - Ge As Se- - - Ag- - - -- - - Pb-

ment which was incorporated into the sulphide during its growth in calca

reous shale. 

Fig. l shows that the marine pyrite has a greater titanium content than 
the hydrothermal, fresh water, and metamorphic pyrites which all contain 

similar amounts. Reports of the occurrence of titanium in authigenic pyrite 

are few. Carstens (1942a) has indicated that the titanium content of marine 

pyrite is greater than that of hydrothermal pyrite. Font Alba (1963) has 

reported a titaniferous pyrite from lacustrine sediments. Keith & Degens 

Fig.]. Distribution of titanium. Peak height 

7 Ti+ at lO nC. 

The scale of the ordinate is the peak height 

of the analytical line measured in centi

metres as obtained from the densitometer 

scan of the photoplate. The peak height is 

a measure of the intensity (or degree of 

blackening of the plate) of the spectral line 

and is proportional to the concentration of 

the elements. 

In this and all the followingfigures 1\ denotes 

that the density of this line is too great to 

measure at this exposure, V denotes that the 

element was not detectable at this exposure. 
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(1959) consider that the titanium content of fresh water pyrite is greater than 

that from marine shales and limestones; a conclusion which is at variance 

with the present results. 

Fig. 2 shows that the vanadium content of marine pyrite is higher than 

that of all the other pyrites. Little is known of the vanadium content of 

authigenic pyrite but Carstens (1943) found no vanadium in hydrothermal 

pyrites whilst it was detected in marine pyrite. Bøgvad & Nielsen (1945) 

found no vanadium in marine pyrite from Danish alum shales. 

Fig. 3 shows that the distribution of chromium is very irregular. On aver

age the fresh water pyrite has a lower chromium content than any of the 

other pyrites. Nothing has previously been published concerning the content 

of chromium in authigenic pyrites. 

Fig. 4 shows that the manganese content of the pyrites is very variable 

with no definite trends discernable. Keith & Degens (1959) have found that 

fresh water pyrite has a slight tendency to be richer in manganese than marine 

pyrite. 

Figs. 5 and 6 show that the cobalt content of the pyrites is highly variable; 

the fresh water pyrites have a more uniform and slightly lower content of 
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cobalt than the other pyrites. Cobalt is the most abundant trace element in 

pyrites and the very variable cobalt content has previously been noted by 

Fleischer (1955). According to Carstens (1941a, 1941c, 1942a, 1942b) pyrite 

of hydrothermal origin has a higher content of cobalt than pyrite of sedi

mentary origin. This conclusion has since been substantiated by Hegemann 

(1943), El Shazly et al. (1957), and Yamaoka (1962). The present data, how

ever, only show that the range of cobalt content in hydrothermal pyrites is 

greater than that of authigenic pyrite. Keith & Degens (1959) have reported 

that the cobalt contet of marine pyrite is less than that of fresh water pyrite. 

Fig. 7 shows that the fresh water pyrites are low in nickel relative to all 

the other pyrites. Fleischer (1955) has reported that the nickel content of 

the hydrothermal and marine pyrite is much the same and is highly variable. 

Keith & Degens (1959) found no appreciable differences in the nickel con

tents of marine and fresh water pyrites. 

Fig. 8 shows that the fresh water pyrites are poor in copper and zinc rela

tive to the marine pyrites. The data is at variance with that of Keith & Degens 

(1959) who found fresh water pyrite to be richer in copper relative to the 

marine pyrite. No data were given for zinc. 
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Fig. 9 shows that the arsenic content of pyrite is highly variable. On average 

the authigenic pyrites have a higher arsenic content than the hydrothermal 

pyrites. Arsenic is one of the most important trace elements to occur in 
pyrite and it has been detected by many workers (Fleischer 1955). Carstens 
(1941a, 1941b, 1941c) found little difference in the arsenic contents of hydro
thermal and marine pyrite although on average the sedimentary pyrite tended 

to have the higher arsenic content. Keith & Degens (1959) found that marine 

pyrite tended to contain less arsenic than fresh water pyrite. 

Fig. 10 shows that on average the content of selenium is lower in the fresh 

water pyrites than all the other pyrites. The selenium content of pyrite has 

been widely investigated (Fleischer 1955, Hawley & Nichol 1959, Coleman & 
Delevaux 1957, and Sindeeva 1964). The conclusion reached is that hydro

thermal pyrite has a higher content of selenium than authigenic pyrite. The 

results presented here, except for the fresh water pyrites, do not agree with 

this conclusion. A possible explanation of this is that the overall geochemical 

background for selenium in Western European sediments is higher than in 
some of the other areas investigated. 

Fig. 11 shows that authigenic and metamorphic pyrites seem to be charac-
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terised by the presence of molybdenum. Investigations by Jarkovsky (1964) 

and Cambel & Jarkovsky (1965) have indicated that sedimentary pyrite has 

a higher molybdenum content than hydrothermal pyrite and the presence 

of molybdenum is a characteristic of authigenic pyrite. Molybdenum has 
also been detected in authigenic pyrite by Mohr (1960) and Le Riche (1959). 

In this context it is significant that molybdenum was not detected in pyrite 

from a quartz-pyrite-molybdenite vein deposit (sample H3). 
Fig. 12 shows that the distribution of lead in pyrites is very variable, with 

no distinct trends being discernable. Little is known concerning the lead con

tent of authigenic pyrite. Wampler & Kulp (1964) have shown that the lead 

content of pyrites is highly variable. Keith & Degens (1959) consider that 

the lead content of fresh water pyrite is higher than that of marine pyrite. 

CONCLUSIONS 

One can conclude from the results of the present work that for the pyrites 

examined, hydrothermal and magmatic pyrites can be distinguished from 

authigenic marine pyrites on the basis of their Ti, V, Mn, Mo, Sn, Ag, and Te 
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contents. In addition marine pyrites are higher in their content of Ti, V, Cr, 

Co, Ni, Cu, Zn, and Se than are fresh water pyrites. It is interesting to note 

in this connection that Potter et al. (1963) have shown that modern and an

cient marine argillaceous sediments are richer in Cr, V, Cu, and Ni than 

their fresh water counterparts. The present results are in many cases at 

variance with the results of Keith & Degens (1959) who consider that pyrite 

may be of use as an environmental indicator. An important feature of both the 

present results and those of Keith & Degens (1959) is that the trace element 

concentration for any given environment is highly variable. This would seem 

to be a consequence of the actual availability of the elements at the site of 

formation of the pyrite. This inherent variation in the trace element content 

of sediments is probably the most important factor in controlling the trace 

element content of authigenic pyrite. Thus the use of authigenic pyrite as an 

environmental indicator on a world wide basis is probably of dubious value. 

Pyrite may, however, be of use for environmental studies if all the samples are 

taken from the same geochemical province. Even if this criterion is fulfilled 

all analyses of authigenic minerals for environmental purposes should be 

accompanied by an analysis of the sediment from which they were taken. 
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In this way an estimate of the geochemical background of the region can be 
obtained. The importance of knowing the geochemical background of the 
region being studied has been previously emphasised by Coleman & Dele
vaux (1957). 

The metamorphic pyrites have been found to have trace element content 
very much akin to that of the hydrothermal pyrites. As the metamorphic 
pyrites were originally of hydrothermal origin the results indicate that little 
change in the trace element content occurs during high grade (ampibolite) 
metamorphism. It may thus be possible to distinguish between conformabie 
pyritic base metal deposits of uncertain hydrothermal or sedimentary origin 
in highly metamorphosed terrains. 
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APPENDIX: - LIST OF SAMPLES 

Hydrothermal pyrites 

Hl. Sølvverkets kisgruber, Kongsberg, Norway. Pyrite-galena vein. 

H2. Svenningdalen, Vefsen, Nordland, Norway. Galena, tetraheddte, arsenopyrite, chalco

pyrite, pyrite, pyrrhotite veins in mica-microcline gneiss. 

H3. Wasdale Crag Quarry, Shap, Westmorland, England. Quartz-pyrite-molybdenite veins 

associated with adamellite. 

H4. Søftestad Gruber, Nissedal, Telemark, Norway. Magnetite-hematite-apatite ore with 

minor hornblende, epidote, bornite, pyrite, and stilbite. A metamorphosed late magmatic 

segregation deposit. 

H5. Yli:ijiirvi, Paroinen, Finland. Copper-tungsten deposit. Sample from a pyrite-quartz vein 

in a brecciated tourmaline-chalcopyrite matrix. 

H6. Elba, Italy. Dodecahedral pyrite crystals on specular hematite. 

H7. Bamble, Norway. Cubic crystal from a vein deposit. No gangue associated. 

H8. Winster, Derbyshire, England. Interpenetrant cubes from galena-fluorspar-calcite vein. 

H9. Cornwall, England. From hydrothermal veins associated with granite. 

HIO. Cornwall, England, Ibid. 

Authigenic marine pyrite 

Al. Lyme Regis, Dorset, England. Radial nodule in calcareous shale. Jurassic. 

A2. Llangranog, Cardiganshire, Wales. Disseminated pyrite in shales. 

A3. Malmøya, Oslofjord, Norway. Disseminated in calcareous shale. Ordovician. 

A4. Lancashire, England. Pyrite bullion associated with coal seam. 

AS. Westbury on Severn, England. Rhaetic Bone Bed. Pyrite octahedra and disseminated 

grains in mudstone. 

A6. Raygill, Delph, Lothersdale, Yorkshire, England. Cubes in shale. 
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A7. Whitby, Yorkshire. Pyrite associates with Harpoceras sp. in calcareous shale. Jurassic. 

AS. Black Venn, Charmouth, Dorset, England. Cubes in calcareous shale. 

A9. Black Venn, Charmouth, Dorset, England. Pyrite replacing an unidentifiable ammonite. 

Jurassic. 

Authigenic fresh water pyrites 

Fl. Peel Hall Rock Parting, Irwell Valley, Radcliffe, Lancashire, England. Fresh water shale 

bands in sandstone. Carboniferous. 

F2. Moorgate Open Cast Site, Radcliffe, Lancashire, England. Pyrite from layer P shale 

above Upperyard Mine Band, associated with non-marine lamellibranchs. Carboniferous. 

F3. Glodwick, Oldham, Lancashire, England. Pyrite from fresh water band above Oldham 

Great Mine band, associated with non-marine lamellibranchs. Carboniferous. 

F4. Greenfield Open Cast Site, Atherton, Lancashire. Band approximately l metre above 

roof of Rams Mine Coal. Cubes in mudstone. Carboniferous. 

Metamorphic pyrites 

Ml. Bursi Gruve, Sulitjelma, Nordland, Norway. Massive pyrite associated with quartz-mica 

gneiss and amphibolite. 

M2. Båsmo Gruve, Mo i Rana, Norway. Ore body Iies within a belt of plagioclase rich schistose 

granitic rocks. 

M3. Skorovass, Grong, Norway. Fine grained pyrite associated with greenschists in a distinctly 

basic volcanic environment. 

M4. Mosgruven, Mo i Rana, Norway. Fine grained pyrite in mica schists. 

M5. Malmhaugen Gruve, Plurdalen near Mo i Rana, Norway. Associated with mica and 

homblende schists. 

M6. Rødfjellet Gruve, Ofoten, Norway. Pyrite associated with mica schists. 

M7. Dalemyr, Ølve, Hardanger, Norway. Pyrite associated with basic meta-volcanic rocks. 

MS. Bjørkåsen Gruve, Ofoten, Norway. Large pyrite crystals associated with micaschist, 

homblende schist and aplites. 

M9. Joma, Grong, Norway. Fine grained pyrite associated with metamorphosed basic volcanic 

rocks. 
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