MINERALOGIA POLONICA
Voli I'5,INo1=2:=31984

Anton BERAN*, Josef ZEMANN*

THE OPTICAL CONSTANTS OF HAUERITE IN THE VISIBLE PART OF
THE SPECTRUM

A bstract Reflectance values for hauerite from Jeziérko, Poland, were measured in air and in oil at
4 =400-700 nm, and the results were transformed into the optical constants n, k andx. For the refractive
index # a flat maximum resulted at 4 = 520 (10) nm with n = 2.85(3). As to be expected from the deep
reddish brown transmission colour in thin splinters, the absorption coefficientk decreases with increasing
wavelength, but the slop was found to be less steep than given in the literature.

INTRODUCTION

Hauerite, MnS, k, and pyrite, FeS, k, belong to the same structure type. Altho-
ugh they are disulfides of neighbouring transition elements, they show characteristic
differences in the atomic bond lengths and in a number of their physical properties.
In this context it seems worth mentioning that in hauerite the S-S-distance in the S,
dumb-bell measures 2.09 A (Chattopadhyay and von Schnering 1982), while in py-
rite it measures 2.15 A (Stevens etal. 1980), indicating a weaker Me—O bond in hau-
erite as compared with that in pyrite. This conclusion is supported by the results of
Raman work of Vogt et al. (1983) showing that the concept of a S, —*“molecule” fits
the spectra better for MnS,, and by IR work of Lutz et al. (1981) leading to a stron-
ger ionicity of the Me—O bond in MnS,.

As to the optical properties in visible light, hauerite is characterized by much
lower reflectance values R as compared with pyrite (Uytenbogaardt and Burke 1971,
Ramdohr 1975, Picot and Johan 1977, 1982) and further by arather strong decrease
of R with increasing wavelength —it becomes transparent for red light in ultrathin sli-
des. The refractive index is given as n, , = 2.69 by Larsen and Berman (1934) and in
the nearinfrared asn (852 nm) =2 634 by Bailly (1947, 1948)". Duantitative reflec-
tance measurements on hauerite were made at defined wavelengths in air by Vjalsov
(1973), by Picot and Johan (1977, 1982), and by Wylie and Ypma (1974). Only the
last mentioned authors, however, determined the refractive index n and the absorp-
tion coefficient k& for several wavelengths.

Because Wylie and Ypma (1974) worked at five wavelengths only and further
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I Caye and Medenbach (1971) determined # (589 nm) = 2.68 by an oblique incidence method. As they
have neglected absorption, we do not consider this value any further although the error made was not
large.
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EXPERIMENTAL

As working material served hauerite from Jeziorko, Poland, where it is found in
Miocene sediments. For a description of this occurrence the reader is referred to
Osmolski and Pilichowski (1978), as to that of a geologically very similar one at
Grzybow, Poland, to Hubicka-Ptasinska et al. (1969). Our material was kmdlvy pro-
vided by Prof. Dr W. Zabinski, Krakow: it consisted of loose cubes of a few millime-
ter diameter which were only slightly modified by octahedron faces. As no ghemlcal
analysis of the hauerite from Jeziorko seems to exist, we decided Fo'ana]yse it for_ the
iron content: on the basis of six electron-microprobe point analysis it was determined
t0 0.09 (5) wt.%, Fe. This compares well with the 0.10 wt. %, Fe found by wet chemi-
cal methods in the hauerite from Grzybow (Hubicka-Ptasinska et al. 1969). '

The polished section used for the measurements contained three hauerite grains.
It was ground on glass with 15 um SiC abrasive and finished with 6 ym diamond
paste on nylon polishing cloth, with 1 um diamond paste on “texmet’’ pol!shmg
cloth (Buehler Ltd.), and with 0.25 um diamond paste on “‘microcloth’ polishing
cloth (Buehler Ltd.) by hand. The quality of the polished section seemed to be well
suited for our kind of work, and the crystals contained only few inclusions? and
regions with the characteristic reddish brown internal reflections. It was, therefore,
easy to find a larger number of spots proper to reliable measurements.

The reflectance measurements were made with a reflected light microscope
Leitz Orthoplan-Pol equipped with a microscope photometer MPV2 (photo-
multiplier S20, type EMI 9558) and with a Leitz monochromator (4/. = 4 nm).
The measurements were made using planachromates 20 x /0.40 (effective numerical
aperture 0.20). The diameter of the measuring area was 0.07 mm. As reflectance
standard served SiC, as immersion liquid DIN oil 58884.

When measuring at any one spot repeatedly, the standard deviation of the re-
flectance was obtained to be about 0.5 rel.%,. However. at / = 589 nm a spread
of 2 rel.% was obtained for the mean values of the reflectances determined at ten
different spots which were all excellently suited for measurement and which, ac-
cording to careful microscopic inspection, were of equal quality. The standard
deviation of those the single mean values from their average was, of course, smaller
than the spread. namely 0.7 rel. %, For the final measurements at different wave-
lengths a spot was chosen the preliminary results for which corresponded closely
to the average of the ten spots mentioned.

The wavelength was varied from 400 to 700 nm in steps of 20 nm. Further
measurements were made at the standard wavelengths of the Commission on Ore
Microscopy of the International Mineralogical Association. At every wavelength

each ten measurements were made in air and in oil. and were averaged. The results
are given in Table 1. :
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Table |

Reflectance values for hauerite from Jeziérko (Poland) in air (R) and in oil
DIN 58884 ( ImR) in %. Standard deviations in air: ~ 0.10, in oil: ~ 0.05
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EVALUATION AND DISCUSSION

Fig. 1 presents our reflectance values for hauerite in air. It gives further the R’s
according to Vjalsov (1973), Picot and Johan (1977, 1982) and Wylie and Ypma
(1974). The last mentioned authors calculated their R’s from refractive indices n and
absorption coefficients k obtained by an oblique incidence method. In addition, for
4 =852 nm also the R value calculated from the n as given by Bailly (1947, 1948) is
plotted; thereby absorption was neglected in accordance with Bailly and as sugges-
ted by the decrease of k with increasing wavelength (cf. Fig. 2).
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Fig. 1. Reflectance values R for hauerite (in air)
Squares connected by full line: this work: Circles: Picot and Johan (1977..1982): Triangles: Vjalsov (1973): Rhombs: Wylie and
Ypma (1974); Cross: Bailly (1947, 1948)

As the R’s of Picot and Johan (/.c.) are up to ~ 2.5 % higher than those of Wylie
and Ypma (/.c.) although both groups worked on hauerite from Raddusa, Sicily, we
decided to check the reflectance of hauerite from this locality. To this end we prepa-
red a polished section containing each one grain of hauerite from Raddusa® and from
Jeziorko by exactly the same procedure as described above. Measurements at
A =589 nm gave for both grains the value of Table 1 within our limits of accuracy.
This result strongly indicates that the differences in the R’s between Picot and Johan

* Electronmicroprobe analyses gave for this hauerite 0.08 (5) wt. % Fe, a value practically identical with
that for hauerite from Jeziorko.



l.c.) and ourselves essentially do not reflect real differences
her systematic errors in at least two of the three sets
of data. This is, of course, only one more example for the‘ge.ne.ral experience that ex-
perimental reflectance values are very dependent of the finishing of the pphshed sec-
tion, the measuring device, the method used, etc. As the chemical variation of haue-
rite is generally only minor, also the materialused by Y]alsov (L.c.) has probably opti-
cal constants very similar to those of the other specimens.

Three items seem to support our hopes that the new reflectance data presented
here are fairly reliable: () the conversion of our R’s and ""R’s into k’s never leads
to complex values (vide infra), (b) our R’s can smoothly be extrapolat'ed to the calcu-
lated R-value for A = 852 nm (Fig. 1), and (c) our R’s do not lie outside of the range
of the other authors. By presenting these arguments we do, of course, not claim that
our values are definitely superior to the other three sets.

The omission of a comparison between the reflectance values discussed here
with the diffuse reflectance curve of Vaughan (1971) seem to be allowed because
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Fig. 2. Optical constants of hauerite
Full lines: this work: Rhombs: Wylie and Ypma (1974)

the physical basis of his method is considerably different from that of the papers
dealt with here.

Refractive indices n and absorption coefficients k were calculated from our R’s
and ""R’s using the formulas of Koenigsberger (1914). Thereby allowance was made
for the dispersion of the refractive index of the immersion oil —e.g., 4 =400 nm:
/I79=7§l).537~ b =SS mng [ = LS8, A= 700 mne 7= 1510, all ai 235C (Paimel

~ Considering the 95" confidence region of our average R's and "R’s, the errors
of the n’s are estimated to be +£0.03 in the whole range of wavelengths, those of the
k’s also to be £0.03 in the violet, but to increase to £0.17 in the far red. This estima-
tion is based on the calculation of a greater number of n’s and k’s with different com-
binations of errors in the R’s and '™R’s. Weakly indefinite values for k were obtai-
nedonlyin the far red, and only when combining there a positive error in R with a ne-
gativeone in "R, the worst possible combination of errors. The systematic errors of
the R’s and '""R’s caused by the quality of the surface, the measuring device, the error
in the reflectance values of the standard, etc. are very hard to estimate (cf. Piller and
von Gehlen 1964, Embrey and Criddle 1978). We think that they should be in any
case as large as our standard deviations given above. i

Fig. 2 gives our values for n and k of hauerite as a function of the wavelength. to-
(gether with the values of Wylie and Ypma (1974). It further gives our x. values
e = (0:52))s

A remarkable feature of our results is a flat, but highly probably real, maximum
in the curve of the refractive index atA = 520(10) nm with n = 2.85(3). In the plot of
the n’s of Wylie and Ypma (1974) this maximum shows up considerably less convin-
cingly. Taking into account the always relatively large errors in - and k-values deri-
ved from reflectances, our results seem to be in satisfactory agreement with those of
Wylie and Ypma (Lc.). The largest discrepancies occur for the k’sin red light where,
however, the errors are especially large.
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Anton BERAN, Josef ZEMANN

STALE OPTYCZNE HAUERYTU W SWIETLE WIDZIALNYM

Streszczenie

. I_’on}jcz_lfzono zdolnos¢ refleksyjng hauerytu z Jeziorka (Polska) w powietrzu
1w imersji przy diugosciach fali 400-700 nm. Na podstawie uzyskanych wynikow
obliczono state optyczne n, k i ». Dla wspotczynnika zatamania n wystepuje
przy 4 = 520(10) nm sptaszczone maksimum z wartoscig n = 2,85 (3). Jak mozna
bylo oczekiwac na podstawie intensywnej czerwonobrunatnej barwy, jaka wyka-
zuja okruchy hauerytu w Swietle przechodzacym, wspotczynnik absorpcji k maleje
ze wzrostem dtugosci fali, lecz nachylenie odpowiedniej krzywej jest mniejsze, niz
wynika to z danych z literatury. ’

OBJASNIENIA FIGUR

Fig. 1. Zdolnos¢ refleksyjna R hauerytu (w powietrzu)

Rwadraciki potaczone linig ciagla: dane z tej pracy: kétka: Picot, Johan (1977, 1982); tréjkaty: Vjalsov (1973); romby: Wylie,

! Ypma (1974); krzyzyk: Bailly (1947, 1948)
Fig. 2. Stale optyczne hauerym
Linie petne: ta praca; romby Wylie, Ypma (1974)

Armon BEPAH, Wozep 3EMAHH
ONTUYECKMUE KOHCTAHTblI TAYEPUTA B BUAMMOM CBETE
Pesome

Mamepsanacb oTpaxaTenbHasa cnocobHoCTb rayepuTa ua Estopka (Monbwa)
B BO34yXE U B UMMEPCUOHHOW cpeae nNpu AnuHe BonHbl 400-700nm. Ha ocHo-
BaHWUM NOMYYEHHbIX Pe3yNbTaToOB 6bINN BbIYUCNEHbI ONTUYECKUE KOHCTAHTbI N,
k vx. Ana koedbduumeHTa npenomneHuns n Habnogaetca npu A = 520/10/nm
CNOWEHHbIA MakCUMYM c BenuynHor n = 2,85 (3). Kak MoxHO 6bin0 0Xxu-
AaTb Ha OCHOBaHWUM rycTo KpacHoO-6yporo uBeTa OCKOMKOB rayepuTa B Npoxo-
oswem ceete, KoaduumeHT aacopbumm k yMEHbLIAETCA C POCTOM ASUHbI
BOSIHbI, HO HAKNOH COOTBETCTBYIOLLEN KPUBOW MEHbLUE, YEM ITO creayeTr 13
nuTepaTy pHbIX AaHHbIX.

OBBbACHEHNA K OUIYPAM

@ur. 1. OTpaxaTenbHas cnocobHoOCcTb A rayepuTa (B Bo3ayxe).
KBaapaTVky, COEANHEHHbIE HEMPEPbIBHOM NIMHNEN: AaHHbIE U3 HACTORAWEN PaboTel; KDYXKOUKM: Muxor, NoxaH (1977,
1982); TpeyronbHuku: Banbcos (1973); pom6si: Yunu, Unma (1974); kpecuk: Bainu (1947, 1948)

Our. 2. OnTUYeckne KOHCTaHTbl rayepuTa.
HenpepsiBHaA NWHUA: HacToAWan paboTa; pombsi: Yunu, Unma (1974)



