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Abstract Ascharite Mg, [B,O,0H] OH was found in the Zechstein salt deposit
of the Klodawa region within the horizon of the younger potassium salts (Zg). It
occurs as massive fine-grained aggregates embedded in kieserite-bearing carnallite
rock. The mineral was identified using optical and electron microscopy, X-ray and
infrared absorption analysis. Ascharite is the second borate mineral identified in
this deposit, besides of boracite, reported earlier by Prochazka (1957) and Hanczke
(1969).

Ascharite was found by the present writer within the Kiodawa salt
mine, in the horizon of the younger potassium salts (Z;), 600 metres
below the surface in the galleries NE III and NE-SW X. These galleries
cut nearly vertically dipping carnallite rocks with banded structure. It
is second borate mineral identified in the Zechstein salt deposit of the
Kujawy region since the occurrence of boracite in Inowroclaw was re-
ported by Prochazka (1957) and in Klodawa by Hanczke (1969). The
ascharite-bearing rock consists mainly of carnallite with lesser amounts
of halite, kieserite, anhydrite, kainite and traces of boracite. Carnallite
forms light grey, pink or red anhedral grains, showing sometimes poly-
synthetic twinning. Its banded colouration is caused by cyclic alteration
of the quantity of haematite flakes admixture. Fine-grained kieserite
associated with small amount of euhedral anhydrite occurs as periodi-
cally distributed, white-greyish accumulations. This together with chan-
ging colouration of carnallite gived the effect of banding characteristic
of the rock in question. The kainite grains are anhedral, yellowish in
colour, often displaying twin structures (Charysz & Fijal, in press). Bora-
cite forms fine kidney-shaped aggregates within the carnallite rock.
Ascharite occurs as fine-grained aggregates embedded among Kkieserite
grains and only rarely within carnallite groundmass (Pl. I photos. 1
and 2). 4

Ascharite has monoclinic symmetry (space group @RI et =)
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The essential element of its structure are double-condensed flat BO
anions, with one of oxygens substituted by OH group. Mg atoms occur
in octahedral coordination as Mg(O,0H); groups. These octahedra are
linked by common edges forming columns extending along C axis (after
Povarennykh 1966).

Identification of the mineral in question was carried out basing on the
results of microscope, X-ray and infra-red spectrophotometric examina-
tions. Ascharite was separated from the rock on the ground of its very
low solubility in water when compared with other salt minerals associa-
ted with it.

Ascharite forms colourless crystals displaying vitreous lustre. Its
average refractive index is ca 1.608, being charakteristic of the ascharite
variety occurring in massive fine-grained aggregates (Yarzhemskii 1966).

Determination of grain-size of this mineral, as well as of the shape
and morphology of its crystals was possible only by means of electrcn
microscopy. As follows from the photographs thus obtained (PI. II photos.
3 and 4) ascharite crystals are prismatic cr needle-shaped and their size
varies between 0.001 and 0.01 mm. Basing on the electron diffraction
pattern of this mineral (Pl. III phot. 5) d;.; values were calculated, con-
firming the identity of this mineral.

X-ray powder pattern was obtained using filtered CuK, -radiation
in cameras 114.6 mm in diameter. As follows from the data presented
in Table 1 they are fairly concordant with those of standard ascharite
(Brovkin et Nekrasov 1966).

Infra-red absorption analysis was carried out with Zeiss’s UR-10 spe-
ctrophotometer applying KBr discs technique. The spectrum (Fig. 1) was
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Fig. 1. Infra-red absorption spectrum of ascharite from Klodawa

{RANSMIHANCY

registered within the wave number ranges 400—1800 and 2800—3809
em~'. It is very similar to the standard one after Moenke (1962). The
egsent§a1 absorption bands of this spectrum are connected with various
vibrations within condensed (B,O,OH) anions and Mg(O,0H); octahedra.
The number and position of absorption bands indicate the occurrence of
two crystallochemically non-equivalent B3+ cations in the complex anion.
Taking into account the model of structure of this polyanion its symme-
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try is assumed to be C;. This causes their activity in infra-red. 18 normal
vibration modes should be distinguished for such type of polyanion, 12 of
which would be connected with internal vibrations of (B,04OH) group.
When compared with vibrations of (BO;) ion there occur a double
amount of vibrations of vy, v, v; and v, type. The region of symmetric
stretching v; lies approximately at 950 cm~!, that of out-of-plane ben-
ding v, — approximately at 750 cm~!. Moreover the wave number range
of ca. 1250 cm~! correspond to v; vibrations (antisymmetric stretching)
whereas that of ca. 600 cm~! to v, ones (in-plane bending). Subsequent
three vibration modes are connected with three translation vibrations of
one triangular BO, group relative to the other one. Their vibration fre-
quencies are situated most probably in the range of low wave numbers,
cutside of registration range of the apparatus because of large mass of
vibrating atom groups. Finally there cccur vibrations within the OH-
-groups of polyanions. These are v-OH, 5-OH and y-OH vibrations. The
presence of bands corresponding to these vibrations and lack of the
absorption maximum at ca. 1650 cm~! connected with 5-H,O vibraticns
definitely confirm the absence of water molecules in the crystal lattice
of ascharite. Sharp, intense band corresponding to valence vibrations of
hydroxyl groups at 3570 cm~! suggests rather poor participation of OH
groups in hydrogen bonds. Interpretation of infra-red absorption spectra
is made a little more difficult due to the presence of two boron isotopes
(B1® — 18.98% and B! — 81.02%), causing characteristic band displace-
ment connected with various frequencies of B"-O and B’-O vibrations,
the valence vibrations of heavier systems corresponding to lower wave
numbers. Consequently the obtained spectrum contains an increased
amount of absorption bands. A precise determination of positions of
B1-O and B'-O maxima would be possible if synthetic ascharite varie-
ties containing only boron isotope in ccmplex anion were examined.

It should be emphasized that infra-red absorption spectrophotometry
is very useful in the phase analysis of salt rocks. The presence of borate
minerals in specimens of kieserite-bearing carnallite rock was revealed
just basing on infra-red absorption spectra. In examining the rccks in
question this method displays higher sensitivity than X-ray analysis.

Because of low concentration of boron in sea water, precipitation of
its compounds is possible only in the last stage of crystallization of
evaporites i.e. simultaneously with potassium-magnesium salts. The forma-
tion of separate boron minerals is connected with its specific crystallo-
chemical properties determining its behaviour in nature and its geoche-
mical position. They are governed first of all by small size and large
charge of boron ions and by high ionization potential of this element.
Consequently boron does not form ionic compounds and does not occur
as cation in nature, fcrming complex anions with strong covalent bonds.
Generally boron is coordinated with oxygen and its_s;’mplest coordination
grouping is the anion BOj . The latter shows specific tendency to poly-
merize. Thus, in nature there occur various types of condensed polyhe-
dral anions, being characteristic of hypergenic borates. In magmatic rocks
this element generally occurs in tetrahedral BO; groups, being able to

replace SiO i~ anions. The structure of borates resulting from polymeri-
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Tabilexl
X-ray powder data for ascharite

according to Brovkin and

from Klodawa (Poland) Nekrasov (1966)

I d (A) I d (A)

10 6.25 9 6.25

2 5.19 2 5.22

2 3.80 1 3.88

2 3.396 3 3.349
5 3.254 5 3.260

4 3.034 5 3.033

5 2.987 6 2.986

2 2.807 4 2.807

i 10 2,664 10 2.669
j 3 2.597 3 2.596
{ 5 2.557 5 2.564
, 6 2.542 8 2.543
| 10 2.434 10 2.432
2 2.381 1 2.383

7 2.316 8 2.316

10 2.206 10 2.205

9 2.084 9 2.082

e — —1 2.054

2 2.032 1 2.026

5 1.998 8 1.995

1 1.976 1 1.976

2 1.937 2 1.939

- - 1 1.909

1 1.868 1 1.868

3 1.794 5 1.794

3 1.762 1 1.759

5 1.731 7 1.728

3 1.692 3 1.691

zation processes depends on concentration of BO% anions, nature of
compounds containing boron, temperature of the system and quality of
cations in the crystallizing solution. Consequently there is a considerable
variety of borate minerals occurring in sedimentary salt rocks. Later
hydration and diagenetic processes developing in salt deposits are res-
ponsible for further increase of the number of boron minerals. These
alterations generally tend to replace less stable structures by more stable
ones as e.g. that of ascharite. Secondary origin of this mineral in the
rocks under consideration is evidenced by its mode of occurrence. Simi-
larly as coexisting boracite it forms very fine-grained aggregates among
kieserite grains. Such aggregates are formed either during replacement
of less stable borates by ascharite or result from the action of boron-
-rich saline waters on kieserite.
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Jerzy FIJAL

O WYSTEPOWANIU ASCHARYTU W KLODAWSKIM
WYSADZIE SOLNYM

Streszczenie

Obecnosé ascharytu Mg,[B,OsOH]OH stwierdzono na terenie zloza soli
w Klodawie wéréd miodszej soli potasowej Z;, w karnalitowcu kizeryto-
wym (na poziomie 600 m w chodnikach NE 3 i NE-SW 10). Chodniki te
przebijaja zapadajace niemal pionowo w tych partiach zloza utwory solne,
ujawniajac teksture warstwowang skaty karnalitowej. Jest ona wywola-
na pasmowym ulozeniem biatoszarawych skupien drobnoziarnistego kize-
rytu z domieszkg niewielkich ilosci anhydrytu, jak rowniez cyklicznie
powtarzajacym sie czerwonym zabarwieniem karnalitu pochodzgcym od
domieszki drobnych blaszek hematytowych. Ascharyt tworzy drobnoziar-
niste jasnoszare skupienia, gléwnie wsrod ziarn kizerytu, rzadziej karna-
litu (P1. I, fot. 11 2).

Identyfikacji ascharytu dokonano na podstawie badan mikr.osk.opo—
wych, rentgenograficznych i spektrofotometrycznych w podczerw1en1. Do
badan tych wydzielono mineral ze skaly, wykorzystujac jego tgardzo malg
rozpuszczalno$é w wodzie. Sredni wspotczynnik za%a-mar}la $wiatla ascha-
rytu z Klodawy wynosi okolo 1,608. Jego odlleglosm miedzyplaszczyzno-
we przedstawiono w tabeli 1 obok danych poréwnawczych wgdl_ug Brow-
kina i Niekrasowa (1966), a widmo absorpcyjne w podczerwieni na figu-
rze 1.

Okreélenie wielkoéci krysztalow badanego mineratu i ich pokroju
stalo sie mozliwe dzieki zastosowaniu mikroskopu elektronowego. Uzys-
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kane ta metoda zdjecia (Pl II, fot. 3 1 4) obrazuja slupkowaty, igietkowa-
ty pokroj krysztalow ascharytu o wielkosci 0,001——0,0} mm. Na podstawie
obrazu dyfrakcji elektronowej na krysztatach tego rr,lm.eralu.(fot. 5) obli-
czono kilka wartosci dpi;, ktore potwierdzaja trafnosc jego identyfikacji.

Ascharyt jest drugim mineralem boranowym stwierdzonym w kujaw-
skich zlozach solnych, obok boracytu opisanego przez Prochazlge ‘(1957)
i Hanczke (1969). Jest to zapewne mineral wtorny, o czym Swiadczy
m.in. jego forma wystepowania w skale.

OBJASNIENIE FIGURY

Fig. 1. Widmo absorpcyjne w podczerwieni ascharytu z Klodawy

Excu PHAJ

O PACTIPOCTPAHEHUH ALUIAPUTA B KJOIJABCKOM COJISIHOM
KYMOJIE

PesoMe

Amapur Mg,[B,O,OH]JOH O6bln onpeieneH B MeCTOPOXACHHH COJIH
8 Kionase cpeiu Muajuieit KaJauiHo# CONU Zs, B KH3€PUTOBOM KapHAJIJIHTO-
aute (ropusont 600 M, wrpekn CB 3 u CB-103 10). Constnast 3ajexb, xa-
PaKTepPH3YIOULAsCsl CJIOUCTON TEKCTYPOH KapHAJIHTOBOH NMOPOJBI, 3aleraer
37eCb MOYTH BepTHKaJabHO. CIOHCTOCTbL BhI3BaHA MOJOCYATHIM YEPEAOBAHHEM
6e10BaTO-CephIX CKOMIeHUH MeJKO3ePHHCTOr0 KH3ePUTa € PUMEChIO HeGOJIb-
LIOro KOJMYeCTBA AHrMAPHTA M IMKJIMYECKHM TMOsIBJI€HHEM KPaCcHOBATOrO
KapHAJJIHTA, OKPAIIEHHOTO NPHUMECHI0 MEJKHX YellyeK reMarTnra. AIIapur
o6pa3dyer MeJKO3eDPHHCTBIE CBETJIOCEpble CKOMJIEHHs], pPacnpocTpaHeHHbie
raaBHbIM 06pa3oM B Kusepute, pexxe B KapHanaaute (Taba. 1, dorto 1 u 2).

OnpejlesieHHe allapuTa NPOM3BOAHJIOCH MHKPOCKONHYECKHM, PEHTIeHO-
rpaduueckuM ¥ MHQPAKPACHBIM CIEKTPAaJNbHBIM METOAaMH. JTOT MHHepal
Obl M3BJEUeH M3 MOPOJAbI C MCIOJb30BAHHEM €ro ciaboi pacTBOPUMOCTH
B Bojie. Cpennuit Ko3huuueHT npenomenns csera amapura u3 Kiojgasbl
cocrapasgeT okoao 1.608. Ero MeKnioCcKoCTHbIE PACCTOAHHUS, BMECTE CO CpaB-
HHTeJbHBIMU JaHHbIMH BpoBkuHa 1 HekpacoBa (1966), npencraBiienbl B Ta-
Gauue 1, cnekTp nosoueHds — Ha ¢urype 1.

B03MOXKHOCTb ONpejeseHusi BeJUIUHbl B (OPMBI KPHCTAJJIOB HCCIEN0-
BAHHOTO MHMHepaJa MosBUJIach OJarofaps NPUMEHEHHIO 3JEKTPOHHOrO MH-
kpockona. Ilonyuyennble Takum MeTogom cHUMKU (Taba. I, ¢poro 3 u 4) mo-
Ka3blBAIOT IIECTOBATYIO, MrobyaTylo (GOpMy KDHUCTAJJIOB alllapuTa BeJIHYH-
#o# 0.001—0.01 mm. Ha ocHoBaHuu BuAa 3JI€KTPOHHOHN AU(PGPAKLUU HA KPH-
cramjax sroro muepana (Taba. III, doTo 5) onpeneneHo HeCKCIbKO BeJIH-
YHH dpy;, KOTOPBIE MOATBEPKAAIOT €ro NpaBU/IbHOE OlNpeleseHHe.
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AWHUpUT ABJSIETCS BTOPbIM 60PATOM, BBIIBJIECHHBIM B COJIsIHBIX Komsix Ky-
ABMH, nocje Gopauura, onucaHuoro Ilpoxaskoir (1957) n Xaunuke (1969).
On npencrapJsieT, BepOATHO, BTOPHUHBIA MHHEpaJ, 0 ueM FOBOPUT ero dop-
Ma pacnpocTpaHeHusi B MOPOJe.

OBbACHEHHUE K ®UTYPE

®ur. 1. Cnektp morJolleHnsi amwapura u3 Kiaonasbl




Phot. 1.

Phot. 2.

PLATE I (PLANSZA I, TABJIMIA T)

Fine-grained ascharite aggregations in carnallite-kieserite rock. Crossed
nicols, magn. 120X ;
a — ascharite (grey), h — halite (dark), k — carnallite, ki — Kkieserite

Drobnoziarniste skupienia ascharytu w karnalitowcu kizerytowym. Nikole
skrzyzowane, POwW. 120X
a — ascharyt (szary), h — halit (ciemny), k — karnalit, ki — kizeryt

MeJIKO3epHICTe CKOTUIEHHS allapuTa B KH3EPHTOBOM kapuanauronure. Hukomn X,
ysea. 120X

a — amaput (cepnliit), h — rajiut (TemHbiit), K — KapHaJJIHT, Ki — KH3EpHT,

Ascharite aggregations between kieserite grains. Plane polarized light,
magn. 120X
a — ascharite (grey), ki — kieserite, ah — anhydrite

Skupienia ascharytu miedzy ziarnami kizerytu. 1 nikol, pow. 120X
a — ascharyt (szary), ki — kizeryt, ah — anhydryt

CKONJIEHHsT aliapura MexKjy 3epHaMi Ki3epHTa. [ Hukoab, yBed. 120X
a — amapur (cepwiit), Ki — KH3EpHT, ah — aHCHIAPHT
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Phot. 3.

Phot. 4.

PLATE II (PLANSZA II, TABJIULIA II)

Electron micrograph of ascharite crystals. Magn. ca. 9000 X
Elektronowy obraz krysztalow ascharytu. Pow. ok. 9000X
EsniekTpoHHOE H300pakeHHe KPHCTa/JIOB allapHTa. Ysea. ok. 9000X
Electron micrograph of ascharite crystals. Magn. ca. 14 000 X
Elektronowy obraz krysztalow ascharytu. Pow. ok. 14 000 X
EqieKTpoHHOE H300pdKeHHe KpPHCTa/JIoB alidpiTd. Yoea. ok. 14 000X
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PLATE III (PLANSZA III, TABJIMLIA III)

Phot. 5. Electron diffraction photograph of ascharite
Obraz dyfrakcji elektronowej na krysztale ascharytu
By eJeKTPOHHOI AH(PAKUHH HA KpHcTaje amapHra
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