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J. KOURIMSKY,E. FILCAKOVA:

Vyzkum hadcit z dobSinskych hald

HccnegoBanue CEPIEHTHHOB U3 JIOGH.II/IHCKI/IX rpyx

(PredloZeno 2. IX. 54)

Z primyslovych davodd bylo nutné provést systematicky vyzkum hadcd, nacha-
zejicich se v Dob8iné a zejména hadcovych odpadt, které zbyvaji po vytéZeni asbestovych
vlaken. Vzorky odpadového materidlu byly zkoumaéany z rtznych mist hald, zejména pfi
chemickych analysidch. Tato prace obsahuje rozbor mineralogicky, chemicky a mikro-
skopicky s pouZitim elektronového mikroskopu.

Zkoumané vzorky pochédzeji z hald odpadového materidlu, ktery
zbyva po tézbé hadcového asbestu ze serpentinového té€lesa na severnim
okraji Dobsiné. S touto exploitaci chrysotilu, tvoficiho zde Zilky o moc-
nosti az 3 cm, bylo zapocato jiZ v roce 1924. Chrysotil zde vznikl late-
ralni sekreci, t. j. vylouZenim vodami z mate¢né hadcové horniny, jejiz
geologické stari nebylo dosud jednoznacné urceno.

Dalsi podobna serpentinova télesa se nachézeji na sever od tohoto
hlavniho, asbestem nejbohatSiho télesa a na severovychod od DobS$iné
na jihovychodnim svahu vrchu Cuntava. Mineralogicky zajimavé jsou
zde dosti hojné vyskyty svétlezelenych prisvitnych krystalkd grandtu —
andraditu, pFichazejiciho na puklindch téchto dobsinskych hadct.

Mikroskopickym vyzkumem ‘vybrust i praSkovych preparatd dob-
Sinské latky bylo zjiSténo, ze jeji podstatnou €ast tvori dvé slozky, anti-
gorit a chrysotil. Celkové bylo pozorovano vétSi mnozstvi antigoritu nez
chrysotilu, byly vSak zjiStény téZ partie, v nichZ je pomér opacny. V pras-
kovém preparatu jsou obé slozky dobfe rozpoznatelné pfi pouZiti imers-
niho prostfedi o stfednim indexu lomu. Antigorit ma pak indexy lomu
vy$$i, chrysotil nizsi. Oba nerosty zhaSeji rovnobézné.

Antigorit: V preparatu byly zjistény dva typy krystalki:

1. tabulkovité (hojnéjsi),

2. kratce sloupcovité.

Refraktometricky s pouzitim imersnich olejd byly stanoveny indexy
lomu pro svétlo sodikové' na krystalech obou typl (viz angl. text).
Ziskané konstanty jsou znacné niz$§i nez primérné hodnoty antigori-
tu, zatimco dvojlom je ponékud vyssi.



Chrysotil: Tvori v praskovych prepardtech dlouhd podélné
ryhovanéd vldkna i krats$i sloupcovité krystalky, ne nepodobné antigo-
ritu. Byl rovnéZz urc€en stanovenim indext lomu.

Porovname-li ziskané optické konstanty obou studovanych ne-
rostd s prumérnymi hodnotami jak antigoritu tak i chrysotilu, pozoru-
jeme dosti znatné rozdily. Tyto rozdily jsou pravdépodobné zplsobeny
zvétranim hadcl na haldach, piip. zménou mnozstvi vody.

Ze jde skutetn& o nerosty serpentinové skupiny dokéazalo i roent-
genografické urceni (methodou Debye—Scherrerovou) a vysledky
diferenénich thermickych analys. Zatimco pomoci roentgenu neni mozno
bezpetné rozliSit antigorit od chrysotilu, dokazuji thermické analysy,
Ze jde o serpentin s prevahou antigoritu, coZz je tedy zcela ve shodé
s uvedenymi urcenimi optickymi.

Chemickym rozborem zkoumané hmoty jsme zjistili, Ze vzorky
obsahujici kromé znaéného procenta SiO; a MgO menSi pfimési CaO,
Feq03, AlyO3, alkalil, FeO a TiO,. Mnozstvi téchto pfimési je z rtznych
partii nalezi§té razné.

Vldknity charakter zkoumané hmoty byl zjiStén elektronovym mi-
kroskopem pii zvétSeni 4000—25.000X. Tomuto submikroskopicky
vlaknitému charakteru muZeme pfisuzovat velky specificky povrch
a na zakladé toho i velkou mechanickou aktivitu tohoto materialu.
Llektronovym mikroskopem byly zkoumany i nékteré fysikalni vlast-
nosti této latky, jako ptilnavost, pérovitost a proces tvrdnuti a tuhnuti
ve smési s cementem.

*

HccneroBanubie 06pa3ulKi NPOUCXOAAT U3 T'PYA OTOPOCOB, OCTA0-
LIMXCA MOCae NOOBIBaHUS CEPIEeHTHHGBOrO acbGecTa W3 CepPIEHTHHOBOTO
MaccHBa Ha CeBepHOH okpauHe [loOmuHbL. ¥Yxke B 1924 roxy 6610 HauaTo
C 3KCIIyaTanHed XpU30THUIa, TBOPAILIErO 3/1eCh XKUIKU A0 3 CM TOJIINUHEL.
XpH30THI 3[1eCb BO3HHK JaTepalbHOH CeKpelued, T. €. PA3JIHBKOH BOIBI
M3 MaTOYHOH CEepNEeHTHHOBOH TI'OPHOU HOPOABI, I'eOAOTHUECKHH BEK KO-
TOpPOH emie HeOBbIT A0 CHX IOP TBEPAO YCTAHOBJEH.

HHuble mono6HBIE CEPIEHTHHOBbIE MACCHBHI HAXOMSTCS CeBEpHee OT
3TOrO IJIaBHOTO MacCHBa, HauboJee Ooratoro acbecTroM, a Tak-xe, ce-
BepO-BOCTOYHee OT JloOLIMHBEI Ha IOI'0-BOCTOYHOM CKJOHe ropbl UyHTaBa
Munepanoruueckyd IMpeaCTaBJsAIOT HHTepeC JOBOJbLHO UacThEe 3/eCh Ha-
XOJKH CBETJO-3eJeHbIX MPO3pPauyHblX KPHUCTAMIOB TpaHaTa — AaHAPAJHTA,
BCTPEUAIOIIIATOCH Ha TPEINMHAX 3TUX JOOUIMHCKHX CepPIeHTHHOB.

MHUKPOCKOTIHYECKUM HCCIeOBaHHEM HIIH(OB U MOPOMIKOOODPA3HBIX
mpenapaToB JOOMIMHCKOIO MarepHana OblIO YCTaHOBJIEHO, UTO HX OCHOB-
HYI0 YacTb COCTABJAIOT aHTHTOPUT U XPU3OTHI. B obmieM ObIIO HaleHO
60JbIlle AaHTUTOPHTA, HEXKEMU XPU30THIA, HO MeCTaMu OBbLIO YCTaHOBJIEHO
H uX 06paTHOe B3aUMOOTHOIIeHHe. B TOpoukoo6pasHoM npenapare 5T
o6e CoCTaBHbIE YaCTH SICHO OTJMYAIOTCA APYT OJ JApyra IpH MOMOIIH
HMEP3HOH Cpely CO CPeTHHM KO3(DHUIHEHTOM JAydeNnpesoMIeHHs. Y aHTH-
ropura Koa(UIUEHT JyuenpesoMaeHus 6osee BLICOKHH HEXeMH Y XPH30-
tuna. Ob6a MHUHepana yracamT napajnesnbHo.

4



Aururopurt: B npenapare 6bl10 onpeneneHo 2 COpTa KPHCTAI-
JIOB:

1. mmutkoo6pasuble (yare),

2. KODOTKHUMHU CTOJOUKAMH.

PedpakromeTpuuecku ¢ yrnorpebieHHeM HMEP3HBIX KHUIKOCTEH OBIIH
onpeneneHbl KO3(UUUEHTHl JAyuenpesoMJeHHus [Jjsi HAaTPOHHOTO CBeTra
y OOOHX THUIOB KDHUCTa/JIOB (CM. aHTVIMHCKHE Tekcr). HalijmeHHble KOH-
CTaHTBl T03ap/L0 MeHbllle CPEJHHX BEJNHWUMH aHTUTOPHUTA, B TO BpPeMs Kak
JBOWHOE JIyduenpesoM/IeHHe HeCKOAbKO GOJbIIIE.

XpusoTua: B nopomkoo6pasHbIX Nmpenaparax OH TBOPHT JJHH-
Hble BOJOKHA C INPOJOJbHBIM XKelTOOKOBaHHEM, a TakK-XKe H KODOTKHe
cTON6006pas3Hble KPHUCTAMNIBL, JOBOJBHO CXOXHE C aHTUTOPUTOM. XpH-
30THJI OBIT YCTAaHOBJIEH TOXe OIpeIeseHHeM KO3(UIUEHTA JyUerpenioM-
JICHUS.

CpaBHeHHEM INOJYYEHBIX ONTHUECKHUX KOHCTAHT 0G0MX HCCIETOBAHBIX
MHHEDPaJOB CO CPeJHUMU BENTHUMHAMH KaK aHTLWTOPHUTA, TaK ¥ XPHU3OTHIA,
Ha#leM JOBOJbHO 3HAUHUTE/JbHbIE OTJAHUYHS. DTH OTJAUUHUS SBJAIOTCS BEpPO-
SITHO CJIEJCTBHEM M3BETPUBAHUSI 3MeeBHKOB B OTOPOCOBBIX Tpynax, a
TaKKe H3MeHEeHHEM KOJMYeCTBa BOJBL

UTo MBI MMeeM JesN0o C MHHepasaMHd CepPIeHTHHOBOH TI'DYNMHI, JTOKa-
3an0 M peHTreHorpaduyeckoe ompegneaeHHe (MeToxoii moOpoumKa), a
TaKXKe pesyJbTaThl Aud(depeHunaTbHbIX aHaAHn30B. B To BpeMs, Kak Ipu
[IOMOIIY PEHTreHa HeJb3sd TOYHO PO3JIUUUTb AHTUTODHUT OT XPH30THIA,
TepMHYeCKHe aHaMU3bl JOKAa3bIBAIOT, YTO MBI UMeeM [eJ0 C CePIEHTHHOM,
rre npeobaagaeT aHTUTOPUT; 3TO YCTAaHOBJEHHE BIOJHE COBIALaeT C MpH-
BeJIEHHBIMH OIIpeeeHUsIMU.

XuMmnueckuil aHanu3 006Pa3uMKOB IIOKaszan KpoMe OOJbLIOro INpPO-
uentHoro cogepxauus Si0, u MgO, takxke u HeGoabne npumecu CaO,
Fe 03, Al,O3, ankamuii, FeO u TiOp. B pasauuHbIX yacTSIX MeCT HAXO0X-
JIeHUS KOJUUECTBO 3THUX NMpUMeced ObLIO Pa3lIHUHBIM.

DJIEKTPOHOBBIM MHUKDPOCKOTIOM, Ipu yBeanueHud B 4.000—25.000 pas,
OBl yCTAaHOBJEH BOJIOKHHCTHI XapakTep HCCIeJOBaHHOrO MaTepHaJa.
DTOMy CyO-MHKPOCKONHUECKOMY BOJOKHHCTOMY XapakTepy MOXKHO IPH-
nucaThb GOJIBIIYIO CHEU(HUUECKYI0 TOBEPXHOCTb a MOTOMY H 3HAYHTENb-
HYI0 MEXaHWUYEeCKYI0 aKTHBHOCTb 9TOT0 MarepHana. IToJ 3JIeKTPOHOBBIM
MHKPOCKOIIOM TIOABEPrajuCh HCIBITAHUIO ¥ HEKOTOPble ero (hu3uuecKHe
CBOMCTBA, KaK Hamp. CMauHBaeMOCTb, IOPOBHUTOCTb H IPOLECC TBEPAEHUS
W CTYIIEHHS B CMeCH C L[eMeHTOM.



Research of the serpentine from DobSina

The industrial reasons induced us to search the serpentine from Dob§ina and
in the first place the serpentine as folling of matter which remain after the extraction of
the asbestos fibres. The samples of the folling of matter were searched on the various
places of the heap of dead rocks chiefly during the chemical analysis. This paper contents
mineralogical, chemical and microscopic analys with the use of the electron microscope.

The tested samples cames from heaps of dead rocks of waste
product which remains after the exploitation of the serpentine body on
the northern border of Dobs§ina. The extraction of chrysotile which here
forms veins of 1V4” of thicknes already begun in 1924. Chrysotile has
been formed here through lateral secretion from the serpentine rock
and the sedimentation on its fissures. These veins of asbestos are here
often found mixed with quartz.

The question of the geologic age of serpentines of Dob8ind which
have been formed through the decomposition of basic eruptive-rocks
has not yet been uniformly solved. According to the older conceptions
they have appeared in the primary mountains, according tc the more
modern judgment of B. KORDIUK(6) from 1941 they are of trissic
formation. :

The further similar serpentine bodies are to be found on the north
of this principal body which is the richest in asbestos, and toc north-
east of Dob§ind on the south-eastern slope of the mountain Cuntava.
The serpentines of Dobsind have in their overlayers the layers of limes-
tone, the insertions of the same kinds of limestone are alsc found inside
the mountain. The northern body of Dobsina contains besides the proper
serpentines also thinner rests of the original roughly granulated basic
rocks. In the underiayer of the powerful Cuntava zone of serpentines,
which are substantially poorer in asbestos, are found layers of dolomit
in its overlayers light coloured kinds of limestone of the Spis-layers.
Mineralogically interesting are the frequently light-green transparent
crystals of garnet-andradite appearing on the cracks of the DobSina-
serpentine.

The mineralogic determination of the DobS$ina material.

The microscopis research of the grinds and mineral grains of
the DobSind material has prowed that its essential part consists of
two substances — antigorite and chrysotile. On the whole, a greater
quantity of antigorite than that of chrysotile has been found, but in
some parts the proportion is inverted. Lesser ingredients are repre-
sented by small grains of carbonat, garnet — andradite, chromite and
magnetite, which are gradually changing into haematite and finally into
limonite. Further more the residua of olivine (fig. 1.) and bronzite are
being found here which change into antigorite and chrysotile. The
microscopic structure of the DobSind serpentine is minutely described
by O. KALLAUNER (5).

Antigorite and chrysotile are sometimes greatly similar as chrysotile



often forms here besides the typical longish fibres also shorter ones
and even column-like crystals. Both of thes substances are easily dis-
tinguishable with the use of the liguid of the average refractive indice
(n=1,535). Antigorite has in that case higher indices of refraction, chry-
sotile has lower ones. Both these minerals show parallel extinction.

Antigorite: Two types of crystals have been found in the
preparate:
1) The plate-form ones (formed more frequently),
2) The short columnar ones.
An imperfectly developed axial interference figure of an biaxial opti-
cally negativ mineral in one of the plate-formed crystals succeeded to
investigate. Some crystals of the other type show a slight pleochroism
(from colourless to the slightly greenish one). The elongation is positiv.
The refractive indices have been determinated in the crystals of
both the types. They have been established refractometrically, with the
use of the immersing liquids in the natrium light:

na=1,536 == 0,001 (determitated in the crystals of the 274 type)

nB=1,546 = 0,001 (determinated in the crystals of the 15t type)

ny=1,549 = 0,001 (determinated in the crystals of the 1t type,
1,550 on the crystals of the 209 type).

Birefringence = 0,013

Theé investigated face on the crystals of the 1 st type has been
considered to be the basal pinacoid (001) which is the fade ot the perfect
cleavage of antigorite.\The investigated face of the crystals of the 2nd
type was considered as ‘the fase (010), the direction of the 2nd cleavage
of antigorite. The habitual appearance of the crystals of both the types
also corresponds to this crystalographic orientation. The obtained
constances are considerably lower than the average values of antigorite.
Also thie birefringence is somewhat higher (the average of 0,008—0,011).

Chrysotile: forms long vertically striated fibers and shorted
columnal crystals. Here also a very slight plecchroism (from colourless
to slightly greenish resp. brownish). The elongation is ‘positive.

These indices of refraction have been determinated:

ne, $=1,522 + 90,001,
ny=1,535 = 0,001.

These constants have 'been determinated in fibrous and columnal
crystals with the assumption that the direction of the cleavage is a
vertical prism (110) and the direction of the fibre elongation=c~7y. For
this reason it is impossible to determine here precisely refractive indices
for the optical directions X and Y. '

If we compare the obtained optical constants with the values
mentioned by G. C. SELFRIDGE in his work 'about the minerals of the
serpentine group (7), we notice rather considerable differences which
are obviously influenced by decomposition of the serpentines in the
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Table I

Comparison of X-ray-gram of D-material with chrysotile from Ba-
rabba Distr. and with antigorite from Antigorio Valley.
Debye—Scherrer, & cameras 63,66 mm, Co Kay,y radiation =

= 1,787 kX, filtered through Fe, 25 kV, 60 mA, exposition of 120 min.

Dobsina Chrysotile Antigorite
No. Note
L d. L d. I. d.-
1. 7 7,27 9 7,31 10 7,23
2. 1 6,26
3. 1 5,16 1 5,18
4. 3 4,55 5 4,51 3 4,61
5. 1 4,28 2 4,19
5.1 8 505 } 7 3,46 }10 3,60
ya 3 3,35
8. 7 3,01
9. 5 2,51 3 2,58 7 2,53
10. 1 2,43 4 2,45 2 2,40
11. 1 2,27 Admixture?
12. 3 2,09 1 2,09 4 2,16
13. 1 1,91
14. 1 1,87
15. 1 1,81 1 1,82 2 1,81
16. 1 1,73 1 1,73 1 1,73
17. 2 1,59 5 1,57
18. 4 1,53 5 1,53 4 1,54
19. 1 1,51 2 1,51
20. 1 1,45 2 1,45
21. 1 1,42 1 1,42
22. 2 1,31 2 1,31 2 1,31

Intensities of reflections have been determinated visuely.




unseen in the light microscope, their length moves from 10 microns to
0,1 microns, their thickness or diameter moves from 0,1 microns to 0,05
microns (Fig 3.) On the same figure irregularly limited aggrégates on
chrysotile fibres are due to the other components 'of the maternical
stones.

This fibrous structure of the waste product-D- matemal -remains after
glowing over 1100 °C.

For comparison of.the size of fibers serves figure 4. showing
normal chrysotile, these fibres are considerably longer and thicker than
the fibres of the waste product.

With these ultramicro fibres of asbestos the usual adhesion to mine-
ral powder is supplemented by a mechanical bond, the amount of this.
bond in amy given case depending on the specific surface.

The normal asbestos fibres have an extreme large specific surface
2.105 cm?/g, it increases in the presence of ultramicro fibres of asbestos.

The large specific surface as well as the known property of
asbestos fibres to catch the fine granulus of mineral powder also of:

cement, induced us to test some physical properties of this D-material

associated with cement for use in the building industry.

On the electron microscope picture No 5. of product asbestos-
cement-D-material sheeting, we can observe how particles collect more'
abundantly on smaller fiber of asbestos than on rough one, due to
their larger specific surface. This picture shows the grinded product
afteg/ secundaric hydratation process .and sudden hardening in alcool
75 %).

The pictures 6a and 6b show directly the process of stiffening and
hardening of a mixture of D-material and cement by adding water. The
interpretation follows each small and needle crystal of hydratation-
product grown into a single fibre of chrysotile, confirming the view:
that development of crystal starst at certain preferred centers in this
case these crystals grown by hardening together with the present two.
substances of D-material fibres of chrysotile and fine plates of
antigorite forming a compact feltlike armature. -

The solidity of arised material depends on the solidity of crystals—
product of hydratation — that are in this case reinforced, fixed and joined
by the chrysotile microfibres and plates of antigorite, their growing
together is also more perfect than by cement alone whereby the porosity
of the material arised is much smaller. The smaller poros1ty causes then
a smaller water absorption.

The superiority of the quality of new building material larger
solidity, smaller porosity, smaller water absorption were tested on ready
made products in practical use and also in laboratory.
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heap of dead rocks resp. by the variation of the quantity of water. With
consideration of these differences in the optical constants has been pro-
duced the X-ray-gram of the material investigated according to the
method Debye-Scherrer. The typical samples of antigorite from the
classical locality Val Antigorio in Piemont (Coll. of the Mineral. Dep. of
the National Museum, Prague, inv. no. 21.376) and chrysotile from the
Barabba Distr. — N.. S. Wales (coll, of the same Institution, inv. no.
27.335) have been used, for comparison (Tab. I., fig 2.). The obtained
values have been compared with the various values of both these
minerals mentioned in Hanawalts Tables (Tab. II. and III.) and in the
above mentioned ‘work of SELFRIDGE. _

This comparison of X-ray-grams has. also proved that it was the
case of a mineral of the group of the serpentine. At the same time the
results of the investigation have shown that it is impossible to recognize
accurately chrysotile from antigorite with the use of X-rays as E. ARUJA
(2) has already found in the rotating-crystal photograph of both these
minerals. In the Debye-grams of antigorite and chrysotile we don‘t
find the typical differences in the position of the reflections. The re-
flections of chrysotile is perhaps only more diffusible than those of
antigorite (see ARUJA), which naturally can not serve as ‘a sufficient
criterium for distinguishing them.

That it is the question of a serpentine with the antigorite component
prevailing ‘has been also proved by the results of differential thermical
analysis made by Dr. V. SATAVA from the Instutute of the Technology
of the silicates at the High School of chemistry in Prague (8).

The chemical analysis of the DobSina material and its research by
use of the electron microscope.

Following is an average analysis of the same samples of waste
material mineralogicaly tested i. e. of the samples of old heaps of dead
rocks useless after the extraction of asbestos fibres:

. 805 % MgO % l Ca0. 10y ; 1?583@;; AlO5 0 COZ-S/-O Hz0
37,1 to 39,6 | 36,2 to 37,8 3,6 to 5,2 2,1—5,8 2,3—4 12,56—13,9

The analysis also shows 'varying small amounts of alkalies. (1,1 %).
The single samples differ. considerably, according to their origin on
various places on the heaps of dead rocks, chiefly by the content of
admixtures: CaCOs, FeO, and AlyOs.

By ligth microscopic research were observed the
presence of short asbestos fibres so to say microscopic fibers, the length
of these is less than 0,002”, these pass sieves during the production of
asbestos fibres from the original stones finely pulverised.

Research by electron microscope reveals a great
quantity of much smaller fibres, ultramicroscopic - fibers, entirely
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Table II

Comparison of X-ray-gram of chrysotile from Barabba Distr. with
the values mentioned in Hanawalt’s Tables for chrysotile from Thetford
mines (Quebec,— Canada) and from Chelmsford (Massachusetts — USA).

‘Barabba Thetford Chelmsford
No.
L d. I d. I d.
1. 4 8,0
2. 9 7,31 10 7,31 9 7.3
3. 5,16 1 4,93
4. 5 4,51 5 4,52 6 4,46
5. 4 4,00
6. 7 3,43 7 3,65 10 3,64
7. 2 3,01
8. 2 2,85
9. 1 2,71
10. 3 2,58 4 2,56 6 2,57
11. 4 2,45 6 2,45 7 2,44
12. 1 2,27
13. 1 2,09 2 2,09 1 2,09
14. 1 1,82 3 1,82
15. 1 1,73 2 1,73 1 1,73
16. 2 1,71 2 1,69
17. 5 1,53 6 1,53 9 1,52
18 3 1,46
19. 1 1,41
20. 2 1,31 3 1,31 6 1,30
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Table III

Comparison of X-ray-gram of antigorite from Antigorio Valley
(Ttaly) with the values mentioned in Hanawalts Tabelas for antigorite
from the same locality, from Griffin Range (New Zeeland) and from Mec.
Konni (New Zeeland).

Antigorio Antigorio HT Griffin R. Mec. Konni
No.-
L d. I d. L Cod. I d.
1. | 10 7,23 9 7,25 | 10 7,28 | 10 7,24
2. 1 6,26 2 6,25
3L 1 5,18 i 5,23
4, 3 4,61 3 4,60 5 4,62 4 4,61
5. 2 4,19 4 4,18 5 4,17 2 4,18
6. 1 3,87
7. | 10 3,60 9 362 | 10 363 | 10 3,61
8 | . 0,5 3,48
9. 1 2,79
10. 2 2,59
i 7 2,53 | 10 2,53 9 2,55 9 2,52
12. . 2 2,43 ) 2,44
15 | 2 240 *1 o 038 | * 245 | 4 2,41
14. 1 2,23
15; 4 2,16 7 216 | 5 2,17 7 2,16
16. 0,5 1,99
17. . - 4 1,85 ) i 4 1,82
18. = » 4 1,79 . 3 1,78
19. 1 1,73 5 1,73 3 1,74
20. 0,5 1,70 .
21. 5 1,57 7 1,57 6 1,57 5 1,56
22. i 1,54 7 1,54 5 1,64 5 1,53
23. 1 1,53
24, 2 1,51 5 1,51
25. & 147 | 4 146 | 1 1,46
26. 1 1,45
27. 1 1,44 1 1,44
28. 1 1,42 2 142 )
29. 1 1,39
30. 2 1,34 2 1,35
31. 2 1,31 6 1,32 4 1,32 4 1,31
32. 1 1,36 2 1,30
33. 1 1,28 3 1,28 1 1,27 2 1,28
34. '3 1,26 1 1,26
35. 1 1,21 1 1,21 3 1,21 2 1,21
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EXPLANATION OF PLATES.

Fig. 1. Strong corrodes residua of olivine in the material of Dob§ind, X nicols, X nat..

size.

Fig. 2. X-ray-grams of D-material, of chrysotile from Barabba Distr. and of antigorite

from Antigorio Valley.

Fig. 3. Showing he relative positions and intensities of the lines for serpentine from

Dobsina, chrysotile from Barabba Distr. and antigorite from Piemont (Anigorio
Valley).

Fig. 4. Electron microscope picture of material from Dobsind (X 21.000). -
Fig. 5. Electron microscope picture of normale chrysotile—asbestos fibers from Dobsina

I( X 4.000).

Fig. 6. Electron microscope picture of product asbestos-cement-D-material sheeting

(X 21.000).

Fig. 7a, b. Electron microscope pictures, showing directly the process of stiffening and

hardening of mixture of D-materidl and cement by adding water (X 21.000).
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