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K. KOMAREK:
Chemicky vyzkum pFibramské sametky |

XuMuiecKoe uccliegoBaHue MPXUGPaMCKOro MUHEpana
»»CAMETKHU*

(Predlozeno 20. XI. 1952.)

Vedle Jachymova predstavuje PF¥ibram mnejbohatii ¢eské mnale-
zisté nerostd, nebot se tam vyskytlo celkem pies 80 nerostnych druhi.
Podrobné odkazy ma bohatou literaturu o pribramskych nerostech
a o tammim dolovani podavéd J. KRATOCHVIL ve svém obsahlém topo-
grafickém dile (7).

V piitomné dobé& jsou horni patra pifibramskych dol a,
v nichZ se téZil hlavné stribronosny galenit, davno opusténa. TéZba se
dnes provadi jen ve spodnich patrech, v nichZ misto vlastnich rud je toliko
kifemen, impregnovany rudnim materidlem (,,krusky‘). V diivéjsich
dobach se mnachazelo zejména v hornich patrech velmi mmnoho dobie
krystalovanych mnerostd, vzniklych tam sekundarné povrchovym vétra-
nim. Vyskytovaly se v druzovych dutinach, kterych do hloubky ovSem
rychle ubyvalo. Mnohé druhy nerostné se ma pribramskych rudnich zilach
opakovaly v nékolika generacich, nebot se stridala tidobi piizniva jejich
vzniku (cestou ma pr. hydrothermdini) s dobami, kdy fysikalnich ani
chermickjrch predpokladiu k jejich tvorbé nebylo. K témto nerostim patri
na pr. vdpenec, kiemen, baryt a téz kyz zelezny, ktery se tam objevoval
az do mejmladsi doby.

Zv1asté pozoruhodnd a pro Pribram typicka byla odrida goethitu,
nazvana podle svého vnéjsSiho vzhledu sametka (ném. Sammiblende,
angl. velvet ore). Tvoii zlutohnédé, rezavohnédé nebo hnédé, sametové
povlaky a kiry paprséitych agregati, hroznovitého tvaru, pokryvajici
obyéejné vipenec nebo kremen. VSeobecné se uznava, ze sametka vznikla
druhotng, a to zvétranim pyritu. Jednotliva vlakna sametkovych povlakt
jsou tvoiena drobnymi krystalovymi jedinci goethitu, protazenymi podél
vertikalni krystalografické osy (4). Podle A. E. von REUSSa (8) vznikl
pribramsky goethit a tedy i sametka preménou z pyritu, pfi ¢emzZ pie-
chodnim stadiem mezi ob&éma jmenovanymi nerosty byl lillit, chloriticky
to nerost popsany po_prvé pravé z Pribrameé, chemickym svym sloZenim
kiemicitan Zeleza. REUSS tak usuzoval podle vzorkd sametky, jejiz kulo-
vité a hroznovité agregity obsahovaly jadro z pyritu, zménéného
casteéné v lillit. F. BABANEK (1) vsSak zastihl sametku narostlou ma
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pyritu a na ni teprve lillit. Jinak souhlasi sice s REUSSem, ale piipomin4,
Ze lze malézt pyrit, goethit a Lillit téz samostatné, odloucené od sebe.

S vyCerpinim hornich partii piibramskych rudnich %l stala se
sametka vzacnosti. Proto jsem povaZoval za dulezité podrobit tento
pamatny Cesky nerost podrobnému chemickému vyzkumu, ktery u ného
dosud proveden nebyl a jimzZ by se stanovily i soucastky, piitommé tam
treba jen v mepatrnych zlomcich procenta. Zdalo se téZ zajimavym po-
rovnat ziskané resultdty s amalysami goethitii z Podkrkonosi (6),
u nichZ byl zcela vylouden styk s jinym rudnim materidlem, na rozdil od
lokality pribramské, bohaté na rudy jingch tézkjch kovi.

K chemickému vyzkumu jsem pouzil rezavohnédé sa-
metky z Pribramé, pokryvajici s obou stran desku zrnitého kremene
s primési dolomitu a sideritu. Vrstva sametky byla velmi dobie zacho-
vana a méla typicky sametovy povrch. Byla velmi opatrné seSkrabama
ostrym nozikem s plochy asi 120 cm2, éimz byly ziskany skoro 3 g vzorku.
Hloubé&ji prechazela jiz do vrstvy kompaktniho hnédocerného goethitu.
V jednom misté byla sametka pokryta nékolika drobnymi krystalky
pyritu a byla proto uvolfiovina jen z mist druhych, kde lupou nebylo
pyrit vidét. Pres to bylo jodazidovou reakci (38) dokazano, Ze ziskany
tak vzorek obsahuje malé mnozstvi py ritu. Ve vodném vyluhu vzorku
byly zjistény siramy, vzniklé bezpochyby z pyritu vétranim. Vzorek
tedy obsahoval siru vazanou jak ve formé sulfidické tak i ve formé
sulfdtové. Protoie vétranim pyritu vedle siranu Zeleznatého vzniks sou-
Gasné i sama volnd kyselina sirovd, snazil jsem se stanovit kyselost
vyluhwu, ziskaného z 1 dilu vzorku a 2 dili wody. Kyselost jasného
centrifugatu byla zjisténa barevnymi indikatory. Jeji hodnota (pH =5)
je vSak nevelkd ve srovnini s intensitou reakce ma sirany (s Ba'’)
z Cehoz vyplyva, Ze se kyselost otupila jiz pritomnosti latek zasaditého
charakteru, ¢imz vznikly sirany.

Ke kvantitativni amalyse bylo pouZito vzorku, vysusSe-
ného pri 1100 C. Hlavni pouZivané reagencie (kyselina solnd, dusiénd
a amoniak) byly pripraveny destilaci z nejéistsich produktt obchodnich
a byly uchovavany v lahvich, vylitych uvnitt parafinem. Vzorek sametky
velmi jemné rozetieny v achitové misce a vysusSeny byl rozkladan zah¥i-
vanim se smési kyseliny solné a dusiéné v kiremenném tygliku. Celkem
bylo postupovano podle zptisobu jiz diive popsaného (6). K hlavni ana-
lyse bylo pouZito skoro 1 g vzorku. Pro stanoveni hliniku, jehoz bylo ve
vzorku toliko jen velmi malé mnozstvi, pouZil jsem své vlastni methody,
dosud nepopsané. Celkové sloZeni sametky je toto:

87,21 % Fe,05
10,40 % H,0
0,67 % SiO,
0,047% Al,Os

0,31 % CaO
0,15 % MgO
0,33 % SO,
0,80 % FeS,

£ 99,917%.



Z provedeného chemického vyzkumu vyplyva, Ze sametka neobsa-
huje prakticky Zadnou pfimiSeninu téZkych kovi (Pb, Ag, Zn, Cu a pod.),
a¢ vznikala v sousedstvi jiného rudniho materidlu, ktery tyto kovy
v znaéném mmnozstvi obsahoval. Nep#ihlizime-li k mechanické piimési
pyritu, nelisi se sametka svym chemickjm sloZenim podstatnéji od jinych
goethitli. Pozoruhodni je mepritommost manganu.

Vzmik sametky a vibec goethiti lze vysvétlit i bez predchoziho
stadia lillitu. Vétrani pyritu pisobil kyslik rozpustény ve spodni vodé,
kterou byly pribramské rudni Zily zatopeny. Kyselina kremiditd, ve
spodnich vodach vidy v malém mnoZstvi pritomné, prechazi ve styku
se silnéjsi koncentraci elektrolytd (FeSO,, Ho,SO,) na povrchu vétra-
jictho kyzu Zelezného z formy solu do merozpustné formy gelu a tim
se téZ z roztoku vylucuje kolem pyritu.

Uédinkem kysliku a soudasnym sniZenim kyselosti (piitomnosti
rcyselého uhli¢itanu vipenatého nebo horeénatého) nastivd oxydace
siranu Zeleznatého v siran Zelezity a hned i jeho hydrolysa v zasa-
dité sirany Zelezité, aZ posléze na pouhy hydroxyd Zelezity. Siran Zele-
zity se hydrolysuje dosti snadno a to jiz od kyselosti pH = 2,2. Vznikajici
hydroxyd Zelezity vSak muze zistat koloidné rozpustén az do reakce
neutralni, kdy se teprve vyluéuje (2). Kyselost v okoli pyritu je odstra-
novana alkalitou spodni vody, t. j. jejim obsahem kyselych uhli¢itand.
Voda s jistym obsahem kysliécniku uhli¢itého rozpousti vipenec mebo
dolomit a vznikajici tak roztok kyselych uhli¢itanti predstavuje dosta-
teCnou zasobu alkality, kterd odstranuje kyselinu sirovou. Pritom se
uvoliiuje CO,, ktery na jingch mistech rozpousti dalsi vapence a vytvaii
tak novou zasobu kyselého uhli¢itanu. P¥i reakecich vznikd téZ siran va-
penaty. ProtoZe je pomérné rozpustny, nevyluduje se z roztoku, nybrz
ge z dtlnich vod ¢asem vytraci pii jejich obnoveé.

Cizi téZké kovy do vyluéovaného hydroxydu Zelezitého se nepfimisily
proto, Ze jejich soli ke své hydrolyse a srazZeni z roztoku vyzaduji daleko
vétsi poklesnuti kyselosti nez soli Zelezité. Pravé v okoli vétrajiciho kyzu
Zelezného je mejmensi piredpoklad pro vyluéovani hydroxydd mebo zasa-
ditych wuhli¢itant jinych tézkych kovi, nebot kyselost prostiedi je tam
nejvétsi. Uhmem Ize vzmik sametky nebo vibec goethitd z pyritu
vyjadiit rovnici: :

2 FeS,+ 4 Ca(HCO3) o+ 15 0 =2TFe0.OH + CaSO,+8 CO,+ 3 H,O0.

Pyrit do sametky vtrouSeny nebo nasedajici na ni pochazi z mladsi doby,
kdy po udobi oxydace a vétrini mastala zase perioda redukénich déju
a tvorby sirnikii hydrothermalnimi pochody.

x

BnonpxubpaMcKuX KOTsX A1 10ObBaHUs cepeGpocogepka-
Ijero rajleHHTa, Hapsaay ¢ MHOTHMHU IPYruMHu MuHepanamu (6oabie 80 Bu-
Z0B), BCTPeYaJCsi OCOOBIA BUA reTHTa, Ha3BaHHBLIA B COOTBETCTBHH C €ro
6apXaTHCTHIM BHIOM «Ca MeTK a» (HeM. Sammetblende, anra. velvet ore).
Ona o6pasoBana KOPHYHEBYIO ILIEHKY, I'aBHBIM 06pa3oM, Ha KalbLATe
H Ha KBaple. OTa pyJa ocobeHHO XapaKTepHa AJs NPXKHOPaAMCKHX PYA- -
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HBIX JKHJ, TaK KaKk B JAPYTUX MecTax OHA He BCTpeuaeTcsl. MHOro4uciaeH-
HYIO JUTepaTypy o He#d npuBoguT M. KpaToXxBuAb B CBOEM OOIIUp-
HoM Tpyze (7). '

B macrosiiee BpeMsi BepXHHE 3TaXU NPAKUOPaAaMCKHX KONeH
JlaBHO HCTOILEHBI H 3a6pOIeHkbl, U pa3paboTKy BeAYTCS TOMBKO B HHXXHHX
aTaxax, I'Jle BMeCTO YHCTBIX PYJ eCTb TOJbKO KpeMeHb CO BKDAaIICHHIMH
pyabl. B mpexHue BpeMeHa MOKHO OBLIO HaHTH, OCOOEHHO B BEPXHHX
3Taxax, OYeHb MHOT'O XOPOIIO BBIKPUCTALIN30BABIIAXCA MHUHEPAJIOB BTO-
PHYHOTO [P OUCXOK ISHHSI, BOSHUKIIIMX BC/IeLCTBUE OKHCAeHus. [1o obiemy
MHEHHIO, reTHT B PYyAHBIX )umax B [Ip:xubpame o6pasoBajcsa Opu OKHCIe-
HUU IHPHATA H, TAaKUM 00pa30M, SBJAsIETCS OJJHUM U3 CaMbIX MOJIOABbIX MHUHeE-
PaOB BTOPHYHOT'O MPOUCXOXKACHUS. DTO Ke CIPaBeIUBO B TAKOM C/Iydae
U A9 «caMeTk H» IlpuunHa ee 6apxXaTucToro BHAA B TOM, UTO ee
[VIEHKH U T'PO3JAbeBUJHBIE arperarbl COCTOAT U3 MacChl OUYeHb TOHKHX
BOJIOKHUCTBIX KPHUCTANJIOB T'eTHTA, IJIOTHO COEJMHEHHBIX B.KOMIIAKTHBIN
croft. OTaenpHble BOJOKHA HA IOBEPXHOCTH <«CaMeTKH» OOpasOBaHBbI
MeJKUMH KPHUCTaMJaMH IeTHTa, BBHITSHYTBIMH B HANpaB/JEHHH BEePTHKAJMb-
HOU Kpuctaannyeckoir ocu (4). [Ipu mepexoje muputa B FETUT IIPOMEKY-
TOYHBIM 3BeHOM, 10 A. E. (pou P eticcy (8), ObLT THIIHT, CUIMKAT XKene3a.
®. ba6anex (1) cornamaercs ¢ 3TUM MHeHHEM, HO HaIOMHHAeT, 4TO
MHPHUT, FeTUT ¥ JUIJIAT BCTPEUAIOTCS TakkKe 0060COOJEHHO ADPYT OT Apyra.

Tak KaK HUKTO JO CHX IMOP He HCCAeLO0BAN MOMPOOHO «CaMEeTK Y »
XHMHUECKHUM NYTeM, 5 3aHAACI KAaUeCTBEHHBIM M KOJHUeCTBEHHBIM
AQHAJMU30M YHUCTOH mpPOOBI 3TOro MHHepana. DbLIo Takixe WHTEPEeCHO CpaB-
HUTb Pe3yJabTaT aHaANN3a «CaAMeTKH» C XUMHUECKHM 'COCTaBOM I'eTHTOB M3
paitona Hcnoaunckux rop (u3 «I1oJKkpKOHOLIBA»), KOTOPBIE § HELaBHO
uccaenoBan (6) MU KOTOpBIE, B pasauuHe OT «CaMeTKH» MPOUCXOLAT M3
ob6nacTy, TJe He BCTpeuyaeTcsd PYAHBbIH MaTepHan C JAPYTUMH TSKeIBIMU
MeTanIaMu.

[I[py xauecTBEeHHOM aHaJHU3e€ OUEHb YHCTOH MPOOBI «C a-
MeTKH» s HAllleJ, YTO OHA COJMEPIKHUT — HapsaAy C OKHChbIO XKele3a |
BOJON — HEMHOI'O JBYOKHCH KDeMHHS, HeOOJbIIYI0 MeXaHHUECKYI0 TpPHU-
Mecb MHpHTAa, He3HaUUTeJbHOe KOJIHUeCTBO PacTBOPUMBLIX B BOJE CYJb-
¢haToOB, a TakxKe HEKOTODPOE KOJHYeCTBO KalbLHs, MArHus W alIOMHUHHA.
Hamuumne nupnta O6b110 AoKazaHo uogasumoMm mo @, Peirmo (2). as
KOJIMYECTBEHHOTO OIpeJeNeHHs] MUPUTa OblJa HCIOAb30BaHa OTAeNbHas
yacTb MpoOBl, KoTopass Oblla CHAuajga OUHMINEHa OT CYJab(aToB TPOMBI-
BaHHMEM TOpsiuell BOJOH, a 3aTeM IOABEPIHYTA IJIABJEHHUIO € XJIOPHOBATO-
KUCABIM KanueM H comoi. KoauuecTBo cynabaToB OBLIO OMpeseneHO
B BOJHOM 3KCTPaKTe «CaMeTKHU». DTH cy/Jbdarel, 6e3 cOMHeHHs, 06pa3o-
B&JHCh IIPH OKHCJAEHUU TIMPHUTA, BbIAEJIUBIIEIOCS BCIEACTBHE BOCCTAHOBHU-
TeJABHBIX NPOLECCOB Ha yKe o0pasoBaBlIelics «cameTke». B obuiefl Ci1ox-
HOCTH OBLIO IS XMUMHYECKOT'O HCCJIeLOBAaHHS HCIOJAb30BAaHO OKOJIO 3 T
yucTedmei Npo6bl, KOTOPYI0O Mbl OCTOPOXKHO COCKPeOGJaH ¢ MOBEPXHOCTH
arperara, IepexoJHUBIIero B HHXKHEH CBOeH YaCTH B KOMIAKTHBIH TeTHT,
TOKPBIBAIOIIUH ¢ 00eHX CTOPOH IJIUTKY CEpPOro KBapla.

Jag KOMUUYeCTBEHHOTIO aHa/Jdu3a s HCIOAb30Baa NpPoly
«caMeTKH», BbICymIeHHY0 npu 1100 C. [Ipu BbicymmBanuu mnpoda «ca-
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METKH», pactepTasi B TOHKHE TIOPOIIOK B araToBOH CTYIKe, [OTepsiia
B Bece TOMbKO 0,28%. JlaHHble KOJMUYECTBEHHOT'O aHANHU3a OTHOCATCSA
K npoGe, Beicymenuno# mpu 1100 C. [lna riaBHOTO aHanu3a ObLI B3AT
noutd 1 r nmpo6el. 3arem npoOGa HarpeBanacb B KPeMHEBOM THIJIE CO
CMeChI0 a30THOH M COJMHON KucaoT. OOe KHUCIOTBHI, a TaKXKe U aMMHaK,
HUCMONb30BAHHbBIE s aHaMH3a, ObLIM MOJTYUYeHbl HEeOCPEACTBEeHHO IMepes
AHAJM30M IYTeM IeperOHKH UHCTEHIIINX [Ipenaparos, TOCTYIAloNIUX B IPO-
JaXKy; OHH XPaHUJIHCh 3aTeM B OYTBLISAX, HOKPBITHIX H3HYTPH CJI0EM Iapa-
¢una. B HepacTBOpuMOM ocajake Oblia 3aTeM OINpeJeneHa JBYOKHCH
‘KpeMHHsd TO ToTepe B Bece MOC/Ae BbITAPUBAaHUSA C CEPHOM U (PTOPHUCTO-
BOJOPOJAHON KHCIOTOH M MOCJTE CHUJIBHOTO MPOKaNuBaHHSA. X{ere30 ObLIO
CIIPeNeNeHO 0 METOAY BecoBoro aHanuida B Buje Feo,0;. Karbnuif 6bL1
BbIJeNeH B BHAe OKcasnaTa ¥ omnpexpenen turpoBanuem 0,1 H. KMnO,
(Mukpobioperka banra). Maruui Obln ompeneneH IO METOLY BECOBOTO
a"anusa B BuJe mupodocdara. Tak Kak arfoMHHAN CONePKANCA B NAHHON
npobe B He3HAUHTEJIbHOM KOJIHUYECTBE, s BOCHOJb30BAICA I/ €r0o KOJH-
YeCTBEHHOTO OTpeeNeHHs CBOUM OCOGBIM HOBBIM METOJIOM, JOTOJE HUTEe
He ONHCaHHBIM. [IpHHIUN MeTona CAeAYIOIHH: caabo KHUCABIH pacTBOP
(py =4,5) amOMHUHHEBON COJIH, MPeIBAPUTEILHO OTAEJIEHHOM OT 2Kenes3a
CUJBbHOHN IIeN0Ubl0, OCAXKAAETCS PACTBOPOM MBIIIbSIKOBOKUCAOTO HATPHSA
(10%) Toro xe pa. [Tocae KOPOTKOTO HArpeBaHusi (B TeueHHe 2 MHHYT)
B KHIISAIIEH BOJe PacTBOP € OCAJKOM OCTaBJSIOT B TeUeHHE yaca B COCYyHe
JUIS. LeHTPU(PYTUpOBaHUs, BLITSHYTOM B TOHKHE 3a0CTPEHHBIH KOHeI,
3aTeM IIOJBEPralT IEeHTPUDYTrHPOBaHU0, NpOoMbIBalOT 50% STHIOBBEIM
CIUPTOM, YHCTBIH OCAJOK MBIIIbIKOBOKHCAOIO AMIOMUHHSA PaCTBOPSIOT
B u36biTKe 5 H. HCl 1 miomoMeTpruyecky ompenensioT KOJHUYECTBO MHBIIIbsI-
KOBOM KHCJIOTEHI, HUCNIONb3ysd MUKpPOOOpeTKy banra. Bosmoxuo 6oaee co-
BepLIEHHOE -yCTPaHeHHEe PacTBOPOB IMOCTe IeHTPH(PYTHPOBAHUA [POU3-
BOJHJIOCH IO METOZY, ONMCAaHHOMY MHOIO paHnble (5). ConepxaHue BOJbl
B «CaMeTKe» OBbLIO OIpeneNeHO IIyTeM MPOKAJIUBAaHHS OTAENBbHOH YacCTH
BBICYIIEHHOU NPOOBL. OOLIMI COCTAB «CaAMETKH» CJeLyIOIIHI:

87,21 '% Fe,0
10,40 ‘% H,O
0,67 % SiO,
0,047% Al,05
0,31 % Ca0
0,15 '% MgO
0,33 '% SO,
0,80 % FeS,

99,917 %

W3 mnpuBegeHHOT0O XU MHUYECKOTrO HCCJAENLOBAHHUSA BhHITe-
KaeT, YTO « Ca M e T K a» He COINEPKUT HUKAKUX CYIIEeCTBEHHBIX TpUMecei
Txenbix meranaoB (Pb, Ag, Zn, Cu u non.), XoTss oHa 06pas3oBasach
IO COCENCTBY ¢ LPYTHM PYAHBIM MaTePHAJIOM, COAEPKAIUM 3TH METAJLIbI
B 3HAQUUTENbHOM KOJauuecTBe. Ec/im He NpHHHMATh BO BHHUMaHHE MeXaHH-
YeCKYI0 IMPUMECh MHPHTA, KOTOpash HaXOAUAach B HCCAeLyeMOM O0pa3uHKe
H H3 KOTOpOH, 6e3 CcOoMHeHHs, o0Opa3oBasach MNPHUMECh CyJIbparoB, —
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«CaMeTKa» HHUeM CyIleCTBEHHO He OT/JHUYaeTCs IO CBOEMY XHMHUECKOMY
cocraBy OT ApPYyrux returoB. O6pamiaer Ha ce0s BHUMaHHE OTCYTCTBHE
maprasna.

O6pasoBaHHe «CaMeTKH» W3 INUPHUTA MOXHO OODBSICHUTb
u He mipuberasi K mepexoqHOMy aTamy Juanuta. CepHas KHUCIOTa, BO3HU-
Kalomasi Npy OKUCJAeHUH THPUTA, YAANa1ach OKPYKalolled BOLOH, comep-
J)Kaied, HapsaAy C PacTBOPEHHBIM KHCIOPOJOM, TakxkKe OuKapOOHAT KaJb-
uus. [lox geficTBHEM KHUCAOPOAA M IMOHHKEHHS KUCAOTHOCTH INPOHCXOAUT
OKkHCIeHHe cynbdara IBYXBaJeHTHOTO XeJae3a U I'MJpoJH3 00pa30BaB-
merocs cyJbdara TpeXBaJeHTHOTO KeJae3a, NpHYeM BbLAeJseTcs THAPaT
OKHCH TPEeXBaJeHTHOTO XKeje3a — BHauaje, IOBUAUMOMY, B TOHKOH KOJ-
JOUJHON (OpMe — OCTAIIMHACA 3aTeM Ha TOM XKe MecTe, KpeMHHeBas
KHCJIOTa, BCerja CojepKamascs BBOJe, NPU CONPHUKOCHOBEHUHU C GoJjee
CHJBHOU KOHUeHTpauueh anexktpoautosB (FeSO4, HoSO,) na noBepxuocTtu
nupuTa Tepexoauna u3 (GopMbl 30751 B HEPaCTBOPUMYIO (OpPMY Trens U
TakMM 00pasoM Co3Jana NpuMech B THApaTe CKUCH KeJje3a. ['Hapookucu
JPYTHX METaNJOB He BBILEIUTUCh B 3THUX MECTax W3 BOJHOTO PacTBOPa,
TaK KaK KHCIOTHOCTb BOJMH3W BBIBETPUBAIOLIErOCs NUPUTA IMPENnsTCTBO-
Baja THIPOJH3 COOTBETCTBYIOIIMX COJMEH MEeTallIOB, COAEepKAIUXCS
B IPYHTOBOH BOJE, KOTOPOH ObLIM 3aMUTHI TpPelluHBl. Hamporus, rumpo-
JU3 COoMeH TPeXBaVEeHTHOTO JKeje3a MPOHCXOIUT VKe MPU 3HAYUTEBHOH
KHCJIOTHOCTH cpejbl (Pr==2,2), naxe ecau oOpasyloUIUics TaKuM o0bOpa-
30M THJpAaT OKMCH XKeJesa H OCTaeTCsl B BUJAE KOMIOUAHOTO pacTBopa Mo
HeHUTpanbHOH peaklMH, KOTJa OH yxke Bogeasercs (3). B xoHeunoM Buge
o6pa3oBaHHe «CaMeTKH» HJIM BOOOIe IeTHTa U3 NUPUTA BBIPAKAET
ypaBHEeHue:

. 2FeS;+4Ca(HCO3), + 160 =2Fe0. OH, + 4CaS0, + 8CO, + 3H,0. '

BrernenuBinics yI‘JIeKI’IC./IbII/? ra3 paCTtBOpPAET HOBbI€ KOJHKYECTBA KaJdblUTa
WIH NOJOMHTA U ABJAAETCA TaKHUM O‘6xp330‘M ‘HpPILIPﬂHO‘ﬁ I€MTOYHOCTH BOJDI,
HJ€O6XO,7.U/I\MO‘I'7I JJs1 JanbHeHIero moJaBleHHs KHCAOTHOCTH BOJH3H BbI-
BETPDUBAIOIIETOCA MUPHTA.

Chemical Investigation of the Mineral ,,Sametka‘
(velvet ore) of Pfibram )

Next to Jachymov P 1ibram represents the richest locality of
minerals in Bohemia, as more than 80 species of minerals have been
found here. J. KRATOCHVIL gives in his comprehensive topographical work
(7) detailed references to the rich literature on the minerals of Piitbram
and on miming there. ,

The ore veins of Pribram are really the filling of fissures
in the sedimentary rocks of Algonkian and especially of Cambrian age
and 42 of them penetrate also the igneous rocks, especially the diabases
which cut through the sediments. The principal ore mineral at Pribram
is the argentiferous galena, which was specially intensively mined only
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in the 19t century to a depth of considerably more than a thousand
metres. Also sphalemte siderite and pyrite are abundant. The thickness
of the ore veins reached 12 m. ~

The symmetrical filling of the fissures in the ore veins of Pribram
was formed by the gradual deposition of the mineral matter from solu-
tions. The succession of minerals is very regular in the veins. The oldest
part of the veins is formed by sphalerite; then follow galena, quartz,
siderite, various sulphur ores, barite, calcite, pyrite, dolomite, etc. Some
minerals repeat themselves several times in younger generations, e. g.
calcite, quartz, barite, sulphur ores, etc. The galena decreases with
growing depth and the copper ores increase. At present the upper levels
have long been mined out and abandoned. Mining is now carried on only
in the lower levels in which instead of the ores proper there is only quartz
impregnated with ore material. Formerly one found especially in the
upper levels very many well crystallized minerals formed secondarily by
surface weathering and preserved in drusy cavities which of course
rapidly decreased with growing depth.

Pyrite occurs in the ore veins of Piribram in several generations
until the youngest time. Goethite represents here one of the youngest
minerals, of secondary origin. It is mostly in pieces or it forms coarse
or fine colummnar aggregates, of a black colour (7). Besides there occurred
on the ore veing of Pribram still a special independent variety of goe-
thite, called after its outer appearance “sametka” (velvet ore, German
Sammtblende), sometimes designated also less suitably as ‘“‘pribramit”,
a name which is, however, used also for other minerals, e. g. for sphale-
rite rich in an admixture of cadmium. The sametka is ia variety of
goethite mot occurring anywhere else and thus typical for Pribram. It
forms yellowish brown, rusty brown or brown, velvety covers and crusts
of radiating aggregates of grape-shape, which below pass mostly into
goethite in pieces, usually covering calcite. In other places it forms
spherical aggregates of a fibrous texture sitting on low rhombohendrons
(— 14 R) of calcite, The velvety aspect is due to the aggregates being
composed of a multitude of fine fibrous cryws‘tals of goethite so closely
connected as to form continuous cover.

Much has already been published on the sametka of Pribram, as
J. KRATOCHVIL records in his work (7). It is generally admitted that the
sametka formed secondarily by the weathering of pyrite, and is thus
one of the youngest oxyotic minerals formed as a product of the
decomposition of older minerals forming the original material of the ore
veins of Pribram. The sametka has often in and on it crystals of pyrite
secreted certainly only later. It also often carries on its surface crystals
of calcite of the youngest generation. The individual fibres or needles of
the sametka, which we can easily isolate from the aggregate by care-
fully scratching them off its surface, are formed by minute crystal
individuals of goethite elongated along the vertical axis (4). According
to A. E. v. REUSS (8) the goethite at P¥ibram, and therefore also the
sametka, was formed by alteration from pyrite, where the tramsition
stage between the two minerals is lllite, a chloritic mineral first
described from Piibram, according to its chemical composition an iron
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silicate. REUSS judged so according to samples of sametka whose spherical
and grape-shaped aggregates contained a core of pyrite partly altered
into lillite. F. BABANEK (1) found, however, sametka grown on pyrite,
and only on it lillite; For the rest he agrees with the explanation of the
-origin of goethite given by REUSS, but he remarks that pyrite, goethite
and lillite can also be found separately. - '

With the exhaustion of the upper parts of the ore veins of Pribram
the sametka has become rare, as it does not occur elsewhere. Thus it
wais desirable to subject this memorable Bohemian mineral to a detailed
chemical investigation which had not yet been carried out for it, and
by which also the constituents would be established which are present
even if only fin inconsiderable fractions of one per cent. I held this to be
all the more important because the sametka is a typically Bohemian
mineral variety, and because recently I had made very detailed analyses
of goethites from the piedmont region of the KrkonoSe (6), in which
in contradistinction to the locality of P*ibram all contact with other ore
material was completely excluded, and it would certainly be interesting
to compare their analyses with the analysis of goethite from mines rich
in ores of other heavy metals. To ascertain the accurate chemical com-
position of the sametka special measures had to be taken in view of the
rarity and scarcity of the material, in order that also components present
in traces could be ascertained accurately by working only a not too large
amount of the sample. Therefore the whole process of investigation will
be described at least in the main features. '

For the chemical investigation I used rusty brown
sametka covering on both sides a slab of granular, grayish yellow
quartz with an admixture of dolomite and siderite. The layer of sametka
was very well preserved, and had a typical velvety lustre. It was very
carefully scratched off with a sharp knife from a surface of about
120 sq. cm., and thus a sample of nearly 3 g. was obtained. Deeper the
sametka passed already into a layer of compact, brownish black goethite.
Because in one place the layer of the sametka was studded with tiny
crystals of pyrite, it was detached only in the other places where no
pyrite was visible under the magnifying glass. The sample obtained was
very finely crushed in an agate mortar into a brown powder which
was dried at 1100 C to a conmstant weight, and by this it lost in
weight only 0,28%. Only this dried sample was regarded as the
fundamental material used for the analyses and to it refer all data of
the amalysis. First preliminary orientation tests were made with part of
it, by which all the constituents present had to be ascertained qualita-
tively in order to be able to proceed to the quantitative analysis.

First I convinced myself whether the material obtained, very care-
fully selected, finely crushed and well mixed was free from admixtures
of pyrite. For this purpose I mixed a. little of the sample with water
into a thick gruel, and then added to it todazid reagent as introduced
into the amalytical practice by F. FEIGL (3). At once gas bubbles (of
nitrogen) began distinctly to develop, and thus it was proved that
notwithstanding all precautions also particles of pyrite had been dragged
into the sample.
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Another part of the sample was boiled with redistilled water, and
the filtrate was tested for the presence of anions. Only sulphates
were ascertained in it, though only in a trifling amount. From this it
follows that in contradistinction to the other goethites analyzed up till
now the sametka contains also sulphur, and even in two forms:
bound in sulphates and in sulphides. It is of course clear that the
sulphide-sulphur is primary, present in the form of pyrite by whose
alteration is given the formation of sulphates. As by the alteration of
pyrite also free sulphuric acid is formed in addition to ferrous sulphate,
~ and simultaneously with this, I tried to determine the acidity of
the extract obtained from 1 part of the sample and 2 parts of water. The
acidity of the clear centrifugate ascertained by colour indicators was
pH = 5, therefore mot great in comparison with the intensity of the
reaction for sulphates (with Ba " ). From this it follows that the acidity
was already suppressed by the presence of substances of a basic cha-
racter, by which the sulphates formed.

The finely crushed sample of the sametka was also carefully tested
with acids under heating for the presence of carbonate (siderite), but
with a negative result.

The other tests were made with material already decomposed by
acids. For this purpose the sample of sametka crushed as fine as possible
in an agate mortar was heated in a roomy quartz crucible with a mixture
of concentrated nitric and hydrochloric acid (1 :3). Both acids were
freshly distilled and kept in bottles the glass of which was covered
on the inside with a layer of paraffin. The decomposition was effected by
long heating in a water bath, first always in a crucible covered with
a quartz lid. When the brown vapours of nitrogen dioxide had ceased
to develop, the lid was removed, the content of the crucible was evapo- -
rated to a small volume, and after standing and cooling a while the yellow
solution of ferric salts was poured into a quartz dish; fresh portions
of the two acids were added to the residue in the crucible and all heated
again, as had been done already earlier (6). Finally the whole, including
the precipitated silicic-acid, was poured into a quartz dish and by evapo-
rating twice with hydrochloric acid transferred in chlorides. For the rest
I proceeded in the way mormal for an exact chemical analysis.

By the qualitative analysis of the residue obtained in
the described manner I ascertained that it contains in addition to a
large amount of iron also a little silicic acid, and also some calcium,
magnesium and a small amount of alumzmum Heavy metals (Pb, Ag,
Cu, Zn, Mn, etc.) were mot found even in small amounts. Neither were
any phosphates ascertained.

On the basis of these findings I proceeded tothe quamntitative
analysis. The content of water in the sametka was determined by
heating a special part of the sample exsiccated at 1100 C. For the
main analysis nearly’ 1 g. of the sample was used. Also the ammonium
hydroxide mecessary for precipitating the iron and aluminium was
obtained by distillation of the purest commercial product and also kept
in a bottle covered inside with a layer of paraffin. In the insoluble
residue after the decomposition.of the sametka with acids the silicon
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dioxide was at last established from the decrease in weight after
evaporating in a platinum crucible with a mixture of sulphuric and
hydrofluoric acid and after strong igmnition. The iron was determined
gravimetrically as ferric oxide. The calcium was precipitated as oxalate
and finally estimated volumetrically with a solution of 0,1 n KMnO, using
a Bang microburette. The magnesium was precipitated as magnesium-
ammonium phosphate, and finally transferred in magnesium pyrophos-
phate.

As aluminium was ascertained only in an insignificant amount I used
for its quantitative determination my own new method here described
for the first time. In principle the quite weakly acidic solution (py =4,5)
of aluminium salt separated by a strong base from the iron is precipitated
in this method by a solution of sodium arsenate (10%) of the same
acidity. After heating shortly (2 minutes) in boiling water it is left to
stand for one hour in a centrifugal cone elongated into a fine tip; then it
is centrifuged, washed with 50% ethanol, the pure precipitate of alumi-
nium arsenate is dissolved in the excess of 5n HCl, and the amount of
arsenic acid is estimated iodometrically by using a Bang microburette.
The removwval, as complete as possible, of the solutions after centrifugation
was done in the way described by me earlier (5).

The amount of sulphates was determined from the extract of the
sample with hot water after precipitation as barium sulphate. In the
residue thus extracted the amount of the admixed pyrite was determined
after fusing with a mixture of potassium chlorate and sodium carbonate,
by which the whole sulphide sulphur was transferred in the sulphate-
sulphur form, and finally also the barium sulphate was weighed.

Thus the composition of the sametka was ascertained to be as
follows:

87,21 % Fey04
10,40 % H,0

0,67 % SiO,

0,047% Al,O4

, 0,31 % CaO

0,15 % MgO
0,33 % SO,

0,80 % FeS,
99,917%.

From the chemical investigation made it follows thatthesametk a
practically does not contain any admixture of foreign heavy metals,
though it was formed in the vicinity of ores which contained these metals
in a considerable amount. When we abstract from the mechanical ad-
mixture of pyrite, which was present in the analyzed sample land which
indubitably gave rise to the visible admixture of sulphates, the sametka
does mot differ any more essentially im its chemical composition from
other goethites. The absence of manganese is remarkable.

The origin of the sametka and of goethites in general from pyrite
can be explained also without a transitional stage of lillite. The ore veins
were flooded by water which contained oxygen, carbon dioxide and salts.

12



In the first phase of the alteration the pyrite oxidized by the action of
the oxygen absorbed in the ground water and besides ferrous sulphate
also sulphuric acid was formed as 1ndlcated by the generally known
equation:

FeS, + H20 + 70=FeSO, + HySO,.

The stlicic acid always present in the ground water in a small
quantity passes in contact with the stronger concentration of electrolytes
(FeSO,, HySO4) on the surface of the altering pyrite from the form of
sol to the insoluble form of gel, and thus is precipitated from the solution
around the pyrite. _ R

The ferrous sulphate is stable only as long as'its solution is
sufficiently acidified and as long as oxygen has no access to it. By the
action of the oxygen and by the simultaneous lowering of the acidity
it comes to the ox idation of the ferrous sulphate into ferric sulphate
and immediately also toits hydrolysis tolasic iron sulphates and
finally to mere ferric hydroxide. The oxidation of the ferrous sulphate
in ferric sulphate is expressed by the equation:

2 FeSO4 + HQ(SIO4 + O — Fe2 (S‘O4)3 + H2‘O.

But the ferric sulphate is easily hydrolyzed already at a still conside-
rable acidity (py = 2,2), even though the ferric hydroxide thus formed
may remain colloidally dissolved until there is a neutral reaction, when
it is precipitated .(2) :

Fe,(S0,)s + 6 H,0 — 2Fe(0H); + 3 H,S0,.

In reality, however, first different basic iron sulphates are formed and
only then at the end the mere, pure ferric hydroxide. It forms first in a
fine colloidal form and remains at once at the place of its origin, therefore
on the surface of the pyrite.

The condition for the course of the hydrolysis is the removal of
the surplus acidity, ag the acidconditions the course of the opposite
reaction where the hydroxide is dissolved and a salt formed. The acidity
in the vicinity of the pyrite isjremoved by the alkalinity of the ground
water which surrounded the minerals in the ore veins. Water with a
certain content of carbon dioxide dissolves calcite or dolomite and the
solution of bicarbonates thus formed represents a sufficient store of
alkalinity to remove the acid: i .

Ca(HCO;3), + H,S0, = CaSO4 + 2H,0 + 2CO,.

Thus the strong sulphuric acid is removed, and the carbon dioxide
dissolves in other places more calcite, and thus forms a new store of
bicarbonates. For the rest the sulphuric acid might be taken to be fixed
directly by the calcite and the CO, set free would either escape from the
water which flooded the fissure:

H,S0, '+ CaCOz = CaS0O, + H,0 + CO,,
or dissolve the calcite as already described. But in both cases it would
then come to the formation of ferric hydroxide on the surface of the
calcite and not on the surface of the altering pyrite.
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As secondary product calcium sulphate is formed in the reactions
described earlier. It is relatively rather soluble in water, and therefore
not precipitated in solid form but constantly lost from the mine waters
in their renewal. It was only rarely that its comcentrationt rose in the
solution so much that it was precipitated from the water, and thus also
in the ore veins of Pribram gypsum is a fairly rare miineral even in the
upper oxidation zones.

If we are to explain the absence of foreign heavy metals in the
sametka or in the goethite, we have especially to emphasise that their
sulphides forming the essential material of the ore veins at P¥ibram are
insoluble in pure water, and the solutions of their salts which could have
formed by alteration succumb to hydrolysis only with a far smaller acidity
than that at which the solution of ferric sulphate is hydrolyzed. But it
is just in the vicinity of the altering pyrite that there is the smallest
opportunity for the precipitation of hydroxides or basic carbonates of
other heavy metals as the acidity of the medium is here relatively highest.
Therefore these metals could not enter even in traces ithe newly formed
sametka, which thus represents relatively very pure goethite. The forma-
tion of the sametka and of fthe goethite in general from pyrite can be
expressed by the equation:

2 FeS, + 4 Ca(HCOs), + 150 — 2 FeO . OH+CaS0, +8 CO,+3 H,0.

The pyrite disseminated in the sametka or sitting on it derives from:
a more recent time when after the period of oxidation and alteration
it came again to a period of reduction processes and of the formation
of sulphides by hydrothermal processes.

*
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EXPLANATION OF PLATE.
Tab. 1.

Fig. 1. Kus analysovaného exemplafe sametky, tvo¥ici povlak na kompaktnim goe-

) thitu, narostlédm na k¥emeni. (Foto dr. A. Pilat.)
Fig. 2. TentyZ kus se strany. Lomna plocha kfemene je svétla. (Foto dr. A. Pilat.)

Fig. 1. Yacrs HCCJAE€TOBAHHOTO o6pasua* «CaMeTKHu», TOKDBIBAIOLIEH B BHJAE IIEHKHU

KOMITAKTHBIH T€THT, KOTOPHIHA 00pa3yer HapocT Ha kBapue. (Poro a-p A. [Tuaar.)

Fig. 2. Tor ke o6pasen, By cooxky. IToBepxHocTh H3a0mMa kBapua — cBetaas. (Poro
n-p A. [lunar.) ’

Fig. 1: Fragment of the analyzed specimen of sametka forming ia cover on com--

pact goethite grown on quartz. (Phot. Dr. A. Pilat.),

Fig. 2: The same specimen seen from the side. The fractured side of the quartz is:

light. (Phot. Dr. A. Pilat.)
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