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H}'dronium Jarosite

J. KlHlISZ

A. A, Mu:.."i lElllmd It Vdfl r.lf..:...·l f13) h.w(· qU~bOO('<i t.h... ('xi."tC'OC'(,
of cnrphO!i.lt!."t!t(' (11:0) F."'l (SOl.h {(OHh· H;O} -- :Wt'f)l 450:, 9H10, and
or alli<"<i hydrnh'" t).:\.\.ll.,' f(-nh,~ :.ulpll.'\t...... Th..'ir ;ln~l~"Fot~. cnm(X! out on
typco fThlt"rlal (holotypll':"). sodiaih" Hl.at mit'lt'rnt.. n:uned C.'U"ph<~dl'f"ite.
cypru.sih'" UUlhlh' <\,h<l lX'f})ir.tnlrnih'. .'Jn~ in f(,\llity (potA.'S."ium) jarosit.es
or n.ltrojaroSitl"S. H''!\,,,,.rch wnrk of t,.>10 A. A. M.~ nnd R Van Tn.~J
Pn:'\'('{i to a :;..,hs{actory (h~}tr("(' th•• ('{'fOr of i\."'Crlbln~ to carphosidcnt(t and
<1llil"d m' ',. 1 I l.(H :l1('nlls from ttlt' typl~ k~,.....hb('S.tht.t ch("ffi)ca . lormUh'l

10lFl")(SO~):I(OHhJI:()). ltow,,'V('f. tht~ nnnlvtic nmter1al ptV\'\'<i too
SCanty to dt't('Tm1:w. wt'K~th.'f a fnlfwr.11 of this cht-rnlca1 ('t)fnpo61tioo might
not 0lX'Ur in nnturnl ('t)ndltiof'l::';,

In\'estiga~ion.<; of jan:J6lh~ hUiwrtQ und«taKl"'n by tht! author', nti well
as. som~ ()tht~ pubU."h.'(f l"\,:"ult... (Tilble) indicate." that inntlture, there
~Xl.S· mi
or i . ,ntTaL'i Qf th~ jaroollt~ gn)\Jp wht:~~ :mal:'itl("'S disclose an a~unt

f a k.n!tf'S wh1<:h, Whf;"f1 oJmn."ltt"d with the tht.~tk."l1 cont<."flt, reqmredor b' d' ,-
m mg tht' ttlt.'ll atuount of SO,. i.e; tt:lO smail.

It mtl:$t abo ~ K('pt in mind lb.1t the nmount (>f alk3Hffi dett"t1'nined
<10 b; '" .
<:OUld'l.'i15 of analy1'('S ~\~ntt'<i in the Tablt' 1.-; pn:.FUTrn}bly too hIgh nnd
nUt be p..'lrtij' lench,'(j (Jut of th\t~lrl1ptlnyingmi~ab (coost. ffl"qUt..'Otiy
aJ l'S a:nd feldspars). Tht' ddicknc:t' 01 alkaiit"S mproportloo to the
()~nt of S03 in tm! atk'lly~~ Tn.'1t.l?rml ~ u."U;}iU)' *lttributt'd to the ronten,t
a Prooohle udrnbtut't'f'r of other l'lUlpn:.td, or of frt"e f'ulphu.rlc add. A'S
~:Ul.el such ",xpl~Hot\~ lack actual~,tlmoo. The. Jarmitt' lWnple>
in. tnine-d b,Y the AUU)()f w~ sub~t'd to Q('t~uMte l~ching in \\'"Q\<;_

~~t'r . to eUminatt' \\'nt{'r~)iuble trnlpMt('$, tn e;mv('t'ting hts
of ~~1nto ~l~l.ar ~\1i\'{\lml" t~ MJth<W'. u.~ . ~~ th.. c()nt~nt
Thi$ ..·~mg an~dimbmting tOO:ltoolmf ~MproOOble1P~'
from ~"'OOf\ Wa, Pl')tTlpted by ph_~ ~~tmn~~.~~gtMf. 3~
$uJ .. i}~m. . mlfW't'ala ~ Mt ~'Im~t'd....• _. ntl(! bY.lln,

Ph4tt'a ~Ubl~ in W£lft"r, Arn\l.>~ ~ken !'fOm ti\«iI\tu~ ~bie} I'mv\!
lui
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been (.'Qn\'erted in an id('ntic~)l rn."\nm-r. Chemical formuL:lt? thus compuh.."<i
ace but t1pproxim;ll....; SllU, they illustrat.... wlth :;..,tisfactory accuracy quan­
til;1t1\'e proportions of till' calion substiHlt·nts. With thLs system of con­
version it appt'an"(l that Hi(' majority or j;ll'(.~ite$ ex.'1minc:-d by the lmthor.
as well ns $()mt' j:UOKllt-S t!t-:;.cnbed 10 1it('T"ltun~. fail 10 contr.:n ..1 sufficient
qu;mtity of alkalh"S. r;('t'(~,..n-,y for cO\,('Ting ,lU O'l1ioo position.'i of the

!ltruC'tun..•. The t·tmditit'rl.'i of t:TystaUiz.ation of jarositcs - :o.trongly &ldd

em'imnment (pH 1-2) - :.;ut:~t"Stt'(i to th<.." authoc ti..,l p.'U·t of the cation
p()$ltior'~" mit:ht lx· ('Ccup;t"l by hydronium ion." IH,Oj' . not by HlO mol(>­
cules ilS in ("lrphfl",id.'C-itt· .). Thl.'1 supptllSition is nL<;(} corroborn't"<i by
X-ray data on the dt':'~Tlb<"(i mi:wrals. Tht~ hydronium ions, prt'$(;'nt in
1.1rgt· amount... in tht~ I.~'id ('nvirnnmt'nt nn~ in many tx'6pl"'Cts onnlogous
\\'ilh ion:'\ of alkali.'S and with the ammonium ion [NH,]' (Grimm's
h)'bridt~ 1uw).

JurnsHt'S c:.'untninin.: n hydl't:mium ion :-hould btl lookl:'d upon liS mem­
bers of th(· I.",()mnl·phk f;{'t"lt'S: K:Ft~«SO"MOHh;} - H.\OFt~[(SO,h(OHh\J.
Jar<~itt· from th(~ "SI.n..'\%ic"miO\~ (annly:;.i." 21, Tublc), .nnd p.r()oably likt'­
wist..· tht, clIldum jlU"l:'\ltt' of s.·n:HU.\ZffiKO (9] ••) (:m.nlys.L<; 20. Tnblt') occupy
an t~nd ptlSltioo in this :'i(~ri("S. whitt, t h<~ plumbojnrositcs frtnn th~ "Orzel
Bialy" mint' (:maly~'S IS.H). Tablt·) Md th(' j/lrt)&ites from mcnilite shales
(analYSt'S 16, 17, Tnblt') occupy anintt"rffit..'tik•.te position.. It $(,"ms probable
that in n.'1ture the hydnmium (~nd ffi(.mbt·r of this serit."S occurs. However.
in natural comiitlor-,,"i its cn'St.'lUiZlItion dep...mds up...m 6pl'Cinl conditions
b<"'Cnu$e. as a nIle, the Wllt~ occurring in oxidized :roOt'S contain large
qu;mtitit.'S or potn..·i.sium ioO$. or of (,}ther cations forming the jarosite
1.1ttice.

The hydronium chnract6' of the hydrated b,'J.Sic ferric sulpMte
3~(':Pl'-ISO;). 911:0 _ IJ!:lO]Ft'Jl<SO,h(OH)li] hn.... bct'O proved by Szysz­
~10 [111, Ht~ nl.<;,(} ("xper!mt.·ntllUy demoostrat("Ci the existence of a <''Onnec­
tlon !x-hv('('n thL.. sulphaw, potlls-sium jaralite [12] and ammonium jarosite
Ill] ...) on s)'nHl(~tic m.'lt~'f'inL Cn'staUil,.'ltion t.emperature of hydronium
~;lrosite5 i.. h)\\~('r tl"'ln th.'lt of p.::;ta.ssium jllX'()Site. Fail":hild 12} obtained
JamsitC$ onl)' alxwe 110"C; at lower t('m~ratures (90"C), he obt..'lincd

.) It mo.,t \}(' :ldmlttni thl'lt HendrickJll \41 find., In his tmcks, scvl?mlfurlhcr
authors {91. II"} "",,slime tt,r c<lrpho!l:ldl"rll~ til", f<:n-mul.a Fc~(SO.lt{()m~H20 and imagine
thatthl' cation p<:J14lioos of tlJli slnlcttJte fU"(' nnt ()«'uplC'd: DMn Ill. how("\;'cr, Jug­
l!l?l!ts th<, much tfK'n <'UlwintJflg f<)frnu!a fH10}F,,~(SO.h{ {Oin$ •H;P},

..) ~.1iuce~kQ's cllltlum jartlltlte l~ llk'>ilt pn)\)abty, h,.tdn:)I1lum jat'O$lte with
.In admiX!"",, of grf~\II1'h Ill! anab'lI,t!l h~ l~n $4lv~ in the TAble twl.«\ ~- ont:(! In
tnt' orlglfl<11 Hln and. After ellml.ntltloo ot its prob'ibie ~unl «:;nlcI11

".J 8() fltt', ~rdl \\'()t1t h4~ M «htl ltIDOO't; ftUltlllM
nl!('tttlltalll'tnlijl;tlUttli jtl~~ (31, titl. (Un '",«k~ ltflo\\'ft~f~ to
the authm 01 tttbpo~,
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compounds with an a\'t'rag(' OXltt"Ot of 501 335"/", KzO ",,:::: 7.24':., a...c
molecular equivalt'nts SOl : KzO :::-:;: ·UlO : 0,73, L ('. compounds of a ~:nic:U

composition re::.embling that or n\""fa~(~ jal"()('li\l'!'i from the Ca:j:ot.'ri.a:
menUite tx-ds (analyst'S 11, 12. 14. 16. T'lbl,'). On b:l."ii... of SZ)1akin's e:tll"

minations, and n<X'Ot'dinR to l'l':',ult.. of the author'$ m...<'5tigatia'lS c!
natural jlllr'OO:ites, c.'lrri,~ out indepl."nflt,ntly. Jaroot(~ m.1Y tx- C'OI',siden'd

derivatives of a ba.."ic fe1"ri-hydrol'Uum liulph.lh' in which tht' hydroc..~.;;:\
ion is isomorphically feplacro by K, Na, "/.t' Nil" Itb or by the bh"3kor.t
Pb, Ca ion..c;.

The name c.arp~idl-.ltt~, app1it-d tu the prt"llumabh' (H20)ff':\(SOir:
{(OH):-,· H20). or rather H)Ol'~f~l{(50\):(011),.). h.1l'I on old trnditiro 3.':11

its place in handbook.".

This tt'nll. dL'K:n~itf~ b..• n~ult.. of f.xnmtn.atlof)". m;ld.-:,> b... A. '" Mi)SS
and R. Van Tas..~l. L... no ~r(~ ju."tW(~f tb....n th•• nnmt":i of rd.~t(~ mir.erals
such as bergstr6mite. utnhltt\ cyprmih~. ap..ltditc~ -), ploo<)ferrite anJ
raimondite-. OwinPt aL'iO to it." t-fTOnf"OU.'1 impHcJ\tion, 't non-eXtstl:'1'\t coo~

nection \\;th siderite. this t<"ml should tx'Ut"f" he n"pl')(:f'(! hy nnotht'r o.'lt

connected \\ith thE.> jarositt· RTOUp.



The author r;u~~.':',;t.'\ th;ll mim"n\h 10 which tht" molecule pc%"C('ntage
of the (U)O) ion e);('(xxi.. th•.- moh't.~d(' pt>n.~l..a+t(" of oth(~ catior.s (K, 1'a,
Ag, NH4, Rb, Pb, C,t), 1\hould l)(~ C.llll"Ci hydronium j,uusites (Fig. 1).
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UE'TA.U.UORT. CRACOW

IItATWltA WINl1tAl..(JOll ! rrr'lOORAYR AKAllkWlA (k)R~lc:o·nt:rs!cz".KRAKOW)
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II) J. [) [) ana. 1: S D.1 n a. Th~ StillO'n of .\fi 'u·,,,1,'I1V. i'\("\A' l(l('k., 1951­
121 J. G r .. t l" chi I d. ",1111('1.'11 j\th..,.lI .. t. Am('r ;\ttn,,,,., II 09331. 5U-Sn.
Il) M. P C;.l h I fll' t S..(,H't.l.:ro.... t'!'Ii'lu"lt 11'1 '11.. t'!'Il"l'llllll" b.-d. of Ihl" 1:.ultrn

Carpclhl4IU, Min", Sh"r 1."'''''\\ (;,.. ,1 (H>'V:ct. U 1I115':t 1::5-151 hn Rtl,,"l:ml.
141 S. It II '" n d r II:' k!tO. T~l" (""V. I.:1 "'Ii("hHf' 01 Gllll'lll, end Ih, ja"MHf",

Amer. Mihff. n (I~l':' ..... , ..,IH
151 J. K ubI.:. (k'"II",I'I"''' t1' ",1'1..,411 llf flit' J4rottfl" ramUli in ,,,14 lid. null

Acnd. J\:>lon &1. &r l<<:'l .!'Illn t~\l .. I ""·'!Oi:r •• 09:,1'11. 715
Ill) J, K Ubi,:.. W Z ~ hi r'l I II. l. Til.. ,""pm..... fn'''l Ii'll' SltnI4·CNl('i)l'~ :tnc

and ticd ortf d..pom •• nllll A (":It! I\>loo S<i. SM". 10 d\lnl, '(...~ C't '<"<'>Itl'. 6 H\)$ll),
j~3.

171 J. K u b Il "I. Z ~11 C' h" It'll.. .\fil1tfNlh (I' Iht' (\.,rldl:i"d :nlll" of Iht

flttnlltlt lu-d. ", til .. CIUpat1H<:'U, Hul! Af"ild I\,t"o $('\. 5/''1" $C\. <:n:m ...,,,,t t\ '''''It%'.
1 (19$9), iea

181 k A. M (II.. Till' flaltl'tf of m"p'~')Jid.. rHl" G~ cW..d fwuk $1l1ph4I€S of
troll., l\!lflff, !\I'll:. :u 11!)~7)..U)";_..U.l

191 D. p S (' r diu (" H' n k t:\. CcktII"' }C1"Mlh', (>0>#1;1. A";ul. i'\:auk S-"'SR, 11
(l9Sn. 3n-3SO In nU'-.q.Ul.

T \101 n. l. Srtbr(idohky. JCP'tnlft t,,,m Int' ..n,"!rollS of SlnVdk in th ..
rll~C'CrPClh14'u, Mlnrr. Soor. 14'.\'(1"" G~ Ot),,:.:.. IS n9~19). .ftlS-400 hn n1.l~al':).
[1) N. W. S:l:1 JI. r.k I n, (},r()~jl'll'l 10,. hi In.. (""V.:,,: laUiO's of II'lQ~I'lIC (Om­

pOU~~'. l~'lpWI Min. Ob\\J'rr.. n Hl)~H. iH-IOZ'(ln RU$I~3,nl
tin~ I N. W. Stluklfl. E. A Krt',nu,- P. A Lwowlc::. On tn.. ~Mtl<'

bt-llt'....n t>l»l{' j).1)lIdrn r... and "'.,ulphlllltf$ emd "lllb"l"l1It of CISll'lHt·j<1l'o.i'..

~~ QP., Wi Mln...r. ()1~"'(,.1••1 O\'l<~~l. t'a'l--~ (In Ru~si3nl
rl4~ n, Va n T,;u~ I, 01$ <urph'nldt'I'lfl".Mln M.a;¢. :It W~~1l).SUI-$19
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