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The crystal structure of hohmannite, 
Fez(H20)4[(SO4)zO].4H20 and its relationship to 

amarantite, F e z ( H 2 0 ) 4 [ ( S O 4 ) 2 0  ] . 3 H 2 0  

F. SCORDARI 

Istituto di Mineralogia e Petrografia dell'Universit~ di Bari, Italy 

HOHMANNITE is a hydrated sulphate of ferric 
iron with the formula Fe2(SO4)2(OH)2.7H20 
(Palache, Berman, and Frondel, 1951 ). 

Figs. 1 and 2 illustrate the structure of hohman- 
nite. The first shows a complex chain of Fe(O, 
H20)6 octahedra and SO4 tetrahedra, which runs 
along the c axis; the second visualizes the water 
molecules and an hypothetical hydrogen-bonds 
system obtained on the basis of electrostatic and 
geometrical considerations. 

Except for the hydroxyl groups, the structure 
results agree with the composition mentioned 
above. In fact, according to the hydrogen bonds 
system shown in fig. 2, no hydroxyl group exists, 
consequently the chemical formula FeE(H20)4 
1-(SO4)20].4H20 seems more reliable. 

In hohmannite there are two Fe(O, H20)6 
octahedra, two SO4 tetrahedra, four coordinating 
and four structural waters crystallographically 
independent. Both Fe(i) and Fe(2) exibite a distor- 
ted octahedral coordination with cation-anion 
distances ranging from r93 to 2.o6 A and 1"87 to 
2.I0 /~ respectively. Fe(I) is surrounded by five 
oxygens and one water molecule, Fe(2) by three 
oxygens and three waters. The two SO4 groups 
have both three longer and one shorter distances. 
Two centrosymmetrical pairs of Fe(O, H20)6 
octahedra and SOa tetrahedra are linked together 
to form a group of composition [-Fe4(H20)408 
(SO4)4] ~2-. These groups polymerize via 0(8) to 
form chains of Fe -O-S  linkages along c. Co- 
ordinating and structural water molecules pro- 
vide the hydrogen bond system to connect 
these chains. 

Taking into account the linkages between 
Fe 3 +(O, OH, H20)6 octahedra and SO4 tetrahedra 
Sfisse (197r) gives a crystal-chemical classification 
of some natural ferrisulphates. According to this 
classification hohmannite, like amarantite, belongs 

to the second type of the three quoted, i.e. infinite 
chains of F e - O - S  linkages. 

Hohmannite, Fez(H20)4[(SO4)20].4H20, is in 
effect a higher hydrate of amarantite, Fe2(H20)4 
[(SO4)20].3HZO, and has been obtained from 
amarantite by a partial dehydration followed by a 
successive rehydration (C6sbron, I964). The solu- 
tion of the structure of hohmannite permits a use- 
ful comparison with the structure of amarantite 
(Siisse, 1968; Giacovazzo and Menchetti, I969). 
Both these minerals have the same PI  space group, 
comparable reticular parameters, and differ 
chemically only by the water content. This last dif- 
ference affects the orientation of the chains' repeat 
unit [Fe4(HzO).,08(SO4)4] 12- and the hydrogen 
bond system. In fact owing to the greater number 
of water molecules in hohmannite, these units 
under-go some modification, of which the more 
important is a rotation of about 5 o~ The conse- 
quence of this is the breakage of the hydrogen 
bond system of amarantite and the building of 
a new one in hohmannite. 

Scharizer (i927) and C6sbron (1964) give for 
hohmannite and amarantite comparable TGA 
curves, in agreement with the structural results. 
The only difference in these curves is that hohman- 
nite starts dehydration at normal temperature, 
amarantite from 6o ~ onwards. The structural 
explanation is that O(17)w forms the weaker 
hydrogen bonds and, of course, has the higher 
temperature factor. So this water seems to be the 
first to be lost by hohmannite in the reaction 
amarantite + I H 20 ~- hohmannite. 

The structure of hohmannite accounts for some 
physical properties, as a higher refractive index 
compared with amarantite, the elongation on the 
[ooI] direction and cleavage on {olo}, {1io}, and 
{ 1 Io} quoted in Dana's System of Mineralogy and 
on {lOO} (not quoted). 
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FIG. I. Chain of F e - O - S  linkages running along the c-axis. Next to each atom is given its x coordinate. 
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FIG. 2. The crystal structure of  hohmannite  showing the water molecules and the probable hydrogen-bond system. Next  
to each atom is given its z coordinate. 
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F. Scordari: The structure 
�9 ;;~ CaZSTAL S3',(UCTIIiU30~ }[O~{,~/~KII'E, Fe24}I20)4[SO4)20J-r A~D ITS 
RELATIONSHI~ TO AN~{A~TIZ~, Zeq(P20)4[(S06)20J.D}(20. 

U . S c o r d a r i  

Istituto d i  l:ineralogia e Pe~ro~rafla dell'~iversit~ dl Barl, Italy. 

Hohmannite is a hydrated sulphate of ferric iron wlth the formula 

Fe2(SO4)~(CH)2.71{20 according to Palaehe, i~e~l,an, and F~ndel (1951) 
and to $trunz (1970). The conlposition of the minerai has been verified 
hy sever~ authors, who give eem~rable analyses~ It has been is.rid 
associated with other secondary sulphates i~ desert a~eas~ 

Hshmannlte was mistsken for maarantite by Frenzel, who first 
described it in 188~, 8eeo~di.K to Oesbro. (~964), Daraps~y (1890) and 
Ro~er$ (19~I) studied as easta~ite m ~ineral that Un~e~acl~ (1955) 
showed to he hohmannite. Tile 'r of Banty 419~2) has indices 
of refraction very near to these given ]ater by the s~e author fo~ 
ho)mannJte (Bandy, 19~8). 0esbron (1964) found hohmannite to he 
t ~ l e l i n i e ,  wlth ~ 9.O942), _b 10.88(2), S 7"17(2) ~' e 90~ ~ 90059'' 

1060581 , and Z=2, The determ~inatlon of the crystal structure of 

hoKmanni%e allows a useful eomparlson to be alade with the structure s f  

amaranti%e, already determined by Sflsse (196~) and by Giaeovazzo and 
Mtnchettl (1969). The small difference between the st~otures accounts 
f o r  some physical analeg~es t h a t  e h a r ~ t e r i ~  these  two ~ l ~ e r a l s .  

Esperlmeutal. The crystal employed in this study i8 f~m a s~le 
-s S i e r ~  Corda ,  Chile, Mlndly s u p p l i e d  by Dr Oesbron .  Befo~ a t ~ t i n g  

to measure the intensities it was lacquered go ~revent dehydration as 
much as  possible. A small prle~atio crystal was investigated by 
Welsse.berg photography to verify the symme• AceordAe6 %o Oesb~e 
49964) it is trlclinic, and both _~I and ~ were possible: however, & 
p&e,oeleo%~ic test .ho~d ~I to be sore relis 

The lattime par&meters of hohmanni~e were refined by the least- 
ss~ares method applied to 22 accurately indexed refleetlons ~m an 
X-ray ~owder patte~. Orystal d~ta are: a 9.148(1), ~ 1Oo92241), 
7,183(3)'~, ~ 90.29(6)0,8 90.79(4) ~ u ~07.56(~) ~ #~. v* 25.1 em "I 

~ . ~  o.6, X 684.9 ~, z 2 , / . ~  2 . ~  ~ .o~-9 ,#o~~ .~.c~ "~ 
Intensities were collected ~y ~eans of ~ Phillip~ PW 1100 

four-circle automatic diffractometer (Centre di CristalloKrafla 

St~ettarale d e l  O.N.R., Pavs  I i a l y )  with Me radiatlo. ~ployf.g 
e-2@ scan technique. ~he s~an rate was O.04~ and t he  scan range 2 ~ 
Withl= a 2~range of 900 a total of 2411 reflections were collected, 
of wh oh 1807 wlth I > ~(I) ~re used i~ the refinement. The intensities 
were corrected for Lorents effect ~d polarlza~ion but not for the 
ab~rption effeer 

of  hohmannite 

Fig. ~. Chela of F~O-S l i n k e ~ e 8  ~ l a g  along the c ~x~s .  Next to 
each atom is given it~ x coordinate. 

TABIZ8 I. Fractional atomic r anisotroRie temperature factors (x103), ~ d  e~ulvalen~ temperature factors aocotding to H~milt~ (1959). 
Standard devi&tion~ are im p~re~theses. 

M9 

Fs(1) 0.4022(1) 0.4571!1) 0.3364(1) 4.8(1) 2.2(1) 2.8(1) 0.3(1) 0.5(1) -0.7( t )  0.9 
Fed 2 ) O.6693(I) 0,7607(1) 0.3044(I) 5.6(I) 2.3{I) 2.9(2) 0.0(I) 0,9(I) -0.4(I) 1.0 

8(1) 0.1399(2) 0.1742(1) 0.~089(2) 9,6(2) 2.7(1) 4.0(3) 0.1(1) 0.4(2) -0.9(1) 1.0 
342) O.5915(2) 0.3543(1) 0,0194(2) 5.2(2) 2.5(1) 3,0(3) 0.9(1) 0.9(2) -0.5(1) 0,9 

0(1) 0,1645(5) 0.1685(4) 0.5126(6) 7.3(7) 5.5(4) 3.7(9) -0.9(4) -0.1(6) 0.0(5) 1.8 

O(2) -O.O193(5) O.1594(4) 0*2700(6) 6.3(7) 5.2(5) I0,9(I0) 0.4(4) -0, I(6) -1.4(5) 1,9 

0(]) 0,2334(5) 0.3017(4) 0.2431(6) 8.0(6) 3.6(4) 4.2(9) -0.1(4) 1.1(6) -0.2(5) 1.5 

0(4) 0,~929(9) 0.0750(4) 0,2173(6) 13.0(7) 3.3(5) 8.4(10) 2.4(5) 2.9(6) -1.7(9) 1.6 

045) 0.~5~14~] 0.92~9(4) 0.0900(6) 7.9(6) 4.2(4) 5,5(9) -0.8(4} -0.8(6) 0.9(5) ~.6 

0(6) 0.~523(5) 0.7270(4) 0.0634(6) 8.5(6) 3.7(4) 4.4(9) -0,8(4) 0.0(6) -0.2(5) 1.6 

0(7) 0,7045(9) 0.~876(4) O, O300(6) 11.6(7) 6.7(5) 6.5(IO) 9.6(4) 1.1(6,) -0.7(9) 1.9 

0(8) 0,5600(~) 0.~901(4) 0,2093(6) 7.7(6) 9.5(4) 2,6(9) ~.7(4) 1.1(6) -1.6(5) 1.5 

0(9) 0,5568(4) 0.61~3(4) O.4~9(9) 5+2(5) 2.344) 2.8(8) 0.044) 0,445) -0.6(4) 0.9 

O(10)w 0.7442(7) 0.2426(6) 0.4473(8) 13.8(9) 7.4(6) 23.0(13) 3.2(6) 6,4(9) -0.8(7) 2,5 

O(l l)w 0.7797(9) O.9~0344) O.~632(G) 11.6(6) 4.2(4) 5.3(9) -1.1(4) 1.3(6) 0.1(5) 2.0 

0(12)w 0.5379(9) 0,8648(4) 0,4061(6) 10.4(7) 4.2(5) 10.1(10) ~.2(5) 3.5(6) 0.1(5) 1.6 

O(l~)w 0,4877(6) 0.0406(5) O.1892(6) 19.3(9) 6.0(6) 14.4(12) 6.1(6) 3.4(8) 2.5(7) 2.5 

0(14)w 0.2254(9) 0.51~6(4) 0,4426(6) 5.7(7) 6.8(5) 12.1(9) 2.4(4) 1.4(6) -2.4(9) 1.4 

O(l~)w 0,1128(6) 0.80~I(~) 0.2167(7) 9.7(8) 6.4(6) 19.3( 12 ) 2.6(5) 3'6( 8 ) &2"t~6) I"9 

0(16)w 0.8182(9) 0.6790(4) O.~751(6) 8.6(7) 5.9(5) 9,9(10) 2.3(5) 1.6(6) ~2.8(5) 1o7 

0(17)w 0,9839(~) 0.47~2(7) 0,2052(I0) 12,3(12) 15.~(9) ~2.1(I~) ~.0(8) -4.4(12) -I.0(I0) ~.3 

Solution of the stz~eSure~reflneme~. The s~aoe group ~I was 
initially chosen and later ocnfi~ed by the cr~stal structure success. 
Some p~elimln~y considerations were useful: Hoh~annite an~ ~arantite 
are two very closely related minerals, and ~imilarii~ies such as Hoh~annite imara.tite 
chemical formulae, lattice constants, spacr ~roups, amd the~al data Fe(1)-O(5) 2,052(4)~ 2.042(6)~ 
seemed to indicate that the structural uDit~ of tetrahedra and octahedra -0(5) 2.045(4) 2,065(6) 
present in  ~&rants were probably also p~sent ~ hohma.nite, The "O(8) 2.03444) 2.049(6) 

-0(9) 1,9~9(4) 1.923(6) ~osltions of two erystallo~raphlcally independent iro~ and two sulphur 
atoms were deCermined with the a~d Of three-dimensional Patterson -0(~) 1,955(4) %969(6) 

-O(Ir ~*O56(5) 2.091(6) syntheseso ~/hsequent structure-factor oale~latlons and Fourier 
synth~s,s led %o the dete~Inatio~ of the positions of all 21 independent F8(2)-0(1) 1.967(4) 1.966(6) 
nen-hy~e~ ato.s. -046) ~.99644) 2.O28(6) 

The refinement of the patterers was ear~led out by a full-matrix -c(g) 1,970(4) 1.892(6) 
least-squares method usin~ the proKr~ 0XFLS (Busing, Kavtin, and Levy, -O(#1)w ~.100(5) 2.074(&) 
41962). The ztomie-~catteri~ g cu~es were prorated fro~ the values -O(~2)w ~*O2~(6) 2.092(6) 

given i~ the Intonational Tables (196~), All refleotlens were given 
u . i t  weights At the end of the refinement, Jnr scale f~to~, Atomic Coordinates and tempe~'ature factors are listed in Table I. A 
positional par~uete~s, and the~al factors, the R v~lue was 0.075 J~ tatle eontalning obse~ed and calculated Structure factors is deposited 

the isctropic temperature-factor mode, and 0.0~9 i~ the anlsotro~le e~e in the library of the Dept.of Kine~alo~y, ~rltish Euse~m (N~%ural 
History), f~= Which CopIPs rt%y be ~r 

Table If. Bond?dlstanees involving ~e-O a~d S-O ~toms in hohmannite 
and ~ m a r a ~ t l t e  (S~s s s ,  1968),  w i t h  t h e i r  ~ t a n d a r d d e v i a ~ i o . s  

Hoh~an~ite  Amaran t l t e  

Fe(2)-O(IG)w 2,06G(5)~ 2.O6946)~ 

S(I)-O(I) 1,481(5) 1.~96(6) 
-0(2) 1,436(5) 1.454(6) 
-0(5) 1.4~3(4) 1.495(6) 
-0(4) 1.,6945 ) 1,45d46) 

S(2)-0(5) 1.470(5) 1,489(6) 
-0(6) 1.46644) 1.~964&) 
-0(7) 1.455(5) 1.439(6) 
-0(8) 1.475(4) 1.489(6) 

w: Oxy~. of water molecules 



MIO 
S e r u c t u ~ e ~ .  Schematic and par t ia l  views of the 9tr~cture of 

hoh~an~ite are sho~n in figs. ~ and 2. The first re;re~mto ', ~t~ctural 

the water ~oleeul~s and their functlon in eo,neetlnY simila~ Dolts 

llke that illust~a~ed in f1~oI. For ease of comparison, t~e ~k~tehes 

~nG aesigDa%ions accepted fO~ bol=annite eonfo~wi%h those u~ed u~ 

S~sse (19bG) for ~antite. 
The two cryst~logrsp}lic~llyindependent Fe atoms are sur~unded 

octahedrally by oxygen atoms. Some o8 these are water ~o]ecul~s, which 

in the Tables are indicated by Wo The ~d~vi~t1~l range~ o ~ ?e(1)-O and 

Fe(2)-O distances lie between 1.92 a~d 2.06 ~ and betweem 1.87 and 

2.~0 ~ ~spsctivel y. Both ~ange8 a~ree with those fos~d i~ ~a~antlZe. 

which are 1.92 to 2.09 ~ for Fe(1)-o and 1.89 to 2.07 ~ for ~e(2)-O. 

For fuller details see Tables II An~ Ill, in which there is 

systematic cozp~ison of the distances and angles of e~ulvalent 

polyhed~a i~ the two minerals. 

In hohma~nlte there ~e two 804 groups s~metrioally unrelated. 

However~ both have three longer and o~e shorter distance, whereas in 

amarantite the S(I ) tetrahedron has two longer and two shorter distances 

(~able ~I). These d~ffere~ces can be partly explained on ~he basis of 

the proposed hydrogen-bon~ system for hohmannlte (flg~ In fact. 

0(4) ~ppe~s %o be linked hy hydrogen bonds to three water molecules 

in ho}~nnite, in ~a~anbite only to two (fig.6). Another 2~ffere~ce 

between the structu=e~ nf the t~o minerals concerns the aw~les and the 

e.tlon-mnion dlstan=es as a whole; %he modifications involving angles 

and elsie.cos a~e directly connected with the two addltlonalwa~e= 

molenule~ in $he u~it cell of ho~an~ite. AS regards the ankles we may 

note that those ~elgted to Fe atoms a~e n~ore affected than those #elated 

to S atoms (~able [II). 9he weighted ,nOah values of the caZio~-snion 

distances, Fe(1)-O 2.007(4), Fe72)-O 1.997(5), ~ 1.468(5). sod 

8(Z)-O 1.462(5) in hohn~aunlte, a r e  all shor%e~ than the corresponding 

distances in ~aran$ite. ~ 2.O26(6), ~e(2)-0 2.O1~(6), ~(1)-0 

and S(2)-0 I*478(6) ~. This small but significant difference (with the 

exception of 8(I)-O owing to th~ $(I)-O(4) distance) can be ascribed 

to the highe~ density of hohma~nite (8.25"g.cm -~) COmpared with that of 

~arantite (2.14 g.cm-~). Also an analysis of the atomic ~enslty carried 

out around Fe and S poly~edra s~ows ~ greater crowding of first 

nelghbour oxygen atoms in hobs, mite. 

A~ in ~anti~e two  ~entrcs~etrIeal pales of octahedra and 

%etrahedra are connected to fo~ a group of composition 

~e4(H2O)408(S04)4 ~ sho~ in fig.~. Smch g~oups sharing 0(8) pelymerlze 
to fo~ chains of Fe-O-S linkages along ~. The connections between these 

chains forms complex system of hydrogen bonds. Thla system could not De 
~solved dire-r by a d~ffer-nce Fourlee svnthesls out only by the 

~reeme,t of the elecr v.l*ney oalanee and geom,Zric Criteria 

(Tables %F, Y, and Vl); moreover, ~he scheme illustratea in fig.4 

/* ".. 

f~, A 4p, B 

Fig.4. S~etehes of two possible types of 

water moleculee (double circles) linked ~o 

a trivalen~ eatlon (modified from ~vans. 

1964). In the structure of hohmanni~e only 

the A-type is present, as in the structure 

of ~ar~ntlte. The unbroken arrows indicate 

the Fe-O bonds, the broken ones the H-O bonds. 

agrees w~th the behaviors of the hydrogen-bond system in  ~arantite 
(fla.5) - i.e. the watee molecules linked to Fe 3. are only of Evans's 

A-~y;e (Svu-s, 19~*). ~om flg.4 o n e  can s e ~  t h a t  O417)-0(17) and 
0(18)-0(~) at, two pairs Of wate~ molecules linked to each other by a 
double hydrogen bond. This is because from the analys18 of 0-0 distances 

less hahn 3.20 ~ (Table IV). c~upled %o the electrostatic requlrements 

(Table Vl), snly two of the four posslbile pairs seem available for 

v/C-: 

/ 
# 

2, 

/ 

col :'/ i ~  

Fig*2. The crystal 8t~ueZnre of hohmannite showing the w~ter molecules 

~nd the probable hydrogen-bond system. Next to each atom is given its 

coordinate. 

Fl.~.~.3. ~he group of eomposltion Fe4(K20)408(S04) 4 found in hohmannite. 

Table I l l .  O-S-0 and O-Pe.O bond ankles wi th standard deviat ions in parentheses. The ~alues of hohmannite ( th i s  stu~ty) 
are compared wltb those ~,~f ~arantite (Sffs~e. 19~8). 

Atoms involved &ndles Angles Atoms Angles Angles 
�9 (this study) (Sfisse) involved (this s~udy) (S~sse) 

0(3)-Fe(1)-o(5) 80.6(2)v 84.9(2)~ O(9)-Fe(2)-0(16)w 96.1(2)o 86.3(2)o 

O(3)-Fe(1)-O(8) 88.7(2) 89,8(2) 0(9)-Fe(2)-0(1) 100.8(2) 9~.812 ) 

0(3)-Fe(1)-0(9) 176,7(2) 169.8(2} O(11)~Fe(2)-O(?2)w 84.0(2) 92.442 ) 

O(3)-Fe(1)-O( 14)w 83.9(2) 80.5(2) 0(ll)w-Fe(2)-O(16)w 87,1(2) 88.5(2 ) 

0(3)-Fe(11-0(9) 98"2(2) 95"2(2) 0(l l)w-~e{2)-O(1) 82-3(2) 85.9(2) 

O(5)-e~(~)-O(8) 89.542) 82.8(2) 0(12)~Fe(2)~O(16)w ~71.1(2) 175.3(2) 

0(5)-Fe(I)-0(9) 97.~(2) 97.5(2) O(12)w-Ze(2)-O(~) 93.3(2) 85.2(2) 

O(5)-Fe(1)-0(14)w 86.0(2) 89.8(2) O(16)w-Fe(2)_O(?) 86.4(Z) 93.3(2 ) 

0(5)-Fe(I)-0(9) 178.5(2) 172.1(2) 

0(8)-Fe(I)-O(9) 92.7(8 ) I00,3(2) 0~I)-S(I)-0(2) 108.9(3) 110.743) 

0(8)-Fe(1)-O(14)w 172.6(2) 168,3(2) 0(I)-S(I)-0(3) 108.343) 107.5(3) 

O(8)-Fe(1)-O(~) 91.4(2 ) 89.3(2) 0(I)-S(I)-0(4) 108.9(5) IO9.213) 

O(9)-Fe(1)~O(14)w 93.6(2) 89.6(2) 042)-841)-0(3) I09,8(3) 109.2(3 ) 

0(9)-Fe(I),O(s 84.0(2) 83.7(2) 0(2)-8(I)-0(4) I~1.7(51 112.7(3) 

0(14)~Fe(I)-O(9) 93.0(2) 98.0(2) O(l).S(1)_O(4) I08"6(3) )07.3(3) 

0(6)-Fe(2).O(9) 97.2(2) 94.4(2) O(7)-S(2)-0(8) 108.7(3) 111.0[3) 

O(6)-Fe(2)-oI11)w 80.1(2) 82.6(2) 0(7)-S(2)-0(5) 111.0(3) 118.8(3) 

0(6)-Fe(2)-O(~2)w 92.5(2 ) 84.3(2) 0(7)-S(2)-0(6) 111.3(3) 110.1(3) 

0(6)-Fe(2)-0(16)w 85.1(2) 96.5(2 ) 0(8)-S(2)-0(5) 108.4(3) 109.1(3 ) 

0(6)-Fe(2)-0(1) 160.8(2) 164.0(2) 0(8)-5(2)-0(6) 108.1(2) 107.1(3) 

O(9)-~e(2)-O(11)w 175.6(2) 169.4(2) 0(5)-8(2)-046) I09.3(2) 108.7(3) 

O(9)-Fe(2)-O(12)w 92.7(2) 91.8(2) 



TAB~ Iv. Ow-0 d i s t ~ e e s  less th~ 3.20~. related to o~Ygen atoms 

not belonging to the s~e polyhedron. The asterisk 

indiemtee atoms in a differemt unit cell. 

0(I01w-0(2 ) 2.909(89 ~ 0(13)w-0(6) 2.841(79 

-0(7)  3.07~(8) -0(7)  3.069(7) 

-0(8) 3,149(7) -0(~)w 2,887(11 ) 

-O(1~)w 2.725(71 o(Ig)w-O*(17)w 2.687(9) 

-O(~4)w 2.711(7) 0(189~0~(4) 2.817(7) 

-O(~5)w 2,853(8) -0.(169w 2,647(7) 

0(11)w-0.(29 2.710(79 -0(7) 2,g34(7) 

-0(6) 2.637(6) 0(16)w-0(JT)w 3.070(9) 

-0(~) 2.677(7) -0(I) 2.762(7) 

-0(~) 2.750(6) -0(~) 3.052(6) 

0(12)w -0(6) 2.904(6) -o(~) 2,991(7) 

-Oe(13)w 2.619{79 0(179~0(79 3.003(9) 

-O( ~99~ 3.116(79 -0(17) w 3,010(14) 

-0(~) 2.904(6) 

a hydrogen bond: 0(17)-0(171 a~d 0(17-0(7). If we suppose that there is 

also cast.symmetry fo~ the hydrogen hones, a do~ble hydrogen bond 

between 0(179 and 0(179 is the result* From this we derive • 0(159 

is ~iso stabilized by a double hydrogen bond. The electroeta$1c valency 

h~lance ~as computed t~klng i n t o  ~count the individual bond-strengt~ 

bond-length p~eters given by Bro~* and Shannon (1979). The 

bond-strengths of 0-~..,0 bonds ~ s  derived f~m the curve of bond 

vgi~css proposed by Bro~  and Shannon and further discussed by Donnay 

~nd Dcnnay (19731. 
The other two structural water molen-ls" - O(lOiw asd 0(15)w - are 

mur~nded tetrahedr~ly by four oxygens w~th bond angles ran~ing f~m 
84~ 1380 a~d O-0 dis%anode f~m 2.65 to 2.90 ~. According to the 
system of ~vdrogen bonds illustrated lh flg.2, no hydroxyl groups exist 

I n  the st~eture. In agreement with the chemical oomposltlo~, the 

structure suggests eight water molecules, 0(10) to 0(17), and .ine oxygen 

atoms, 0(1) to 0(9). In this case the formula Fe2(SO4)2(OH)2.7K20 

usually quoted for hohmannite seems incorrect, and in the light of the 

str~cture determination Fe2(HrO)4[(SO4)20J.4H20 -u~t be preferr ̂d. 

RelatiOnlS_hi~.~ between ho~an~ite and ~arantl~e and 9.~nelusions. 

Ho~man~t~ represents a higher ~ydrate of ~arantite, and  has bee~ 

obtained by a ~tial dehydration an~ successive rehydra~isn of 

~a~amtlte (ce.~ron, 196.I. The solution os the crystal s~ucture of 

ho)~mannite showm the adaot=Sility of  the network of m~a~tite to the 
~misslon of t~o eyrie water molecules. These minerals gre both trlellnie 

with s~ace grou~ P~; %his is because both st~otures ~s based on the 

polymerization of cen%rosymmetrieal groups with composition 

~04(~Z~9408(SO494 (fig.~1, From a ~omparison ~f figs. 2 and 6 one can 

lOcate ~he two new structur~ wate~ molecules i~ tile network of hobma~Inlte 

who. ~arantite hydrates. In fact, in spite of some modifications 

occurring in the re~rangement of the sryst~l st~etare it is still 

possible to recognize in 0(17) the structural water involved in the 

reaction ~antlte + H20 hohmannite. The entrance of wate~ into the 

structure of amarantite has two main effects: the first involves the 

Feg(H209408(S04) 9 group and the second the hyd~gen-bond system, 

The groups just mentlonsd ~ e  ~orced in hohma~nlte to adopt chasges 

i~  configuration, ~s ~'hich %he mo~e important Is a rotation o f  the 

9ol)nmerlsed groups by about 50 ~ Th~ components os this rotation a~ 

about 20~ g9 ~ in ~he crystallog=aphi~ plane ~ (1001 a~d (0019 

respectively (compare figs& I and 5, also 2 and 6). 0f course the 

reorlentatiou of the groups %ased on ~e-0-8 linkages involves the 

~Is~tion of the ol~ hydrogen-bo~d system and the building af a more 

�9 ultable one (figs. 8 and 6). The crystal ~truetures of ~antlte and 

ho~annlte aeooun~ for the alm~l~ dehydration carves found by Seh~izer 

(19279 and by Cesbron (19641. Hohmannlte starts dehydrating at a lo~r 

temperat~e than ~ara.tlte; the longer 0-0 distances found for 0(179w 

and the hlghe~ temperature faster for these wate~ molecules (Table I) 

agree with this r e s u l t .  

Fig. 9. 0haiu of oetahedr~ ~d %etrah~dra parallel to the _o axis Im 

~ar~tite. Next to each atom is given its x coordinate. 

M l l  
Table V. Angles involving the ligand water oxygens in agreement with the 

protonldbnnrs/proton.acep~ors scheme proposed in fiE.2 . Th, asterisk 
indicates atoms in a different uni~ o e l l ,  

O(Y~)~-o(l O)w-0(~) - I~4.8(2)  

O(~ )w-o (10 )w-o (~ )w  = 91.1(29 

o(~lw-O(I09w-0(2) = 137.8(2) 

0(~)W-0(IO)W-O(~)W = 90.6(2) 

0(~)w-0( I0)w-O(29 = 83.7(2) 

O" ( 29-0( 11/w-0('41 = 104.2(2) 

O* ( 13 )w-O ( 12 )~'-O ( ~6 )w = 101.8(2) 

O(~)w-O(13)W-O(49 = 106.5(39 

O*(121w-O(13)w-O(4) = 115.3(2) 

O(~)~0(14)w-O~(17)w = 100.3(2) ~ 

0(79-0(159w-O(~ - 96.5(2) 

0(7)-0(15)w-0*(16)w = 111.7(2) 

0(7)-0(15~-0"(49 = 111.8(29 
o(To)w-o(15)w-o*(16)w = 115.9(2) 

o(T6)~-o(15)~-o. (~)  : ~o~.o(2) 

0*(4)-O(15)w-O*(16)w = 116.7(2) 

O*(15)w-O(16)w-O(~) = 102.3(2) 

O*(189W-O(171w-O(~'~)W = 123.5(49 

0(~)w-0(17)w-0(7) = 75.5(3) 

Table VI. Electrostatic vale.ey balance i n  hohman~ite. 

Atom ~=e 8 , , *M S ~ e  Atom Fe ~-- ...M s~a 

0.89 0.20 0(~) 0.54 % 1.45~ - 1.99 0(109w . O.Sg 0.21 2.08 

8(~)  - 1 . 6 ~  0.16 2.04 0.79 
0.~1 0(119w o.98 % 0.81 " 1.98 

0(9) 0.46* 1.44~ 0.14 2.04 
0.80 

0.~9 0(129w 0147 # 0.76 l 2.03 
0(6) 1.50~ 0.~8 2.05 

o.82 0.24 
0.18 8(13)w - O.89 0.17 2.06 

o(~)  0 .46,  ~.46519 - 1.989 
0(6) 0.50 ~ 1.46811 - 1.965 O(149w 0.43* 0*79 . 2.00 O,78 

0.18 1.99 0,82 O.23 2.04 O(?) - 1.6011 0.15 0(15)w - 0,82 0.17 
0(89 O.46* 1.4711 1.9~ 

0(169W - 0.88 l 2.04 
0.77 0.6~* 

0(9) 0.58 ~ " 1.89 
0.70* 0(17)w - 0,85 0.82 2~ 

0.85 0.15 

suma - ~,oo 6.00 19.o2 ~.98 ~4.00 

* Fe(1);  ~ Fe(8) ;  $ S(1);1~ 8 (2 ) .  The hydroge~ atoms ~ e ,  o r  coutee. 
members of 0(10)w to 0(17)w. 

Ho~annlte loses its structural water below I00~ (as does 

~antite). Aecordlng to Cesbron, i~i the range 95 to 145~ the TeA 

Surve gf hohmannlte Shows a plateau that c~rresponds to metah~hmann~te, 

?e2(SO4)2(OB)2.gB20. In agreement with this ~s~t it seems reasonable 
to s~ppose t h a t  i n  hohma~.i~, too there i s  a ~oup  o f  composition 

Fep(HrO)408(8Og) 4. Consequently =etahohmannlte should represent the lower 
bound~y of the series hohmannlt,-~arantlte-metahobmannite, in which 
all th~ st~tur~l ~ter ~s lo~t. 

The eyrstal structure oZ hohmannite accounts for the elongation in 

the [OOlJ di~ction, for the cleavage (010), (1101, and (I~0) quoted in 

Dana's System (Palache, Began, and Frondel, 1951), and for (1001 net 

quoted. It accounts too for the higher refractive Indlees than those 

o f  ~atantit~. 
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TABLE I. Representative electron mlcrpprobe analyses of olivines, orthopyroxenes and clinopyroxenes, 
Walrere Serpentinite, New Zealand. 

SiO 2 39.7 51.8 51.1 50.I 51.8 51.9 51.3 51.7 52.2 50.0 51.6 49.7 49.1 50.4 52.9 52.4 52.78 

TiO 2 - - 0.08 0.09 1.24 1.36 1.59 1.42 0.87 1.40 1.67 2.55 1.40 2.44 0.04 0.18 0.24 

AI203 - 2.45 1.62 1.34 3.89 4L24 3.82 2.81 1.97 3.48 3.55 3.29 3.06 2.66 1.57 2.22 2.43 

Cr203 . . . .  0.18 0.20 0.21 0.21 0.21 0.21 0.22 0.21 0.17 0.20 0.21 - 0.95 

FeO* 20.4 9.4 13.8 22.5 5.74 5.82 6.28 7.52 7.16 9.64 7.84 10.7 10.5 11.2 7.23 9.40 2.31 

MnO 0.18 0.27 0.13 0.29 - - 0.09 0.01 0.07 0.05 0.07 - 0.07 - 0.21 0.21 0.32 

MgO 39.4 35.8 30.6 23.2 17.0 16.9 16.2 16.7 17.6 16.4 16.1 15.1 18.1 15.9 15.7 13.5 18.75 

CaO - 0.58 0.55 0.79 20.0 20.0 19.6 19.1 19.1 18.9 18.8 17.9 18.4 17.8 21.2 22.0 20.86 

Na20 - 0.13 0.24 0.19 0.02 0.07 0.20 0.19 0.20 0.21 0.19 0.20 - 0.22 0.08 0.22 0.60 

K20 . . . .  0.02 0.02 0.01 . . . . . . .  

Total 99.68 100.43 98.12 98.50 99.87 100.48 99.31 99.68 99.39 100.29 100.04 99.65 100.80 100.82 99.14 100.13 99.24 

Structural formula on a basis of 4(oi), 6(opx and cpx) oxygen atoms 

Si 1.02 1,83 1.88 1.91 1.89 1.89 1.89 1.91 1.93 1.86 1.90 1.86 1.83 1.87 1.97 1.95 1.93 

A1 - 0.10 0.07 0.06 0.17 0.18 0.17 0.12 0.09 0.15 0.15 0.14 0.13 0.12 0.07 0.10 0.Ii 

Ti - - <0.01 10.01 0.03 0.04 0.04 0.03 0.02 0.04 0.05 0.07 0.04 0.07 - 0.01 0.01 

Cr . . . .  0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 - 0.03 

Fe 2. 0.44 0.28 0.42 0.71 0.18 0.18 0.19 0.23 0.22 0.30 0.24 0.34 0.33 0.35 0.23 0.29 0.07 

Mn <0.01 0.01 <0.01 0.01 - - 0.01 - - - 0.00 - - - 0.01 0.01 0.01 

Mg 1.51 1.88 1.68 1.32 0.93 0.92 0.89 0.92 0.97 0.91 0.88 0.84 1.00 0.88 0.87 0.75 1.02 

Ca - 0.02 0.02 0.03 0.78 0.78 0.78 0.76 0.76 0.75 0.74 0.72 0.73 0.71 0.84 0.88 0.82 

Na - 0.01 0.02 0.01 - - 0.01 0.01 0.01 0.02 0.01 0.02 - 0.02 0.01 0.02 0.04 

Atomic percent 

Ca - 1.0 1.0 1.5 41.5 41.6 41.5 39.6 38.8 38.3 39.7 37.9 35.5 36.6 43.4 45.6 42.6 

Mg 77.3 86.0 78.9 63.5 49.1 48.9 47.7 48.2 49.7 46.3 47.3 44.4 48.6 45.5 44.7 38.9 53.2 

Fe+Mn 22.7 13.0 20.1 35.0 9.3 9.3 10.8 12.2 11.5 15.4 13.0 17.7 15.9 17.9 11.9 15.5 4.2 

M13 

1 Relic olivine in highly serpentinised harzburgite, 24725 

2 Relic orthopyroxene in highly serpentinised harzburgite, 23449 

3,4 Orthopyroxenes, adjacent to hornblende-bearing rodingite vein, 24725 (all such orthopyroxenes yielded low 
totals) 

5,6 Clinopyroxenes, fine-grained rodingite, 23438 

7,8,9 " coarse " " , 23443 

i0,II " " " " 23444 

12 " from prehnite-pectolite zone, 23434 

13 " altered gabbro, 23444 

14 " " " , 23448 

15 " pyroxene-bearing rodingite vein, 24723 

16 " hornblende-bearing rodingite vein, 24725 

17 Relic clinopyroxene in highly serpentinised harzburgite, 23449. 

* Total iron as FeO. 

TABLE II. Representative microprobe analyses of amphiboles, 
Wairere Serpentinite 

18 19 20 21 22 23 

SiO 2 51.3 51.6 49.5 48.5 48.9 49.8 

TiO 2 0.50 0.41 0.56 0.48 0.68 0.42 

AI203 4.63 4.91 5.52 5.86 5.00 6.38 

FeO* 15.9 15.9 11.2 ii.i 15.8 15.6 

MnO 0.31 0.24 0.i0 0.i0 0.28 0.30 

MgO 13.9 13.8 17.3 16.8 13.6 13.2 

CaO 11.2 11.2 11.6 11.8 11.5 12.0 

Na20 0.63 0.70 1.15 i.ii 0.72 0.62 

K20 0.19 0.16 0.12 0.ii 0.18 0.16 

Hornblende gabbro dyke The centre of this body is an unaltered, Total 98.56 98.92 97.05 95.86 96.66 98.48 
hard, black, fine-grained rock cut by minor serpentine veins 
(24720) and shows an aplitic, subophitic texture composed #Si 7.44 7.46 7.13 7.08 7.24 7.22 
of 60% line-grained'sub-parallel labradorite laths and 40% 
fine-grained g en hornblende, with rare, 2 mm, plagioclase A1 iv 0.56 0.54 0.87 0.93 0.76 0.78 

phenocrysts, cessories include scattered interstitial A1 vl 0.23 0.29 0.07 0.08 0.11 0.31 
apatite needles, minor granular magnetite and orange-pink 
biotite flakes which are aligned, with the plagioclase, Ti 0.05 0.04 0.06 0.05 0.08 0.05 

parallel to the contact. Plagioclase phenocrysts exhibit #Fe 3 0.14 0.15 1.26 0.81 0.77 0.55 
normal zoning, with minor sericitization and prehnitization 
occurring in the more calcic cores, and, in places, poikili- %Fe 2 1.79 1.78 0.09 0.54 1.19 1.34 

tically enclose hornblende and biotite grains. Colourless M/% 0.04 0.03 0.01 0.01 0.04 0.04 
titanite veinlets, containing rare large euhedral grains, 
cut the rock and, in one place, partially replace labradorite. Mg 3.01 2.98 3.72 3.65 3.00 2.85 

Ca 1.74 1.73 1.79 1.84 1.82 1.86 
Near the contact, with a 2-3 cm zone of chloritised 

serpentinite, the hornblende gabbro is altered to a very Na 0.18 0.20 0.32 0.31 0.21 0.17 

fine-grained, hard, light grey-brown rodingite (24719) which K 0.04 0.03 0.02 0.02 0.03 0.03 
consists of fine, granular, brown hydrogarnet and colourless 
chlorite, accessory magnetite and flakes of biotite, $Si 7.30 7.31 7.03 6.99 7.14 7.15 
concentrated in small elongated red patches parallel to the 
contact. A dark grey transitional zone, with sharp bound- A1 Iv 0.70 0.69 0.92 1.00 0.80 0.78 

aries and composed of prehnitized plagioclase, fine-grained A1 vi 0.07 0.13 - - - 0.30 
hornblende, magnetite, biotite and a low birefringent, colour- 
less chlorite occurs between the dyke centre and the marginal Ti 0.05 0.04 0.06 0.05 0.07 0.05 

rodinglte. SFe 3 0.52 0.78 0.75 0.87 0.85 0.46 

Chrysotile veins cut the dyke parpendicul~r to the contact SFe 2 1.37 i.i0 0.57 0.47 1.08 1.41 

and have small reaction zones around them con aining brown Mn 0.04 0.03 0.01 0.01 0.04 0.04 
hydrogarnet pseudomorphous after plagioclase. 

Mg 2.95 2.92 3.66 3.61 2.96 2.82 
The rodingite dyke consists of hard, white, rock composed 
of fine-grained dark-brown, hydrogarnet with local inter- Ca 1.71 1.70 1.76 1.82 1.80 1.85 

granular serpentine. In places the hydrogarnet encloses Na 0.17 0.23 0.32 0.31 0.20 0.17 
large clinochlore fragments and partially chloritized 
clinopyroxene. Some chlorite fragments contain small blebs K 0.03 0.03 0.02 0.03 0.03 0.03 

of garnet. Rare native co per is concentrated along small 
(2472 ~) . The contact with chloritized 18,19 Actinolitic hornblendes, hornblende gabbro dyke, 24720. 

greenserpentiniteChloriteinVeins24722 is brecciated with angular fragmented 20,21 Magnesio-hornblendes, rodingite vein, 24725. 

grains of bastite and hydrogarnet set in a groundmass of 22 Magnesio-hornblende, altered gabbro pod, 24712. 
granular green chlorite. In 24721 the contact with unsheared, 23 Magnesio-hornblende, altered gabbro pod, 24714. 

mesh-textured serpentinite was sharp and separated from the 
rodingite by 2 mm of recrystallised serpentinite % structural formula calculated on a basis of 15 cations 

• 3+ 
excluding Na and K. Fe is a minimum value consistent 
with stoichiometry. 

structural formula calculat ~ on a basis of 13 cations i 
excluding Ca, Na and K. Fe ~- is maximum value consist- 

ent with stoichiometry. 



M14 
TABLE IIL Representative microprobe analyses of biotite amd metaso~tie chlorites, Wairera 

Serpentlnlte 

24 25 26 27 28 29 30 31 32 33 34 35 

SiO 2 32.1 31.7 32.8 32.1 32.1 31.7 31.8 35.8 35.8 35.5 25.9 37.3 

TiO 2 0,12 0.13 0. I0 0.ii 0.11 0.09 0.11 0,02 0.03 0.06 0,17 1.92 

AI203 15.1 16.6 14.8 13.8 13.2 17.2 15.6 13,3 12,3 14.7 21,7 15.8 

0r203 0,03 0.03 0.05 0,09 0,02 0.05 0.07 0.07 0.04 0.03 

FeO* 30.3 30.3 30,5 31.6 33.0 27.0 29,0 5,03 6,56 14,9 28.2 21.9 

MnO 0,18 0.18 0,17 0,16 0.17 0.17 0.20 0.12 0.12 0.16 0,11 0,06 

~0 10.4 11,I 10.9 12.8 12.0 14.2 13,3 30.5 29,8 22.6 13.5 ii.i 

Ca0 0.52 0.51 0.51 0.30 0.31 0.33 0.31 0,32 0.41 0,30 0.57 

NaoO 0.03 0,03 0.02 0.04 0.06 0,08 0,06 0.38 
7.66 

K20 

Total 68,78 90.60 89.85 90.96 90.95 90.74 90.39 85.42 84.73 88.39 89,71 96.70 

Structural formulae calculated on a basis of 28(chlorite) and 22(hlotite) oxygens 

Si 6,77 6,35 6.83 6.67 6.72 6.42 6,85 6,88 6.98 6.91 

A1 iv 1.23 1.45 1.17 1.33 1.28 1,58 1.45 1.12 1,02 1,09 

AI vi 2,58 2.39 2.47 2.04 1.98 2.53 2,33 1.94 <1.81 2.28 

T± 0.02 0.02 0.02 0.02 0.02 0.01 0.02 - 0.01 O.0l 

0r 0.01 0.01 0.01 0.01 <0.01 0.01 0,01 0,01 0.01 

Fe 2+ 5.35 5.23 5.31 5.49 5.78 4.57 4,99 0,81 1.07 2.43 

Mn 0,03 0.03 0.03 0.03 0,03 0.03 0,04 0.02 0.02 0.03 

Mg 3.27 3.42 3.38 3.96 3.75 4.29 4.08 8,73 8.67 6,56 

Ca 0,12 0.11 0.Ii 0,07 0.07 0,07 0.07 0,07 0,08 

Na 0.01 0.01 0.01 0.02 0,02 0.03 0.02 

K 

Fe2+/R2+~0.61 0,59 0.60 0.58 0,60 0.51 0.54 0,08 0. Ii 0.27 

* Total iron as FeO 

% R 2+ = Ca + MS +Mr+ Fe 2+ 

24,25,26 Diabanitas, coarse-gralned rodingite with prehulte-peetollte veins, 24705 

27,28,29,30 Diahanites, coarse-grained rodingite, 23443 

31,32 eenninites, chloritlzed serpentinlte, 24703 

33 Diabanites, fine-grained rodinglte, 23438 

34 Ripidolite, vein rodlngite, 24714 

35 Biotite, hornblende gabbro, 24720 

Representative electron microprobe analyses of 
garnets from rodingites, Wairere Serpentinite. 

36 37 38 39 40 41 42 

SiO 2 30.1 28.0 29.2 34.8 34.9 36.1 34.6 

Tie2 0.03 0.03 0.06 0.02 

AI203 24.8 23.1 22.2 23.7 24.1 6.97 5.92 

Fee* 0.86 2.38 3.97 1.49 1.04 20.9 23.2 

MnO 0 .03  0 .08  0 .02  0 .02  0 .07  0 .02  

MgO 0.00 1.54 0.20 0.09 0.ii 0.12 0.i0 

CaO 37.6 37.2 35.8 35.1 38.4 34.6 34.5 

Na20 0.22 0.07 0,19 0.05 0.15 0.06 0.04 

K20 0,02 0.02 0.02 0.01 

Total 93.60 93.12 91.66 95.28 90.75 98.90 98.51 

10.31 10.09 10.17 11.10 11.14 12 12 

Si 2.13 2.04 2.12 2.57 2.51 3.11 3.04 

AI 2.07 1.93 1,90 2.06 2,04 0.71 0.61 

Fe 3 0.08 0.i0 1.29 1,39 

Fe 2 0.05 0,07 0.14 0.09 0.06 0.21 0.32 

Mn 0.01 0.01 

Mg 0.01 0.16 0.02 0.01 0.01 0.02 0.01 

Ca 2.86 2.82 2.70 2.77 2.95 3,19 3.26 

Na 0.03 0.01 0,03 0.01 O.02 0.01 0.0l 

36,37 Hydrogrossulars,hornblende rodingite vein, 24725 

35 coarse-grained rodingite, 24703 

39,40 , 23443 

41,42 Andradite-grossulars, pyroxene rodingite vein, 24723 

Total iron as Fee 

6 Structural formulae recalculated on number of oxygen 
atoms indicated so as to allow for the substitution 
si4+~4H + and with Fe2+/Fe 3+ adjusted so as to make 
Zy = 2.000, where possible. (Leach and Rodgers, in 
prep c). 

5.40 5,61 

2.60 2.39 

2.73 0.41 

0.03 0.22 

0.01 

4.92 2.76 

0.02 0.01 

4.13 2.50 

0.07 0.09 

O.tl 

1.47 

0.54 0.52 

Pyroxene-bearing rodinglte veins Numerous greenish-grey 
rodingfte veins, 6-8 em wide, were found throughout the 
quarry cutting through blocky, mesh-textured serpentinlte. 
All show a panidlomorphlc-granular texture with large 
euhedral diallage and medium-gralned euhedral, colourless 
dlopslde set in a matrix of flne-grained brown garnet and 
eolourlsss to orange-tlnted chlorite. An assymetri¢, 
compositional layering (24723) exists parallel to the contact 
due to the presence of either diallage or diopslde; while 
the overall grain size and the amount of impurities in the 
garnet decrease towards the contact. Diallage is absent 
4 cm from the contact and the diopside decreases in size 
and quantity. Two centlme~res from the contact dlopslde 
disappears leaving a dark-brown garnet, polkilitieally 
enclosing chlorite, alternating with layers of chlorite 
enclosing garnet. 

A 2 mm zone of reorystalllsed serpentlnite exists 
immediately adjacent to the velu and in 24724 rare flakes 
of pinkish pl~oehrolo phlogoplte occur within ~he 
serpentin~ and around a small extension Of the vein. In 
places the mica is partially replaced by a yellow-green 
chlorite. 

Hornblende-bearing rodlngite veins were occasionally found, 
cutting unshsared, BloekySserpentlnite. These are mantled 
by hard white hydrogarnet zones. The hornblende rodingite 
(24725) consists of coarse to medium-grained, euhedral to 
subhedral crystals of green hornblende in a matrix of 
orange-brown prehnite. The hornblende is pleoehroic in 
green, Blue-green and Brownish-green, exhibiting simple 
twinning on (010) and multiple twins on (110). Locally 
it poikilitlcally encloses chlorite and garnet blabs and 
larger crystals may he ehloritlsed. Near the centre of 
the vein, plagloelase laths have been completely prehnitized 
and then garnetized around grain Boundaries. Prehnite and 
ehrysotile veins cut the rodlngite perpendicular to the 
contact. 

The rodlngite veins are bounded by a I-2 cm wide hydro- 
garnet (hisehlte) zone. The hibschite is brown in thin 
section enclosing parallel, aligned chlorite specks, This 
zone is, in turn, separated from the host serpentinite by a 
further zone of 2-5 mm euhedral erthopyroxenes. A thin zone 
of coarse-grained euhedral, colourless clinopyroxene, twinned 
about (II0), occurs in places along the contact between the 
hydrogarnet zone and the rodingite vein. In 24699, two 
hibschite zones are present, being separated by 7 mm of 
rodingite. Hornblende grains are sometimes contlnuous across 
the contacts of both these zones. Elsewhere, 3-4 em wide hydro- 
garnet veins (23434) branch off from the hibsehite zones and 
cut through blocky mesh-textured serpentinite. 

Relic ha=zburgite ~ods 

The highly sheared serpentinite contains small pods of 
blocky serpentinite that are almost completely serpentinlsed 
apart from some relic perldotite minerals, The most abundant 
relic mineral is orthopyroxene. Frimary clinopyroxene and 
olivine is much rarer. Scattered chrome-spinals show the 
least alteration but generally exhibit tensional fracturing. 
Although it is impossible to estimate the modal proportions 
of these minerals in the original ultramafle rock it is clear 
that the Wafrere $erpentlnite was a harzburglte prior to 
alteration (of O'Brien and ~odgers, 1974). 



TABLE V Representative electron microprobe analyses and structural formulae of feldspar, 
pectellte, titanite and chrome spinel, Wmlrere Serpentlnite 

43 44 45 46 47 48 49 50 51 52 53 

$iO 2 65.7 65.5 57.7 48.1 53.3 54.6 30.6 31.0 30.4 0.41 0.20 

TiC 2 0.01 0.02 0.01 0.07 35.9 35.7 35.3 0.04 0.15 

AI203 19.7 19.4 27.0 31.6 0.05 0.05 1.50 1.87 1.82 24.7 34.0 

Cr203 40.8 35.1 

Fee* 0.07 0.13 0.12 0.67 0.24 0.21 0.51 0.51 0.17 20.2 17.5 

MnO 0.40 0.31 

MgO 0.08 0.06 0.07 0.16 0.06 0.06 0.02 0.02 0.02 13.0 I?.8 

Ca0 1.52 1.97 5.41 14.8 32.6 33.2 31.0 31.0 31.0 0.04 0.01 

Na20 Ii.I I018 7.17 3m36 8.53 8.80 0.06 0.06 0.03 0.05 0.04 

K20 0.16 0.27 0.i0 0.19 0.02 0.08 0.01 0.01 0.01 

Total 98.34 98.15 97.58 98.79 94.80 97.00 99.59 100.17 98.74 99.65 i00.12 

Sii 11.75 11.76 10.48 8.95 6.03 6.04 1.01 1.02 1.01 0.i0 0.05 

Ti < 0.01 0.01 0.89 0.88 0.88 0.01 0.03 

A1 4.15 4.10 5.78 6.93 0.01 0.01 0.06 0.07 0.07 7.32 9.54 

Cr 7.72 6.29 

Fe 2+ 0.01 0.02 0.02 0.07 0.02 0.02 0.01 0.01 0.005 4.25 3.49 

~n 0.09 0.06 

Mg 0.02 0.02 0.02 0.04 0.0£ 0.O1 4.87 4.54 

Ca 0.29 0.38 1.05 2.95 3.95 3.93 1.10 1.09 1.10 0.01 

Na 3.85 3*76 2.53 1.21 1.87 1.89 <0.01 <0.01 <0.01 0.02 0.02 

K 0.04 0.06 0.02 0.05 0.01 

43,44 Pl&gioclases, altered eucritic gabbro, 23448 

45.46 Rim and core, respectlvely~ of plagioelase, hornblend e gabbro, 24720 

47 Peetollte. pectolite-prehnite zone, 24705 

48 Pectolite, vein in altered gabbro. 23448 

49,50 Ti¢anite, unaltered hornblende gabbro, 24720 

51 Titanlte, chlorite vein, 24714 

52 Chrome-spinel, relic in serpen~inized harzh~rgite. 23449 

53 Chrome-splnel, relic in sheared serpentinite adjacent to pyroxene-rodingite vein. 24723 

t Structural ferules calculated on a basis of 32 oxygen (feldspar). 17 oxygen (pectolite), 
9 oxygen (titanlte) and 32 oxygen (chrome-spinel). 

TABLE VY. Analyses of rodingites, gabbros and associated rocks from Wairere. New Zealand 

M15 

SiC 2 44.4 41.7 61.6 56.4 40.5 33.5 37.1 34.6 36.6 34.5 50.3 43.0 33.0 38.6 40.2 39.4 1.7 l.a 

TiC 2 2.6 1.7 2.6 2.6 1.7 1.2 2.1 2.2 1.9 2.1 0.i 1.2 1.3 0.2 

AI203 14-6 15.0 14.8 15.0 12.8 16.7 13.1 16.5 11.9 15.2 14.9 12.3 15.9 4.2 l.O 3.2 2.C 

Fe203 0.2 2.0 1.0 0.6 1.2 2.1 2.6 1.7 2.4 5.5 3.8 4.2 3.9 3.2 2.6 5.9 

FeO 9.4 7.2 8.0 i0.0 6.9 7.3 5.9 5.9 5.9 6.5 5.8 3.9 4.0 3.5 1.7 1.9 0.l 0.i 

MnO 0.15 0.15 0.15 0.i8 0.i 0.18 O.1 0.2 0.15 0.24 0.18 0.18 0.18 0.ii 0.05 0.07 

MgO 4.3 5.1 4.8 6.3 5.5 7.1 5.4 8.0 6.3 7.7 6.9 5.0 10.8 35.1 38.0 36.6 0.3 0.3 

CaO 16.4 20.0 19.7 22.2 24.7 25.0 27.3 23.0 28.4 21.1 14.2 22.2 20.3 1.2 1.7 3.2 52.8 53.5 

Na20 2.5 1.6 1.9 0.25 1.6 0.6 0.6 0.6 0.15 0.4 0. i 2.7 2.5 0.15 0.I 0.i 0.26 0.26 

K20 0.6 0.03 0.9 0.2 0.03 0.03 0.05 tr 0.03 0.18 tr 0.02 0.03 - 0.03 0.03 

P205 0.05 0.07 0. i 0.03 0.02 0.03 0.03 0.03 0.13 0.13 0,16 0.17 0.19 0.03 0.3 0.13 0.07 

CO 2 0.8 0.3 0.6 0.4 0.3 0.55 41.7 42.1 

H20+ 4.5 4.5 4.0 A.3 4.0 6.0 5.1 6.8 6.0 6.2 3.2 4.6 8.0 13.3 13.6 12.6 <0.I <0. i 

Total 99.70 99.85 99.85 99.86 99.82 99.76 99.76 99.58 99.73 99.60 99.82 99.45 100.9 99.62 99.80 99.77 i00.22 99.76 

i Altered gabbro. 23647, centre pod B 10 Fine-grained rodlng~te, 23438. at contact, pod C 
2 Altered gabbro, 23468. centre pod C II Unaltered hornblende gabbro. 24720 
3 Coarse-gralned rodlngite, 23444. 20 cm from Contact. pod B 12 Altered hornblende gabbro, 24712 
4 Coarse-grained rodingite~ 23443, at contact, pod B 13 Rodingite at hornblende gabbro contact~ 24713 
5 Coarse-gralned rodingite, 23442, 20 em from ~entaet pod C 14 ehloritised serDentinite. 23440~ at pod contact 
6 Coarse-gralned rodingite~ 23437. at contact, pod C 15 Chloritised serpentinite, 23441. 20 em from pod contact 
7 Fine-grained rodingite~ 23436. 20 em from contact, pod B 16 Massive serpentinite after harzburglte. 23449 
8 Fine-grained rodingite, 23439, at eongaot~ pod B 17 Otorohanga limestone. 23445. at serpentinite contact 
9 Fine-grained rodingite, 23439, 20 cm from contact, pod C 18 Otorohanga limestone. 23446. dO m from serpentinite contact 

For pod descriptions and sample number locations see Leach and Rodgers (in Drop b). Analyst; T H Wilson 

Summary 

The marie inclusions within the Waiters Serpentinite 
exhibit a wide variety and degree of metasomatism. Initial 
alteration has albi~ized the plagioclase~ followed by eonver 
sion to prehnite or clinozoisite. Original marie minerals. 
clinopyroxene and hornblende have been altered to chlorite. 
More intense metasomatism of the gabbros has garnetized the 
prehnite (to hydrogarnet) and has generated secondary clino 
pyroxene and hornblende. Adjacent to the contacts.the hydro- 
garnet content of the rodingite increases and is possibly the 
end product of rodingitization. The original harzburglte has 
been highly serpentlnized and~ at the contact with moan gabbrole 
inclusions, the serpentine has been altered to a blue-green 
chlorite zone. 

The borders of the gabbros exhibit eataclasis and breccia- 
rich. indicating strong tectonic movements before being emplaced 
in their present location. The rodingites show signs of more 
than one episode of metasomatlsm and this is possibly related 
to the tectonic history of the mafic-ultramafie assemblage. 
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