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Ferrocarpholite associated with low-grade 
blueschists, northern New Caledonia 

R. M. BRIGGS 

Department of Earth Sciences, University of Waikato, Hamilton, New Zealand 

FERROCARPHOLITE has been discovered at two 
localities in low-grade blueschists in the Diahot 
region, northern New Caledonia. In one occurrence 
(specimen 23503), ferrocarpholite was found in 
quartz veins associated with metamorphosed rhyo- 
litic tufts, and at the other locality (23514) it occurs 
as a gangue mineral at Ao Mine associated with 
quartz, a variety of carbonates, and sulphide ores. 

Electron microprobe analyses show that 235o3 
contains a high total Fe (I5'4 Wt~o) and corre- 
spondingly low Mg content (3'7), whereas 23514 
contains a very much higher proportion of the Mg 
end-member (total Fe IO'7, MgO 6"4). Both contain 
only small proportions of Mn (<  o-Io). 

The Diahot region forms a small part of a 
regional blueschist belt in north-eastern New 
Caledonia that shows a continuous sequence of 
progressive metamorphism from lawsonite-albite 
facies through glaucophanitic greenschists to eclo- 
gitic glaucophanitic albite-epidote amphibolites 
(Brothers, I974). Ferrocarpholite has been found 
only in the lowest-grade rocks, above but close to 
the lawsonite isograd defined in pelitic country 
rocks, and where intercalated country metadoler- 
ires may carry pumpellyite. T - P  conditions at the 
lawsonite isograd have been estimated as approxi- 
mately 25o ~ and 3 kb from oxygen isotope data 
(Black, 1974) and the experimental stability limits 
of lawsonite +quartz  (Liou, I97I ; Nitsch, I972 ). 
While ferrocarpholite appears to have crystal- 
lized in lower-grade schists, especially associated 
with acidic metatufts, higher grades may favour 
the production of chloritoid, which has a similar 

composition. Chloritoid is a common phase with 
Na-amphibole-almandine-epidote in the Diahot 
region at Balade and Murat mines in higher- 
grade iron-rich siliceous metasediments, possibly 
also of acidic tuffaceous parentage. If the re- 
action given by de Roever and Kieft (I97i) and 
de Roever and Beunk (I971) is accepted 
( ferrocarphol i te  -~ chlor i to id  + q u a r t z +  water) 
then the T - P  conditions at Balade Mine (where 
chloritoid has crystallized), extrapolated as c. 4oo 
~ and c. 6- 5 kb, provide an upper limit for this 
reaction. 

Fuller details of the geological setting, chemical, 
and optical properties of ferrocarpholite in New 
Caledonia appear in the Miniprint section of this 
journal, p. MI6. 
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FERROC~pHOLITE FROM NEW CALEDONIA 

~. M. ~ l g g s  

Department os Earth Snlennes, University of  W~lk~go, Hamilton, New Zealand 

FERRO~MOLITE has been discovered a t  t ~  l o ca l i t i e s  i n  low grade 
bluesch ia t s  in  the Oiahot reg ion  s ~ r ~ h e r n  N ~  Caledonia.  One occurrence 
specimen 23514), ~here s 1 4 9  i s  a g�9 mine r � 9  e t  An Mine 

(20~ 05 S, 164~ " E) ,  has been described b r ieE ly  i n  a paper on the 
~ l - p ~ I m  ~ m e z a l l z a t l o n  in  Lhe Di �9  rag lan  by Brfggs,  e~ e~1., ( i n  p r e p . ) ;  
i t  1�9 � 9 1 4 9  ~ t h  q u e r t ~  oe l c l t e ,  d o l ~ i C e ,  ~ g n e s l t e  and a v � 9  o f  
su lph ide  ores ~ l cb  are d~ i~nc l y  cha lcopy r i te  w i t h  lesser  � 9  o f  
s p h e l e z i t e ,  p y r i t e ,  cha l coo i t e ,  c o v e l l l t e  end g a l e ~ .  The second 
f e r r ~ a r p h o l i ~ e  (23503) ~ s  f o~d  in  quarts veins associated w i th  
metemorphosed rhyo l i t i c  cu f f s ,  2 km ~s t  of PI l au  Mine ~n the upper par t s  
of the To~lengene River (20~ 164~ I=  both ~ o c a l i t i e s  the 
minera l  i s  p resen t  as green r a d i a t i n g  a c i c u l � 9  c r y s t a l s ,  up to 1 cm in  
length ,  ~hlch ~ c r o s c o p i e a l l y  r e s ~ b l e  a c t l n o l l t e .  

Fe r roca rpho l l t e ,  FaA12(OH)45i206 , ~ a  f i r s t  descr ibed f r ~  the i s l a n d  of 
Celebes, I n d ~ e a l a ,  by de goever (1951). I t  | s  the ferrous i ron  analogue 
of ce rpho l i t e  a . s .  ~ teh  i s  the ~n-z ich  var leey  (Mn,Mg,Fe2+)Al2(OH)4Si20 
More r ecen t ly  f e r zoca rpho l l t e  has been descr ibed f r ~  Calabr ia ,  son the~  6 
I t a l y  (de goeve~, e~ a~l., 1967~ de goever and Beunk, 1971), and f r ~  the 
Cot t ian  Alps a t  Col in  Ciarbonet  (Sca ln i ,  e t  e l . ,  1976). In e l l  o ther  
recorded ~ e u r r e n c e s ,  l e r r ~ a r p h o l i ~ e  h a s ~ n  found in  l o ~ r  grade 
h lgh-pressure  r e g l o ~ l  ~ t a ~ r p h l c  rocks con ta in ing  l a ~ I t e ,  a l b i t e  and 
l a ~ o n i t e ,  a l b i t e ,  glaucophane a a s ~ b l a g e s .  

E lec t ron  g l t rop robe  a ~ l y s e s ,  ce l l  parameters and o p t l c � 9  p r o p e r t i e s  of 
both specimens o f  f e r r o c a r p h o l i t e  f r ~  the Dlehor ~agion are s h o ~  in  Table 
I .  S p e e l ~ n  23503 conta ins  a high  ~otal Fe and correspondingly  low Hg 
con~ent, ~hereas 2351~ c ~ t a i n s  a very ~ch  h igher  proport ion of the M~ end 
member. Both eo~ta ln  only a l l  p z o p o r t l o ~  of Mn. 

This v a r l � 9  h e l e n  Fe and Hg a l s o  affeet~ the o p t i c a l  p rope r t l ea ,  
~I th  ~he ~ r e  Fe - r i ch  s p e c i ~ n  (13303) having r~e l ~ r  op t i c  a x i a l  angle  
and the h ighe r  ~ef rec t tve  i nd i ce s ,  as ~u ld  be expected f r ~  the r e l a t i ~ a h i p s  
ShO~ by de ROeVar and K i e f t  (1971, F ig .  2) .  spacemen 23303 a l so  s h o ~  the 
more d i s t i n c t  pleor 23514 i s  almost colourbess  In thin sec t ion .  
F e r r o c a r p h o l i ~  hea ~ im~  a b e o r p t i ~  for  v i b r a t i o n s  normal to the 
e longat ion  w i t h  the fol lo*dng pleochro l r  fomula~a  - ye l l ~g reen ,~  = 
pa le  y e l l o ~ g c e ~ ,  �9 = ~ ' y  pa le  b lu ish-green.  

C e l l  p a r a ~ t e r s  f o r  both Dlahot s lanpl~ a re  ~ l l e r  ~han those of  
f e r r oca rpho l t t e  descr ibed f r ~  Celebes (de Boever, 2931), pretm~bly due to 
the g r e a t e r  s u b s t i t u t i o n  of Fe ~+ by the s ~ i b e z  Mg2+ l ea .  

The Dlahot  reg ion  fo~m~ a ~ l l  p a r t  of  �9  ~ t a n s l ~  r e g l o ~ l  b luesch l s t  
be l t  which covers e t  l eas t  4OOO square k i l ~e t r ea  i n  nor theaatern New 
Caledonia (Brothers,  1974)o Rocks in  the area c o n s i s t  d ~ i u a n t l y  of a 
Cretaceous sed t~n t~ lT - fgneous  sequence o f  eacbo~ceous pe l i t e s  w i th  
i n t e r c a l a t e d  d o l e r l t i e  s i l l s  �9  r h y o l i t i c  tu r f s  and f l ~  which ~ r e  
~tamorphosed during the Oltgoeene to l ~ s t  Miocene. The Cretaceous 
sequence is  o~ r l a t n  conformably by ~ocene r~ka  to the sou th~a t ,  
comprising ~ i u l y  s i l i c e o u s  a r g l l l i t e s ,  phtanizas (mss l ve  cher t s )  end 
l imestones .  Hetamorphtam has a f f ec ted  both the Cretaceous and Eocene rocks 
and increases  p rog re s s lve ly  in  grade t ~ r d a  the e a s t  doest  of  New Caledonia 
i n  a r m ~ k s b l y  r �9 f r ~  l e . o n l t a - a l b i t e  f ac ie s  through 
g h u e o p ~ t t i c  g reensehts te  ~o e c l o g t t t c  g leucophant t ie  a l b l t e  epldote  
~ph lbo l i t ea  (Bro thers ,  1974). Lo '~s t  ~ede rocks occur i n  the sou th~s t  
near the Cretaceous-Ter t ia ry  bounda~/. Both occurrences o f  f e r r oca rpho l i t e  
~ze  f o~d  i n  the l ~a t  grede rocks ( zo~  I ~s des by Black, 1973a; 
Brigg$ e e t  a.~l., i n  p~ep.) i n  v~lch the se r i e i t i c  phy l l i t ea  and s c h i s ~  
con ta in  n e i t h e r  l a ~ i t e  nor ep idote ,  but ~ a d o l e r i t e s  m y  carry  
pumpe l l y i te .  In ~ e ~  o f  me ta~ rph t r  f a c i e s ,  the l ~ s t  grade zone 
corresponds with the p ~ e l l y i t e  preh~i te  quartz f ac ie s  of Winkler (19673 
al though p r e h . l t ~  i s  not  kno~ wl th in  tha high-pressure  schls~s of  
n o r t h e ~  New Caledonia (Brothers ,  19743. 

Spec l~n  23w l i e s  on the p ~ p e l l y i t e  l sogr �9  for  ~ t emorph ic  a s s ~ b l a g e s  
which ~s situated et a depth of 1.5 k~ gn the me~amorphic-tectonlc ~equence 
on the l o ~ r  grade s ide s  the l a ~ o n l t e  l sograd  for  p o l i t i c  s s s ~ b l e g e s ,  
or  �9 �9 depth of  �9 10 ~ wi th i n  the ~ole ~ ta~ rph i c - t ec t i n l c  p i l e .  
Country r ~ k s  in the v i c i n i t y  of 23503 are dark grey to black s e r i c l t l r  
p e l l t e s  and p e t i t e s ,  u sua l l y  carbonaceous in  the f i ne - g r a i ne d  phy l l i t l c  
l aye r s ,  with th in  r h y o l i t i c  mete - tu f f  in~ezca la t ions  and me~adolerl te  s i l l ~ .  
Typica l ly  a s s ~ b l a g e s  i n  p e l l t e s  a re  quarte p h s n g i t i t i c  ~ s c o v i t e  ch lo r i ee  
carbonaceous mat te r  spheue with end w~thout a l b i t e ;  a c i d i c  m e t e - l u l l s  carry  
quartz c h l o r l t e  with and wi thout  a l b i t e ,  pheug l t i c  muscovite, sphene, 
p y r o p h y l l l t e  and opaques ( u s ~ l l y  p y r i t e ) ;  and those in  ~ a d o l e r i t e s  are 
ch lo r l t e - sphene  with and ~ l t hou t  p ~ p e l l y l t e ,  pheng i t l c  muscovite and e lb i t e .  
R e l i c t  igneous t ~ t n r e s  are usua l l y  exce l l en t l y  preserved in  the metadoler lzes  
as igneous p l a g i o c l a s a  � 9  or oph~ t i ca l ly  i n t e r g r o ~  with 18neous 
ang i t e .  

Ao Mine oec~s  i n  a l a rg � 9  lena-shaped s e ~ t  n f  Cretaceous rocks ~hich l i e s  
~ t h i n  phtanltr T e r t i a r y  s t r a t a  ( E s p l r a t  end N i l l on ,  19673. S t r u c t u r a l l y .  
t h i s  segment probebly represents a detached s l i ce  of an over lapping schuppen- 
type or  Imbricate  s t r r  and ra re  t iny  prl~u~ of I n . u n i t e  in  p e l i t i c  
s e h l s ~  a t  An Mine probably c r y s t a l l i z e d  under the so le  of an o v e r - r i d i n g  
~ 1 1  th rus t  shee t  ( c . f .  Brothers and Blake, 1973; Srothers ,  19743. 
H~ver, l a ~ o n i t e  i s  absent  nor th  o f  Ao Mine ( In  the directlon e l  inc reas lng  
~tamorphism) and d ~ s  no t  ~ c u r  � 9  u n t i l  ~ �9 r e g i n a 1  s c a l e  i ~ e d i s r 1 6 2  
nor th  of P l lou  Mine. Thus the Cretaceous rocks a t  An Mine ~ u l d  best be 
regarded as a seg~nt of 1o~st grade reeks (aona I)  e t  about the same 
~tamorph ie  l e ~ l  as ,  b~t on the low~r grade s ide e l ,  the l a ~ o n i t e  l sograd 
s i ~ e  l a ~ o n l t e  has c r y s t a l l i z e d  only spur �9149 Country rocks a t  AO Mine 
are black to dsrk  grey carbonaceous se r t r  ~hyll~tes i n t e r c a l a t e d  wi th  t h l n  
~ h y o l l t l c  ~ t a - t u f f  ~nf t s  ~nd ma tado le r i t e  a$11e. Typical  e s s ~ b l a g e s  i n  
phy l l i t e s  aze quar tz  pheng i t l c  muscovi te ch l o r i t e  sphene carbonaceous ~ t t e z  
with and wi thou t  l � 9  those i n  s e l d i c  tuffaceous rocks are q ~ r t z  c h l o r i t e  

opaques ( l imon i t e ,  py r i t e ,  cerbonaceous ~ t t e r )  with and wi thou t  � 9  
aphene and pheng / t i c  muscovite;  and metado le r i t ea  car~y c h l o r i t e  p ~ p e l l l t e  
s p h e ~ .  

de Roever aud Kte f t  (1971) and de Roever and Beunk (1971) haws suggested 
t ha t  whi le  f e r r o c a r p h o l i t e  appesrs to c r y s t a l l i z e  in  l ~ r  grade high-pressure 
r e g i o n a l  metamorphlc rocks, s l i g h t l y  h igher  grades of metamorphism poss ib ly  
fsvour ~he production of e h l o r l t o i d  ~h1r has a s i m i l a r  c ~ p o s i t i o n .  This 
suggaati~ i � 9  supported i n  the Diahot  r e g l ~  wheee ferroesrpholite i s  ele�9 
r e s t l i c t e d  te l o ~ r  grade r ~ k s ,  end e s p e c i a l l y  assoc la ted  with a c i d i c  meta- 
tuffs~ ~hereaa chloritoid la a c~on  phase with Na-~ph ibo ie  al~ndine 
ep ldo te  a s s ~ b l a g e s  a~ ~alade and Murat r~nes in  h ighe r  grade i ~ n - r i c h  
siliceous ~tasedi~nt~, possibly �9 of scidlc tuts parentage.  
F e r r ~ a r p h o l i t e  | n  the Dlahot  reg ion  has been found nnly i n  the 1 o ~ s t  grade 
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TaMe I Rlec t ron  mleroprobe �9 ce l l  paremete~a a,d phy , i e � 9  
pToperties of f e r r o c � 9  in  the Diahot reglon~ 
no,th,rn New Caledonl �9  

Z lec t ron  Atomic r a t i o s  
microprobe to 8 ~ygens Op t i ca l  data 
a~ly~s (anhydrou,) 

23503 2351~ 23503 23514 23503 23514 

5io~ 3e.2 ]6.6 1.98 1.98 * 13.67 (6) ~ l l . % l  el) 

TiO z 0.16 O.15 ~.oo7 0.oo~ b 20,o~ CA) ~ ZO.O7 (~7 

Ai203 31 .3  ~1 .5  2 .02  2.01 c 5.~6 O7 ~ 5.19 (1) 

FeO* %5.4 IOo7 O.70 O.68 V 1413.8 (2 .2 )  ~3 1417.7 46) ~3 

MnO 0 .03  O.iO O.001 O.O05 1.678 1.607 

HgO 3.7 6.4 0.30 0.52 # 1.631 1.620 

Total 86.79 85.45 r 1.S39 1,621 

FeO* = Tota l  Ir~ ms Fee T-e o.021 o.om 
2Vo 56 ~ ~- 2 ~ 64 ~ + 2 ~ 

ALl  ceC~actlve lndlces are +- 0.002 

tucks above the I n . un i t e  lsngzad, the T._P cond l t /oua o f  ~ t t h  have been 
estlmCed ss appr~l~tely 250~ and 3 ~b, detemlne4fr~ oxygen ~sotopa 
geothetmoraetry (Black, 19743 and the experl~n~al stability llmlte of 
l � 9  § quartz (Lion, 19711 Nitsch~ 1972). Since I n . u n i t e  s ra re  a t  
Xo Sioe �9 not developed on �9 ~gi~al scale, it is unlikely that T,P 
tonalities at Ao Mine ~uld be slgnZs higher than ~hose 0s the- 
l a ~ i ~ e  i sog r �9  Hoover ,  r~he very sporadic  occurrence of  f e r r c c a r p h o l i t e  
in  the Diehot reg ion  ~ k e a  any e s t . ~ t l o n  of the s ~ b i l l t y  l i m i t s  r�9 
specu la t ive .  I f  the r e � 9  given by de Roever and Kraf t  (19717 and 
de Roeve~ .rid ~eunk (19717 i s  accepted ( f e r r ~ a r p h o l i t e  -~ c h l o r i t ~ i d  + 
e~a~tr + ~ter) then the T,P conditions � 9  Salads mine (where ch l o r i t o i d  
hQS c r ys~ l l i sed  ) ,  ex t r apo la t ed  as ~oeC and about 6.3 kb (g r igga ,  e t  e l . ,  
in prep.7, provide an upper llmlt for  tMs  re �9  
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