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A
 n

ew
 lo

cality o
f th

e rare b
o

ro
silicate S

eren
d

ib
ite (C

a,N
a)2 (M

g
,F

e,A
l)6 (S

i,A
l,B

)6 O
20 ) w

as d
isco

vered
 d

u
rin

g
reg

io
n

al sam
p

lin
g

 fo
r calcite-g

rap
h

ite carb
o

n
 iso

to
p

e th
erm

o
m

etry o
f th

e F
ran

klin
 M

arb
le. T

h
e

M
eso

p
ro

tero
zo

ic F
ran

klin
 M

arb
le co

n
sists o

f a m
ain

 b
an

d
 th

at exten
d

s ca. 30 km
 fro

m
 O

ran
g

e C
o

u
n

ty, N
Y

in
to

 S
u

ssex C
o

u
n

ty, N
J an

d
 also

 h
as o

u
tliers in

 W
arren

 C
o

u
n

ty, N
J. T

h
e seren

d
ib

ite stu
d

ied
 is fro

m
 an

u
n

rem
arkab

le co
u

rse-g
rain

ed
 calcite m

arb
le o

u
tcro

p
 1.8 km

 fro
m

 E
denville

. S
eren

d
ib

ite o
ccu

rs in
 layers

rich
 in

 p
arg

asitic am
p

h
ib

o
le. T

h
is lo

cality is >1/2 km
 fro

m
 th

e n
earest m

ap
p

ed
 in

tru
sive b

o
d

y. E
quant

seren
d

ib
ite sh

o
w

in
g

 p
o

lysyn
th

etic tw
in

n
in

g
 o

ccu
rs w

ith
 g

reen
 am

p
h

ib
o

le, ap
atite, p

h
lo

g
o

p
ite

, calcite,
scapolite, and sin

h
alite (M

g
A

lB
O

4 ). S
o

m
e seren

d
ib

ite is altered
 to

 uvitic
 to

u
rm

alin
e. T

h
is o

ccu
rren

ce o
f

seren
d

ib
ite in

 a calc-silicate layer o
f th

e F
ran

klin
 M

arb
le o

f N
ew

 Y
o

rk jo
in

s th
ree o

th
er G

renville P
rovince

lo
calities: n

ear Johnsburg
 in

 th
e A

d
iro

n
d

ack H
ig

h
lan

d
s, n

ear R
u

ssell in
 th

e A
d

iro
n

d
ack L

o
w

lan
d

s, an
d

an
o

th
er p

o
ssib

le lo
cality in

 O
ran

g
e co

u
n

ty (A
m

ity). S
eren

d
ib

ite, sin
h

alite, an
d

 to
u

rm
alin

e at th
is lo

cality
m

o
st likely resu

lt fro
m

 m
etam

o
rp

h
ism

 o
f a b

o
ro

n
-rich

 sed
im

en
tary p

ro
to

lith
.

T
he H

udson H
ighlands in O

range C
ounty, N

ew
 Y

ork are part of a belt of G
renville

 inliers
that stretch from

 the G
reen M

ountains of V
erm

ont to the Llano uplift in T
exas and into

M
exico. T

his belt of high-grade m
etam

orphic rocks form
ed during a series of orogenic

events in the M
esoproterozoic. T

he m
etam

orphic units of the H
ighlands extend to the

N
ew

 Jersey H
ighlands to the south, are surrounded by C

am
brian sedim

entary rocks
w

hich grade out into the D
evonian sequences com

m
on of m

ost of N
ew

 Y
ork S

tate.

T
he F

ranklin m
arble is part of a supracrustal sequence that sits unconform

ably on the
Losee

 m
etam

orphic suite, w
hich has been correlated to sim

ilar ~1.3 G
a

 arc rocks in the
A

dirondacks and G
reen M

ountains.  T
he supracrustal sequence is cut by 1.17 G

a
intrusive rocks in the H

udson H
ighlands (V

olkert, 2004). T
he contiguous m

ain band
F

ranklin M
arble extends ~30 km

 into the N
J H

ighlands, w
here it hosts the w

orld-class
Z

n-F
e-M

n
 F

ranklin and S
terling H

ill deposits. O
utcrops of the F

ranklin M
arble contain

light grey, m
edium

 to course grained calcite or dolom
ite. C

om
m

on accessory m
inerals

found in the F
ranklin m

arbles include phlogopite
, chondrodite

, calcic am
phibole,

clinopyroxene, and large euhedral graphite crystals.

F
igure 5. S

erendibite w
as

discovered in an am
phibole-

rich lithology collected from
a sequence of
unrem

arkable m
arble

outcrops during sam
pling

for regional calcite-graphite
therm

om
etry of the F

ranklin
M

arble
.

S
erendibite w

as first described by P
rior and C

oom
arasw

am
y

(1903) in a calc-silicate contact zone. S
erendibite is related to

the m
ineral S

apphirine
 (M

g,A
l)8 (A

l,S
i)6 O

20  and is nam
ed for

the ancient A
rabic w

ord for S
ri Lanka, S

erendib
.

S
erendibite ranges in color from

 pale blue (F
e-poor

S
erendibite) to alm

ost black (F
e-rich). In thin section, the

m
ineral has blue pleochroism

 and polysynthetic tw
inning

(S
ee F

igure 1).

T
here are about a dozen reported localities of serendibite

,
include the fam

ous gem
 producing  m

ine in G
angapitiya

, S
ri

Lanka (G
rew

, 1996). It is found in contact aureoles as w
ell as

am
phibolite

- and granulite
-facies terrains.

F
igure 3. T

he outcrops containing
S

erendibite w
ere located about 1.8 km

w
est of E

denville
.

F
igure 1. P

olysynthetic tw
inning is

com
m

on in sam
ples of serendibite

 from
O

range C
ounty.
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F
igure 2. In thin section serendibite is a

high relief m
ineral and a distinctive bright

blue color in plane light (here included in
phlogopite

).
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F
igure 4. A

 typical thin section of the
F

ranklin M
arble. C

alcite is the dom
inant

m
ineral, how

ever large pyroxene,
am

phibole crystals also are abundant.
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M
etam

o
rp

h
ism

 o
f th

e F
ran

klin
 M

arb
le

T
his locality of serendibite w

as discovered
w

hile sam
pling the F

ranklin M
arble for

regional therm
om

etry. T
hese rocks w

ere
crushed and crystals of calcite and graphite
w

ere separated then analyzed for their
carbon isotope ratio.

F
igure 8. T

he 12C
/ 13C

fractionation betw
een graphite

and calcite is sensitive to
tem

perature and can be used
as a therm

om
eter in high-

grade m
etasedim

ents (K
itchen

and V
alley, 1995).  T

his
technique has been applied to
the F

ranklin M
arble and has

yielded 769
±43

°C
  for O

ttaw
an

m
etam

orphism
 in the N

ew
Jersey H

ighlands w
ith sim

ilar
tem

peratures in O
range

C
ounty, N

Y
 (P

eck, V
olkert,

M
eredith, and R

ader, J.
G

eology in review
).

F
igure 7. G

eneralized
stratigraphy of the supracrustal
sequence in N

ew
 Y

ork and
N

ew
 Jersey (V

olkert, 2004).
N

ote that the F
ranklin M

arble
can be split into tw

o units: the
thick F

ranklin B
and (that hosts

the Z
n deposits at F

ranklin and
S

terling H
ill) and the thinner,

barren W
ildcat band.

F
igure 6. C

arbon isotope therm
om

etry
in O

range C
ounty and the  N

ew
Jersey H

ighlands.  G
rey is outcrop

extent of the F
ranklin M

arble.
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Z
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M
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A
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E
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G
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F
igure 9.  B

orosilicates in the southern
G

renville
 P

rovince (base m
aps from

H
am

ner et al., 2000 and V
olkert et al.,

2005).  “R
are” borosilicates are not

uncom
m

on in high-grade rocks of the
G

renville
 P

rovince in Q
uebec, O

ntario,
N

ew
 Y

ork, and N
ew

 Jersey.  S
om

e of the
protoliths of these rocks are igneous rocks
(e.g. the B

ondy G
neiss D

om
e and M

oon
M

ountain), w
hile others are sedim

entary.

F
ield relations and lim

ited boron isotope
data suggest that the source of boron at
m

any of these localities is from
 the

protolith
 or nearby rocks (P

alm
er and

S
lack 1989; S

w
ihart and M

oore 1989), and
not from

 w
idespread boron m

etasom
atism

.
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F
igure 12. X

-ray spectrum
 of serendibite from

the sam
ple collected in O

range C
ounty.

A
bscissa is X

-ray energy (in K
eV

), ordinate is
num

ber of counts.

F
igure 13. X

-ray spectrum
 of serendibite from

the sam
ple collected in Johnsburg

, N
Y

.
A

bscissa is X
-ray energy (in K

eV
), ordinate is

num
ber of counts.

1
m
m

F
igure 10. A

ltered serendibite included in
am

phibole from
 the F

ranklin M
arble.  T

his
sam

ple also contains trace scapolite
 and

sinhalite
 (M

gA
lB

O
4 ).

P
h

lo
g

o
p

ite

A
m

1
m
m

F
igure 11. T

he sam
e crystal as in F

ig. 6
view

ed using backscattered electrons.
V

eining of serendibite and alteration to
uvitic tourm

aline is clearly visible.

T
o

u
rm

alin
e

S
eren

d
ib

ite

F
igure 14. B

ulk X
-R

ay diffraction pattern of serendibite-bearing sam
ple from

 O
range

C
ounty.  T

he sam
ple is dom

inated by pargasitic am
phibole and phlogopite

.
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