Aemcxmcu\i]m . Vamtelenioe.  Coddie- Aida

J

Si0z 42.08

Ti02 Fi59 #0512
AL,O3 O 42 Nosword Mivera) . Museuaa
e A0 9

MnD | o

M%G OAD

Ca.O O A

Ba O 00O

ﬁa@;O !4

K O 002

(= OO0

C| 0.0
S o020

WU ben O-Q coFiowns om the boais 0-? o0 @«;(-\{'cgm,«:.

i 6029
Al ©.0FH
Ti o818
Fe. A-308
Mo 0085
Mu 0. ISD
o 033
Moo \-qe3
Co. O10b3
K C"-DC)"J

050



NG o =11 M= ™~
3133133970602&2
.a.u...-ooo-..n-..o
QSGEIGQQTQQGQGQ
& <+ = I
L ]

w
L
3
b
G S » o oV B0 T e 0y 0 0
wd 3549544451300_262
N..Jo-occ..c-ot-.e..-
< Z?D‘Uloenu_fﬁwnv&veau@

S & Lo B
L ~
-
]
T
<L
-y
()
Lo |
e
i
=

o P Ny ) oy

NNy =
411533&03900505
_../__-quC'lI..Gl.to
E?GILOQQ?GQGQQO
& & Lo I

-

Gﬁug,j"?h.b LN vy

71130320&603?0
.!_tenono--ﬁc-a

~+ F »

SS.72

{
s
i
I

mid
L)

(9%
wmmﬁﬂﬂaomﬂ ZNE
~HINILZ D o T iy LU&U
STQFMHCBNKFCS e

o o

SUPER RECAL

N

Mo = 3
O m [ M
*949*#2* o N m
“ * » L To
T4 T o n ™~ ¢ .
QG
P~

N ONOMOVMS o
S noSmmensd 8
903803113&09

I.CI.QO.II..

5@&&5902&30%

=
L3
o ¢ [
© ¥ N0
I 203 K 3 I O i a0
L
0 © N

o DN o o
( 000 o
COLY DN NG Gy

-so-cootoo.t

VIS F S50 Cooy
N

N

M w - =

O o O D NP
O 9*#«&***1*73

* L] -

LD O e N e s
Lo b ]
O
N NOONM-HOG o
D MOB~MNTE oy

Ooy WO A~ G

ccon.ct.c-o-

63&94902@6&%

W=

LU
o= e e e
e




542 ABSTRACTS WITH PROGRAMS, 1980

DAUGHTERY DOME: A CLOSER LOOK AT A CLASSIC FIELD EXERCISE
VINCENT, Jerry W. and HOGE, Harry P., Department of Geology,
Stephen F. Austin State Umiversity, Nacogdoches, Texas 75262

Daughtery dome and related structures in south-central
Oklahoma have been mapped by several institutions and thou-
sands of geology students, and more than one interpretation
has been published. Mo one is more vulnerable to embarass-
ment than an experienced instructor armed with published
maps of a classic field exercise and years of proof of the
solution from previous students. Under these circumstances
it 15 difficult to accept contrary solutions even in the
face of logical evidence. How can a bunch of rookies fail
to understand such a beautiful area?

Two major faults have been omitted or mistakenly mapped
in this region. A low-angle thrust along the southwestern
nose of the dome and & high-angle reverse fault on thenarth-
eastern flank demonstrate the direction of primary compres-
sional stress. Assuming the accuracy of this interpretation
other structural features of the dome, which have been in-
terpreted in various ways. can be reoriented to represent
cenjugate shear and the areal view demonstrates a natural
view of a nearly perfect strain ellipse.

The rookies, far from destroying a beautiful area, have
helped make a classic problem an even hetter training exer-
cise. Any instructor using the area however, should be
careful. Students not familar with or unduly conscious of
the way things are supposed to be, often discover evidence
which can embarass the over-confident Ffipld instructor.

INTEGRATED KARST MAPPING FOR ENVIRONMENTAL CONTROL ACTIVITIES,
PALEOZOIC CARBONATE TERRANE, MISSOURI, U.5.A.

VINEYARD, Jerry D., Mlssouri Department of Natural Resources,

Division of Ceology and Land Survey, Rolla, Missouri 65401

Integrated karet mapping In the Paleozoic (Cambrian, COrdovician,
and Mississippian) carbonate terrane of the COzark Platesu of
southern Missouri provides a basis for environmental conmtrol
sctivities relared primarily to groundwater qualiry. Current-cycle
karst [eatures mapped as sinkhole-drained areas, caves, and springs
are superimposed on paleckarst mapped as filled sinks, clay pits,
and pyrite depesits to formulate concepts of groundwater perfor-
mance., Karst mapping is supplemented with water tracing, seepage
rung, cave mspplng, and scuba-diving mapping of springs to aid in
developing strategies for environmental protection of the ground-
water régource.

Speleclogical investigations including underwater mapping of
larpe spring ayvstoms demonstrates active solution under phreatic
conditions as deep as 100 meters, for dimstances as great as 50
kilometers, and travel rates of more than 2.5 kilometers per day.
Such conditions make extensive knowledge of karst essential to
envircnmental centrol decision-making.

USE OF THIE BIOSTS DATABASE Tv RETRIEVE CROLOCY-RELATED INPORMATION
VITUL . Pmt ] ia et FARNEN, Aan Lo, Ehweat on amd Tratabme Groag,
oM Lemces Inbormat bon Sersioe, SJE00 Arch Sroeet,
Fht Fade |l Ponnsy lvania [4101
I ma for worldwide Ve s lemce Intormatbon ser-

B BlOSES databe

i% a rieh s information to geologist<.  The (Ple, dat-
tk Lo 1926, contains over 6% milllon cltations, Geoalo-
B1s1S for informatdion on o large variety of sah-

s relevant to paleontolopy, ecolipy, enerey, bealth, pollat bon,

eience. These areas wlld be dise =l En ol € R
vussion will al=sa peint ont any aceess poiets BT0STS ers Lo e
peodopist, tor examples specific codes to identify peologfe tim
periodsas Ty eonelnslons: exsmplie ol stoareh guesioog and messlts
Wwill be prescn

“LATTONS OF RENIGMATITE

SLEY, Donald H., Department of Earth and
Space Sciences; State Univ. of New York, Stony Brook, M. ¥, 11794
f= cossyrite) is a common phase in peralkaline lavas and
andd iz also found in some late-staoe basaltic pegmatoids.

mlls BVET 4 NATroW temperature range, it '

provide upper temperature limits for the magmas precipitating it
Molting relations were determined for two synthetic acnigmatites:
igfzn, and “dirty" acnigmatite containing {in wt.1)

Christine M., L

intrusives,
Hecause it

Proesenge o

jdeal NapFeqTis

Mno (1,15}, Cao ((LG51, Mgo {0.49) and Als0g (0:24) ecorzesponding to
# nataral sample from Pantelleria (Ztes, 194, Am. Min. 51, 200).  Re-
v melting experinents were performed i N5,

vacuo and at Pyaq =
= (*C) For ideal and

buffir). The melting temperats
thetic acnigmatite are listed below:

(7M2

Pigantkb) a 0.5 R TRP e . T
1dval 5 BEN-000° T60-780°
. (First niqg, 55 775-790°  TID-T55°
PATLES |kt mens -al0° A2R-A4N®  AIN=H157

asnigmatite melts incongruently te the assemblage Uspgg + TlfMgs
14 ¢ fayalite (¢ amphibole in hydrothormal runs; belteved to be
s owonld b estpected, melting ocours at lower Lemp-
“hirty" aenigmatito begins melting at

ral acnigmatite but coexists with its
range of " S0°C. ‘The melting reaction is

melt

b s over -d

ayalite Formed at 0 kb, but not at 1 and 2 kb. These
results indicare that crystallization temperatures of aenigmatite in
peralkaline o usives are <902-910°C. Maximum temperatures for hyp-
abyssal rocks containing aenigmatite could be as low as » BO0O°C, de-

stmilar, with

poend ing on a0

CATASTRUPHIC ROCKSLIDE-AVALANCHE OF MAY 18, 1980, MOUNT ST. MELENS
VOLCAND, WASHINGTON
VOIOHT, B., Penn. State Univ., Univ. Park, PA 16802, and U.S5. Geol,
Survey, Vancouver, WA 98660; JANDA, R., and GLICKEN, H., U.S5.
Geol. Survey, Vancouver, WA 98660; DOUGLASS, P. M., Hare—
Lrowser, 1910 Fairview Ave. E., Seattle, WA UB102; NOLAN, M.,
and HOBLITT, R., U.5. Geol. Survey, Vancouver, WA 38660
Followlng a J-month perfod of outward movement of the aorth flank and
a progresalve loss of cohesion assoclated with magmatic (njectfon and
numerous translent fluld-pressure and sefsmic pulses, a rockslide=
avalanche of about 2 km' was released as part of the 08:32 May 18
erupt ion of Mount St. Helens. The mass detached [rom a zone 3 km long
by l.¥=2.4 km wide, which extended [rom the 2930-m summit down the
north 1500 m;
apparently favolved elevated fluid pressures and a magnitude-5
earthquake, Within minutea the avalanche surmounted a 300-m ridge,
indicating a peak velocity in excess of 50 m/s (friction coefficient
O.16). Part of the avalanche displ d Spirit Lake, but the main lobe
descended the north fork of the Toutle River valley on a 3 percent
glope for ahout 22 km to an elevation of 70 m, depositing as much as
IN0 m of angular heterniithologlc breccla with a granular, low-
cohesion gravel-sapd lithic matrix (5G 1.6-1.8). Morphological
features include levees, transverse waves, subsidence depressions, and
horst=1ike hummocks that have local relief of as much as 50 m. The
moving avalanche was overrun by a welcancgenic "blast" that stripped
argantc cover and deposited lapilli and ash on ground over which the
avalanche soon passed. Thin blast deposits (56 l.h-1.8) also veneer
parts of the avalanche surfare, as do younger, locally thick pumice
flows (50 1.1). Subsequent to emplarement, a sequence of thin
mudflows (56 1.7-1.9) meved across much of the avalanche surface and
contributed 1o massive downvalley sedimentation along the Toutle and
Couwl itz Rivers,

flank to an elevatlon of about the coup de grace

METAMORTEISN 0F SCAGDIIAVIAN CALEDONIAN STRATABOUN
VORES, Fo Moy Geolopisk T I e

Soerpem tebodake hapskol

i SUTFIIDE BEPOSITS
i Trondhein —

turr,

o Tromdhie bmg rway

Recent work on the strataboosd polvmetal e pevrlel sulohilde opes of
the Scandinavion Caledontdes bas Began to ded fne thelt palen-geapraphic
amd palect e tonle envitonments of depostition more exactly,  In liorway

especlal Ty, wvidence has he

n arcumal ot ing te deflae two maln types of
st et by grlael o Ading rldpe where
Hirhedoples are veean floor tholed o ie les, olten assoc-

ervd rotiment s 1)y @
the lo

margln or

lated with ather anlts of aphfalftfe nature,  2) Consomlag plate
fdisstrnenive ) marptn with host Tithologdes of $slamd are tholel ltes,
mbxed whth predter or Tesser proport fons 0f voleanlelant fe and other

e te,

Wty bl opdpds wpelire ol the solplilde o sltbon and the
ehlects o them ol bater meramorphidsm and tectoniam seem o he denend-
ent on the by orlptnagl deposle bonal coaviroenment o The ophidol fre-hosged
deposits are most often of a preximal character, show n-stratlfaorm

mear i ] and, alome with thelr now obducted bost Titholoples, have
b crvml fna relatively low metamorphic state, though they are
wfton o wrmal by Lo lding.

belamd are tvpe depostes show both presimal ool disenl charae-

Pikes toy sieratilorm oripl wmorihiobogies, and st rong meta=

vemat lonal etfects. They are typieally thoroughly
and wbow the of fects of through—gabog plast e dieforma-
lovpde a1y the defoarmation has often resalts Il greatly
e lan it et rety wWhilvh are oriented parallel te the gemeral Tineatlon
direvt b Ta Pl host porks.

PRUGEDSSIVE DEFORMATION, FOLD ROTATION AND MELARGE FORMATION N MIDDLE
ROV T TAN FLYSOH N AR ALBANY . NEW YORE
VIHIMI R, Prederiek W, Department of Gealogical Seiences, State
Iniviersity of New York ar Al ¢ Nlbuny, 2
Accretionary processes in trenches have only b vl indirectly,

An anal vovironment existed when Elysch de re deformed in

Austin Llen gr
mation intensity leading
front. Twrelve to {ifteen
Flyseh ks virtually ande-
and kink or

front ot
amd

vadvanging Taconic allochthon,
how an eastward therease in o
ition awdjacent to the Tacom
il lochthonens rocks h
Lastward  are cast-dippin
asymmetrie folding inelnding one pnarrow zone of dismembered drenite in
a phaceidally cleaved shale; interpretoed as a of high shear
strain, Newrer the Tovonic front large, moderatoly to steeply

ymack

Formed . ol Thrust ing

zomr

plunging and steeply S dnclined folds are common. i s Are
shoarod and some Polds are downwards Facing.  Large arr CONSTS
desrupted ¢ ke beds, including fold hinges, in a phacoidally
cleaved =slale,  Fold hinge lines becumnes more castorly trombing
towdard the Tacenic from, particulavly in the phacoidally cleaved
shitles where shear st rains may have been higher,  lerizontal hinge

tod towtrds Utriansport dicection™ in
Taconic front

ines have probably heen rots

zones of high shear stroin,  Nearest the vxotic blocks
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Pantelleritic liquids and their phenocrysts,

By L8 Caracnakn, MUA,

I Teehno

erial College of Meten

___._,.—....H.:_ .;...":T__.E,f‘. i

[Read 2 Novembwer 149461,

iEns From Pantellena have

Su ey The T._:.::_ .,f...?‘ of fonr Ty .._—.f ritie ohsi
micaliy, together with the residual glisses (liguu
b twa of sodie ferrohedenbergite, one
ether with their optical

Three new

heen
annlyses of anorth
of faxabtic olivine, an

._.f......_ i

Jase (one partinl analys
v rite are presented |
propectics, il the relationship of these phenoerysts to their Hguids is consider

The experimental studies in the system Na Al - hOAR Sith - H g show
that for syuthet liquids of similar composition 1o the normative =alic
af the pantefleritic liquids, a potassie alkali feldspar crystallizes, whered
pantelleritic Tiguids phenoerysts of anorthoclise (Abg-Abg) occur. Tt is ngpested
that sodium metasilicate, which appears in the normis of all the panteliecitic liquids,
may be responsible for the divergence in t end between the synthetic feldspar—liguid
tie-lines and the pantelleritic feldspar-tiguid tie-lines,

Lo of

in the

NHE Mediterranean voleanie island of Pantelleria has long been

il obsadians, which

famous for its unusual peralkaline rhyolites
cpibed and named pantellerite by Forstner (1831, 1884),

were first des
and becoming i consequence the tvpe loeality. Washington

the 1
{1013y visited the island. and he has also mven an aecount of its geology,
Fanalvses and detailed petrographic deserip-

together with many chem
tions ilustrating the pantellerites. which are assoctated with the closely
Taseny,
with trachytes, and with later alkali olivine-basalts that may contain
normative nepheline (Washington. 1914). Similar associations are found,
for example, in Kenya, where pantellerites, comendites. and trachytes
occur with nepheline-bearing  basalts, mugearites. phonolites, and
kenvtes (Campbell Smith, 1931).

Comendites and pantellerites, however, are of widespread distribution,

related cotmendites (i silica-rich iron-poor pantellerite (Lacron

being found in the deep oceanie areas (Broch, 10462 Tilley. 1950), in
Sardinia (Johnsen. 1912),in the old French territoriesof West & frica and
Equaterial Africa { Lacroix, 1934 Koch, 1955). in Nigeria (Jacobsen el e
1958). in Abvssinin (Lacroix. 1930). in Madagasear (Lacroix, 1923),
nd in Australin (Jensen, 19061 and New Zealand (Marshall, 1036). The
Cenozore alkaline provinee that surrounds the sea of Japan aiso inciudes

comenditie and pantellertic reprasentatives (Aokl, 1ud: Lacronx. [§iF T

PANTELLERITH LIQU D~ =7

Nepoto, 1934 Tomita, 1935). and the “:L_ uitie shyvolites of Texas
(Cross 1904) show close athinity to many comendites.
A tvpical pantellerive is porphyritic with phenoerysts of anorthocluse

Ve ::,:3;.; T

and sometimes quartz, together with e

mous with sentgmatitel. a sodic pyroxene, and occastonal olivine. The
groundniass nuay he glissy (microlitic) ora finely ervatalline interarowt by

of foldspar and o silicn mineral, together with needles of aegrine and

cORSVEIte

that lns

However. it 1s the chemieal composition of pantelent

ttracted the attention of petrologists sinee Washington published his

da over alimuina (which

analyses, for so great 1= the molecular exeess of
i characteristically low) that the CIPW norm requires the rare mineral
g W _.:_r

moleeule sodinm metasilicate () to be forneed. the ocearree

has been discussed by Chayves (1960) and Tutele (189601 Siee the re-
amalvsis of two of Washington's specimens by Zies (1960) there can now
he no doubt of the existence of this unusual normative molecule,

Lt is the purpose of this paper to present the results of o study of four
porphyritic pantellerites from Pantelleria, their phenoerysts and their
residual glisses, and an attempt is made to compare the unusual chemical

lieate
142-

composition of the pantellerites with the relevant avnthet

gvstems in order to understand better these rather wnusual and
matic natural Hguids,

Potrography.

Washingte
cecornt of the pantelleritic obsidians (hy lopantellerites) and 1

(1) has already published o detailed petrographie

=

smplified here for the analysed specimens. The specimens available for

examination (see kev to tables, p. 80) were obtained from the col-

lections of the Imperial College of Science, and were apparently pur-
chased many vears ago, In hand specimen, the black obsidians are
vesicular. brightly lustrous, and apparently completely fresh.

One obsidian (1R) contains abundant phenocrysts of anorthocls
(1F) together with a sodic pyroxene (1) and a fayalitic olivine (1B), the
last two tending to form clusters together with ilmenite. The pyroxene,

which is distinetly pleachroic from bright emerald green to hrown tinged
with green, may be euhedral and is rarely twinned. Zoning is not detect -
ahle. and the pyroxene tends to enclose or be surrounded by ervstals of

nenite, which are invariably smaller than the silicate phenoerysts,

ivine. which 15 also a common phenocryst, may enelose ve be sur-
rounded by crvstals of thuenite, Cossyrite has not been found in thin

1
£
-
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sections of this

MV hineery

noervst nneral m

eettnei, but s sparsely prese

itrate- Anorthockise is the commonest

(ALRE S

argesubhedral plhes

the ob<tdinn= and mav e of verv variablesize. T
Urvsis mawv !_H W _::...&ﬂ. .—H—W:—.n_:_f .,w:pw HPY _;_:_::_L.’. a..r.:::_—m an ﬂ:—..

aments of Teldspar of all sizes

Ioor Manehach laws, Small f

Carlsb
v the mechanival break-

suggest by their shape that they have tormed
down of the Larger phenocryst<, probably as a result of thow of the viscous
abhsilian.

The gliss (1G) that encloses these phenocrysts contui
feldspar (Ahg Orgg)! that are larger and wore abundant than in any of
re sparsely seattered through-

nerolites of

the other ghisses. Micmohtes of weginne
with o few small stampy crvstals of

out the pale-brown gliss togethe

reen,

cossyrite and puvate ervstals of

LEWIRC contn nimerons l

Several of the obsidians Lspar mmierolites
{

lass (203)

i the glass, together with needles of avgirine. and w 21 the
encloses lnrge phenocrvsts of cossvrite (24), which show intense ahsorp-
tion from deep red-brown to black. Olivine and ilmenite phenocrvsrs
puent coarse patches of quarty
). together

ontains infr

are rare, and the vlass also
O

Aot

and feldspar in granophyric intergrowth (1
waped phenocrvsts of quartz. The larger

with mdependent poorly

=0 show con-

o (2F) often form e

phenocrvsts of anorthoels
siderable variation insize, The phenacerysts of pyroxene (2) may similarly

form clusters with favalite. thmenite. and anorthoclise

Quartz and cossyrite (3A) are common phenoerysts in 3R and are
enclosed together with anorthoclase (3F) in s glassy groundmass (30
almost free of feldspar mieroltites, Oivine and tmenite are absent
m.:w:ﬁdﬂ»v.u concentrates, ::L _._.a-u-...u.n.._:. SIS ___Z._.._:;:.f< SCAree,

the heav
Phenoerysts of all minerals are rare in 4R, feldspar (4F) being the most
abundant, and favalite, pyroxene. ilmenite. and rarer cossyrite are
enclosed in a glass (4G) that has rare feldspar microlites but common
birefringent spiculites,

In 5R the glassy groundma:
fine-grained erystalline intergrowth of feldspar (AbgOr )t and o silica
nd

of the ohsidians is replaced by a very

mineral, the groundmass alwo containing small needles of aegirine &
small equant erystals of deep red cossyrite. The groundmass encloses
Sl quartz, acicular pyroxene
vrite, the deep red core of which

phenoceysts of anorthoclase (Abg, Or

with a deep green outer zone. and co
15 enclosed by a deeper. almost black, outer zone of cossyvnite. Near the

ed by the 200 method { Bowen

1 The compositionsaf these feldspars were deter
and Tuttle, 1950),

PANTEL

ERITIC LIGUTDS 849
phenoervsts the groundmass tends to be coarser and more completely
st d max grade into Ipss well-crestallized areas with little
aegirine or cossvrite, but with abundant birefringent patches of pale
vellow partially devitrified glass, In parts of the rock. the pale yellow
colour of the less well-crystallized areas of the groundmass :::..E.:mm
to a reddish colour, which is presumably due to the q,zi._:m..:...i iron
contained in these partially devitrified patedies,

The trachyte obsidian from Piteairn Tsland (61) contains rare pheno-
erysts of alkali feldspar, rarer ferroaugite and iron-rich olivine, together
with micro-phenocrysts of magnetite. The dark-brown glass, which
contains a few seattered feldspar microlites, n:
of olivine basalt, mugearite, or trachyte,

crvstulline,

v also enclose xenaliths
The modal analyses of the analysed specimens are wiven in table 1
and although five or six thin sections of each specimen were counted, :5..
ferromagnesian minerals are so unevenly distributed throughout the
obsidians that the determined ferromagnesian modal content is perhaps
best considered as an order of magnitude,

The ferromagnesian phenocrysts of these pantelleritic obsidians have
many features in common. The olivine is usually the largest of the
ﬁm,:._:_.zn_:..m::- phenoerysts, although it may show considerable viria-
tion in gize: it is feebly idiomorphic and completely fresh with no visible
alteration in the fracture cracks or the frequently well-developed cleay-
age.  Microphenoerysts i

of ilmenite may be enclosed by the olivine
phenocrysts or be associated with them in clusters with pyroxene. Micro-
scopieally the grains of olivine are ¢

nloured pale amber and show a nale
vellow colour in thin section, with feeble but distinet pleochroism. _

The pyroxenes. which are completely fresh, are a deep greenish-black
under the hinoeular microscope, and unless the grains are small are
_.n.:ﬂ:.,. mistaken for cossyrite. The distinctive pleochroism noted above
ts common to all the pyroxenes

. : amined, and varies little, if at all. in
ntensity except in 51 Simple twinning is not common, and there is no
fieroseopie evidence of exsolution. The pyvroxenes mav be idiomorphie,
but are commonly ill shaped, show a wide variation in size, and in those
tromi the obsidians zoning cannot he detected.

The cossyrite phenocrvsts are very distinetive with their intenge
;Tz:._,::: {deep red-brown to black) and moderatoly hieh hirefringence
e well-developed cleavage is seen, and rare < etions show a poorly
fine .

second cleavage.  Cossvrite usually forme

which mayv be subidiomorphic with a shape (e
unlh

nvrovens, and it aly ay
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Maguetite as mierophenoerysts i« almost completely absent from all
the pantellerites examined. but may oceuras minute grains in the glasses.
amples, and the

« ohtained by hand magnet from 1wo
ite concentration of 20

A small fraction v

weight of sample so ohtained indicates a magne
to DO pop.
Tapre I Modal analyses (volume per ee i)

For the kev to these analyses, see helow.

from
Glass.,  Feldapar, Quartz. Pyrorene. o, Cossyrite, oxides,
1R (5744} N2 0T —_ 05 04 Lrace v
IR (3112) RO-6 1540 0 03 trace 04 trace
AR (574 K76 B4 20 trace (5] -
AT (3114 [ - trace e — —
AR (AT (OS] Ra) -2 (8 =
(Y - 01 e - trace

GR(12065)

* Microcerystailine groundmass,

Key o TapLes I-VIL

1 Sodie ferrohedenbergite from ob- 4F Anorthoclase from obsidian. Pan.
sidian, Pantelleria. 5748, telleria, 3114,

11 Fayalite from G748 4G Residual glass from 3114,

11 Anorthorlase {rom 5748, +R Porphyritic obsidian 3114

10 Residual glags from 5748 SR Porphyritic mic orvstalline  pan-

1R Porphyritic obsidian 5748, G370

tellerite, Pantelleria, 5750,

sodic ferrohedenbergite from ob- BR Trachyte obsidian, Pitcairn fsland,

sidian, Pantelleria, 3112 12085,

(ossyrite from 3112, (" Aegirine-hedenbergite from Skye

2F Anorthoelase  from 3112 (tar- alkali pranite {Tilley, 18495
michael, 19605, talile T b Ferroaugite {rom quartz-syemte

. Residual glass from 3112 1Car- vined  (Hess,

(roexisting with

michael, 19604, table V. jo40, p. 654 Buddington, 19349,
2R Porphyritic obsidion 3112, p. 1200,
3A Cossyrite from  obsidian, Pantel- B Hyalopantellerite  {P.RU. 205

g, 1060, p. 307).
P Hyalopantellerite  (P.R.C 200
Zies, 1060, p. 307).

leria, D744,
31 Anorthoclase from 5749
30 Residual glass from 5744
3R Porphyritic obsidian 574

“hael.

. E. Carn

Analyses 1 to 6R by 1.

Mineral analyses.

The ferromagnesian phenoerysts were separated on the Frantz iso-

dvuamic separator followed hy repeated centrifuging in Cleriel solution,
and if necessary were then hand-picked under @ binocular microscope.

The climination of cossyrite impurity from pyroxene was troublesome,

< the soparation of favalite from ilmenite.and effeetive separatl

 coneentrates obtained could only he made by

PANTELLERITIC LIQUITS Ol

nid-picking, The feldspars and residual glisses were initially separated
" H._:,. Frantz separator followed by centrifuging in methy _A...:u ::____.r.
W ?_E.xv everal grams of feldspar were separated and _..Ew; for gravi-
metrie analysis, only emall quantities of the pyroxenes and olivine were
obtained. and their chiemical analy ’
on a total sample of 100 myg or :

s were made on a semi-miero seale
less. Tlmenite and magnetite are rare

-~ ;

apLk 1L, A g i ; ies o ic fe

[ walyses and c—::._.._ properties of the sodic ferrohedenbergite and
favalite phenoerysts.

For the key to these analyses, see p. 1

1. 2, [ . 14.
4869 14064 4828 3056
{+8H 043 028 72
20 204 048 1-45 004
iyt A k] KA w10
Ne1H 2146 182 2702 6O-R1
_...w._. 1-2¢ (1811 343
267 (L83 032 347
1636 16-18 113
286 1-51 -
) (IR 014
T 10060 153 100 200* 100031

* Includes H O 1115 7, HO- :15 °,

a =

. — 17355 1800
# 1-740 1547 —~ 17450 1842
m». = o — 1- 7650 1863
B 5y e () WP (=) 62 (-)
y 1001 53 - atiy” .
Atomie pert o n
| 11-2 4140 4493
| [ 1-1 &8
5357 313 a6 012

and only 20 to 30 mg of magnetite was obtained from approximately
I kg of rock. and no attempt was made to analyse these iron-titanium
oxides. _

Pyroxene and olivine phenocrysts. Only two pyvroxenes and one olivine
were sneeessfully separated in sufficient quantity for analysis, and the
results are set down in table IT (nos. 1. 2. and :.:, The two prroxenes
are sodie ferrohedenbergites and their analyses have been 42.,&2%.:;,_
into .::_ standard formula (WX 1),Z2,0 (table 111} by the method
deseribed by Hess (10490 po 625). Thus instead of ::_w.f.m:m Z =2 by
i dding arbitrary amounts of AL and where necessary Ti, to 8, the
votions are atlotted to groups i ac ' .

. rdance with the balaonee of charge
wia eation for earion basis .

WEd
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1 The pyroxene formulae (rable 11 nos. 1 oand 23 show that the ineor- a liguidus minimun then this minimum would seem to have a stmilar
poration of Na into the pyroxene structure 1 almost matehed by the position with respect to Cas(Mg - Fe) for pyroxenes erystallizing with
incorporation of an equivalent amount of Fe. There s however. a notable wmmounts of Na (g, 1, nos. 1020 and €) as for the tholeiitie ]
aall deficiency of Fe™ in relation to Na - K, w hich is compensated for pvroxenes that contain only negligible amounts of alkalis.
by Al to balance the strueture. A small amount of Ti is found in tetra- The increase of Na that may oceurwith the progressive iron-enrichment
hedral coordination in the most iran-rich pyraxene (rable T no. 2)
and ulso in a sodie ferrohedenbergite trom the alkaline facies of o Ter-
tiary Skye granite (Tillea, 1049) (table ITL no. (). As Brown (1837, u

Tasee T, Structaral formulae of analysed pyroxenes and olivine, (Pyroxenes on
the basis of 6 oxygens, favalite on the basis of 4 oxypEens.)

For the key to these analyses, see p. #.
iy 2, {15 1, 18,
= [RTHE 10540 147 14 (-4
Al s . 0064 (038 : W40 104
Th i i - (AT o1l -
Ti . IR - 001N
Al : : (RINE 00206 —
Fe™ i 1168 262 [IAVIN)
Fe" 6T 0737 (IR E :.:ﬁ_ _.,a:: o |
Mn 04043 (IR et (024 004 : - . ;
M 154 1053 aRk 0020 0169 Fra. L The compaesition of sodic ferrohedenbergites plotted with respect to varia-
h.r B 0-723% 07008 0718 708 0039 tion in (a, Mg, and Fe. Solid circles Nos. 1 and 2 {table 11) are pantellerite pheno-
.h:. :._m”_. 221 W2l 0120 — — cryvsts, and (" and D are alkali-granite and quartz-syenite pyroxenes respectively
.Im (R -5 — 007 — (table IT). The co-existing pantellerite pyroxene and olivine (plotted as Mg :(Fe +
! - Mn)j are joined by a solid tie-line (Nos, 1 and 1B, table 11). ®-—@—& Skaergaard
s Z L 1-087 2016 caleium-rich pyroxene trend (Brown, 1957, 1080); ©—"—" pitchstone calcium-
- WY .. =7 2030 1065 rich pyroxene trend, with the relevant pyroxene-olivine pairs joined by dashed o
- Percent. Al inZ 14 o 24) = tie-lines (Carmichael, 1960a, fig. 1).
jiE Percent. TiinZ - -3 . = | hl_
5 3 p. H18) has pointed out. the inclusion of Ti i the Z group is not neces: f the calelunmi-rich pyroxenes cannot be seen in the conventional Ca, o |
. A sarily due to a high content of Ti. but rather to low Al and possibiva Mg, and Fe pyroxene diagram. Accordingly. in tig. 2 the alkali content e
o fnl} B ; ; : .\ ; ” : . _ 11y | :
i = b eontent of Na — K. The concentration of Thin these wntelleritie of various series of caleium-rich pyvroxenes has been plotted in order 10
il o high content of Na . Th ‘ : . \ r |
, i sodic ferrohedenbergites is higher than the average (056 9,) found in illustrate such an imcrease of Na with progressive iron-enrichment. The
a series of pitchstone ferroangite phenocrysts (Carmichael. 19604, table formulae of the pyroxenes have been recalculated in terms of (Na+K).
). and Al is similarly higher than the ferroaungite average {(1-4% Mg, and (Fe"—Mn+(Fe™)), the last term {(Fe”) being the excess, if any,
although tetrahedrally coordinated Al in both groups is similar. of trivalent iron over Na -+ K. This procedure 1s niore simple than that _
The variation of Ca. Mg, and Fe in these pyroxenes is shown in fig. 1 deseribed by Yagi (1953). which necessitates the arbitrary formation of
tagether with the composition (as Mg:{Fe =~ Mn)) of the associated andard pyroxene molecules,
- : ] " ' [ -l . . .
favalitic olivine. The pantelleritic pyroxenes and the Skve sodic ferre- he theleiitic trend represented by the calcium-rich pyroxenes of the
_ r.“_r._:..._ﬁ:w have similar Cac(Mg —Fe) ratiog to the ferroaugites and kaergaard intrusion (Brown, 1957, 1960) (fig. 2) shows a small decrease
ferrohedentergites of the Skeergaard intrusion (Muir, 1951 Brown, m..‘:.._o_ i Naas the carly magnesian augites become progressively impoverished
and to the ferraugite phenocrysts of some North Atlantic Tertry e Casand only e the latest stages of tron-enrichment does Na show a
pitchstones {Carmichael, 19804, fiy. 1), If, as Muir (i954) sugypesis small increase, The ferroaugite phenocrysts of u serieg of pitchstones

Lvro senes on crosdng the lumt of the two-pyroxene tield ervstallize o (Carnuchael, 1860g) also show an increase in soda with progressive
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T:Au.1_._:,2.5.“;:?.—::::.._:T:q,__f.__::mexH,..:_:._.m.:H;.:.ﬁ.:,.z..._.:.x,.m__..
@ & @ &b represents the Skaergaard trend (Brown, 1947, 10y 1 — —2o
P is the pitehstone pyroxene phenocryst trend (Carmichael, Ma): 4. - - - 4 and
B« Herosses)are the pyroxene trends of e differ smtiated teschenite sl (Wilkin-
son, 1957 and the Garbh Filean sill, Shiant Isles (Murray, 1954) respectively; the
Sakhalin trend represents the pyroxenes from a differentiated dolerite-monzonite-
svenite series (Yagi, 19533). Solid circles are sodie ferrohedenbergites (Nos, 1and 2,
m.=:_¢.:1_._:_ phenocrysts): € and 1), alkali- granite and quariz-syenite pyroxenes,
(table I1). (Fe™)is the excess of Fe” aver n?:. required to combine with Na<+ K in
the caleiumerich pyroxene formulae, The inset figure shows the generalized relation-
ship of the plane Mg, Na+ K, and Fed Mn +(Fe™) for the calcium.rich pyroxenes
to the pyroxene tetrahedron enstarite (En), ferrosilite (Fs), wollastonite (Wo), and
acmite | Ar),

iron-enrichment. and are typically richer i soda than the Skaergaacd fer-
roangites. The two pantelleritie sodic ferrohedenbergites (nos. 1 and 2}
are considerably enriched in Na conipared to the tholeiitie pyroxenes, atid

w F

their trend, which shows coneomatant snrichment in Na, Fe™,

it be cot=rdered to be aoe

PANTELLF GILTC LIQULDS U5

D (table T1 figs. 1and 200 a mildly-alkaline sodic ferrohedenbergite
oceurring with a favalitic olivine in an Adirondack quartz-svenite (Hess,
1949, no. 19) { Buddington, 1930, p. 120), Ttis possible that the outermost
zones of aegirine and aegirine-augite noted by Wilkinson (1957) in a

series of Ti-rich sahlites (fig. 2) from a differentiated teschenite sill may
generally correspond in composition to these pantelleritic sodie ferro-
hedenbergites. Inoa similar way, the green outer zones of the pyroxenes
in the picritic pegmatites of the Shiant Isles (Murray. 1954) may also
show a trend in this direction (Ag. 2).

The series of Ti-rich augites, sodion augites, aegirine-angites, and
acgirines deseribed and analysed by Yagi (1953) from a genetic series of
dolerites, monzonites, and svenites illustrates a more extreme type of
alkali entichment (fig. 2). Tn a detailed discussion of the solid-solution
relationships in pyroxenes. Yagi (op. cit., p.o 798) suggests that acmite
and diopside may form a complete solid-solution series with NaFe”

replacing CaMg in the pyroxene structure, and he later (Yagi, 1958)
provides data on the synthesiz of such pyroxenes. So far as is known to
the writer, there is no experimental data on the existence of a solid-
solution series between aemite and hedenbergite, but the ecalcium-rich
pyroxene analyvses plotted in fig. 2 suggest that this solid-solution series
does exist and is more common in natural pyroxenes than that between
diopside and acmite. Perhaps it may be taken that this solid-solution
series does oceur in natural caleium-rich pyroxenes, and in consequence
it may he expected that pyroxene phenocrysts in equilibrium with acid
or sahic lgwids will tend to be enriched m Cale” in rel
Jin the hguad. A similar ¢

atton to the pyrox-

nelusion was reached

ene compon sts AVL.T

by Hytdnen (1854, pp. 85-88) with regard to aegirine-augite occurring

both as phenocervsts and in the groundmass of a natrolite tinguaite,
It therefore seems unlikely that erystals of pure acmite will aceur as
phenocrysts in quickly cooled salie liquids, unless they are products of
the svnthetic reaction relationship of hematite {magnetite in nature)t
to liquid (Bowew ¢ al., 1930}

The analvsis of the fayalitic olivine s given in table I (no. 18] and its
formula in table 111 {no. 1B). The olivine contains an unusually high
content of Mn and Ca compared to the pitehstone ferrohortonolite
phenoervsts (Carmichael, 1960, table 1), and although the content of
Mn may be related to the high content of Mn in the liquids (table VI

PJ. Nolan {personal communication) hne found that a reaction relationship
exists between magnetite and liguid to give nemite in hvdrothermal experiments
i thie svstem NoAlRGO-NaFesigh,

@
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nos Ta-A40e) there seems to be o good reason for the high Caand the

writer cannor at the moment provide a solution, Inorelation o the

coexisting pyroxene (table 11 oo, the alivine 1= enrrehed i Mo and

Fe,

e ._;,:.__.nf_.:_rﬁ::.__.12._.:: e terrohurt :_.::__r.._::._«.,i__

nd the tie-line hetween the two (hig. 1) is parallel to those found for

s (g 1),

ng.

Cossyrite phenoerysts. Phenoervstz of cossyrite acour in all the analvsed
rocks from Pantelleria, but in rather variable amounts (table Ty, It s

Tasre IV, Analyses and optical properties of the cossvrite phenoc . Refractive

indices = O3,

For the key to these analyses, see p. 90,

24. .
4102 41:54
et ERREEY
[REES —_—
Feyty o 1-31 19 -
T s BT ETRNEN
1 1S -— -
i [ 154 —_— —
v i 045 1153 — s
T8 603 R4
(R [IETH = i
H,0* ... = il — -
H,0 ., - 007 — -
Total TR ES 10O 10000
x 1-795 1-7493
B 1:R05 1-804
¥ i i 1-87 1-87

u Cale. for 2Xa,0.0Fe0.2Ti0,. 1180,
e Cale. for 2Na 0.9 Fe (), Fe, 0, 2710, 12810, (Fleischer 1934),
commonly the most abundant ferromagnesian silicate, and az it 1= com-
paratively easy to separate it is not surprising that this oceurrence of the
mineral has long elaimed the attention of mineralogists. Cossyrite is 4
mineral of intense absorption (deep red-brown to black), rather high
birefringence {Bowen, 1937), and high refractive index (table 1V).
Fleischer (1936) has collected the chemical and N-ray data of cossyrite
(- aenigmatite) and has snggested a formula for this triclinic mmeral,
[t 12 not, as was believed, related to the amphiboles, and does not contam
essential water (table IV) although it is possible that small amounts of

or Ol ma v exist in the structure, as these two elements were not sought
in the analyses. Fleischer's generalized formula is X, ¥ 4(8i,04)5. which

as a special case might become Na Fe'gFe”, TN, Q. to which many
1
!

of his analyees made a close approach, The two new analvses presented

in table 1V are very similar to one anovther, and not unhike many of the

ANTE

LRITHE LIgris

atialyv=es compiled __,f. Fletseh

{18546, tubde 1), However, the two new
analyses contain muel less FeyUy than many others, and would seem
to approach more closely the formula Na Fe"yTi, 81,05, than Fleischer's
Formula (table V).

The paragenesis of cossyrite in these obsidians may gmive an indication
of its thermal stability. As a result of comparing the heavy mineral
coneentrates ohitained from these obsidians the author believes that the
assemblage fayulite plus ilmenite is generally antipathetic to the exist-
ence of cossyrite. Certainly the amounts of favalite and ilmenite are
drastically reduced when cossyrite is in relative abundance, and this
antipathetic relationship could suggest that cossyrite may form by the
reaction of fayalite (2Fe0.810,) and ihnenite (Fe® Tid,) (or possibly
alvispinel. 2Fe0.Ti0,) with a sodium-rich liquid to give cossyrite, No
petrographic evidence, however, has yet been found to suggest this
reaction relationship, which, if it exists, may only be found in liquids
having the unusual molecular excess of soda over ferrie iron and alu-
mina, Mere antipathy of the assemblages noted above does not neces-
sarily imply a reaction relationship, and experimental investigation is
clearly required,

Fleischer (1936) suggests that the mineral rthénite forms a solid solution
series of the plagioclase type with cossvrite, CaAl replacing the Nasi
of cossyrite. If this is so then the analyses presented in table IV show
a close approach to the cossyrite end-member,

Tron-titanium ozides. lmenite ix the more frequent representative
of the iron-titaniun oxides in the pantelleritic obsidians (especially 1R).
although 1ts concentration wounld seern to fall with ar inercase in that of
cossyrite. Magnetite is extremely rare and only 25 mg or so were obtained
from cach of two specimens indicating that its concentration is of the
order of 20 to 50 p.pau. Under the microscope the magnetite is quite
liomogeneous, with no exsolution of ilmenite or ulvéspinel, and the
ilmenite is similarly undistinctive optically. The magnetites are gener-
ally extremely fine-grained, and would seem to represent a quench pro-
duet of the silicate hqud, whereas ilmenite may form much larger
microphenocrysts, with a distinetive hexagonal or elongate habit easilv
seen under the petrographic microscope. Through the kindness of
Dr. R.J. Davis. the lattice dimensions of two magnetites and an ilmenite
have been determined. and the results are sot down below.

Hmenite from 1R (37458) @ 3001 0001, ¢ 1083 - 0003 A, ¢ 'g 2:766 - 0-001
Magnetite from 2R (3112) @ 83503 - 0-001 A
NMaguetite from 4R (3114) o 8479~ u-001 4
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Vineent of al. (1957, fig. 6). using Basta's data, show the continuous
decrease in the cell-dimensions of ilmenite with increasing solid solution
of x-Fe,0y, They also 1 ord the cell-dimensions of ilmenite lamellae
interorown with maghetite (Rkaergaard) before and after heating v
vaeno. and show that the lattice parameters of the ilmenite decrease in
response to the increasing entry of a-Fe,Oy: the eell-dimensions of this
ilmenite before heating are farger than those given by Basta (in Vineent
et al.) for pure ilmenite without a-Fe,Oy and the similarity of the ce
dimensions of the pantelleritic ilmenite to the unheated (i.e. no a-Fe,O,)
Skuereanrd ilmenite lamellae (0 B-088, ¢ 14092 A, ¢l = 2:770) indicates
that the underlving can smmeon to both, Vineent ef al. (1957,
P (41) suggest that appreciable Mn in solid solution in the ilmenite (as
MnTiO,) will tend
the paneity of Mg i the liquid comipared to Mn {rable VI no, H__.:_,;.:umiz
that MaTi0O; may he responsible for the larger coll-dimensions of the

may b

v inerease the

Al-dimensions ax may MgTiOg but

pantelleritie ilmenite (coexisting favalite (1B) contains 3439, Mn0O),
which like the Skaergaard ilmenite is unlikely to contain very much
a-Fe,0y 1 solid solution. o
The coll-sizes of both the magnetites are unusually large and in view
of the complexities of possible substitutions in the magnetite strueture,
and without a chemical analysis, it is only possible to speculate an the
possible causes. Basta (1957) has determined the cell edge of pure
magnetite as 2396 A and he aleo tabulates the cell-dimensions of the

various spinels formed by elements that may enfer the ervstal structure
of mugnetite (op, cit.. table TLN. Only Mo hasa larger jonic radius than

{inerease in the cell-dimenstons. and Basta

Fe”. thus causing ¢ marke
reports a cell edge of *51 A for MuFe, 0y

Ulvispinel, Fe,Ti0,, similarly has a larger unit cell than pure mag-
netite, the value for synthetic material being 2485 A, a vilue closely
approached by the more complex natural ulvispinels { Vincent ef al.,
1957). As these two combinations (MunFe 0y and Fe,Ti0)) seem to be
the onlv ones capable of increasing the cell-size of magnetite, 1t can only
he concluded that the pantelleritic magnetites enntain considerablie Mn

or Ti or both.

The feldspar phenocrysts and the systens K AlSIO. N AlRiO 80, H,0.
Only ane feldspar. an anorthockise, is fonnd as plienveryats in these

pantallerites. and all the analysed specimens (table V) have generally

1 ké A P ariglesa
similar optieal properties, The anorthocluse phenoerysts of the analyvse

. M.
obsidians show only a small varmtion m composition, i dte unusiadly

PANTELLERITIC LIQUIDS [41e]

low i hme! iron, wl

hois relatively high for sodiuerich feldspars, is
taken to substitute for AL and leads to a satisfactory formula balanee
{table ¥

Before considering the pantelleritic feldspar-hquid relationships it is

neeessary to review the courses of equilibrium ervstaliization in the

TasL

V. Analyses, optical properties, and formulae {on the basis of 32 oxygens)

of the feldspar phenoerysts, Refractive indices £ 00002, 217 -2,
For the key to these analyses, see p. H0.
1K, 28, 3F. 4F. I'F; 4 3F.
Si0, i6-71 66:75 6718 —  8i 11036 11924 11-977
Al Oy 1886 1584 1854 — Al $470 0 30T2 0 3000
Feg), 074 (188 090 [ Fe"” 107 0129 0128
tal 0 06 D04 —
Bat) — [IEN — — Ca D05 0011 0007
Na,0) 764 741 T2T 791 Ba —_ LIRS —
K. G2 612 550 Na 2645 2475 2507
H,0" 015 018 — K 1335 1365 1478
H 0~ nil (1) nil —
Total 100:05 10041 100-54 — =z 1602 16802 16-00
ry 400 3O 309
Compesition {recalenlated to 100 wt, per cent.)
Or 3a-2 36-3 dud 2-8
Ab 647 g2 6Gl-4 672
An 11 (3 02 S
Un — (2 — —
& 1525 1-525 1-526
B 1-520 1-529 1-530
b 1530 1-532
4 i 41
Composition by Xeray. 201 method
Uryg Ory; Orays Oryyg

svstem NaAlRi,O - KA, O-510,-H,0. which have been discussed in
detail by Tuttle and Bowen (1938). Equilibrium crystallization of a
liquid whose composition is represented by X (fig. 3) will begin with the
precipitation of a feldspar slightly more sodic than Y, and with con-
tinued ervstallization (cooling) the liquid will move on & curved course
to ¥, at which point the feldspar crystals will have the composition Y.
As quartz (or a silica mineral) will start to crystallize when the liguid
has reached the guartz-feldspar boundary curve at Y, the join Y'Y’
15 both a tie-line and a three-phage boundary, With further cooling, the
iguid will move along the boundary curve towards the ternary minimum

M, while the crystads of feldspar continnously react with the Hiquid and

T»;...::. e m:._:l,.x.r. 1:.5 8 =
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Tasre VL Analyses of pantellerites and residual glasses. For the key

2R,
fi8-6

1R.

Sily 75
Ty, 49
Leir, (22
ALO, 120
Fe, O, 18
Fel) 44
Mud} 021
Mg 0-13
(*al) 0-54)
Niy) 60
K, 5-2
0 0-04
H,0+ 0-38
H,0 0-02
6] (082)F
TR0
Feas () (] 014
Tobal e

= #r determined by X-ray fluorescence in 1R, 2h, 4R, 4R, 51, and 6K ;

164,

69-9

0-54
0-20
88
2-1
5-9
(30
0-13
0-52
A5
4.7
004
004
nil
070

1004

(0-16

1042

&

(146
024
02
2.9
53
(-31
011
{54
B8
46
telkd
0-32
00

(05h)
00-8
0-13

H9-7

2

-

Okl
0-:28
T4
it}
b3
0-134
04
(-53
71
44
0053
23
(-4
O-54

1045

016

T

HATHUT ¥ rime

JR.

897

038
0:30
o1
22
40
0-26
007
0-39
f-9
48
(-4
0-33
O0-01

(0-72)
1001
016

Zr HEJO, determined gravimetrically in 10, 26, 36, and 40

+ (] content (in brackets) in the obsidian analyses i+ computed from the
modal amount of glass (table 1) assuming that none of the phenoeryst

minerals contain CL

BLEN

05

0-35
0-27
7-6
2:0
i3
0-32
003
-39
T
4-6
014
0-03
nil
082

103
014
100-1

ik,

602

(-hz2
021

10:9

20
40
019
024
0-44
05
49
-4
022

002

(0-30)
948
007

a99-7

to these analyses, see p. ).

46,

B35

)52
24y

10-7

2-0
44
O30
0-23
0-43
i
4-8
(145
017
0l
031

1000

07

T4y

E.

69-81

45
0-25
450
228
076
0-28
(10
42
ti-4b
4-40
113
14
(005
(78

10006

15

94-58

+ (0, present, not determined.
1| Encludes SO, 006 and C1 (Hgt) =ol.) trO3,
§ Includes 85O, 006 and C1 (H, 0 sol -],
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1-87
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028
=23
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B
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In o similar wav, o liqunl having @ composition represented by the

potnt N will. ling, ervstallize a feldspar slightly niore potassie than

T.and the hgud will move ona curved course to T, at which point the

feldspar ervstals will have a composition represented by 7. At the

point T quartz will start to erystallize. and the liquid will move along

the boundary curve towards the ternary mimimum M. 77" s like Y},

both a tie-line and a three-phase houndary,
(fig. 6) that extends from the alkali-feldspar
mintmum to the quartz-feldspar boundary curve (Tuttle and Bowen,

The “thermal valley

1958, fig. 30) may only rarely intersect this boundary curve at the ter-
nary minimum, and in general the intersection is shightly displaced
from the minimum. Consider now that the position of the minimum is
moved to gsome position P by the addition of another component. so the

composition of the feldspar at this minimum is represented by 7 At

the same time the position of the "thermal valley " is also changed and

ay be considered to be near LL'
The «

(hg. 3) now heeoni

mrse of ervstallization of a liquid having the composition S

quite different. On cooling, crystals of feldspar
shghtly more sodie than L will precipitate, and the Tquid will move on
a curved course to L', the feldspar ervstals continnously reacting with
the liquid so that thev have the composition L when the iquid reaches
L' At L7, quartz (or a silica mieral) will also erystallize and the liquid
will move along the boundary curve towards P. By analogy with Y'Y’
nd TT. LL may also be a tie-lne and a three-phasze boundary. A

change i the composition of the minimum therefore causes a consider-
able change in the conrse of ervsrallization of o liquid sueh as 8. and
the trend of the tie-lines and the three-phase boundaries for hquids
whose compositions hie close to the boundary curve in the area N PU
{fig. 3) will also change markedly in response to a change in the composi-

tion of the minimum and the position of the “thermal valley .

Natural feldspar-phenoervat-liquid (glass) assemblages have heen
plotted in fig. 4, and 1t may be seen that the Ieelandic feldspar-liquid
tie-lines have the same general trend as the experimental tie-hues repre-
sented by Y Y7 in fig. 3. As quartz s not found as o phenocryst in the
Teelandie pitchstones, the Teelandic tie-lines are not three-phase houn-
daries, the liquids having not vet reached the quartz- feldspar boundary
eurve,

The tie-line between the feldspar phenoervsts and the Lquid of the

1

I
fig, 43 0= also siplar in trend o thar found
i The feldspar-liguid

Eirg subeacid pitchsro

eimnontalls for i
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o
Av aF o 8 57 - o
Fia. 4. Normative albite, orthoclase, and quariz of the enumerated analysed pan-
tellerites (solid vireles) (table V11) and their residoal glasses {open circles) (table VII)
are plotted in the system NaAlSiO-KAIN 080, The analysed pantelleritie
&.ﬁ._.._zm!—ﬂ mv—»cq.c...nu_i; A,/....:L circles) (table Vare 1_322— on the alkah ?Hﬁ—mgﬂ .._-Dm:.
Cnly two complete pantelleritic feldspar—residnal-glass tielines are drawn for the
salee of clarity. Analysed Icelandic pitchstones solid eireles) and residual gls
(open eircles) angd their analysed feldspar phenocrysts (crosses) are also plotted
(Carmichael, 19606}, with only one complete feldspar-liquid tie-line shown. The
Higg (Seotiand) subacid liquid is joined to its analysed feldspar phenocrysts {cross)
(Carmichael, 19606); the analysed anorthoclase phenoerysts are joined to the Thi
(Japan) alkaline rhyolite (Aoki, 1950); and a Ran Juan, Colorado, _.mmm_._:in_.m.ma is
joined to its analysed sanidine phenocrysta (Larsen ef al., 1938: Larsen and Cross,
1956). # and K represent the aegirine granites of Rockall (Sabine, 1960). The
boundary curves at 300 ki em? and 3000 kg fem? water-vapour pressure ate plotted.
- indicates the position of the pinimum on the boundary eurves (Tuitle and
Bowen, 1138).

tie-line of the San Juan rhyolite (Larsen et al.. 1932 po 418, table 10, no.
SCUxx: Larsen aud Cross. 1956, table 21, no. 8Uxx) is also closely parallel

to that obtained experimentally (777, fig. 3): altheugh phenocrysts of

ot s U35, table . no. 7), a strongly

another feldspar (Larsen et ol 1955,

1
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found, these mav ot be o equilibrivm with the liguid (Larsen et al.,
1938, P 256,
The normative salie constituents of the

ntellerites and thed

residual glasses (liquids) have also been plotted in fie. 4 the trend of the
st to the svathetn
of similar salic composition (ef. 7T,

pantelleritie foldspar-liquid tiedines is in direet

pe-lines obtaimed for ligui

73

fie. 3). This then is the prohlem of the pantelleritic lipuids, namely the
presence of phenoerysts of a relatively sodie feldspar (Aby Abgs. table
VY in contrast to the relatively potassic feldspar that first ervstallizes
from synthetic melts of similar salic composition,

It is considered that if the composition of the minimum M (fig. 3) is
changed for the pantelleritic liquids to a composition similar to P (fig.

3y and the “thermal valley™ is moved 20 as to more or less coineide with
dilv

LI, then the presence of relatively sodie feldspar phenocry
understood. For the pantelleritic liquids, the tie-lines 2R-2F-2G and
3R-3F-3G are natural three-phase boundarics as quartz ix present

phenoerysts in both these specimens (table I), and the composition of the
minimum at P (fie. 3) mav possibly be represented by the normative
salie constituents of the Hquids 2G and 3G (fig. 4, table VII. The cause
of the change in the composition of the ternary nunimum is not at
the moment known. hut it is suggested that NagSiO, (ns)! which is
found in the norms of all these pantellerites (table VL), may be respon-
ble.

If this hypothesis is correct, then analyses of comendites and pan-

tellerites should show a progressive shift towards the Or-Qtz sideline

with incresse in the moleeular excess of soda over alumina., All avai

able analvses of these two rock types have been plotted in fig, 5 and
show general conformity with the minimum in the svstem NaAlSi04-
KAIRLO,-810,-H,0 at low water-vapour pressure, and the average
composition of pantellerites and comendites is given in table VIIL 1t 1s

of interest that the analyses of Pantellerian rocks. which are unusually
high in normative sodium metasilicate (2s). tend to be displaced towards
the Or corner with respect to si All the
analvses plotted in fig. 5 were contoured with respeet to the moelecular
ratio (NagO -+ Ky0) 81,0, and the results (fig. 6) indicate that there 1s a
progressive and regular increase of the ratio towards the Or Qtz side-

milar rocks from other localin

line. Thiz would seem to indicate that the addition of NaySiU, to the
svstem NadINi O, KAIRGOE 80, Hyo will progressively change the

U The formation 6f normative acmite requires the presence of ns, and a molecular

exeess of sotn over alumina is taken, m the sequel, 1o indicate the existence of sia.

(
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position of the minimum towards the Or-Qtz sideline when projected
down into the base Ab-Or-Quz.

If the analyses of the Pantellerian rocks (fig. 5) may be taken to
indicate the position of the *thermal valiey’ extending from the alkali-

b wi, Or

Fre. 5. Analyses of pantellerites and pantelleritic trachytes (crosses) and of comen-
dites and comenditic trachytes (solid circles) taken from the literature are plotted
in the system NaAlSi,0-KAIS,0-8i0,. The analyses of comendites and pan-
tellerites from Pantelleria are represented by large open circles, The boundary
curves at 300 and 3000 kg cm? water-vapour pressure are plotted, and the miniimum
on the latter boundary curve is represented by + (Tuttle and Bowen, 1858).

feldspar minimum to the quartz-feldspar boundary curve, then th
vallev has quite a different position from that found in the system
NaAlSL0-KAISEO-S10,-H,0.

The systen m.ﬂ.,wrw.‘m.neuiﬁwoul?.wnwmcu.
it s now proposed to examme the ferronagnesian role of ns m sibeate
liquids. but it should be remembered. a5 Cliayes (1960) has indicated,
it
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Tavrk VIIL Averace ana

s

[IRER]

Total L

A. Average of 35 comendites, paisanites, and peralkaline anophyres

B, Average of 40 pantellerites,

Symbgye

Ay Or
Fig, 6. The analvses of comendites and pantellerties plotted in fiz. 5 are contos red
(dashed line) with respect to their molecular ratios of (Na 0 - Ko Al A
shown is the evperimental “thermal valley” extending from the alkali f ldspar
minimum to the quartz—feldspar boundary curve, and the trend of the Pantellerian
=hed e,

analyses (Hu, 5) is also represented by a donble ¢

(
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that normative pe is not contined 1o

bguids, but may ocear in

undersaturated rocks, and the ferromagnesian assemblages noted above
as charaeteristic of acid rocks may be found in trachytes and phonelites

(Campbell Smith, 1931, with which pantellerit

< and comendites are
frequently closely associated,

Of the experimental silicate svstems which involve us asa component,
the most important for our purpose are Na 0180, Fe, Oy Si), (Bowen
ol ., 1930), Na,0.8i0, FeO-8i0, (Carter and Thrahim. 1952: Schairer
el al.. 1953), which together with the system Fedh-Fe,05-590, (Muan,
1955) may be used to construct a four-component system Fe()-FeyOy-
S0, Nay0.8i0,.

This four-component svstem containg many of the ferromagnesian
minerals found - pantellerites and theic congenerss namely faalite
(2Re0 810, magnetite (FeO.Fe,04), and acmite (Na 0 Fe, 0y 4810y),
rogether with quartz or a silica mineral. With the inclasion of TiO,
as a fif
lerites are completely defined, with ilmenite (FeQ.TiO,) wnd cossyrite
(2N3,0.9Fe0 2Ti0,.1 18i0,).

Before considering the relevance of this svstem to the pantelleritic

th component, the ferromagnesian assemblages of these pantel-

liquids, the presence of 8i0, in this system, and hence of quartz. requires
amplification. [t has been stated above that ferromagnesian assemb-
lages similar to those found in the pantellerites may be found i trachytes
and phonolites, so that the phase volume of Si0), in the four-component
svistem would suggest that these assemblages could only be obtained in
Hipuids containing uncombined silica. However, the system FeO-8i0, -
NaAlNiG, (Bowen and Schairer. 1938) indicates that nepheline oceupies
an equivalent position to the sihea minerals, and the two ternary entec-
ties found in this system consist of albite —quartz—favalite and nephe-
line —albite—fayalite. It does not seem unlikely then that iu the system
FeO - Fe,04-810,-Na,0.810,, the phase volume of the silica minerals
will, in the undersaturated rocks, be represented by nepheline.

s the four-component svstem FeO-Fe, Oy 810,-Na, 0,810, contains
two oxidation states of iron, it is to be expected that the partial pressure

of oxvgen prevailing at the time of erystallization and congelation of
these pantelleritie liguids will influence the assemblage of the ferro-
magnesian minerals that precipitate. It is only possible, however, to
indicate in o general way the ferromagnesian assemblages that may
develop under varving partial pressures of oxygen.

Maguetite is virtually absent in the pantellenite, and it is considered
that the partial pressure of oxygen was unusually low, us no mineral
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containing sssential ferrie iran precipirated, Under more exidizing con
ditions rhan those foutid in the pantellerites, fayalite may no longer be

a potentialle stable phase. Hs compenents forming magnetite and siliea,

5 eossyrite may accept up to Y

and possibly cossyrite. However,
ferric irom in its structure (Fleischer, 1936), it i possible that it may be

a stable phase over a relatively wide range of oxygen pressures, and it is

assamed here that it is stable to higher partial pressures of oxygen than
favalite in hiquids of pantelleritic composition. 1, then, the conditions of
oxidation are such that cossyrite is no longer a stable phase, its com-
ponents may form magnetite and ilmenite, and its soda will be incor-
porated together with ferric iron to gIVe & PYToXene composition nearer
the aemite end-member than the sodie ferrohedenbergite actually

found with eossyrite,
S0 far as is known to the writer (of. Lacroix, 1927, 1930), only pyrox-

enes similar in composition to sodie ferrohedenbergites are found to
and a pyroxene near the acmite

coexist with favalite in pantellerite
end-member is never found with an irou-rich olivine, This indicates that
the oxidation conditions necessary 1o forn a highly sodic pyroxene are
incompatible with the formation of an iron-rich olivine, and it further
suggests that the green outermost zones of the titanium-rich sahlites
that cooxist with iron-rich olivine in the Shiant Isles crinanites {Murray,
1954) are unlikely to approach acmite in composition. but rather a sodie
ferrohedenbergite (fig. 2)

It is suggested, then, that an increase of the partial pressure of oxvgen
in the pantelleritic liquids may increase the amount of the precipitating
pyroxene and also its content of roda. and it may alzo increase the
amount of magnetite and possibly ilmenite at the expense of favalite
and eossyrite. Tn a hydrous environment the alkali amphiboles ric-
beckite and arfvedsonite may be present in the ferromagnesian assem
blages. but thev have been neglected from consideration here as the
presence of water inevitably makes the relationships more comples.
Amphiboles are. however. frequently found in pantellerites (Jensen,
1906+ Koch, 1953 Lacroix, 1923, 1927, 1930), but they have not been

tound in the speeimens deserthed here.

The ehemistry of the pantellerites,
No detaited diseussion will be presented here as a further geochemienl
whieh will be presented else-

studv ix being undertaken. the resules
where There are. however, several unusual features of the cheniieal

el

ul b tellorieps that b

o nat <o far heen mentioned. of
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which perhaps the most unusoad ¢ the inerease in iron (d manganese)

in the residual glasses (liquids) compared to the rocks (obsidians) (table
V). Asiron ig predominantly in the reduced state, the concentration of
iron in the liquid

< passibly due to low partial pressures of oxyvgen
preventing the precipitation of magnerite. the iron consequentiy being
concentrated i the liquid in order to combine principally with ss to

form cossyrite and a sodic pyroxene (groundmass of HR).

The puntellerites ure also unusually reh in C1 which is apparently
expelled together with soda during ervstallization of the hquid (table VI,
no. HR). Zies (1960) has already shown that Ol s unlikely to be a super-
ficial contaminant, and it must be regarded as an original constitnent of
the Tiquid.

As Clis very much more abundant than 1,0 i the analyses of the
residual glasses (164G, table VI), it is possible that it may have some
effect on the composition of the minimum in the system NaAlSi,O,-
KAIRLO-810,-H,0, and may modify or amplify the effeet of Na, 8Oy
suggested above. 1t would be interesting to know whether or not (1
is always present in pantelleritic liguids: Lacroix (1934} found notable
uantities in the Tibesti pantellerites so that it mayv perhaps be regarded
as a characteristic element. Zr 18 also unusually abundant in these
obsidians, and must be concentrated in the liguid (table VI). In view
of the very infrequent zircons found in the glisses. the solubility of Zr

must greatly inerease in acid liquids with increase in soda, as the North
Atlantic Tertiary pitchstones, which contain very much less soda. indi-
cate a sclubility of Zr of only about 300 p.pan. (Carmichael and

MeDremald, 1961}

The Aqpaitic ser
The term agpaitic, which was eriginally used by Ussing (1912) to
describe a series of peralkaline nepheline-syenites, has been reviewed in
detail by Serensen (1960), who concluded that agpaitic rocks may best
be defined as follows ' |, they are peralkaline nepheline svenites; 2. thew
contain aegirine, soda-amphibole and or acmgmatite instead of biotite,
diopsidic pyroxene and hornblende, that is they are low in Ca and Mg
3. thev contain conmiplex Zr- and Ti-silicates instead of zircon and sphene;
and 4. thev are rieh in F. (1 and HyO which are present in camplex
silicates such as endialyte and rinkolite.”
These agp

lerites, and to deny their inclusion under the term agpaitic 18 1o negate

itie ferromagnesian assemblages characterize the pantel-

the elose chemieal and mineralogical affinities of the pantellerites 1o the
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aapaitic pepheline-svenites. The mulerlving canse of these sodie ferro-

semblivses 1= the presence of peand the author would |

to widen the usage of the ten E,.:::.:_ o anelwde wll < thai
develop these sodie ferronaemesian assemblages. and which nay also

concomitanthe develop unusually high concentrations of CL Foand Zr,

There is then o proposed agpaitic series, namely nepheline-syenites and
phonolites, svenites and trachytes, ond peralkaline granites, comendites,
and panteerites all of which are characterized by a moleenlar excess of
sodda over alumine. Representatives of this series are found in Pantel-
ferin (Washington. 1914). Kenva (Campbell Smith, T3, and the Th-
maussag batholith, SW. Greenland (Ussing. 18912). where, apart from

Pantelleria, a camplete range of oversaturated to undersaturated =alie

rocks. all of agpaitie type, may be seen
Titlew (1852) h

with reference to the thermal barrier that exists in the oxperimental

s dizenssed the genetie problems of these complexes

svstent NaAIRIO - KAIRIO- 80, hetween the wranite and the foyaite
sinks. Perhaps the influence of ns in clanging the composition of a feld-
spar precipitating from oversaturated lguids discussed above will alsy
obtain in undersaturated salic hguids and may also in sowe way mini-
mize the thermal barrier in the svstem Na AIRIO - KAIRIO 210, and so

allow a natural liquid to progress from an undersaturated to an over-
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