249,

BIBLIOGRAPHY

ANDERSON, A.T., 1968. The oxygen fugacity of alkaline basalt and related
magmas, Tristan da Cuhna. Amer.J.Sci., 266, 704-727.

ANDERSON, A.T. & WRIGHT, T.L., 1972, Phenocrysts and glass inclusions and
their bearing on oxidation and mixing of basaltic magmas, Kilauea
Volcano, Hawaii. Amer.Mineral., 57, 170-187.

ATKINS, F.B., 1969. Pyroxenes of the Bushveld intrusion, South Africa.
J.Petrology, 10, 222-249,

ATLAS, L., 1952. The polymorphism of MgSiO3 and solid state equilibria in
the system MgSi0,-CaMgSi,0,. J.Geology, 60, 125-147.

BACON, C.R. & CARMICHAEL, I.S.E., 1973, Stages in the P-T path of ascending
basalt magmas: an example from San Quintin, Baja California. Contr.
Mineral.Petrol., 41, 1-22.

BAILEY, E.B., CLOUGH, C.T., WRIGHT, W.B., RICHEY, J.E. & WILSON, G.V., 1924.
Tertiary and post-Tertiary geology of Mull, Loch Aline and Oban.
Mem.geol.Surv. U.K. (Scotland).

BAILEY, D.K. & SCHAIRER, J.F., 1966. The system Na,0-Al,O,-Fe, 0.,-5i0, at

1 atmosphere and the petrogenesis of alkaline rocks. J.Petroiogz,.l,
114-170.

BAKER, P.E., 1968. Petrology of Mt Misery Volcano, St. Kitts, West Indies.
Lithos, 1, 124-150,.

BALDRIDGE, W.S., McGETCHIN, T.R. & FREY, F.A., 1973. Magmatic evolution of
Hekla, Iceland. Contr.Mineral.Petrol., 42, 245-258.

BAUER, G.R., FODOR, R.V., HUSLER, J.W. & KEIL, K., 1973. Contributions to
the mineral chemistry of Hawaiian rocks. III. Composition and

mineralogy of a new rhyodacite occurrence on Oahu, Hawaii. Contr.
Mineral.Petrol., 40, 183-194.

BELL, J.D., 1966. Granites and associated rocks of the eastern part of the
Western Redhills complex, Isle of Skye. Trans R.Soc.Edinb., 66, 307-343.

BINNS, R.A., DUGGAN, M.B. & WILKINSON, J.F.G., 1970. High pressure megacrysts
in alkaline lavas from northeastern New South Wales. Amer.J.Sci., 269,
132-168.

BOTTINGA, Y., KUDO, A.M. & WEILL, D.F., 1966. Some observations on
oscillatory zoning and crystallization of magmatic plagioclase. Amer.
Mineral., 51, 792-806.



250.

BOWEN, N.L., 1913. The melting phenomena of the plagioclase feldspars.
Amer.J.Sci., 4th ser., 34, 577-599.

BOWEN, N.L., 1914. The ternary systen diopside-forsterite-silica. Amer.J.
Sci., 4th ser., 38, 207-264.

BOWEN, N.L., 1928. The Evolution of the Igneous Rocks. Princeton:Princeton
Univ. Press.

BOWEN, N.L., 1945, Phase equilibria bearing on the origin and differentiation
of alkaline rocks. Amer.J.Sci., 243, 75-89.

BOWEN, N.L. & SCHAIRER, J.F., 1935. The system MgO-FeO-Si0O
5th ser., 29, 151-217.

2° Amer.J.Sci.,

BOYD, F.R. & SCHAIRER, J.F., 1964. The system MgSiO3—CaMgSiZO6. J.
Petrology, 5, 275-309.

BRANCH, C.D., 1966. Volcanic cauldrons, ring complexes, and associated
granites of the Georgetown Inlier, Queensland. Bur.Min.Resour.Aust.
Bull., 76, 158pp.

BROWN, F.H. & CARMICHAEL, I.S.E., 1969. Quaternary volcanoes of the Lake
Rudolph region: 1. The basanite-tephrite series of the Koorath Range.
Lithos, 2, 239-260.

BROWN, F.H. & CARMICHAEL, I.S.E., 197l. Quaternary volcanoes of the Lake
Rudolph region: II. The lavas of North Island, South Island and the
Barrier. Lithos, 4, 305-323.

BROWN, G.M., 1957. Pyroxenes from the early and middle stages of
fractionation of the Skaergaard Intrusion, East Greenland. Mineral.Mag.,
31, 511-543.

BROWN, G.M., 1963. Melting relations of Tertiary granitic rocks in Skye
and Rhum. Mineral.Mag., 33, 533-562.

BROWN, G.M., 1967. Mineralogy of basaltic rocks. In HESS, H.H. (ed.),
Basalts: The Poldervaart treatise on rocks of basaltic composition.
Interscience Publishers, J. Wiley & Sons, New York, 103-162.

BROWN, G.M. & VINCENT, E.A., 1963. Pyroxenes from the late stages of
fractionation of the Skaergaard.,intrusion East Greenland. J.Petrology,
4, 175-197.

BROWNE, W.R., 1933. An account of post-Palaeozoic igneous activity in
New South Wales. Proc.R.Soc. N.S.W., 67, 9-95.




251,

BRYAN, W.B., 1972. Mineralogical stucies of submarine basalts. Carnegie
Inst.Wash. Yearbook, 71, 396-403.

BRYAN, W.H. & JONES, O.A., 1950. Contributions to the geology of Brisbane.
No. 1. Local applications of the standard stratigraphical nomenclature.
Proc.R.Soc. Qld, 46, 66-71.

BUDDINGTON, A.F. & LINDSLEY, D.H., 1964. Iron-titanium oxide minerals and
their synthetic equivalents. J.Petrology, 5, 310-357.

BULTITUDE, R.J. & GREEN, D.H., 1971. Experimental study of crystal-liquid
relationships at high pressures in olivine nephelinite and basanite
compositions. J.Petrology, 12, 121-147,

CANN, J.R., 1970. Upward movement of granitic magma. Geol.Mag., 107,
335-340.

CARMICHAEL, I.S.E., 1962. A note on the composition of some natural acid
glasses. Geol.Mag., 99, 253-264.

CARMICHAEL, I.S.E., 1963. The crystallization of feldspar in volcanic
acid liquids. Quart.J.geol.Soc. Lond., 119, 95-131.

CARMICHAEL, I.S.E., 1964. The petrology of Thingmuli, A Tertiary volcano
in eastern Iceland. J.Petrology, 5, 435-460.

CARMICHAEL, I.S.E., 1967a. The mineralogy of Thingmuli, a Tertiary volcano
in eastern Iceland. Amer.Mineral., 52, 1815-1841l.

CARMICHAEL, I.S.E., 1967b. The iron-titanium oxides of salic volcanic rocks
and their associated ferromagnesian silicates. Contr.Mineral.Petrol.,
14, 36-64.

CARMICHAEL, I.S.E. & MacKENZIE, W.S., 1963, Feldspar equilibria in
pantellerites. An experimental study. Amer.J.Sci., 261, 382-396.

CARMICHAEL, I.S.E. & NICHOLLS, J., 19€¢7. Iron-titanium oxides and oxygen
fugacities in volcanic rocks. J.Geophys.Res., 72, 4665-4687.

CARMICHAEL, I.S.E., NICHOLLS, J, & SMITH, A.L., 1970. Silica activity in
igneous rocks. Amer.Mineral., 55, 246-263.

CARMICHAEL, I.S.E., TURNER, F.J. & VERHOOGAN, J., 1974. 1Igneous petrology.
McGraw-Hill, New York.

CARR, M.H. & TUREKIAN, K.K., 1961. The geochemistry of cobalt. Geochim.
cosmochim.Acta, 23, 9-60.




252.

CHAYES, F., 1952. Relations between composition and indices of refraction
in natural plagioclase. Amer.J.Sci., Bowen Vol., 85-105.

CLARKE, D.B., 1970. Tertiary basalts of Baffin Bay: Possible primary magma
from the mantle. Contr.Mineral.Petrol., 25, 203-224.

CLEARY, J.R., 1973. Australian crustal structure. Tectonophysics, 20,
241-248.

COHEN, L.H., ITO, K. & KENNEDY, G.C., 1967. Melting and phase relations in
an anhydrous basalt to 40 kilobars. Amer.J.Sci., 265, 475-518.

COOMBS, D.S., 1963. Trends and affinities of basaltic magmas and pyroxenes
as illustrated on the diopside-olivine-silica diagram. Min.Soc.Amer.

Spec. Paper, 1, 227-250.

COOMBS, D.S. & WILKINSON, J.F.G., 1969. Lineages and fractionation trends
in undersaturated volcanic rock from the East Otago volcanic province
(New Zealand) and related rocks. J.Petrology, 10, 440-501,

COX, K.G. & HORNUNG, G., 1966. The petrology of the Karroo Basalts of
Basutoland. Amer.Mineral., 51, 14l4-1432,

CROOK, K.A.W. & McGARITY, J., 1956. The volcanic stratigraphy of the
Minynon Falls district, N.S.W. Proc.R.Soc. N.S.W., 89, 212-218.

DALRYMPLE, G.B., LANPHERE, M.A. & JACKSON, E.D., 1974. Contributions to
the petrography and geochronology of volcanic rocks from the Leeward
Hawaiian Islands. Bull.geol.Soc.Amer., 85, 727-738.

DAWSON, J.B., POWELL, D.G. & REID, A.M., 1970. Ultrabasic xenoliths and
lava from the Lashaine Volcano, Northern Tanzania. J.Petrology, 11,
519-548.

DEER, W.A., HOWIE, R.A., ZUSSMAN, J., 1962. Rock forming minerals, Vol.l
Ortho- and ring silicates. Longmans, Green and Co.Ltd., London.

DEER, W.A., HOWIE, R.A. & ZUSSMAN, J., 1963. Rock forming minerals, Vol.4
Framework silicates. Longmans, Green and Co.Ltd., London.

DE JERSEY, N.J., 1964, Triassic spores and pollen grains from the Bundamba
Group. Publs. geol.Surv. Qld., 321.

DOE, B.R., LIPMAN, P.W., HEDGE, C.E. & KURASAWA, H., 1969. Primitive and
contaminated basalts from the southern Rocky Mountains, U.S.A. Contr.
Mineral.Petrol., 21, 142-156.

DUGGAN, M.B. & WILKINSON, J.F.G., 1973. Tholeiitic andesite of high-pressure
origin from the Tweed Shield Volcano, northeastern New South Wales.
Contx.Mineral.Petrol., 39, 267-276.




DUGGAN, N.T., 1972. Tertiary volcanic rocks of the Inverell area, northeastern
New South Wales. B.Sc.(Hons.) thesis (unpub.), University of New England.

DUNHAM, A.C. & THOMPSON, R.N., 1967. The origin of granitic magmas: Skye
and Rhum. J.geol.Soc.Aust., 14, 239-343.

EATON, J.P. & MURATA, K.J., 1960. How volcanoes grow. Science, 132, 925-938.

EDWARDS, A.B., 1938. Tertiary tholeiite magma in Western Australia. J.R.Soc.
W.Aust., 24, 1-12.

EDWARDS, A.B., 1950. The petrology of the Cainozoic basaltic rocks of
Tasmania. Proc.R.Soc.Viec., 62, 97-120.

ELLIOT, R.B., 1956. The Eskdalemuir tholeiite and its contribution to an
understanding of tholeiite genesis. Mineral.Mag., 31, 245-254.

ENGEL, A.E.J., ENGEL, C.G. & HAVENS, R.G., 1965. Chemical characteristics
of oceanic basalts and the upper mantle. Bull.geol.Soc.Amer., 76, 719-734.

EVANS, B.W. & MOORE, J.G., 1968. Mineralogy as a function of depth in the
Prehistoric Makaopuhi tholeiitic lava lake, Hawaii. Contr.Mineral.Petrol.,
17, 85-115.

EVANS, B.W. & WRIGHT, T.L., 1972. Composition of liquidus chromite from
the 1959 (Kilauea Iki) and 1965 (Makaopuhi) eruptions of Kilauea
volcano, Hawaii. Amer.Mineral., 57, 217-230.

EUGSTER, H.P. & WONES, D.R., 1962. Stability relations of the ferruginous
biotite amnite. J.Petrology, 3, 82-125.

EWART, A., 1963. Petrology and petrogenesis of the Quaternary pumice ash
in the Taupo area, New Zealand. . .Petrology, 4, 392-431.

EWART, A., 1965. Mineralogy and petrogenesis of the Whakamaru Ignimbrite
in the Maraetai area of the Taupo Volcanic Zone, New Zealand. N.Z. J.
Geol.Geophys., 8, 611-677.

EWART, A., 1966. Review of mineralogy and chemistry of the acidic volcanic
rocks of Taupo Volcanic Zone, New Zealand. Bull.Volcanol., 29, 147-172,

EWART, A., 1969. Petrochemistry and feldspar crystallization in the silicic
volcanic rocks, central North Island, New Zealand. Lithos, 2, 371-388.

EWART, A., GREEN, D.C., CARMICHAEL, I.S.E. & BROWN, F.H., 1971. Voluminous
low temperature rhyolitic magmas from New Zealand. Contr.Mineral.
Petrol., 33, 128-144.




254,

EWART, A., PATERSON, H.L., SMART, P.G. & STEVENS, N.C., 1971. Binna Burra-
Mount Warning. Geol. Excursions Handbook, 43rd ANZAAS Cong., 63-78.

EWART, A., TAYLOR, S.R. & CAPP, A.C., 1968. Geochemistry of the Pantellerites
of Mayor Island, New Zealand. Contr.Mineral.Petrol., 17, 116-140.

EWART, A. & STIPP, J.J., 1968. Petrogenesis of the volcanic rocks of the
central North Island, New Zealand as indicated by a study of Sr87/5,86

ratios, and Sr,Rb,K,U and Th abundances. Geochim.cosmochim.Acta, 32,
699-735.

EXON, N.F., 1972, Notes on the Lamington Volcanics of the McPherson Ranges,
Queens land-New South Wales Border. Bur.Min.Res.Aust.Record, 1972/17.

FINLAYSON, D.M., 1968. First Arrival Data from the Carpentaria Region
Upper Mantle Project (CRUMP). J.geol.Soc.Aust., 15, 33-50.

FLANAGAN, F.J., 1969. U.S. Geological Survey Standards - II. First
compilation of data for the new U.S.G.S. rocks. Geochim.cosmochim.
Acta, 33, 81-120.

FLEMING, P.J.G., DAY, R.W., MURRAY, C.G. & WHITAKER, W.G., 1974. Late
Palaeozoic invertebrate macrofossils in the Neranleigh-Fernvale Beds.
Qld Govt.Mining J., 75, 149-152.

FOSTER, W.R., 1951. High temperature X-ray diffraction study of the
polymorphism of MgSiOB. J.Amer.Ceram.Soc., 34, 255-259.

FREY, F.A. & GREEN, D.H., 1974. The mineralogy, geochemistry and origin
of lherzolite inclusions in Victorian basanites. Geochim.cosmochim.
Acta, 38, 1023-1059.

FRISCH, T. & WRIGHT, J.B., 1971, Chemical composition of high pressure-
megacrysts from Nigerian Cenozoic lavas. Neues.Jahrb.Mineral.
Monatsh., 7, 289-304.

FUDALL, R.F., 1965. Oxygen fugacities of basaltic and andesitic magmas.
Geochim,cosmochim.Acta, 29, 1063-1075.

GIBSON, I.L., 1969. Origin of some Icelandic pitchstonmes. Lithos, 2,
343-349.

GOULD, R.E., 1968. The Walloon Coal Measures: a compilation. Qld Govt.
Mining J., 69, 509-515.

GOULD, R.E., 1974. The fossil flora cf the Walloon Coal Measures: a
survey. Proc.R.Soc.Qld., 85, 33-41.

GREEN, D.C., 1970. Transitional basalts from the eastern Australian
Tertiary province. Bull.Volcanol., 33, 930-941.




255.

GREEN, D.C., 1973. Radiometric evidence of the Kanimblan Orogeny in south-
eastern Queensland and the age of the Neranleigh-Fernvale Group.
J.geol.Soc.Aust., 20, 153-160.

GREEN, D.H., 1970. The origin of basaltic and nephelinitic magmas.
Leicester Lit.Phil.Soc., 64, 28-54.

GREEN, D.H., 1971. Compositions of basaltic magmas as indicators of
conditions of origin: application to oceanic volcanism. Phil.Trans.
Roy.Soc.Llond., A.268, 707-725.

GREEN, D.H., 1973a. Conditions of melting of basanite magma from garnet
periodotite. Earth.Planet.Sci.letters, 17, 456-465.

GREEN, D.H., 1973b. Experimental melting studies on a model upper mantle
composition at high pressure under water-saturated and water under-
saturated conditions. Earth.Planet.Sci.Letters, 19, 37-53.

GREEN, D.H. & RINGWOOD, A.E., 1967. The genesis of basaltic magmas. Contr.
Mineral.Petrol., 18, 105-162.

GREEN, T.H., 1969. Experimental fractional crystallization of quartz
diorite and its application to the problem of anorthosite origin.
In Y.W. Isachsen (ed.), Origin of Anorthosite and Related Rocks.
Mem.N.Y.State Mus.Sci.Service, 18, 23-29.

GREEN, T.H., 1972. Crystallization of calc-alkaline andesite under controlled
high-pressure hydrous conditions. Contr.Mineral.Petrol., 34, 150-166.

GREEN, T.H. & RINGWOOD, A.E., 1968. (Genesis of the calc-alkaline igneous
rock suite. Contr.Mineral.Petrol., 18, 105-162.

GROVES, A.W., 1951, Silicate analyses. George Allen and Unwin Ltd, London.

GUNN, B.M., 1966. Modal and element variation in Antarctic tholeiites.
Geochim.cosmochim.Acta, 30, 881-9Z

GUPTA, A.K., ONUMA, K., YAGI, K. & LIDIAK, E.G., 1973. Effect of silica
concentration on the diopsidic pyroxenes in the system diopside-
CaTiA1206—SiOZ. Contr.Mineral.Petrol., 41, 333-344.

HARRIS, P.G., 1957. Zone refining and the origin of potassic basalts.
Geochim.cosmochim.Acta, 12, 195-208.

HARRIS, P.G., KENNEDY, W.Q. & SCARFE, C.M., 1970. Volcanism versus
plutonism - the effect of chemical composition. In Newell, G. &
Rast, N. (eds.), Mechanisms of Igneous Intrusion. Gallery Press,
Liverpool, 187-200.




256.

HAYES, D.E. & RINGIS, J., 1973. Seafloor spreading in the Tasman Sea.
Nature, 243, 454-458.

HEIER, K.S. & ADAMS, J.A.S., 1963, The geochemistry of the alkali metals.
In Physics and chemistry of the earth, 5, 253-38l. Pergamon, New
York, 1963.

HEITENAN, A., 1972, Tertiary basalts in the Feather River area, California.
U.S. geol.Surv.Prof.Paper, 800-B, 85-95.

HELZ, R., 1973. Phase relations of basalts in their melting range at
P = 5 kb as a function of oxygen fugacity; Part I. Mafic phases.

H20

J.Petrology, 14, 249-302.

HESS, H.H., 1941, Pyroxenes of common mafic magmas. Part 2. Amer.Mineral.,
26, 573-594.

HESS, H.H., 1960. Stillwater igneous complex, Montana. Mem.geol.Soc.Amer.,
80, 230pp.

HILL, D., 1951. Geology of Queensland. ANZAAS Handbook of Queensland, 1-12.

HOLLAND, J.G. & BROWN, G.M,, 1972, Hebridean tholeiitic magmas: A
geochemical study of the Adnamurchan cone sheets. Contr.Mineral.Petrol.,
37, 139-160.

HOLLOWAY, J.R. & BURNHAM, C.W., 1972, Melting relations of basalt with
equilibrium water pressure less than total pressure. J.Petrology,
13, 1-30.

HOLMES, A., 1927. Some problems of physical geology and the earth's thermal
history. Geol.Mag., 64, 263-278.

HOLMES, A., 1932. The origin of igneous rocks. Geol.Mag., 69, 543-558.

HUCKENHOLZ, H.G., 1965. Der petrogenetische Werdegang der Klinopyroxene
in den tertiaren Vulkaniten der Hocheifel 1. Die Klinopyroxene der
Alkalinolivinbasalt-Trachyt-Assoziation. Beitr.Mineral.Petrogr., 11,
138-195.

IRVINE, T.N. & BARAGAR, W.R.A., 1971. A guide to the chemical classification
of the common volcanic rocks. Canad.J.Earth Sci., 8, 523-548.

ISSHIKI, N., 1963. Petrology of Hachijo-jima Volcano Group, Seven Izu
Islands, Japan. J.Fac.Sci.Univ.Tokyo, Sec.2, 15, 91-134.

IZETT, G.A. & WILCOX, R.E., 1968. Perrierite, chevkinite and allanite in
Upper Cenozoic ash beds in the Western United States. Amer.Mineral.,
53, 1558-1567.




257.

JAKES, P. & GILL, J.B., 1970. Rare earth elements and the island arc
tholeiitic series. Earth Planet.Sci.letters, 9, 17-28.

JAMES, R.S. & HAMILTON, D.L., 1969. Phase relations in the system NaAlSi 08—
KA1lSi 08—CaAl SiZO —SiOz at 1 kilobar water pressure. Contr.Mineral.
Petrgi., 21, %ll—lgl.

JAMIESON, B.G., 1966. Evidence on the evolution of basaltic magma at
elevated pressures. Nature, 212, 243-246.

JAMIESON, B.G. & CLARKE, D.B., 1970. Potassium and associated elements in
tholeiitic basalts. J.Petrology, 11, 183-204,

JOPLIN, G.A., 1971. A Petrography of Australian Igneous Rocks (2nd ed.)
Angus & Robertson, Sydney.

JUNG, D., 1958. Untersuchungen am tholeyit von Tholey (Saar). Beitr.
Mineral.Petrogr., 6, 147-181.

KAWANO, Y. & AOKI, K., 1960. Petrology of Hichimantai and surrounding
volcanoes, north-eastern Japan. Sci.Rept.Tohoku Univ., 6, 409-429.

KEIL, K., FODOR, R.V. & BUNCH, T.E., 1972. Contributions to the mineral
chemistry of Hawaiian rocks II. Feldspars and interstitial material
in rocks from Haleakala and West Maui Volcanoes, Manui, Hawaii.
Contr.Mineral.Petrol., 37, 253-276.

KEMPE, D.R.C. & SCHILLING, J.G., 1974. Discovery Tablemount Basalt:
Petrology and geochemistry. Contr.Mineral.Petrol., 44, 101-115.

KENNEDY, G.C., 1959. The origins of continents, mountain ranges, and
oceanic basins. Amer.Scientist, 47, 491-504.

KLEEMAN, A.W., 1965. The origin of granitic magmas. J.geol.Soc.Aust., 12,
35-52.

KOLBE, P. & TAYLOR, S.R. 1966. Geochemical investigation of the granitic
rocks of the Snowy Mountains Area, New South Wales. J.geol.Soc.Aust.,
13, 1-25.

KONDA, T., 1971. Deccan basalts at Mahabaleshwar, India. Contr.Mineral.
Petrol., 32, 69-73.

KUDO, A.M. & WEILL, D.F., 1970. An igneous plagioclase geothermometer.
Contr.Mineral.Petrol., 25, 52-65.

KUNO, H., 1950. Petrology of Hakone volcano and the adjacent areas, Japan.
Bull.geol.Soc.Amer., 61, 957-1020.




258.

KUNO, H., 1954. Geology and petrology of 6muro—yama Volcano Group, North
Izu. J.Fac.Sci.Univ.Tokyo, 9, 241-265.

KUNO, H., 1964. Aluminian augite and bronzite in alkali olivine basalt from
Taka~sima, north Kyushu, Japan. In Advancing frontiers in geology and
geophysics: Hyderabad, Osmani Univ. Press, 205-220.

KUNO, H., 1965. Fractionation trends of basalt magmas in lava flows.
J.Petrology, 6, 302-321.

KUNO, H., 1966. Review of pyroxene relations in terrestrial rocks in the
light of recent experimental works. Miner.J., 5, 21-43,

KUNO, H., 1968. Differentiation of basalt magmas. In Hess, H.H. (ed.)
Basalts: The Poldervaart treatise on rocks of basaltic composition.
Interscience Publishers, J. Wiley & Sons, New York, 623-688.

KUNO, H., YAMASAKI, K., IIDA, C & NAGASHIMA, K., 1957. Differentiation
of Hawaiian magmas. Jap.J.Geol.Geogr., 28, 179-218.

KUSHIRO, I., 1960. Si-~Al relations ir. clinopyroxenes from igneous rocks.
Amer.J.Sci., 258, 548-554.

KUSHIRO, I., 1964. The system diopside-forsterite-enstatite at 20 kb.
Carnegie Inst.Wash. Yearbook, 63, 101-108.

KUSHIRO, I., 1969. The system forsterite-diopside-silica with and without
water at high pressures. Amer.J.Sci., 267a, 269-294.

KUSHIRO, I., 1970. Stability of amphibole and phlogopite in the upper
mantle. Carnegie Inst.Wash. Yearbook, 68, 245-247,

KUSHIRO, I., 1973a. Regularities in the shift of liquidus boundaries in
silicate systems and their significance in magma genesis. Carnegie
Inst.Wash. Yearbook, 72, 497-502.

KUSHIRO, I., 1973b. Origin of some magmas in oceanic and circum-oceanic
regions. Tectonophysics, 17, 211-222,

KUSHIRO, I. & SCHAIRER, J.F., 1963. New data on the system diopside-
forsterite-silica. Carnegie Inst.Wash. Yearbook, 62, 95-103.

KUSHIRO, I. & THOMPSON, R.N., 1972, Origin of some abyssal tholeiites from
the Mid-Atlantic Ridge. Carnegie Inst.Wash. Yearbook, 71, 403-406.

LAUGHLIN, A.W., MANZER, G.K. Jr. & CARDEN, J.R., 1973, Feldspar megacrysts
in alkali basalts. Bull.geol.Soc.Amer., 85, 413-416.




259.

LE BAS, M.J., 1962. The role of alumiaium in igneous clinopyroxenes with
relation to their parentage. Amer.J.Sci., 260, 267-288.

LEITCH, E.C., 1972. The geological development of the Bellinger-Macleay
region - a study of the tectonics of the New England Fold Belt. Ph.D.
thesis (unpub.), University of New England.

LE PICHON, X., 1968. Sea-floor spreading and continental drift. J.Geophys.
Res., 73, 3661-3697.

LETERRIER, J., DE LA ROCHE, H. & RUEGE, N.R., 1972. Composition chimique
et parenté tholeiitique des roches basaltiques de Bassin du Parana.
C.R.Acad Sci.Paris, ser.D, 274, 1772-1775.

LINDSLEY, D.H., 1969. Melting relations of plagioclase at high pressures
In Y.W. Isachsen (ed.), Origin of Anorthosite and Related Rocks.
Mem.N.Y.State Mus.Sci.Service, 18, 39-46.

LINDSLEY, D.H. & MUNOZ, J.L., 1969. Subsolidus relations along the join
hedenbergite-ferrosilite. Amer.J.Sci., 267a, 295-324.

LIPMAN, P.W., 1965. Chemical comparison of glassy and crystalline volcanic
rocks. U.S.,geol.Surv.Bull., 1201-D, 24pp.-

LOVERING, J.F., 1958. The nature of the Mohorovicic discontinuity. Trans
Amer.Geophys.Un., 39, 947-955,

LOWDER, G.G., 1970. The volcanoes anc caldera of Talasea, New Britain:
Mineralogy. Contr.Mineral.Petrol., 26, 324-340.

LOWDER, G.G., 1973. Late Cenozoic transitional alkali olivine-tholeiitic
basalt and andesite from the margin of the Great Basin, southwest Utah.
Bull.geol.Soc.Amer., 84, 2993-301zZ.

LOWDER, G.G. & CARMICHAEL, I.S.E., 19;0. The volcanoes and caldera of
Talasea, New Britain: Geology and petrology. Bull.geol.Soc.Amer., 81,

17-38.

LUTH, W.C., 1969. The systems NaAlSi, O_,-SiO, and KA1lSi 08—SiO to 20 kb
and the relationship between H,0 Content), PH 0 and total 1P granitic
magmas. Amer.J.Sci., 267a, 325-34l. 2

LUTH, W.C., JAHNS, R.H. & TUTTLE, O.F., 1964. The granite system at pressures
of 4 to 10 kilobars. J.Geophys.Res., 69, 759-773.

MAAL@E, S., 1973a. Temperature and pressure relations of ascending primary
magmas. J.Geophys.Res., 78, 6877--6886.




260.

MAALGE, S., 1973b. The significance of the melting interval of basaltic
magmas at various pressures. Geol.Mag., 110, 103-112.

MacDONALD, G.A. & KATSURA, T., 1964. Chemical composition of Hawaiian lavas.
J.Petrology, 5, 82-133.

MacDONALD, G.A. & KATSURA, T., 1965. Eruption of Lassen Peak, Cascade Range,

California, in 1915: Example of mixed magmas. Bull.geol.Soc.Amer., 76,
475-482,

MASON, D.R., 1969. The geology of the Kyogle district, northeastern New South
Wales. B.Sc.(Hons.) thesis (unpub.l.), University of New England.

MATHEZ, E.A., 1973. Refinement of the Kudo-Weill plagioclase thermometer
and its application to basaltic rocks. Contr.Mineral.Petrol., 41, 61-72.

McBIRNEY, A.R. & WILLIAMS, H., 1969. Geology and petrology of the
Galapagos Islands. Mem.geol.Soc.Am., 118, 197pp.

McDOUGALL, I., 1961. Optical and chemical studies of pyroxenes in a
differentiated Tasmanian dolerite. Amer.Mineral., 46, 661-687.

McDOUGALL, I., 1962. Differentiation of the Tasmanian dolerites: Red Hill
dolerite~granophyre association. Bull.geol.Soc.Amer., 73, 279-316.

McDOUGALL, I., 1971. Volcanic island chains and sea floor spreading.
Nature, 231, 141-155,

McDOUGALL, I. & WILKINSON, J.F.G., 1967. Potassium-argon dates on some
Cainozoic volcanic rocks from northeastern New South Wales. J.geol.Soc.
Aust., 14, 225-234.

McELROY, C.T., 1962. The geology of the Clarence-Moreton Basin. Mem.geol.
Surv.N.S.W., 9, 172p.

McELROY, C.T., 1969. The Clarence-Moreton Basin in New South Wales. J.geol.
Soc.Aust., 16, 457-479.

McTAGGART, N.R., 1961. The sequence of Tertiary volcanic and sedimentary
rocks on the Mount Warning volcanic shield. Proc.R.Soc.N.S.W., 95,
135-144.

McTAGGART, N.R. 1963. The Mesozoic sequence of the Lockyer-Marburg area,
southeast Queensland. Proc.R.Soc.Qld., 73, 93-104.

MIYASHIRO, A., SHIDO, F. & EWING, J., 1969. Diversity and origin of abyssal
tholeiite from the mid-Atlantic Ridge near 24° and 30° north latitude.
Contr.Mineral.Petrol., 23, 38-52,




261.

MODRESKI, P.J. & BOETCHER, A.L., 1972, The stability of phlogopite -+ enstatite
at high pressures: A model for micas in the interior of the earth.
Amer.J.Sci., 272, 852-869.

MOORBATH, S. & WALKER, G.P.L., 1965. Strontium isotope investigation of
igneous rocks from Iceland. Nature, 207, 837.

MOORE, J.G. & EVANS, B.W., 1967. The role of olivine in the crystallization
of the Prehistoric Makaopuhi tholeiitic lava lake, Hawaii. Contr.Mineral.
Petrol., 15, 202-223.

MORGAN, W.J., 1971. Convection plumes in the lower mantle. Nature, 230,
42-43.

MOROHASHI, T., BANNO, S, & YAMASAKI, M., 1974. Plagioclase zoning in the
Setogawa Ash Flow Sheet of the Nohi Rhyolite Complex, Central Japan.
Contr.Mineral.Petrol., 45, 187-196.

MUIR, I.D., 1954, Crystallization of pyroxenes in an iron-rich diabase
from Minnesota. Mineral.Mag., 30, 376-388.

MUIR, I.D., 1962. The paragenesis and optical properties of some ternary
feldspars. Norsk.Geol.Tidsskr., 42, 477-492.

MUIR, I1.D. & TILLEY, C.E., 1964, Iron 2nrichment and pyroxene fractionation
in tholeiites. Geol.J., 4, 143-156.

MYSON, B.O. & KUSHIRO, I., 1974. "A possible mantle origin for andesitic

magmas: Discussion of a paper by Nicholls and Ringwood." Opening discussion
and comments to reply by Nicholls and Ringwood. Earth Planet.Sci.letters,
21, 221-229. '

NAKAMURA, Y. & KUSHIRO,I. 1970. Compositional relations of coexisting ortho-
pyroxene, pigeonite and augite in a tholeiitic andesite from Hakone
Volcano. Contr.Mineral.Petrol., 26, 265-275.

NAKAMURA, Y. & KUSHIRO, I., 1970b. Equilibrium relations of hypersthene,
pigeonite and augite in crystallizing magmas - microprobe study of a
pigeonite andesite from Weiselberg, Germany. Amer.Mineral., 55, 1999-2015.

NESBITT, R.W. & HAMILTON, D.L., 1969. Crystallization of alkali-olivine
basalts under controlled PO s PH 0 conditions. Phys.Earth Plan.Interiors,
3, 309-315, 2 2

NICHOLLS, I.A., 1974. Liquids in equilibrium with peridotitic mineral
assemblages at high water pressures. Contr.Mineral.Petrol., 45, 289-316.

NICHOLLS, I.A.& LORENZ, V., 1973. Origin and crystallization history of
Permian tholeiites from the Saar-Nahe Trough, S.W. Germany. Contr.
Mineral.Petrol., 40, 327-344.




262.

NICHOLLS, I.A. & RINGWOOD, A.E., 1972. Production of silica-saturated
tholeiitic magmas in island arcs. Earth Planet.Sci.Letters, 17, 243-246.

NICHOLLS, I.A. & RINGWOOD, A.E., 1973. Effect of water on olivine stability
in tholeiites and the production c¢f silica-saturated magmas in the
island-arc environment. J.Geology, 81, 285-300.

NICHOLLS, I.A. & RINGWOOD, A.E., 1974. "A possible mantle origin for
andesitic magmas: Discussion of a paper by Nicholls and Ringwood." *
Reply to a discussion by Myson and Kushiro. Earth Planet.Sci.letters,
21, 221-229.

NICHOLLS, J. & CARMICHAEL, I.S.E., 1972, The equilibrium temperature and
pressure of various lava types with spinel and garnet peridotite.
Amer.Mineral., 57, 941-959,

NICHOLLS, J., CARMICHAEL, I.S.E. & STCRMER, J.C. Jr., 1971. Silica activity

and Ptotal in igneous rocks. Contr.Mineral.Petrol., 33, 1-21.

NOBLE, D.C., 1967. Sodium, potassium and ferrous iron contents of some

secondarily hydrated natural silicic volcanic rocks. Amer.Mineral.,
52, 280-286.

NOCKOLDS, S.R. & ALLEN, R., 1954, The geochemistry of some igneous rock
series: Part II. Alkalic rocks. Geochim.cosmochim.Acta, 29, 113-137.

0'HARA, M.J., 1965. Primary magmas and the origin of basalts. Scot.J.
Geol., 1, 19-40.

O'HARA, M.J., 1968. The bearing of phase equilibria studies in synthetic
and natural systems on the origin and evolution of basic and ultrabasic
rocks. Earth-Sci.Rev., 4, 69-133.

O'HARA, M.J., BIGGAR, G.M., RICHARDSON, S.W., FORD, C.E. & JAMIESON, B.G.,
1970. The nature of seas, mascons and the lunar interior in the
light of experimental studies. I% Proceedings of the Apollo II lunar
science conference Vol. l. Mineralogy and petrology. Geochim.
cosmochim.Acta, 34(supp). 695-711.

O'HARA, M.J. & YODER, H.S., 1967. Formation and fractionation of basic
magmas at high pressures. Scot.J.Geol., 3, 67-117,

PECK, D.L. & WRIGHT, T.L., 1966. Experimental studies of molten basalt in
sttu: a summary of physical and chemical measurements on recent lava
lakes of Kilauea Volcano, Hawaii. Ann.Mtg.geol.Soc.Amer.Abstr.,
158-159.,

PECK, D.L., WRIGHT, T.L. & MOORE, J.G., 1966. Crystallization of tholeiitic
basalt, Alae lava lake, Hawaii. Bull.Volcanol., 29, 629-656.




263.

POWERS, H.A., 1955. Composition and origin of basaltic magma of the Hawaiian
Islands. Geochim.cosmochim.Acta, 7, 77-107.

PRINZ, M., 1967. Geochemistry of basaltic rocks: Trace elements. In Hess,
H.H (ed.), Basalts: The Poldervaart treatise on rocks of basaltic
composition. Interscience Publishers, New York, 271-324.

REED, S.J.B. & WARE, N.G., 1973. Quantitative electron microprobe analysis
using a lithium drifted silicon detector. X-ray Spectrometry, 2,
69-74.

RELPH, R.E., 1958. Geology of the Nimbin area. Tech.Repts N.S.W.Dept.
Mines, 3, 42-46.

RICHARDS, H.C., 1916. The volcanic rocks of south-eastern Queensland.
Proc.R.So0c.Qld., 27, 105-204.

RINGWOOD, A.E., 1955. The principles governing trace element distribution
during magmatic crystallization. Part 1: The influence of electro-
negativity. Geochim.cosmochim.Acta, 7, 189-202,

RINGWOOD, A.E., 1966. The chemical composition and origin of the earth.
In P.M. Hurley (ed.), Advances in Earth Sciences, M.I.T., Press,
Boston, Mass., 287-356.

RINGWOOD, A.E., 1974. The petrological evolution of island arc systems.
J.geol.Soc.Lond., 130, 183-204.

ROEDER, P.L. & EMSLIE, A.F., 1970. Olivine-liquid equilibrium. Contr,
Mineral.Petrol., 29, 275-289.

ROEDER, P.L. & OSBORN, E.F., 1966. Experimental data for the system MgO-
FeO-FeZO ~-CaAl,Si,0 —SiO2 and their petrological implications. Amer.
J.5ci.> 364, 498-%6%.

SCHORER, G., 1970. Die pyroxene tertiarer Vulkanite des Vogelsberges.
Chemie der Exrde, 29, 69-138,

SHAPIRO, L. & BRANNOCK, W.W., 1956. Rapid analysis of silicate rocks.
U.S. geol.Surv.Bull., 1036-C.

SIEDNER, G., 1965. Geochemical features of a strongly fractionated alkali
igneous rock suite. Geochim.cosmcchim.Acta, 29, 113-137.

SIGURDSSON, H., 1970. Origin of some Icelandic pitchstones. Discussion of
a paper by I.L. Gibson. Lithos, 3, 369-371.

SIGURDSSON, H. & BROWN, G.M., 1970. An unusual enstatite-forsterite basalt
from Kolbeinsky Island, north of Iceland. J.Petrology, 11, 205-220.



264,

SIMKIN, T. & SMITH, J.V., 1970. Minor-element distribution in olivine.
J.Geol., 78, 304-325.

SMITH, A.L. & CARMICHAEL, I.S.,E., 1968. Quaternary lavas from the southern
Cascades, western U.S.A. Contr.Mineral.Petrol., 19, 212-238.

SMITH, A.L. & CARMICHAEL, I.S.E., 1969. Quaternary trachybasalts from
southern California. Amer.Min., 54, 909-923.

SMITH, D.C., 1971. Stability of the assemblage iron-rich orthopyroxene-
olivine-quartz. Amer.J.Sci., 271, 370-382.

SMITH, D.C., 1972, Stability of iron-—rich pyroxene in the system CaSiO3—
FeSiOB-MgSiOB. Amer .Mineral., 57, 1413-1428.

SMITH, J.V. & GAY, P., 1958. The powder patterns and lattice parameters of
plagioclase feldspars. II. Mineral.Mag., 31, 744-762.

SMITH, J.V. & McKENZIE, W.S., 1958. 'The alkali feldspars: IV. The cooling
history of high temperature sodium-rich feldspars. Amer.Mineral.,
43, 872-889.

SOLOMON, P.J., 1964. The Mount Warning Shield Volcano - a general
geological and geomorphological study of the dissected shield. Univ.
Qld Papers, Dept.Geology, 5, no.l0.

STANLEY, E.R., 1910. Enstatite-basalt from Kangaroo Island, South Australia.
Trans R.Soc.S.Aust., 34, 69-74.

STEINER, A., 1958. Petrogenetic implications of the 1954 Ngauruhoe lava
and its xenoliths. N.Z.J.Geol.Geophys., 1, 325-363.

STEPHENSON, P.J., STEVENS, N.C. & TWEEDALE, G.W., 1960. Extrusives of
southern Queensland.ln The Geology of Queensland. J.geol.Soc,Aust., 7,
356-362.

STEVENS, N.C., 1969. The volcanism of southern Queensland. Spec.Publs.
geol.Soc.Aust., 2, 193-202.

STORMER, J.C.Jr, 1973. Calcium zoning in olivine and its relationship to
silica activity and pressure. Geochim.cosmochim.Acta, 37, 1815-1821.

STORMER, J.C. Jr. & CARMICHAEL, I.S.E., 1970. The Kudo-Weill plagioclase
geothermometer and porphyritic acid glasses. Contr.Mineral.Petrol.,
28, 306-309.

SUKHESWALA, R.N. & POLDERVAART, A., 1958. Deccan basalts of the Bombay area,
India. Bull.geol.Soc.Amer., 69, 1475-1494.




265.

TAYLOR, S.R., 1965. The application of trace element data to problems in
petrology. Phys.Chem.Earth, 6, Chap.2, 133-213,

TAYLOR, S.R., EWART, A. & CAPP, A.C., 1968. Leucogranites and rhyolites:
Trace element evidence for fractional crystallization and partial
melting. Lithos, 1, 179-186.

THOMPSON, R.N., 1972a. The l-atmosphere melting patterns of some basaltic
volcanic series. Amer.J.Sci., 272, 901-932.

THOMPSON, R.N. 1972b. Melting behavior of two Snake River lavas at pressures
up to 35 kb. Carnegie Inst.Wash. Yearbook, 71, 406-410.

THOMPSON, R.N., 1972c. Evidence for a chemical discontinuity near the
basalt-""andesite' transition in many anorogenic volcanic suites.
Nature, 236, 106-110.

THOMPSON, R.N., 1973. One-atmosphere melting behavior and nomenclature of
terrestrial lavas. Contr.Mineral.Petrol., 41, 197-204.

THOMPSON, R.N., 1974. Primary basalts and magma genesis. I. Skye, north-
west Scotland. Contr.Mineral.Petrol., 45, 317-341.

THOMPSON, R.N., ESSON, J. & DUNHAM, A.C., 1972. Major element chemical
variation in the Eocene lavas of the Isle of Skye, Scotland. J.
Petrology, 13, 219-254.

THOMPSON, R.N. & KUSHIRO, I., 1972. The oxygen fugacity within graphite
capsules in piston cylinder apparatus at high pressures. Carnegie
Inst.Wash. Yearbook, 71, 615-616.

THOMPSON, R.N. & TILLEY, C.E., 1970. Melting and crystallization relations
of Kilauean basalts of Hawaii. The lavas of the 1959-60 Kilauea
eruption. Earth Planet.Sci.Letters, 5, 469-477.

THORNTON, C.P. & TUTTLE, O.F., 1960. Chemistry of igneous rocks. I.
Differentiation Index. Amer.J.Sci., 258, 664-684.

TILLEY, C.E., 1950. Some aspects of magmatic evolution. Quart.J.geol.
Soc.Lond., 106, 37-61.

TILLEY, C.E., 1960, Differentiation of Hawaiian Basalts: Some variants
in lava suites of dated Kilauean eruptions. J.Petrology, 1, 47-55.

TILLEY, C.E. & MUIR, I.D., 1967. Tholeiite and tholeiitic series. Geol.
Mag., 104, 337-343.

TILLEY, C.E. & THOMPSON, R.N., 1970. Melting and crystallization relations
of the Snake River Basalts of southern Idaho, U.S.A. Earth Planet.
Sci. Letters, 8, 79-92.




266.

TILLEY, C.E., YODER, H.S. & SCHAIRER, J.F., 1963. Melting relations of
basalts. Carnegie Inst.Wash. Yearbook, 62, 77-84.

TILLEY, C.E., YODER, H.S. & SCHAIRER, J.F., 1964. New relations on melting
of basalts. Carnegie Inst.Wash. Yearbook, 63, 92-97.

TILLEY, C.E., YODER, H.S. & SCHAIRER, J.F., 1965. Melting relations of
volcanic tholeiite and alkali rock series. Carnegie Inst.Wash.
Yearbook, 64, 69-82.

TILLEY, C.E., YODER, H.S. & SCHAIRER, J.F., 1968. Melting relations of
igneous rock series. Carnegie Inst.Wash. Yearbook, 66, 450-456.

TRﬁGER, W.E., 1967. Optische Bestimmung der gesteinsbildenden Minerale, pt.2.
E. Schweizerbart'sche Verlagsbuchandlung, Stuttgart, Germany.

TSUYA, H,, 1937. On the volcanism of the Huzi volcanic zone, with special
reference to the geology and petrology of Idu and the Southern Islands.
Earthquake Res.Inst.Bull., 15, 215-357.

TURNER, F.J. & VERHOOGEN, J., 1960. Igneous and metamorphic petrology.
McGraw-Hill, New York.

TUITLE, O.F. & BOWEN, N.L., 1958. Origin of granite in the light of
experimental studies. Mem.geol.Soc.Amer., 74, 153 pp.

VARNE, R., 1968. The petrology of Moroto Mountain, eastern Uganda, and the
origin of nephelinites. J.Petrology, 9, 169-190.

VARNE, R., 1970. Hormblende lherzolite and the upper mantle. Contr.Mineral.
Petrol., 27, 45-51.

VIRGO, D. & ROSS, M., 1973. Pyroxenes from Mull andesites. Carnegie Inst.
Wash. Yearbook, 72, 535-540.

WAGER, L.R. & DEER, W.A., 1939. The petrology of the Skaergaard intrusion,
Kangerdlugssuaq, East Greenland. Meddl.om Grédnland, 105, no 4, 352 pp.

WAGER, L.R., WEEDON, D.A, & VINCENT, E.A., 1953. A granophyre from Coire
Uaigneich, Isle of Skye, containing quartz paramorphs after tridymite.
Minexal.Mag., 30, 263-275.

WALKER, F., 1940. Differentiation of the Palisade diabase, New Jersey.
Bull,geol.Soc.Amer., 51, 1059-1105.

WALKER, F., VINCENT, H.C.G. & MITCHELL, R.L., 1952. The chemistry and
mineralogy of the Kinkell tholeiite, Stirlingshire. Mineral.Mag.,
29, 895-908.



267.

WALKER, K.R., 1969. The Palisades sill, New Jersey: A reinterpretation.
Spec.Pap.geol.Soc.Amer., 111, 178pp.

WASHINGION, H.S., 1931. The chemical analysis of rocks. &4th ed. John
Wiley & Sons, Inc., New York.

WASS, S.Y., 1973, Oxides of low pressure origin from alkali basaltic rocks,
Southern Highlands, N.S.W., and thkeir bearing on the petrogenesis of
alkali basaltic magmas. J.geol.Soc.Aust., 20, 427-448.

WATERS, A.C., 1961. Stratigraphic and lithologic variations in the
Columbia River basalt. Amer.J.Sci., 259, 583-61l.

WEBB, A.W., STEVENS, N.C. & McDOUGALL, I., 1967. Isotopic age determinations
on Tertiary volcanic rocks and intrusives of south-eastern Queensland.
Proc.R.Soc.Qld., 79, 79-92.

WEISSEL, J.K. & HAYES, D.E. 1971, Assymmetrical sea-floor spreading south
of Australia. Nature, 231, 518-521.

WELLMAN, P. & McDOUGALL, I., 1974a. (ainozoic igneous activity in eastern
Australia. Tectonophysiecs, 23, 4¢-65.

WELLMAN, P. & McDOUGALL, I., 1974b. FPotassium-argon ages on the Cainozoic
volcanic rocks of New South Wales. J.geol.Soc.Aust., 21, 247-272.

WILKINSON, J.F.G., 1957. The clinopyroxenes of a differentiated teschenite
sill near Gunnedah, New South Wales. Geol.Mag., 94, 123-134,

WILKINSON, J.F.G., 1965. Some feldspars, nephelines and analcimes from
the Square Top Intrusion, Nundle, N.S.W. J.Petrology, 6, 420-444.

WILKINSON, J.F.G., 1968. The magmatic affinities of some volcanic rocks
from the Tweed Shield Volcano, S.E. Queensland-N.E. New South Wales.
Geol.Mag., 105, 275-289.

WILKINSON, J.F.G., 1969. Mesozoic and Cainozoic igneous rocks of north-
eastern New South Wales, J.geol.Soc.Aust., 16, 530-541.

WILKINSON, J.F.G., 1971. The petrology of some vitrophyric calc-alkaline
volcanics from the Carboniferous of New South Wales. J.Petrology,
12, 587-619.

WILKINSON, J.F.G. & BINNS, R.A., 1969. Hawaiite of high pressure origin
from north-eastern New South Wales. Nature (Lond.), 222, 553-555.

WILKINSON, J.F.G. & DUGGAN, N.T., 1973. Some tholeiites from the Inverell
area, New South Wales, and their bearing on low pressure tholeiite
fractionation. J.Petrology, 14, 1339-348.



268.

WILSON, J.T., 1963. A possible origin of the Hawaiian Islands. Can.J.Phys.,
41, 863-870.

WISE, W.S., 1969. Geology and petrology of the Mt. Hood area: A study of
High Cascade volcanism. Bull.geo.l.Soc.Amer., 80, 969-1006.

WOERMANN, E., BRENZY, B. & MAUN, A., i969. Phase equilibria in the system
MgO-iron oxide-TiO2 in Air. Amer.J.Sci., 267a, 463-479.

WONES, D.R. & EUGSTER, H.P., 1965. Stability of biotite: Experiment,
theory and application. Amer.Mineral., 50, 1228-1272.

WONES, D.R. & GILBERT, M.C., 1969. The fayalite-magnetite-quartz
assemb lage between 600°C and 800°C. Amer.J.Sci., 267a, 480-488.

WRIGHT, J.B., 1968. Oligoclase-andesine phenocrysts and related inclusions
in basalts from part of the Nigerian Cenozic province. Mineral.Mag.,
36, 1024-1031.

YAGI, K. & ONUMA, K., 1967. The join CaMgSi,O CaTlAl O, and its bearing
on the titanaugites. Hokkaido Univ.Fac. §c1 Jour., 1 13, 463-483.

YODER, H.S., 1969a. Calc-alkaline andesites: Experimental data bearing on
the origin of their assumed characteristics.In A.R. McBirney (ed.),
Proceedings of the Andesite Conference. Oregon Dept.Geol.Min.Ind.Bull.,
65, 77-89.

YODER, H.S., 1969b. Experimental studies bearing on the origin of
anorthosite.In Y.W. Isachsen (ed.), Origin of Anorthosite and Related
Rocks. Mem.N.Y. State Mus.Sci.Service, 18, 13-22.

YODER, H.S., STEWART, D.B. & SMITH, J.R., 1957. Ternary feldspars. Carnegie
Inst.Wash. Yearbook, 56, 206-214,

YODER, H.S. & TILLEY, C.E., 1962. Origin of basalt magmas: An experimental
study of natural and synthetic rock systems. J.Petrology, 3, 342-532.



APPENDIX 1

FIELD AND LABORATORY TECHNIQUES

1) FIELD MAPPING

During field mapping, approximately 700 localities were sampled
and 650 thin sections prepared for petrographic study. Technical staff
at the University of New England prepared 100 thin sections; the remaining
550 thin sections were prepared by the author. The rocks and thin sections
are housed in the Department of Geology, University of New England. Collection
numbers are listed in Appendix IV together with rock names and grid references.
Geological formations and boundaries and specimen localities were
mapped directly onto New South Wales Department of Lands aerial photographs,
namely Nimbin-Byron Bay runs 1-4 inclusive (October, 1958) and Lismore-Ballina
runs l-4 inclusive (October, 1958). The accompanying geological map was
prepared using Royal Australian Survey Corps 1 : 50,000 topographic maps as
a base. The area mapped included the whole of 5 maps in Zone 8, namely
Rosebank 9540-I, Lismore 9540-II, Nimbin 9540-1IV, Ballina 9650-II1 and Byron
Bay 9650-1IV together with the northern and eastern portions of Casino 9540-III.
Geological mapping of the north-westerr. portion of the Nimbin 9540-IV sheet
was greatly facilitated by the mapping of Mason (1969). The accompanying map

and all text figures were drafted by the author.

2) PETROGRAPHIC TECHNIQUES

In microscopic studies, refractive index measurements were carried
out by the o0il immersion method in sodium light using an Abbé Refractometer

for calibration of oils. Olivine and plagioclase compositions were based



on the data of Bowen & Schairer (1935; in Deer et al., 1962) and Chayes
(1952; 4in Deer et al., 1963) respectively.

Modal analyses were performed using a Swift point counter and
mechanical stage with a counting interval of 0.3 mm for glassy rocks with
large phenocrysts and 0.05 mm for other rocks. At least 1,500 points were
counted for each analysis.

Opaque minerals were examined in reflected light in approximately
30 polished sections prepared by technical staff of the Department of Geology,

University of New England.

3) CHEMICAL ANALYSES

a) Sample Preparation

Rock specimens selected for chemical analysis were cut into slabs,
which were then broken down into small chips (<10 mm) with a small hémmer
and the chips crushed to -120 mesh in a steel percussion mortar and pestle
with a hardened tungsten tip and base. A control sample of pure quartz
crushed concurrently indicated negligible contamination by Ni,V and Co. Rock
powders were homogenized on a sheet of paper and repeatedly quartered until
samples of about 50 g were split off for chemical analysis.

b) Major Element Analyses

With the exception of five whole rock analyses (27290; 28057-60)
and two residual glasses; separated from rhyolitic pitchstones (28076,
28078) which were analysed by G.I.Z. Kalocsal, all major element analyses
were carried out by the author in the Department of Geology, University of

New England. The methods employed are those modified and used by G.I.Z.
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Kaloesai and are briefly outlined belcw. Two U.S.G.S. standard rocks

(AGV-1, BCR-1l) analysed concurrently as a check of analytical precision
(Table I.1) compare favourably with average analyses for these rocks compiled
by Flanagan (1969).

SiOZ: Si0, was determined or. 1 g samples by the sodium carbonate

2
fusion method (Washington, 1931; Groves, 1951).

TiOZ,QAQQB,total Fe ,MnO,Mg0,Ca0: These were determined by atomic

absorption spectroscopy using a Varian Techtron AA5 Atomic Absorption
Spectrophotometer. A rock solution was prepared using the method of Shapiro
and Brannock (1956) except that perchloric acid was used instead of sulphurie

acid (solution B: HF-HC1O —HNOB). Suitably diluted fractions of solution B,

4
with addition of appropriate additives to supress ionization (Fe,Al) and
complex ion formation (Ca,Mg) were then measured on the A.A.S. The operating
conditions and additives for individual elements are set down in Table I.2,

gizg,gzg; Alkalis were determined on suitably diluted portions of
solution B using an E.E.L. Flame Photometer with addition of Li+ to minimize
ionization of Na and K.

2295: This was determined on an E.E.L. Colorimeter using a
solution prepared by addition of a portion of solution B to an ammonium
molybdo-vanadate solution using an ammonium phosphate solution as a reference
standard.

Fe0: FeO was determined on 0.5 g samples using the method outlined
by Groves (1951). The rock sample was dissolved in an HF—HZSO4 mixture in a

Pt crucible with a close fitting lid. When completely dissolved the sample

was added to 500 ml of cold boiled H,0O containing 10 ml of 1:1 H

2 SO4 and

2
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BCR~-1 AGV-1
1
8102 59.00 58.99 54.09 54.48
TiO2 1.13 1.08 2.05 2.23
Al,,O3 16.90 17.01 13.61 13.65
Fe203 4.25 4,51 3.43 3.68
FeO 2.21 2.04 9.01 8.91
Mn0 0.09 0.09 0.18 0.17
Mg0 1.53 1.49 3.37 3.28
Cal 5.05 4.98 7.00 6.95
NaZO 4.30 4.33 3.21 3.31
K20 2.96 2.89 1.72 1.68
H20+ 0.99 0.81 1.50 0.77
HZO— 0.80 1.08 0.82
P205 0.53 0.48 0.27 0.36
Total 99.74 99.78 99 .44 100.29

1,3. Analyses by M.B. Duggan.

2,4, Preferred averages from Flanagan (1969).
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OPERATING CONDITIONS FOR ATOMI( ABSORPTION SPECTROPHOTOMETRIC ANALYSIS

Element Working Range Wavelength Oxidant-Fuel Additive
(ppm) (nm) Mixture
" . 3+
Ca 10-50 422.7 air-acetylene La
. 3+
Mg 1-5 285.2 air-acetylene La
. +
Fe 25-100 248.3 air-acetylene Na
+
Al 100-200 309.3 NZO—acetylene Na
Ti solution B 364.3 NZO—acetylene -
Mn solution B 279.5 air acetylene -
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10 ml of boric acid and then titrated against standard ammonium ceric
sulphate solution using n-phenyl anthranilic acid indicator.

H,0: Total H,0 was determined using a heater-condenser apparatus
devised by G.I.Z. Kalocsai. One gram of sample, weighed in a silica glass
tube was connected to a condenser and heated in a Gallenkamp furnace at
1100°C for one hour. The condenser was then disconnected and the ends
plugged. After allowing to cool, the increase in weight was taken as the
total water. HZO— was determined as the weight loss of a 1 g sample when

heated at 1050 for one hour.

c¢) Trace Element Analyses

Trace element analyses (Rb,3r,Ba,V,Ni,Co) were carried out by
the author in the Department of Geology, University of Queensland by X-ray
fluorescence spectrographic methods using a Philips PW 1410 X-ray Spectro-
meter coupled to a 3 kW generator. Tae techniques and procedures used were
those devised by Mr. A.S. Bagley. Analyses were corrected for mass
absorption, drift and interference effects. Several U.S.G.S. standards were
run concurrently with the énalysed rocks to check analytical quality and
the results of these analyses are listed in Table I.3. The results indicate
a generally high degree of precision and reliability for the analyses.

d) Microprobe Analyses

Microprobe analyses of constituent mineral phases were obtained
by the author at the Research School of Earth Sciences, Australian National
University using an energy dispersive microprobe system produced by Technisch
Physische Dienst, Delft Technical University, Delft, Netherlands. Analytical

conditions included an accelerating voltage of 15 kV, a beam diameter of
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(Preferred Values of M.Kaye, Australian National University, in brackets)

G2 BCR-1 Gs3P-1 AGV-1 Wl
365 (370)
\Y 374 40 (52) 250 (245)
Ni 5 (4) 10.5 (11) 17.5 (16)
Co 4.6 (4.5) 40 (37) 6.6 (7) 17 (15) 40 (48)
15
Ba 1858 (1850) 658 (690) 1192 (1200)
Rb 48 (47) 20.7 (21.5)
47 21.4
21.6
Sr 326 (334) 186 (187)
326 188

187
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<1l um and a specimen current of 3 nA. X-ray spectra were recorded using a
Li-drifted Si detector (Ortec type 77016-041655) coupled to a Northern
Scientific (NS 710) multichannel pulse height analyser with a 100 second
count time. Full details of analytical conditions and correction procedures
for quantitative analysis using this instrument are given by Green (1973b)
and Reed and Ware (1973).

For calibration standards, MnSiO, was used for Mn and Si,

3

4 for Ca and Al, KAlSi308 for K, the respective oxides (MgO, TiOz,

Cr203) for Mg, Ti and Cr and the pure metal for Fe.

CaA120

The low accelerating voltage and specimen current and small beam
diameter compared with conventional crystal spectrometer microprobes,
coupled to a Leitz optical system enabled precise location and analysis of
very small groundmass grains (~5 um) and avoided problems of alkali
volatilization from Na and K-bearing minerals. However, it did not prevent
some alkali loss from very small areas of hydrous residual glasses as
indicated by low Na values for their analyses and decreasing count rates

during analysis.

4) MINERAL SEPARATION

Feldspars were separated from their respective host rocks for
X-ray diffraction studies by a combination of heavy liquid and electromag-
netic techniques. Rock powders (-120 mesh) were prepared dust-free by
repeated decantation. After removal of strongly magnetic minerals with a
hand magnet the feldspar fractions were concentrated by repeated passage

through a Franz Isodynamic Separator-Model Ll. Where necessary further
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purification was obtained by centrifuging in tetrabromoethane-acetone

mixtures.

5) X-RAY DIFFRACTION STUDIES

An X-ray diffraction powder photograph of an allanite sample was
obtained using a Debye Scherrer powder camera coupled to a Philips PW1010
X-ray diffraction generator.

X-ray diffraction traces (Cu/Ni radiation) were obtained using
a Philips X-ray diffractometer comprising a wide range goniometer (PW1050)
and proportional counter (PW1965/50). The nature of the 201 peaks of
sanidines from rhyolites were examined to ascertain the degree of unmixing
to form cryptoperthites. Values of T(26(220) + 26(131)- 46(131); Smith
and Gay, 1958) for plagioclases were measured to assess their structural
state.

Diffraction traces in the range 26 = 20°-30° enabled interpretation
of the complex assemblage of silica and feldspar minerals in the micro-

crystalline groundmass of the rhyolites.



MICROPROBE DATA ON OLIVINES, PYROXENES AND FELDSPARS

APPENDIX II

ABBREVIATIONS IN TABLES II.l - II.3

MC

MR

PC

PR :

PM :

GM

MP

Analyses along a core-rim traverse indciated by an

Megacryst or inclusion in megacryst
Reaction rim of megacryst

Core of phenocryst

Rim of phenocryst

Microphenocryst

Groundmass grain

¢ Microphenocryst

arrow joining PC and PR,

278.
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Table II.1

1 2 3 4 5 6 7 8 9 10 11 12 13 14

PC PC PC PC ———— PR PR GCM GM GM PC —> PR CM GM
SiO2 39.14  39.19 38.86 38.75 38.46 37.7¢ 37.26 35.51 34.33 34.07 37.37  34.96 35.78  33.31
Feo® 18.27 18.33 18.73 19.50 21.93  25.6; 27.87 35.88  41.81 42.42 28.85 39.64  34.25  47.46
MnO - 0.20 0.23 0.19 0.21 0.2¢ 0.23 0.43 0.70 0.62 0.31 0.49 0.49 0.91
Mg0 42.30 42.35 41.98 41.30 39.32 36.7C 34,22 27.46 22,25 22.11 33.49 23.95  28.26 16.86
Ca0 0.11 0.13 0.22 0.14 0.19 0.1¢ 0.19 0.33 0.27 0.32 0.22 0.36 0.21 0.43
Total 99.82 100.18 100.02 99.88 100.1l1 100.5: 99.77 99.41 99.36 99.54 100.14 99.40 98.99  99.27

Structural Formula on rhe Basis of 4 Oxygen Atoms

Si 0.999 0.998 0.994 0.996 1.004 0.993 0.999 0.996 0.998 0.992 1.000 1.000 1.001 1.002
Fe2+ 0.390 0.390 0.401 0.419 0.479 3.565 0.625 0.841 1.016 1.032 0.647 0.950 0.801 1.202
Mn - 0.004 0.005 0.004 0.005 0.006 0.005 0.010 0.017 0.015 0.007 0.012 0.012 0.023
Mg 1.609 1.607 1.600 1.582 1.530 1.43¢8 1.367 1.147 0.963 0.959 1.339 1.023 1.178 0.756
Ca 0.003 0.004 0.006 0.004 0.005 0.005 0.005 0.010 0.008 0.0l0 0.006 0.011 0.006 0.014
ZFethn.Mg.Ca 2.00 2.01 2.01 2.01 2.02 2.01 2.00 2.01 2.00 2.02 2.00 2.00 2.00 2.00
100 Mg/MgtFe 80.5 80.5 80.0 79.1 76.2 71.8 68.6 57.7 49.3 48.2 67.4 51.9 59.5 38.6

15 16 17 18 19 20 21 22 23 24 25

GM GM GM GM M GM PC —> PR PC oM GM
5102 35.45 35.53 35.13 32.58  32.37 32.37 34.72 34.40 34.50 34.85 34.80
FeO* 34,13 34,53 34.98 52.43 52.21  52.86 40.87 41.01 4C.61 43.73  39.76
MnO 0.36 0.51 0.56 1.01 1.00 0.70 0.81 0.72 0.83 0.59 0.58
MgO0 28.81 28.36 27.39 13.76 13.67 13.34 23.22  22.8  22.77 21.57  24.08
Cca0 0.29 0.33 0.41 0.51 0.42 0.38 0.41 0.48 .45 0.35 0.36
Total 99.29 99.64 98.81 100.62 100.C9  99.81 100.03  99.47 99.16 101.09  99.58

Structural Formula on the Basis oY 4 Oxygen Atoms
Si 0.996 0.989 0.995 0.993 0.993 0.996 0.997 0.994 0.999 0.999 0.995
Fez+ 0.802 0.804 0.829 1.337 1..42 1.360 0.981 0.991 0.984 1.049  0.951
Mn 0.009 0.012 0.013 0.026 0.026 0.018 0.020 0.018 0.020 0.014 0.014
Mg 1.206 1.177 1.156 0.625 0.¢25 0.612 0.994 0.984 0.983 0.922 1.026
Ca 0.009 0.010 0.012 0.017 0.¢14 0.013 0.013 0.015 0.014 0.011 0.011
2

:;Fe"TMn,Mg,Ca 2.03 2.01 2.01 2.01 2.1 2.01 2.01 2.01 2.00 2.00 2.01

100 Mg/MgtFe 60.1 59.4 58.2 31.9 31.3 31.0 50.3 49.8 50.0 46 .8 51.9
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26 27 28 29 30 31 32 33 34 35 36 37
MR GM PC —— PR ¢ PC PC PC PC PC —— PR PC
SiO2 34.18  32.51 37.76 36.31 35.63 36.14  33.41 39.36  34.59 33.00 32.64 32.72
FeO* 41.90  52.22 24.98 31.72  36.23 33.80 46.14 16.99  42.38 50.62  50.41  50.26
MnO 0.75 0.93 0.30 0.36 0.46 P 0.71 0.15 0.54 0.88 0.78 0.95
Mg0 22.01 13.14 36.98 31.07 26.92 28.90 18.65 43.42 21.48 14.53 14.59 14.46
Ca0 0.28 0.35 0.27 0.25 0.25 0.25 0.48 0.11 0.32 0.37 0.33 0.38
Total 99.07 99.29 100.29 99.71 99.69 99.61 99.39 100.03 99.31 99.50 98.75 98.77
Structural Formula on the Basis of 4 Oxygen Atoms
Si 0.997 1.003 0.993  0.995 1.001 1.002  0.995 0.997 1.007 1.006 1.008 1.003
Fez+ 1.023 1.347 0.550 0.727 0.851 0.7383 1.149 0.360 1.031 1.290 1.302 1.288
Mn 0.019 0.024 0.007 0.008 0.011 0.0l2 0.018 0.003 0.013 0.023 0.020 0.025
Mg 0.957 0.604 1.450 1.268 1.127 1.194 0.828 1.639 0.932 0.664 0.671 0.660
Ca 0.007 0.012 0.008 0.007 0.008 0.007 0.015 0.003 0.010 0.012 0.011 0.013
ZFe2+Mn,Mg,Ca 2.01 1.99 2.02 2.01 2.00 2.00 2.01 2.01 1.99 1.99 2.00 1.99
100 Mg/Mg+Fe 48.8 31.0 72.5 63.6 £7.0 60.4 41.9 82.0 47.5 34.0 34.0 33.9
38 39 40 41 42 43 44 45 46 47 48 49
PC _, PR PC__, PR PC PC PC PC PC PC —>» PR GM
§i0, 39.06 38.30 31.14 31.04 31.04 31.09 31.52 31.51 32.35 37.92 35.09 31.89
FeO* 18.45  22.34 59.79 59.69 532.09 59.26 59.12 59.22 56.14 23.63  38.73 56.27
MnO - 0.28 1.18 1.07 1.20 0.97 1.08 1.03 0.93 0.23 0.52 1.21
MgO 41.49  38.41 7.26 7.14 7.84 7.94 8.11 8.17 11.66 37.38  24.37 9.29
ca0 0.17 0.23 0.24 0.20 0.27 0.30 0.32 0.29 0.32 0.13 0.16 0.33
Total 99.17  99.56 99.61 99.14 99.44 99.56 100.15 100.22 101.40 99.29 98.87 98.99
Structural Formula on the Basis of 4 Oxygen Atoms
Si 1.004 1.001 1.002 1.003 0.997 0.997 1.002 1.001 0.994 1.000 1.006 1.011
Fez+ 0.397 0.488 1.608 1.613 1.588 1.589 1.572 1,573 1.443 0.521 0.929 1.491
Mn - 0.006 0.032 0.029 0.033 0.026 0.029 0.028 0.024 0.005 0.013 0.033
Mg 1.590 1.496 0.348 0.344 0.375 0.379 0.384 0.387 0.534 1.469 1.041 0.439
Ca 0.0C5 0.006 0.008 0.007 0.009 0.010 0.011 0.010 0.011 0.004 0.005 0.011
XFel+Mn,Mg,Ca 1.99 2.00 2.00 1.99 2.01 2.09 2.00 2.00 2.01 2.00 1.99 1.98
100 Mg/MgtFe 80.4 75.4 17.8 17.6 9.1 19.3 19.6 19.7 27.0 73.8 52.8 22.7
KEY TO ANALY IN TABLE I
1-10. Olivines in low-Si ;ite 28048 (lable 6.1,Anal. 3).
11-14. Olivines in low-Si tholeiitic andesite 28049 (lable 6.1,Anal. 4).
15-17. Olivines in low-Si tholeiitic andesite 28050 (iable 6.1,Anal. 5).
18-20. Olivines in low-Si tholeiitic andesite 28G5i (7able 6.1!,Anal. 6).
21-23. Olivines in lcw-Si tholeiitic andesite 2£055 (Gavle 6.1,Anal. 9).

24,25. Olivines in

high-Al fholeiitic andesite

26,27, Olivines in low-Si theleiitic andesite
orthopyroxene megacryst (Teble 1l.2a,Anal.:Ox

28-34. Olivines in hign-Si tholeiitic andesirte

35-37. Olivines in icelandite

38,39. O0Olivines in icelandite

40-46. Olivines in icelandite

47-49. Olivines in rhyodacite

* All Fe reported as FeO.

28067 (Tatle 3
28071 (Tasble 6
28072 (Table 6
28074 (Table 6

27290 (lable 6.1, Anal. 10).
27291 (Ta>le 6.1,Anal.15x

2

.2,
.2, Anal.
.2,

Anal,
anal.

Anal.

o7,

7).
11).
12).
14) .

26.

1).

Olivine in reaction corona to

Grouadmiass olivine.

28061 (Table 6.2, Anal.



310, 51.84 52.37 51.55 51.28 52.70 50 .64 50.23 30.17 50.78 51.12 £1.18  50.22 5).02 50.53
h‘x)z 1.14 0.85 1.22 1.16 0.7 4 1.23 1.37 1.69 1.05 1.10 1.42 1.49 1.30
A.'l’r)3 2.15 1.55 2.41 2.20 1.79 '3 2.55 2.57 2.85 1.66 1.72 2.31 2.59 2.16
Fed* 11.00 10.61 9.74 11.08 9.62 1 .96 13.80 12.76 11.36 11.98 11.85 12.80 13.04 12.95
Mnd 0.32 0.28 0.16 0.21 0.19 Colb 0.26 0.25 0.17 0.24 .15 Q.15 1.28 0.26
MgO 15.68 16.67 15.71 16.09 17.18 L9 12.93 13.00 13.94 13.35 13.55 12.05 12.77 12.14
Cad 17.82 17.38 18.62 17.10 17.25 1.5 18.13 19.01 19.54 19.93 2¢.00 20.26 13.88 20.25
NAZO Q.44 0.30 0.40 0.24 0.39 .29 0.55 0.37 0.54 0.19 0.41 0.42 0.42 0.28
Total 100.42 100.01 99.81  99.36 99.84 9¢ .34 99.68 39.50 100.87 99.53 100.07 99.63
Structural Formilae on the Basis of 6 Oxygen Atoms
St 1.925 1.944 1.918 1.921 1.950 B30} 1.910 1.906 1.892 1.936 1.930 1.912 1.891 1.920
v
Al 0.075 0.056 0.082 0.07 0.050 293 0.090 0.094 0.108 0.064 0.070 0.088 0.109 0.080
VI
Al 0.019 0.012 0.024 0.018 0.025 .75 0.054 0.021 0.017 0.010 0.006 0.0l6 0.006 0.017
T 0.032 0.024 0.034 0.033 0.025 .)44 0,035 0.039 0.047 0.030 0.03L 0.041 0.042 0.037
2+
Fe 0.342  0.329 0.303 0.347 0.298 1.377  0.439  0.405 0.354 0.379 0.374 0.408 0.412 0.411
Mn 0.ul0 0.009 0.005 0.007 0.006 .05 0.008 0.008 0.005 0.008 0.005 0.005 0.009 0.008
Mg 0.868 0.92z 0.871 0.898 0.947 }.702 0.733  0.736 0.774 0.754 0.762 0.684 0.719 0.687
Ca 0.709 0.691 0.742 0.686 0.684 1.750 0.739 0.774 0.780 0.809 0.808 0.827 0.805 0.824
Na 0.031 0.021 0.029 0.018 0.028 ).J21 0.041  0.027 0.039 0.014 0.030 0.031 0.031 0.020
xy 2.01 2.01 2.01 2.01 2.01 138 2.05 2.01 2.02 2.00 2.00 2.01 2.02 2.00
atom %.
Ca 37.0 35.5 38.7 35.5 35.5 41,0 38.7 40 .4 40.9 41.7 &1.5 43.0 1.6 42.9
Mg 45.2 47.5 45.5 46.5 49.1 33.4 38.3 38.4 40.6 38.8 35.7 2501 35.7
Fe i7.8 17.0 i5.8 i8.0 15.4 2).6 23.0 21.2 18.5 19.5 21.3 (1.3 21.4
100 Fe/FetMg  28.3 26.4 25.8 27.9 239 34.9 37.5 35.6 31.3 33.4 33.0 37.4 7.8 37.5
15 16 17 18 19 20 21 22 23 23 25 26 27 28 29 30 31 32 33
MC —> MR MC GM GM MC —> MR M oM P - PR PC ————— PR PC —————> PR PC
5L02 49.41 S51.14 52,32 50.94 51.61 53.18 50.27 51.0¢ 510.52 51.16 50.76 S1.03 49.96 50.49 50.33 50.62 49.13 48.87 50.48
'I'&O2 1.24 1.24 0.40 1.32 0.99 0.24 1.06 0.7 0.75 0.73 0.66 0.77 1.13 0.99 1.06 0.72 1.63 1.93 1.27
AIZOB 5.24  2.14 4. 16 2.40 1.81 3.71 2.26 1.8 .74 1.63 1.62 1.91 2.81 2.30 1.89 1.94 3.45 2.68 2.72
Fa0* 11.32 10.32 15.84 10.60 11.80 15.24 14.62 15.0 15.29 14.51 15.07 13.07 13.70 3.13 12.87 12.25 13.11 15.54 12.32
M0 0.15 0.14 0.24 0.17 0.22 0.16 0.21 0.3 1.33 0.40 0.46 0.27 0.33 0.19 0.29 0.31 0.30 0.39 3.33
MgC 14.38 14.85 25.34 14.57 14.73 25.23 12.G3 11.00  1J.48 13.06  12.43 13.14 12.33 2,38 12.64 13.15 11.76 10.67 12.58
£a0 16,42 19.72 1.96 19.64 18.62 2.05 19.27 13.7 19.05 18.53 18.48 19.41 18.85 19.78 18.99 19.72 19.58 18.88 20.03
,\JaZO 0.88 .32 - 0.23 0.18 - 0.32 0.1 3.57 0.21 - 0.52 0.34 0.30 0.30 0.32 0.48 0.56 0.38
Total 99.133]00A09b100.26c 19.95 99.96 99.81 99.84 199.03 101.73 100.23 99.48 100.12 99.45 99.56 98.37 99.03 99.44 52 100
Structural fcroulae on the Basis of 6 Oxygen Atoms
Si 1.858 1.912 1.892 1.908 1.935 1.923 1.918 1.9.9 1.948 1.939 1,944 1.930 1.907 1.922 1.935 1.931 1.878 1.887 1.907
Allv 0.142 0.088 0.108 0.092 0.065 €.077 0.082 0.0,1 J.052 0.061 0.056 0.070 0.093 0.078 0.065 0.069 (.122 0.113 0.093
AIVI 0.090 0.006 0.069 0.014 0.015 0.081 0.020 0.031 0.070 0.012 0.017 0.015 0.033 0.025 0.021 0.018 (.033 0.008 0.028
Ti 0.035 0.035 0.011 0.037 0.028 0.007 0.030 0.023 2.021 0.021 0.019 0.022 0.032 0.028 0.031 0.0201 (.047 0.056 0.036
F82+ 0.356 0.323 0.479 0.332 0.370 0.461 0.460 0.431 0.484 0.460 0.482 0.413 0.437 0.418 0.414 0.391 (.419 0.502 0.389
Mn 0.005 0.004 0.007 0.005 0.007 ©0.005 0.007 0.Cl0 0.011 (.013 0.015 0.009 0.011 0.006 0.009 0.010 (.010 0.013 0.011
rg 0.806 0.827 1.366 0.813 0.823 1.359 0.684 0.631 0.591 (.738 0.709 0.741 0.701 0.702 0.724 0.747 0.670 0.614 0.708
Ca 0.662 0.790 0.076 0.788 0.748 0.080 0.788 0.8)6 0.772 .752 0.758 0.787 0.771 0.807 0.782 0.806 ¢.802 0.781 0.811
Na 0.064 0.023 - 0.017 0.013 - 0.024 0.011 0.042 .015 - 0,038 0.025 0.022 0.022 0.025 ©.035 0.042 0.028
I oxy 2.02 2.01 2.01 2.01 2.00 1.99 2.01 1.93 1.99 .01 2.00 2.03 2.01 2.01 2.00 2.02 v.02 2.02 2.01
atom .
Ca 36.2 40.6 3.9 40.6 38.5 4.2 40.8  42.0 4l.8 3t.6 38.9 40.5 40.4 41.9 50.7 4l.4 wlub 412 42,5
Mg 44,1 42.6 70.9 42.0 42.4 71.4 35.4 32.9 32.0 3.8 36.4 38.2 36.7 36.4 37.7 38.5 3.4 32.4 7.0
Fe 19.7 6.8  25.2 17.4 9.1 24.4 23.8 25.) 26.2 276 24.7 21,3 22.9 21.7 21.6 20.1 20.2 26.4 20.4
100 Fe/
FetMy 30.9 28.3  26.2 29.3 31.1 25.9 0.2 43.% 45.0 a3t .4 40.4 35.8 38.4 37.3 36.4 34.3 P 44.9 5.5
KEY TO ANALYSES IN 1ABLE 11.2a
1-5 Groundmass pyroxenes in low-Si tholeiitic ancesitz 26048 (lable 6.1, Anal. 3).
6-9 Greundmass pyroxenes in low-81 tholeiitic ancesitz 28049 (Table 6.1, Anal. 4).
10-14 Groundmass pyroxenes in low-Si tholeiitic ancesite 28051 (Table 6.1, Anal. 6).
15-19 Pyroxen%s inﬂlm.usi thnlexitiv.andesi(e 2729C (Tevie 6.1, Anal. 14): 15. Clinopyroxene megacryst. 16, Reaction rim to pyroxene
anal. 15, 17. Orthopyroxene includet in plagior lasc megacrvst 18,19, troundmass pyroxenes .
20-23 Pyrox?nps in lew-Si tholeiiti. andesite 27291 (Tasle 6.1, Anal. 15): 20. Orthepvroxene megacryst. 21, Clinoprroxene in
reaction
26-33 Pyroxene phenccrysts in low-Si tholeiitic andesit: 28055 (Table 6.1, anal. 9).

Analyses 15,16,17,18,20 from Duggan and Wilkinsor (1¢/3),

All Fe reported as FeO. Includes Cr.0,, 0 0vi,

lable 1.

Includes Cr,0,, 0.2

90

Includes Cr, 30 U.081,
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MICROPRUBE

> PR oM
510, 51.74  52.39  54.0&4  51.49  31.21  51.8  51.54 51.11 54 51.97 49 .64
Tic, 0.45 0.46 0.31 0.38 0.33 0.42 0.34 .36 .57 0.93 0.56
AL,0, 1.46 113 1.34 0.98 1.01 0.99 0.83 1.16 .53 2.17 .70 0.99
FeO* 24.43  23.37  15.74  25.8  25.40 24.64 25.78  25.87 23.51 22,18 22.71 22,03 22.85 1l.16 lv.60  30.03
Mno 0.45 0.43 0.30 0.56 0.52 0.44 0.44 ).39 0.1 0.55 0.47 0.48  0.48  0.lp 0.28  0.59
Mgo 20.50 20.60  25.64 17,61 17.53  17.64 16.71 15.76  19.%7 7.36 7.62 7.68 7.70 0 15.42  10.71 12.47
cav 0.89 2.17 2.1 2.91 3.37 4.28 4.15 5.02 2.2 18.35 18.08 17.76 17.46 18.00 l0v.82 4.97
Na,0 - - - - - 0.30 0.19 2.23 .8 - - 0.19 0.47 0.23 0.15
Total 99.92 100.55  99.5% 99.79  99.37 100.57 100.01 100.11 99.92 99.90 99.33 99.53 100.32 100.27 100.09  99.39
Structural Formula on the Basis of 6 Oxygen Atoms
Si 1.957  1.960 1.9¢7 1.971 1.968 1.966 1.97° 1.960 1.967 1.955 1.959 1.959 1,949 1.932 1.937 1.966
v
al 0.043 0.040 0.057 0.029 0.032 0.034 C.02° 9.040 0.033 0.045 ©C.041 0.041 0.051 0.068 0.063 0.034
Aln” 0022 0.010 0.0:0 0.015 0.014 0.010 C.0L  ).012 0.019 0.017 0.024 0.021 0.020 0.027 ©0.013 0€.012
Ti 0.013  0.0i3 0.009 ©.011 0.012 0.6l10 .0l J.0l0 0.007 ©.018 0.019 0.020 0.017 0.026 .028 ©.017
2
Fe?” 0.772  0.731  0.479 0.828 0.3l6 0.781 (.82 2.830 0.i42 0.733 0.717 0.728 0.752 0.347 0.529 0.994
Mn 9.014 0.014 0.009 0.018 0.017 0.614 C.0l 3.019  0.)16 0.019 0.016 0.016 C.0l6 0.005 9.009 0.028
Mg 1.155  1.148 1.31 1.005 1.004 0.997 C.95  ).958 1.101 0.433 0.448 0.452 C.45] 0.854 0.722  0.736
ca 0.0%6 0.087 0.084 0.119 0.i39 0.174 C.170  J.165 0.106 0.776 0.765 0.752 C.736 0.717 .687 0.211
Na - - - - - 0.022  €.01.  3.017 0.3 - - - €.015  6.034 - 0.011
Ioxy 2.01 2.00 2.00 2.00 2.00 2.1 2.00 2.01 2.0 2.00 1.99 1.99 2.01 2,01 0l 2.01
atom .
Ca 1.8 44 4.3 6.1 7.1 8.9 8.7 8.5 3.4 40.0 39.6 38.9 3.9 37.4 354 16.9
Mg 58.8 58.4 71.2 51.5 51.2 51.1 48.9 49.0 56.5 22.3 23.2 23.4 23.3 465 37.3 37.9
Fe 39.4 37.2 24.5 42.4 41.7 40.0 424 425 38.1 37.7 37.2 37.7 38.8 18.1 27.3 51.2
100 Fe/FetMg  40.1 38.9 5.2

43.9 40 .4 46 .4 40.3 62.8 61.6 6l.7 6:.5 28.9 42.3 57.5

sio, 51,98 51.71 51.89 51.57 52.39  S1.72 52,30 $1.63 5l.:1 S2.03 51,91 50.864  51.83  51.93  51.45 32,10
Tiv, 0.45 u.a7 0.43 0.52 0.47 0.40 .51 0.57 0.47 0.53 0.38 0.36 0.41 0.46 2.85 0.85 0.73
Al,04 1.28 1.35 1.24 1.46 1.23 0.90 1.26 0.92 1.31 1.09 1.02 1.01 1.01 114 1.85 1.81 1.67
FeO 22,06 21,81 22,19 22.63 21.86 24.06  21.68 23.59  23.75 23.68 23.43  24.20 22.82 22,81 13.56 14.75  14.27

4
MnO 0.133 0.38 0.36 0.48 0.44 0.48 13.29 0.47 9.37 0.46 0.51 0.59 0.49 0.45 J.22 0.20 0.16
Mg0Q 21,42 20.93 21.07  20.57 21.57 LE.00 2i.56 18.25 20.19 17.¢80 18.38 17.72 18.66 18.37 14.28 13.00 13.69
ca0 2.02 2.21 2.03 2.18 2.05 3.93 2,07 4.24 2.1 4.65 4.25 36 4.81 17.80 18.05 17.79

.16 U.24 7.25 0.1 G.20

Na,0 - - - ~ - 0.20 - 0.18

Total 99.54 99.12 99.44 99.81 100.3Y Q9 .69 99.93 99 68 100.11 100.95 100.56 100.90
Structural Forrula on the Basis
Si L.953 1.4956 1457 L.948 1.957 1.972 Las7 L.468 1.454 1.960 1.968 1.971 1.967 1.961 1.941 1.944 1.954
ALI" 2.047 0044 0.043 0.052 0.043 C.078 .U43 .032 0.246 0.040 0.052 c.one G.033 0.1039 1.0%9 0.G5% 0.046
’\lVI 0.010 0.013 9.012 0.0i3 0.0 0.0l12 9.013 0.00e 0.012 0.C09 0.013 0.0l6 [0 0.012 J.022 0.025 0.028
Ti 0.013 0.013 0.014 0.015 0.013 C.ol1l 0.013% 0,011 0.013 0.015 0.011 0.010 €.012 0.013 2.024 0.024 0.621
Fez. 0.693 0.690 0.700 0.715 0.683 0./07 D.673 0,752 0.748 0.753 0.741 0.768 ¢ 0.722 J3.424 0.466 3448
Mn 0.0101 0.012 0.012 0.015 0.014 [CRT) .00 v.0l2 0.012 0.015 0.016 [N ) €015 0.014 2.007 9.006 V.005
Mg 1. 199 L.180 1.134 118 L200 022 1,202 1037 1.133 L.009 1.036 1.003 1.055 1.036 0.795 ).732 0.76%
Ca 0.Lyl [UELD) 0.8z 0.0 g.08l ¢, 165 J.083 0.7 [APRE-5) C.189 .17 0.171 [ 0.195 0.713 0.751 0.715
Na - - - - - L.015 - 0.0l 9.022 0.019 0.019 012 EITADE-S 0.018 0.014 0.014
Ny 2.01 ¢.00 2.0} ot 2.00 2.0l T L0l 2.l 2.09 2.cl SN Lol 2.0y 2.00
atom [
Ca [ 4.6 4.0 4.5 4.2 2 . 3.8 “ 3 9.7 8.3 1.1 1.0 6.9 17.9 571
My, H0. 8 61.2 [T 59.0 61.1 A el.2 v S 51.7 S5l.e 55.9 BRI 1.2 i7.9 39.7
© 5.1 333 35.0 36,5 34,7 39,4 346 [ 38.h AL 3.0 3.9 1.9 2602 23.2
100 b /verMg 6.0 3u.h 37,0 38,0 36.2 ERI) Se.t w7 4.7 ab.’ 43,6 Ga.7 4.7 39,0 6.9
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34 35 36 37 38 39 40 41 42 43 44 45 45 47 48

PC GM GM M GM GM PC PC PC — PR PR PC P> PC pPC
SiO2 52.02 52.09 51.67 51.05 51.16 51.05 53.72 54.10 52.36 51.68 51.20 51.62 50.23 52.75 53.33
‘1'102 0.72 0.60 0.39 1.33 1.00 0.381 0.25 0.28 0.43 Q.54 0.8 0.84 1.24 0.48 0.49
»\1203 1.56 1.26 1.09 2.85 2.09 2.08 1.15 1.55 1.26 1.48 2.36 3.31 2.18 1.54 1.63
Fel 14.09 20.84 24.66 12,57 15.23 15.49 15.13 16.13 20.05 19.46 12.96 12.95 13.15 21.77 19.04
MnO 0.28 0.40 0.58 0.22 0.33 0.32 2.23 0.26 0.55 0.51 0.40 - 0.24 0.39 0.23
Mg0 14.18 19.64 16.47 15.30 14.70 13.79 25.10 25.26 20.11 19.99 14.57 15.60 13.67 21.11 22.95
Cca0 17.17 4.63 4.92 16.57 15.57 15.96 2.18 2.19 .62 .10 17.24 19.80 17.83 2.08 2.36
NaZO 0.27 0.23 0.18 0.3% 0.40 0.30 - - 0.38 0.27 0.35 0.59 0.38 - -
Total 100.39 99.69 99.96 100.29 100.48 99.30 98.83 99.77 99.76 99.03 99.99 99 .71 98.91 100.12 100.03

Structural Formila on the Basis of 6 Oxygen Atoms
51 1.955 1.959 1.975 1.905 1.924 1.937 1.973 1.967 1.962 1.949 1.925 1.912 1.917 1.964 1.962
I
Al v 0.045 0.041 0.025 0.095 0.076 0.063 3.027 0.033 0.038 0.051 0.075 0.088 0.083 0.036 0.038
AlVI 0.024 0.015 0.024 0.030 0.017 0.030 0.023 0.033 0.018 0.015 0.030 0.056 0.015 0.032 0.033
Ti 0.020 0.017 0.011 0.037 0.028 0.023 3.027 0.008 0.012 0.015 0.025 0.023 0.036 0.013 0.014
+

Fe2 0.443 0.656 0.788 0.392 0.479 0.491 0.435  0.490 0.628 0.614 0 407 0.246 0.420 0.678 0.586
Mn 0.209 0.013 0.019 0.007 0.011 0.010 2.0)9 0.008 0.018 0.0l6 0.013 - 0.008 0.012 0.007
Mg 0.794 1,101 0.938 0.851 0.824 0.780 1.374 1.368 1.123 1.123  0.816 0.861 0.777 1.171 1.258
Ca 0.692 0.187 0.201 0.663 0.627 0.649 0.086 0.085 0.186 0.206 0.694 0.786 0.729 0.083 0.093
Na 0.020 0.0617 0.013 0.028 0.029 0.922 - - 0.027 0.028 0.025 0.042 0.028 - -
L xy 2.00 2.01 1.99 2.01 2.02 2,01 1.99 1.99 2.01 2.02 2.01 2.01 2.01 1.99 1.99
atom %
Ca 35.8 9.6 10.5 34.8 32.5 33.8 4.4 4.4 9.6 10.6 36.2 41.5 37.8 4.3 4.8
Mg 41.2 56.7 48.7 44.6 42.7 40.5 70.3 70.4 58.0 57.8 2.6 45.5 40.4 60.6 65.0
Fe 23.0 33.7 40.9 20.6 24.8 25.6 25.3 25.2 32.4 31.6 21.2 13.0 21.8 35.1 30.2
100 Fe/Fet+Mg 35.8 37.3 45.6 31.6 36.7 38.7 26.5 26.4 35.8 35.3 33.0 22.2 35.0 36.7 37.0

49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

PC PC PC PC PC PC PC —> PR PC PC PC PC PC re PC GM
5102 53.50 49 .40 51.48 51.46 54.12 53.59 54.43 1.6 51.12 50.57 50.95 50.16 49.98 5..37 50.88 50.69
TiO2 0.24 1.55 1.24 1.29 0.37 0.41 0.37 37 0.46 0.55 0.43 0.40 0.70 0.52 0.38 0.41
A1203 1.04 2.48 2.40 3.80 2.11 1.28 1.99 1.3 1.13 1.64 1.07 1.01 1.50 1.98 1.51 1.03
FeO 18.35 19.07 13.72 11.02 15.07 2C.83 16.70 28.78  27.66 23.42 27.41 29.08  25.9¢6 13.96 19.24 29.00
MnO 0.39 0.30 0.23 0.20 0.25 0.43 0.26 0.62 0.65 0.51 0.47 0.73 0.52 0.26 0.46 0.64
Mg0 22.60 11.27 14.26 15.16 26.40 22.09 24.99 13,79 15.14 13.07 14.46 12.90 13.45 13.09 10.58 13.86
Ca0O 3.52 15.35 16.56 17.81 2.05 2.11 2,53 3.08 4.57 10.32 4.94 5.13 6.89 L7.80 16.98 3.89
NaZO - 0.38 0.25 0.52 - - - 0.9 0.17 0.37 - - 0.15 0.33 0.24 0.15
Total 99.95 99.80 100.14 101.26 100.37 100.94 .01.18 100.02 100.90 100.45 99.73 99 .41 99.15 99,31 100.27 99 .67

Structural Forru.a on the Baris of 6 Oxygen Atoms

Si 1.978 1.911 1.931 1.907 1.946 1.972 1.957 1.990 1.963 1.948 1.977 1.975 1.955 1.953 1.961 1.980
A1IV 0.022 0.089 0.069 0.093 0.054  C.02¢ .043  0.n10 0.037 0.052 0.023  0.025 0.045 0.047  0.039 0.020
AIVI 0.023 0.024 0.037 0.073 0.035 0.02 J.037 0.042 0.014 0.023 0.026 0.022 0.024 0.042 0.030 0.027
Ti 0.007 0.045 0.035 0.036 0.010 0.0l 0.010 0.011 0.013  0.016 0.013  0.012 0.021 0.015 0.011 0.012
F22+ 0.567 0.617 0.430 0.341 0.453 0.64 11.502 0.934  0.888 0.754 0.890 0.958 0.849 0,444 0.620 0.947
Mn 0.012 0.010 0.007 0.006 0.008 0.0l 1.008 0.020 0.021 0.017 0.015 0.024  0.017 0.008 0.01% 0.021
Mg 1.245 0.649 0.797 0.793 1.415 1.210 1.329 0.'98 0.866 0.750 0.836 0.757 0.784 0.742 0.608 0.807
Ca 0.139 0.636 0.665 0.707 0.079 0.08 1.097 0. 61 0.188 0.426 0.205 0.217 0.289 (4.725 0.701 0.163
Na - 0.028 0.018 0.037 - - - 0.014 0.012 0.028 - - 0.011 9.024 0.018 0.011
Loxy 1.99 2.01 1.99 1.99 2.00 1.98 1.99 1.08 2.00 2.01 1.99 1.99 2.00 1.00 2.00 1.99
atom %.
Ca 7.1 33.4 35.2 37.5 4.0 L] 5.0 8. 9.7 22.1 10.6 11.2 15.0 33.0 36.4 8.5
Mg 63.8 34.2 42.1 44.4 2.7 6Z.6 62.1 a2l 44.6 38.9 43.3 39.2 40.8 33.8 31.5 42.1
Fe 29.1 32.4 22.7 18.1 23.3 3i.1 25.9 49.3 45.7 39.0 46.1 49.6 44,2 23.2 32.1 49.4
100 Fe/FetMg 31.3 48.6 35.0 36 27.3 53.0 50.6




Table 1L.20

(Continued)

VXENES OF THE HIGH-$1i SERIES

284,

65 66 67 73 74 75 76 77 78 7 80

GM GM GM GM CM GM GM GM PC PC PC
$i0, 51.79  50.19  52.13 50.81  50.24  52.2C .03 50.26 51.346  49.97  51.10  49.62 51.76 49.08  49.96  49.57
Ti0, 0.40  0.80  0.43 0.35  0.46 0.3 0.3 0.43 0.81 0.8 0.91 0.70  0.52 0.25  0.40  0.l4
AL0, 0.94 1.63 1.72 0.94  0.8% 1.22 .32 1.28  1.56 1.49 1.83 1.91 1.05 0.86 1.46 0.8

*
FeO 26.04  26.69  17.86 30,74 31.08  21.03  24.32 28,83 16.54 19.99 17.27 26.89  24.92 37.67  33.71  36.87
MnO 0.56  0.50 0.3l 0.97 0.8 0.48  0.53  0.71 0.39  0.40 0.34 0.7t  0.62 0.87 0.78 0.8
MgO 16.04 10.36 10.52 13.90  13.12  19.91 16.91 13,10 11.96 10.8% 10.94 13.36  16.47 9.80 13.23  10.49
ca0 4.47  9.61 16.51 2.98  3.15 3.65 192 5.31  17.56  15.65 17.12  6.58  5.38 1.19 0.96 1.11
Na,0 0.22  0.16  0.21 0.26 - 0.45 - 0.16  0.25 0.18 0.33  0.26  0.21 - - -
Total 100.46  99.94  99.69 100.95  99.76  99.28 98.37 100.08 100.41 99.43 99.84 100.03 100.93 99.72 100.48  99.82
Structural Formula on the Basis of 6 Oxygen Atoms

si 1.983  1.967 1.996 1.973  1.979  1.969  :.974 1.96¢ 1.953 1.946  1.959  1.934  1.965 1.987  1.964  1.994
N 0.017 0.033  0.004 0.027 0.02L 0.031 (.026 0.03¢ 0.047 0.054 0.041 0.066 0.035 0.013 0.036 0.006
a1’ 0.025 0.042 0.074 0.016 0.018 0.023 .034 0.02. 0.023 0.0l4 0.042 0.022 0.012 0.028 0.031 0.034
Ti 0.011 0.026 0.012 0.010  0.0l4 0.010 C€.010 0.01> 0.023 0.025 0.026 0.021 0.015 0.008 0.012 0.004
re?* 0.829 0.875 0.572 0.998 1.024 0.663 €.787 0.94: 0.526 0.651 0.554 0.876 0.791 1.276  1.108 240
Ma 0.018 0.016 0.010 0.03z 0.029 0.015 (.017 0.02° 0.013 0.013 0.011 0.023 0.020 0.030 0.026 0.027
Mg 0.910 0.605 0.600 0.804 0.770 1.119 C.475 0.76 0.678 0.632 0.625 0.775 0.932 0.591 0.775  0.629
ca 0.182  0.404 0.677 0.12¢  0.133  0.148 (.62 0.22: 0.716 0.653 0.703 0.275 0.219 0.052  0.040 0.048
Na 0.016 0.012 0.016 0.02C - 0.033 - 0.0l 0.018 0.014 0.024 0.620 0.016 - -
Ioxy 1.99 1.98  1.96 2.00 1.99 2.01 1.9 2.00 2.00  2.00 1.99 2.01 2.0l 1.99 1.99 1.98
atom %.
ca 9.5  21.4 36.6 6.4 6.9 7.6 €. 11.5 37.3 3307 37.4 14.2 11.3 2.7 2.1 2.5
Mg 47.4 32,1 32.5 41.8  40.0  58.0 5C. 39.6 35.3 32,6  33.2  40.3  48.0 30.8  40.3  22.8
Fe 43.1 46.5 30.9 51.8 53.1  34.4 5.9 48.9 27.4 33.7  29.4  45.5 40,7 66.5  57.6  64.7
100 Fe/FetMg 47.6  59.2  48.7 55.3 57.0  37.2 4 55.3  43.7  50.8  47.0  53.0 45.9 68.3  58.8  66.4

81 82 83 84 85 86 87 88 89

pC PC PC PC PC PC re MP MP
si0, 50.89 53.91 50.79 51.24 52.37 52.84 5..19 54,39 54.26  50.49  50.92 5X.13  52.19  49.46  49.67  49.84
Ti0, 0.18  0.35 1.05 1.16  0.61 0.54 .02 0.19 0.28 0.31  0.41  0.41  0.48  0.37  0.43 0.3l
A1,0, 0.80  1.48  3.54 3.28 1.33  1.51 3.37 1.30 2.16 1.34  1.10 1.10 1.1 1.25 1.31 1.03
FeO 28.84 17.95  9.56  9.82  8.05 19.55  9.42 12,57 13.81 29.35 29.37 23.81 23.71 23.44 22.55  26.23
MnO 0.5: 0.21 ©0.18 0.26 0.19 0.27  0.15 0.15 - 0.55  0.61  0.55  0.51  0.58  0.48  0.69
Mgo 15.97  24.25 15.21  15.94  16.50 22.24  16.46 27.37  26.66 13.33  13.76 17.57 17.61 7.19 8.26 7.39
cad 1.56 1.82  18.0s 17.49 18.25  2.72 172 2,22 2.44  4.64  4.B3  L.69 5.02  17.26 16 17  16.78
Na,0 - - 0.67  0.64  0.47 - 0.49 - - - 0.20  0.16  0.22 - - 0.15
Total 98.75 99.97 99.04 99.83 98.47 99.67 99.8l 9.49  99.61 100.01 101.20 100.42 100.85 93.53 98.87 100.42

Structura’ Fo mula on the Basis of 6 Oxygen Atoms
Si 1.989  1.969  1.902 1.903 1.955 1.960 1.894 1,970 1.954 1.972  1.967 1.973 1.967 1.965 1.97% 1.968
art 0.011 0.031 0.098 0.097 0.045 0.040 0.10 0.330 0.046 0.028 0.033 0.027 0.033 2.035 0.029 0.032
ar'! 0.026  0.033 0.058 0.047 0.040 0.026 0.04 0.950 0.046 0.034 0.017 6.022 0.0l6 0.024 0.032 0.016
Ti 0.005 0.010 0.030 0.032 0.017 0.015 0.023% 0.J05 0.008 0.009 0.012 ©.0l12 0.0l4 2.011 0.013 0.009
>

ret* 0.943  0.548 0.300 0.305 0.251 0.€06 .29 0.379  0.416  0.958 0.949  0.753 0.747 2.779 0.748  0.800
Mn 0.017 0.007 0.006 0.008 0.006 0.008 (.00 0.)05 - 0.018 ©.020 (©.018 0.016 2.020 0.0l6 0.023
Mg 0.930 1.320 0.849 0.882 0.924 1.229 .90 1.:61  1.430  0.776  0.792 06.991 0.989 1.426 0.488 0.435
Ca 0.065 0.071 0.724 0.696 0.730 0.i0g8 (.70 0.)85 0.094 0.194 ©0.200 €.190 0.203 0.735 0.687 0.710
Na - - 0.049  0.046 0.034 - €.03 - - - 0.015  ©.012  0.016 - - 0.011
P oxy 1.99 1.99 2.0z 2.02 2.00 1.99 1.02 1.39 1.99 1.99 2.01  1.00  2.00  2.00 1.98  2.00
atom %.
Ca 3.4 3.7 38.7 37.0 38.3 5.6 3.9 4.4 4.9 10.1 10.3 .8 10.5 37.9 35.7 36.5
Mg 48.0 8.1 45.3 46.8 63.2 477 75.9 73.7  40.2 40.8 51,2 51.0  22.0 25,4 22.4
Fe 48.6  28.3 16.0 16.2 41.2 153 197 21.4 w97 48.9 39.0 36.5 0.1 38.9 01,1
100 Fe/FetMg 50.3 _ 29.4 _ 26.1 __25.7 33.1 26,3 22.5 .5 .2 5.0 _64.6 60.5 4.7,
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HIGH-$1 S

97 98 99 100 101 102 103 204 105 106 107 108 109 110 111

P P w 3 pe pC W pC PC —> PR PC oo oM oM
si0, 52.01 50.13 50.22 50.04 $0.77  50.1  49.78  5..51 51.30 51.39 49.58 52.28 52.40 52.05 47.95
Ti0, 0.60 0.45 0.22 0.28 0.17 0.3 0.20  0.29 1.07  1.22 0.48  0.66 0.60 0.69  0.71
ALo, 2.02  1.27 0.9 1.0l 1,36 1.5, 151 .18  2.91  3.06 1,40 2.6L  3.08  3.10  1.47
FeO* 12,51 21.96 21.28 21.86 32.45  33.3  34.36  26.89  9.17  9.50 25.25 11.86 11.07  13.38  26.07
Moo 0.26  0.48  0.43  0.57 0.68 0.8  0.75 0.72  0.21  0.27 0.53 0.2 0.16 0.20  0.59
Mgo 15,41 7.16  7.48  7.62 15.00  13.7¢  12.78  17.75 14.38  14.74 6.69 17.84 19.59  16.64  3.68
cao 16.83  18.72  18.13  18.34 0.45 0.6  0.74 .13 20.17 19.92 15.45 13.80 12.04  13.64 17.95
Na,0 - 6.27 - 0.17 - - - - 0.56  0.52 0.23 0.4z 0.49 0.48 -
Total  99.64 100.44  98.72  99.89 100.86 100.66 100.13  99.47 99.75 100.62 100.18  98.42

Structural Fo-mula on the Basis of 6 Oxygen Atoms

si 1,948 1.967 1.993 1.973 1969 1.962  1.968  1.977 1.915  1.903 1.973  1.934 1.928  1.930  1.963
atY 0.052 0.033 0.007 0.027 0.031 0.0i8 0.032 0.023 0.085 0.097 0.027 0.066 0.072  0.070 0.037
a1Vt 0.037 0.026 0.038 0.020 0.030 0.032 0.038 0.030 0.063 0.037 0.033  0.049 0.061  0.065 0.034
i 0.017 0.013 0.007 0.008 0.005 0.0.1 0.006 0.008 0.030 0.034 0.014 0.018 0.017 0.019 0.022
re?t 0.392  0.720 0.706 0.720 1.052  1.039 1.136 0.863 0.286 0.294 0.840 0.37 0.341  0.415 0.892
Mn 0.008 0.016 0.015 0.019 0.022  0.0'7 0.025 0.024 0.007 0.008 0.018 0.009 0.005  0.006 0.020
Mg 0.860 0.419  0.442 0.448 0.867 0.8)4 0.75 1.015 0.800 0.814 0.397 0.986 1.074  0.919 0.225
ca 0.675 0.787 0.771  0.774 0.019 0.026 0.031 .047 0.807 0.790 0.663 0.547 0.475  0.542 0.787
Na - 0.021 - 0.013 - - - - 0.039  0.037 0.018 0.030 0.035  0.03% -
i oxy 1.99  2.00  1.98  2.00 2.00  1.99 1.9 1.9  2.01  2.01 1.99  2.00 2.0l 2.00 1.98
atom %.
Ca 35.0 40.9 40.2 39.9 1.00 1.4 1.6 2.4 42.6 41.6 34.8 28.8  25.1 28.9 41.3
Mg 4.7 217 23.0  23.0 4.7 4l 39.2  52.8  42.3  42.9 20,9 51.9  56.9 w.0 11.8
Fe 20.3  37.4 3.8 37.1 54.3 %6.7  59.2  46.8  15.1  15.5 4.3 19.3  18.0 2.1 46.9

100 Fe/FetMg 31.2 63.3 61.5 61.7 54.8 57.5 60.2 45.9 26.3 26.5 67.9 27.1 24.0 31.1 79.9

KEY_TO_ TABLE 11.2b

1-16. Pyroxenes in high-Si tholeiitic andesite 28061 (lable 6.2, iral.l).
17-34. Pyroxenes in high-Si tholeiitic andesite 28062 (Table 6.2, iral. 2).
35-39. #Pyroxenes in high-Si tholeiitic andesite 28063 (Table 6.2, Aral. 3).

40-52. Pyroxenes i

-
El

high-Si tholeiitic andesite 28065 (Table 6.2, Aral. 5).

53-67. Ulyroxenes in icelandite 28067 (Table 6.2, Anal. 7).

2

68-77. Pyroxenes jcelandite 28070 (Table 6.2, Anal. 10).

E]

78-87. Pyroxenes icelandite 28071 (Table 6.2, Anal. 1l).

El

88-100. Pyroxenes in icelandite 28072 (Table 6.2, Anal. 12).
101-106. Pyroxenes in rhyodacite 28073 (Table 6.2, Anal. 13).

107-111. Pyroxenes in rhyodacite 28074 (Table 6.2, Anal. 14).

* All te reporLed as Fei
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1 2 3 4 5 [ 7 8 9 10 11 12 13 14

PC — PR PC PC—> PR Pe GM GM GM GM PC — PR PC — PR
SiO2 48.21 48.18 48.65 52,08 50.03 50.48 54.15 54.28 52.35 54.92 48.57  48.75 48.43  48.33
Ti0, - 0.13 0.13 0.34 0.24 0.39 0.35 0.44 0.76 0.45 0.25 0.15 0.38 0.18
A1203 0.68 0.74 0.73 0.80 0.97 1.29 3.05 2.35 2.56 1.84 0.78 0.84 1.24 0.81
FeO* 40.54 40.79 40.90 24.25 30.48 21.83 12.15 13.58 9.26 14.16 38.35 37.82 37.86 39.71
MnO 0.84 0.80 0.75 0.44 0.49 0.40 0.18 0.29 0.16 0.26 0.80 0.68 0.79 0.75
MgO 8.33 8.11 8.78 17.95 12.86 9.16 25,78  24.59 16.55 26.78 9.98 10.25 10.04 8.85
ca0 0.92 0.90 0.94 4.07 4.27 16 .60 4.19 4.82 18.10 2.68 1.07 1.06 1.20 1.13
Na,0 - - - .16 - 0.20 - - 0.41 - - - - -
Total 99.51 99.66 100.88 100.08 99.33 100.35 99.85 100.33 100.l14 101.09 99.80 99.54 99.93 99.75

Structural Formula on the Basis of 6 Oxygen Atoms

Si 1.986 1.984 1.976 1.978 1.978 1.966 1.940 1.953  1.931 1.954 1.973 1.979 1.961 1.978
AlIV 0.014 0.016 0.024 0.022 0.022 0.034 0.06) 0.047 0.069 0.046 0.027 0.021 0.039 0.022
AlVI 0.019 0.020 0.011 0.014 0.023 0.025 0.063 0.053 0.042 0.031 0.010 0.019 0.020 0.017
Ti - 0.004 0.004 0.210 0.007 0.011 0.003 0.012 0.021 0.012 0.008 0.005 0.012 0.006
Fet 1.397 1.405 1.389 0.770 1.008 0.711 0.364 0.409 0.28  0.421 1.303 1.284 1.282 1.359
Mn 0.029 0.028 0.026 0.014 0.016 ©0.013 0.005 0.009 0.005 0.008 0.028 0.023 0.027 0.026
Mg 0.511 0.498 0.532 1.016 0.758 C.332 1.377 1.318 0.91¢C 1.420 0.604 0.620 0.606 0.540
Ca 0.041 0.040 0.041 0.166 0.181 ©€.593 0.l161 0.186 0.715 0.102 0.047 0.046 0.052 0.050
Na - - - 0.012 - €.J15 - - 0.029 - - - - -
Loxy 2.00 2.00 2.00 2.00 1.99 2.0 1.99 1.99 2.01 1.99 2.00 2.00 2.00 2.00
atom %.
Ca 2.1 2.1 2.1 8.5 9.3 3.8 8.5 9.7 37.4 5.3 2.4 2.4 2.7 2.5
Mg 26.2 25.6 27.1 52.0 38.9 27.5 72.4 68.9 47.6 73.0 30.9 31.8 31.2 27.7
Fe 71.7 72.3 70.8 39.5 51.8 3¢ .7 19.1 21.4 15.0 21.7 66.7 65.8 66.1 69.8
100 Fe/FetMg  73.2 73.9 72.3 43.2 57.1 5.2 20.9 23.7 24.0 22.9 68.3 67.4 67.9 71.6

KEY TO TABLE II.2¢c
1-10
11-14

* All Fe reported as FeO.

Pyroxenes in rhyolitic pitchstone 28075

(Table 6.3, Anal.l).

Ferrohypersthenes in rhyolitic pitchstone 28076 (Table 6.3, Anal. 2}.
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1 2 3 4 5 6 7 3 9 10 11 12 13 L4 15
PC —— ~————> PR GM GM M M PC ——————> PR GM GM GM
SiU2 51.42  51.23  51.35 51.86 54.60 52.69 52.34 53.99 54.%5 54.39  54.12  55.58  55.52  53.10  54.55
AIZO3 31.12 30.95 30.53 30.37 28.43 29,50 29.14 23.31 28.04 28.98 28.62 27.24 27.72 28.78 27.22
*
Fez()3 0.48 0.44 0.21 0.41 0.67 0.46 0.48 0.79 0.h2 0.42 0.51 0.63 0.44 0.59 1.06
Ca0 13.51  13.32  13.33  12.69 10.48 11.70 11.74 10.35 9.89 10.63  10.31 8.95 9.43 10.92 9.19
NazO 3.80 3.74 .75 4.16 5.65 4.61 4.60 5.38 5.69 5.27 5.47 6.11 5.84 4.97 5.87
K20 0.27 0.24 0.21 0.34 0.48 0.31 0.35 2.57 0.53 0.51 0.60 0.66 0.58 0.52 0.70
Total 100.60 99.92 99.38 99.83 100.31 99.27 98.65 99.39 99.:2 100.20  99.63 99.17 99.53 98.88 98.59.
2 (Ab+An+0r)100.8 99.1 99.0 100.2  102.6 98.8 99.2 W0Wo.2  100.3 100.3  100.9 100.0 99.6 99 .4 99.4
Ab 3L.9 3L.9 32.0 35.1 46 .6 35.5 39.2 45.4 48.0 44.7 45.9 51.7 49 .6 4206 50.0
An 1.6 1.4 1.2 2.0 2.7 1.8 2.1 3.4 3.0 3.0 3.5 3.9 3.4 3.1 4.1
Oor 66.5 66.7 66.8 62.9 50.7 58.7 58.7 51 49.0 52.9 50.6 44.4 47.0 54.5 45.9
16 17 18 19 20 21 22 23 25 26 27 28 29 30
GM GH GM GM GM GM GM PC ——— > PR GM oM GM GM
Sidz 55.90 55.01 56 .44 54.52 55.87 4.5 54.49 53.76 54.00 55.81 55.92 59.03 57.48 55.47 56.72
ALy0, 26.42 27.97 26.44 28,17 27.38 l7.7 28.42 28.76  28.24 27.37 27.59 25.34 U6.45 27.41 26.77
Fe7()3* 0.89 0.76 0.86 0.60 0.84 0.9, 0.82 0.64 0.68 0.73 0.73 0.56 0.81 0.74 0.84
Ca0 8.29 9.87 8.59 10.62 $.42 10.0  10.51 10.80 10.67 9.31 9.52 6.56 8.00 9.32 8.42
NazO 6.64 5.70 6.31 5.24 5.91 5.4¢ 5.22 5.21 5.39 6.10 5.92 7.40 6.57 6.06 6.49
KZO 0.88 0.74 1.02 0.69 0.84 0.7 0.73 0.50 0.45 0.68 .63 1.08 0.87 0.63 0.78
Total 99.02 100.05 99.66 99.84 100.26 <9.5- 100.19 99.67 99.43 100.00 100.31 99.97 100.18 99.63 100.02
L :(Ab+An+0r) 101.€ 101.6 102.0 101.1 101.7 100.6 100.6 100.7 101.2 101.8 101.0 101.5 00 .4 101.2 101.3
Ab 55.3 47.5 52.4 43.8 49 .2 46.2 41.9 43.8 45.0 50.7 49.6 61.7 b5 .4 50.7 54.2
An 4.7 4.3 5.9 4.1 4.9 4.3 4.3 3.0 2.7 3.9 3.7 6.3 5.1 3.7 4.5
or 40.5% 48.2 41.7 52.1 45.9 49.5 51.8 53.2 52.3 45.4 46.7 32.0 39.5 45.6 41.3
33 34 38 39 40 41 42 43 44 45
GM PC M GM uM GM PC ——> PR M
5§10, 59.10 58.44  64.34 54.25 52.60 52.63 56.79 57.75 57.92 57.54  56.65 56.40  56.46  55.35 56.12
1\120J 24.98 25.89 19.79 28.25 29.51 9.2l 26.26 25.65 25.72 25.34  26.59 27.55 27.34 27.81 27.12
Fe205* 0.58 0.53 0.57 0.34 0.48 D.43 0.68 0.98 0.83 1.18 0.83 0.22 0.22 0.63 0.69
Ca0 6.39 6.96 0.78 10.15 11.66 11.61 8.19 7.52 7.69 7.34 8.37 8.78 8.89 9.48 8.48
NBZO 7.13 7.08 6.86 5.71 4.82 4.7 6.72 6.82 6.96 6.74 6.57 6.19 6.21 5.81 6.44
K,0 1.58 1.07 6.29 0.43 .34 2.4) 0.83 0.98 0.88 1.11 0.79 0.71 0.68 0.72 0.88
Total 99.76  99.97 99.13 99.13  99.41 93.0% 99.47 99.70 100.00 99.25 99.80 99.85 99.80 99.80 100.11
I < (Ab+An+0r) 101.3 100.7 99.1 101.2 109.6 0.3 102 .4 100.8 102.2 100.0 101.8 100.2 100.6 100.5 101.8
Ab 59.5 59.4 58.5 47.7 4.6 40.2 55.6 57.2 57.6 57.0 55.6 52.3 52.2 48.9 53.5
An 9.2 6.3 37.6 2.5 2.0 2.4 4.8 5.8 5.1 6.6 4.7 4.2 4.0 4.3 5.1
or 31.3 34.3 3.9 49.8 57.4 57.4 9.6 37.0 37.3 36.4 41.5 43.5 43.8 46.8 41.4
KEY TO ANALYSES IN TABLE II.3a
1-9. Feldspars in low-Si tholeiitic andesite 28048 (Table 6.1, Anal. 3).
10-16. Feldspars in low-Si tholeiitic andesite 28049 (lable 6.1, Anal. 4).
17-22. Feldspars in low-5i tholeiitic andesite 28050 (Table 6.1, Anal. 5).
23-34, Feldspars in low-Si tholeiitic andesite 28051 (lable 6.1, Anal. 6).
34-41. Feldspars in low-Si tholeiitic andesite 28055 (Table 6.1, Anal. 9).
42-45. Feldspars in low-Si tholeiitic andesite 27291 (Tadble 6.1, Aral. 15).

*

A}l Fe reported as Fe703_

3 Ab+An+Or:- equivalent total Ab+An+Or (wt %» ‘-alcularted 'rom CaO, ‘(aZL and KZO values.

Ab,An,Ur in wt %.
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1 2 3 16
PC — —> PR GM
50, 53.60  54.24  55.10  57.56  58.40  54.53 6.8 4.81 56.00 58.60 53.77 53.62  54.54 35.47  54.05  53.12
l\le3 28.39 28.60 28.02 26.63 26.13 28.44 6.7, 28.10 27.33 25.59 29.43 23.28 28.18 27.85 28.99 28.80
Fezo3* 0.48 0.43 0.58 0.47 0.44 .62 0.4 62 0.44 0.78 0.40 1.48 0.24 0.54 0.48 1.09
Cad 10.81 10.86 10.07 8.25 7.95 10.58 8.5 10.08 9.21 7.04 11.24 11.16 10.34 9.81 11.1% 11.41
NaZO 13 5.33 5.60 6.72 6.86 5.23 6.3 5.60 6.10 7.04 5.03 4.99 5.5t 5.86 5.05 4.56
K0 0.34 0.40 0.61 0.61 0.78 0.54 0.73 0.58 0.71 1.10 0.43 1.37 0.53 0.57
Total 98.75 99 .86 99.98 100.24 100.56 99 .94 99.7 99.79 99.79 100.15 100.30 99.90 99.34 120.10
Z(-Ab+An+Cr) 99.0 101.4 101.0 101.4 102.0 100.0 100.7 100.8 101.6 101.0 100.9 99.8 101.0 1.7
Ab 43.9 44.5 46.9 56,1 56.9 4%.3 53.5 47.0 50.9 59.0 42.2 4z.3 46.1 48.8 42.2 39.2
An 2.0 2.4 3.6 3.6 4.5 3.2 4.6 3.4 4.1 6. 2.5 2.2 3.1 3.3 3.1 3.3
Or 564.1 53.1 49.5 40.3 38.6 52 49.6 45.0 34.6 55.3 55.5 50.8 47.9 54.7 57.5
25 26 27 28 29 30 31
GM PC — -——-> PR PC ——> PR oM
Slu2 52.99 53.18 54.67 56.17 57.44 36.23 56.49 5€.42 57.60 52.11 L.59 53.15 63.39 53.62 53.98
AL)0, 29.36 29.02 27.83 27.10  26.37  26.62 29.91 2..20 25.77 30.79  .0.80 29.28 22.17 21.95 28.90
Fezoj* 0.57 0.53 0.79 0.44 0.61 0.52 0.56 .70 0.86 0.28 0.36 0.43 0.44 0.69 0.74
ca0 11.45  11.45  10.01 7. 8.79 £.72 7.61 12.99 3,02 11.69 2.82 3.65 11.05
Nazo 4.78 4.75 5.57 6. 6.46 €.31 6.87 4.15 3.94 4.64 8.14 8.41 5.18
K,0 0.50 0.48 0.57 0. 0.63 (.69 0.87 0.28 9.31 0.34 3.17 1.91 0.54
Total 95.65 99.41 99.44 39.84 10( .04 99 .56 100.60 122.02 99.53 J00.13 100.23 100.39
L( Abran+Or)  100.2 99.8  100.2 {01.7 10¢.8 101.0 160.6 ¥3.0 98.7 0l.6 100.6 101.2
Ab 40.3 40.3 47.0 55.9 3.7 53 53.6 5.0 57.5 34.9 J3.6 39.8 67.8 70.8 43.3
An 3.0 2.8 3.4 3.7 44 3.t 3.6 S 5.1 1.7 1.6 2.0 18.4 11.2 3.2
Or 56.7 56.9 49.6 404 38.9 42.8 4.9 37.4 63.4 54.6 58.2 13.8 18.0 53.5
32 33 34 35 36 38 39 40 41 42 43 44 45 46
M M I8 GM oM PC -—-———— — PR PC ————— PR GM M oM
10, 57.67  53.2 55.22  52.84 59.78 59.51 59.46  5i.78  56.11  57.25 58.37 8.88 56.14 56.58 99.08
A1,0, 26,12 29.15 27.51  30.32  24.97 24.39  25.04 27.8% 26.98 26.27 25.42 I5.29 26.72 26.63 24.87
Fe)ov‘* 0.78 .59 0.77 0.40 D.71 0.0 0.23 - - 0.33 0.44 0.34 0.67 0.53 0.63
cad 8.11 11.49 9.65 12.25 5.21 5.37 6.10 1.43 8.66 7.83 6.88 6.54 3.50 8.23 6.13
Na,0 6.71 4.94 5.83 4,41 7.46 7.8 7.67 5.00 6.38 6.82 7.34 7.57 6.41 6.7 7.90
K0 0.82 0.47 0.66 0.31 1.13 1.7 1.18 1.63 0.76 0.72 0.92 1.08 0.76 0.80 1.03
Total 100.21  99.84  99.64 100.53 102.26 99.33  99.67  98.73 98.89 99.23 99.37 ¢9.70  99.20 99.54 99.75
L( Ab+An+0r)  101.4  10l.4  100.6 99.9  102.6 02.,  10z.2  101.3  101.5 100.3  101.6 ¢2.8  100.9 102.8 103.3
3 53.7 55.7 64.7
2 4.5 4.6 5.9
41.8 29.4
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47 48 49 50 51 52 5 54 55 56 57 58 59 61 62
PC —————> PR GM GM GM Gr. GM P ~————— PR PC —» 2R GM M
510, 52.57 52.87 57.05 56.02 53.99 53.79 60.64 34.70 60 .66 60.90 60.98 65.92 66.48 65.12 55.79 53.42
A1203 30.04  29.65 6.56 27.40 28.76 29.07 24.49 18.30 24.64  24.37 24.22 19.95 19.97 .09 27.16 29.08
FEZO; 0.33 0.30 0.96 0.67 0.86 0.64 0.56 0.91 0.21 - 0.24 0.13 - - 0.59 0.64
Ca0 12.33 11.97 8.56 9.26 11.06 11.30 5.63 10.30 5.63 5.32 5.46 1.02 1.04 9.93 9.19 11,15
Nazo 4.48 4.50 6.38 6.27 5.14% 4,84 7.71 5.59 7.45 7.59 7.46 6.66 7.07 7.09 5.96 4.85
i\’20 0.22 0.29 0.73 0.57 0.50 0.39 1.19 0.53 1.68 1.65 1.70 6.41 5.80 5.86 0.65 0.55
Total ~~~ 99.97 99.58 100.24 100.19 100.31 106.0¢3 100.22 1J0.33 100.28  99.84 100.06 100.09 100.35 100.11 99.34 99.69
£(:Ab+Aa+0r) 100.4 99.2 100.8 102.4 101.4 99.4 100.% 1.5 100.8 100.4 100.2 99.4% 99.3 93.2 99.8 99.6
Ab 37.7 38.4 53.6 51.9 42.9 41.3 65.1 46.6 62.5 63.9 63.0 56.7 60.2 6.5 50.5 41.2
An 1.3 1.7 4.3 3.3 3.0 2.3 7.0 3.1 9.8 9.8 10.0 38.2 34.6 34.9 3.8 3.3
Or 61.0 59.9 42.1 44.8 54.1 56.4 27.9 50.3 27.7 26.3 27.0 5.1 5.2 4.6 45.7 55.5
63 64 65 66 67 68 69 70 71 72 73 74 75 75 77 78
GM PC —>» PR GM GM GM PC —> PR PC ————> PR PC ————> PR M
SiOZ 58.54 52.73 52.80 52.75 53.01 53.69 54.14 60 .89 55.69 6l.44 61.56 61.32 59.44 59.94 59.21 59 .66
1\1203 24.51 29.65 29.73 30.56 29.25 28.99 29.32 23.92 27.79 22.42 22.97 23.38 25.20 24.22 24.74 25.31
FEZOB' 0.73 0.38 0.32 0.46 0.87 0.83 0.72 0.20 0.62 0.79 0.18 - 0.18 0.28 0.31 0.47
Ca0 6.66 11.79 11.85 12.40 11.31 11.11 11.03 5.13 9.64 3.76 4.07 4.43 6.43  5.n9 6.32 6.53
N320 7.29 4.56 4.77 4.43 4.94% 5.07 5.06 7.7% 5.78 7.92 7.98 7.88 7.58 7.58 7.39 7.51
KZO 0.82 0.28 0.40 0.38 0.56 0.51 0.52 L.70 0.73 2.49 2.25 2.14 1.11 1.24 1.22 0.99
Total 98.56 99.39 99.87 100.98 99.94 100.20 100.79 99.6+ 100.25 98.82 99.01 99.15 99.94 99.05 99.19 100.47
# (ZAb+An+0r) 99.8 98.8 101.6 101.2 101.2 101.0 100.6 100.9 101.0 100.4 i01.0 101.3 102.6 100.> 101.1 101.8
Ab 61.8 39.1 39.7 37.0 41.3 42.5 42.5 64.9 48.4 66.8 66.8 65.3 62.5  64.7 61.8 62.4
An 4.8 1.7 2.4 2.2 3.3 3.0 3.1 9.9 4.3 14.6 13.2 12.4 6.4 7.3 7.1 5.8
or 33.4 59.2 57.9 60.8 55.4 54.5 54.4 25.2 47.3 18.6 20.0 21.7 31.1 28.90 31.1 31.8
79 80 81 82 83 84 85 86 87 88 89 90 ED 92 93
GM oM PC —> PR GM GM GM PC —> PR PC — PR 51 GM GM
5102 63.76 54.60 58.70 58.65 58.41 63.00 58.36  60.13 58.19 58.50 62.70 63.06 61.41 55.16 63.38
1\120j 21.33  27.99 26.48 26.15 24.97  21.80 25.90 25.03 25.66 25.42 22.50  21.79 23.01 27.54  21.65
I~‘e203* 0.21 0.49 0.14 0.24 0.21 0.24 0.18 0.20 0.29 - 0.14 3.47 0.38 0.34
Ca0 2.57 9.99 7.94 7.62 6.86 2.87 7.41 6.04 7.11 6.92 3.18 2.51 4.19 9.30 2.43
Na,0 7.62 5.55 6.85 6.85 6.93 7.59 6.64 7.45 7.17 7.33 7.91 8.00 7.99 5.97 8.40
KZO 3.95 0.52 0.86 0.89 1.04 3.68 1.00 L.4n 0.94 0.87 3.27 3.68 2.00 0.54 3.08
Total 99.44  99.14 100.97 100.40  98.42 99.18 99.49 100.1% 99.27 99.34 99.34 99.19 99.06 99.91 99.78
L(zAb+Ant0r) 100.5 99.7 102.5 101.1 98.7 100.2 18.9 101.6 101.6 101.4 100.7 101.9 100.2 99.8 101.4
Ab 64.2 47.1 56.6 57.4 59 .4 64.2 36.8 62.0 59.7 61.2 66.4 66.4 67.5 50.6 70.1
An 23.2 3.1 5.0 5.2 6.2 21.6 6.0 8.5 5.5 5.0 17.3 21.3 11.8 3.2 18.0
or 12.6 49.8 38.4 37.4 34,0 14.2 37.2 29.5 34.8 33.8 15.7 12.3 2).7 46.2 1.9

KEY TO TABLE I1I.3b

1-10.
11-13.
20-25.
26- 36.
37-46.
47-54.
55-69 .,
70-80.
81-86.

87-93.
*

Feldspars in high-Si

Feldspars
Feldspars
Feldspars

Feldspars

in high-5i
in high-Si

in high-Si

in izelandite

Feldspars in icelandite

tholeiitic

tholeiitic

tholeiitic

tholeiitic

andesite

andesite

andesite

andesite

28061 (Table 6.2, Anal.
28062 (Table 5.2, Anal.
28063 (Table 6.2, Apal.

28065 {Table 5.2, Aral.

28067 (Table 6.2, Anal. 7).

28070 (Table 6.2, Anal. l1).

Feldspars in icelandite 28071 (Table 6.2, Anal. Ll).

Feldspars in icelandite 28072 (Table 6.2, Aral. 12).

Feldspars in rhyodacite 28073 (Table 6.2, Anal. 13).

Feldspars in rhyodacite 28074 (Table 6.2, Anal. 14).
All Fe reported as Fej03

Ab+An+0r:- equivalent total Ab+AntUr (wt %) calculated from Ca0, Na

Ab,An,Or in wt %.

.
2).
3).

5).

2

0 and K,0 values.
2
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MICROPROBE ANALYSES OF FELDSPARS FICM RHYOLITIC PITCHSTONES AND MICROCRYSTALLINE RHYOLITES

1 2 3 4 5 6 7 8 9 10 11 12 13
PC —— FR PC PC —— PR GM GM GM pC ————>PR MP MP
sio, 62.20  62.42  60.64 64.96 64.66  55.34 55.00  56.30 61.55 51.96  61.41 60.89  59.99
Ti0, 24.27  23.72 24.97 19.41 19.54  27.30 28.33 27.60 24.21  23.49  23.66 23.96 24.80
Fezo;' 0.13 - 0.24 - - C.48 0.6 0.38 - 0.17 - - -
cav 4.95  4.57  6.05  0.31 0.3 5.96  10.3 9.36 5.14  4.51  4.63  4.93  5.96
N&,0 8.06  8.13  7.52  3.60  4.05 5.3  5.37  5.81 7.72 8.05  8.11 7.73  7.58
K,0 1.53  1.60 1.37  11.29 10.51  C.74  0.54  0.70 1.63 1.77  1.71 1.83 1.32
Tetal 101.13 100.44 100.77 99.57 99.1C  3$.33  99.94 100.11 100.25  99.92  99.54  99.34  99.65
L {z Ab+AntOr) 101.8 101.0 101.7  98.7  98.0 3.2 99.7  99.7 100.8 101.0 101.7 100.7 101.5
Ab 67.0  68.1  62.5 30.9  34.8 V.3 45.5 49.4 64.8  57.4  67.5  65.0  63.1
An 24.2 22,5 29.5 1.5 1.8 9.3 51.3 465 25.3  22.2  22.6  24.3  29.2
or 8.8 9.4 8.0  67.6  63.4 L 3.2 4.1 9.9 10.4 9.9 10.7 7.7
14 15 16 17 18 19 20 21 22 23 24 25 26
PC ————> PR PC —— PR PC - —» PR PC pC -— PR PC — >
siv, 65.21  65.32  65.22  65.44  66.16 61.3¢ 60.05 61.78 61.41 65.19 66.C0  65.43  65.63
Tiv, 19.51  19.76  19.83 19.57  20.09 24,12 24.81  23.55 24.17  19.50 19.80 19.69 19.43
FE,O;' - - - - - - - - - - - - -
Cav 0.38  0.37  0.43  0.43  0.65 5.1 5.78  45.80  4.92  0.34  0.50  0.38  0.30
Na,0 3.63 3.80  3.77 3.69 5.74 7.81 7.76  8.03  8.C4 3.36 5.22 3,56 3.48
Ky) 11.20  10.92 11.06 11.22  8.14 1.72 1.36 1.78  1.61  11.33  9.06 11.29 11.45
Total 99.93 100,17 100.31 100.35 100.78 109.16  99.72  99.94 100.15  39.70 100.58 100.35 100.29
(- Ab+antor) 98.8  98.5 99.4 99.6  99.9 101.8 102.1 102.2 101.9 48.1  100.2 98.7  98.6
Ab 31.1 32,7 32.1 31.3  48.7 64.9  64.2  66.4  66.7  2B.9  44.1 30.5  29.8
An 1.9 1.8 2.1 2.1 3.2 25.1  28.1  23.3  24.0 1.7 2.5 1.9 1.5
or 67.0  65.8  65.8  56.6 48.1 10.0 7.7 10.3 9.3 53.4  67.6  68.7
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MICROPROBE ANALYSES OF FELDSPARS FFOY RHYOLITIC PITCHSTONES AND MICROCRYSTALLINE RHYOLIT:IS
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27 28 29 30 31 32 33 34 35 36 37 38 39
PR GM PC ———— > PR PC PC —— PR PC PC —> PR PC PC
5102 66.17 62.08 61.40 61.22 »©l..9 62.01 65.58  65.45 65.53 61.82 51.61 61.32 64.88
TiOZ 19.79 23.75 24.06 23.90 23.¢3 23.59 19.50 19.55 19.60 24.17 24.01 23.91 19.49
Fe,,O; - - 0.16 - - 0.20 - - - - - 0.14 -
Ca0 0.56 4.70 5.08 5.12 4.2 4.62 0.31 0.37 0.38 5.15 5.03 5.19 0.34
Na,0 5.17 7.93 7.95 7.81 7.¢5 8.10 3.71 4.09 3.58 7.66 7.16 7.59 3.94
K20 9.16 2.00 1.59 .71 1.7 1.84 11.33 10.64 11.29 1.65 1.71 1.70 10.83
Total 100.85 100.46 100.22  99.76 99.¢6 100.34 10.43 100.10 100.38 100.45  99.94  99.84 99.48
z Ab+Or+An 100.6 102.2 101.9 101.4 101.¢ 102.3 99.9 99.3 98.9 100.1 99.4 99.9 99.0
Ab 43.4 65.7 66 .0 65.1 56. 67.0 31.4 34.8 30.6 64.7 94.7 64.3 33.7
An 2.8 22.8 24.8 25.0 24 . 22.4 1.5 1.9 1.9 25.5 25.1 25.7 1.7
Oor 53.8 11.5 9.2 9.9 9. 10.6 67.1 63.3 67.5 9.8 19.2 10.0 64.6
40 41 42 43 A 45 46 47 48 49 50 51
PR PC GM GM PC PC —— PR PC ————————— PR PC PC
5102 65.22 65.40 60.83 65.43 52.-7 62.30 62.37 65.38 65.80 66.00 65.72 65.76
TiU2 19.42 19.59 24.33 19.25 23.¢0 23.96 23.53 19.60 19.78 19.48 19.82 13.58
*
Fe,0, - - 0.19  0.23 - - - - - - - -
Ca 0.41 0.28 5.29 0.46 4.¢0 4.81 4.60 0.26 0.40 0.34 0.33 2.33
Nazo 3.87 3.86 7.80 5.01 8..0 7.95 8.26 3.98 4.38 4.74 4.16 4.44
KZO 10. 80 11.20 1.42 9.33 1..2 1.59 1.74 10.70 10.12 9.51 10.40 13.01
Total 99.72 100.33 99.84 99.69 100.29 100.61 100.50 99.92 100.48 100.07 100.33 109.12
L Ab+Or+An  98.5 100.3 100.6 99.3 101.¢ 100.6 103.0 98.2 98.9 98.0 98.3 98.4
Ab 33.2 32.6 65.6 42.5 58.¢ 66.9 67.9 34.3 37.5 41.0 35.8 38.2
An 2.1 1.4 26.1 2.3 21.c 23.8 22.1 1.3 2.0 1.7 1.6 1.6
or 64.7 66.0 8.3 55.2 10.: 9.3 10.0 64.4 60.5 57.3 62.6 5.2
KEY TO ANALYSES IN TABLE II.3c
1-8. Feldspars in rhyclitic pitchstone 23075 (Table 6.3, Anal. 1).
9-18. Feldspars in rhyolitic pitchstone 23076 (Table 6.3, Anal. 2).
19-28. reldspars in rhyolitic pitchstone 2307& (Table 6.3, Anal. 4).
29-35. Feldspars in rhyolitic pitchstone 28079 (Tatle 6.3, Anal. 5).
36-43. Feldspars in micrcerystalline rhyolite 28084 (lable 6.3, Anal. 13).
44-51. Feldspars in microcrystalline rhyolite 28088 (Table 6.3, Anal. 14).

* All Fe reported as Fe

20

3

I Ab+AntOr:- equivalent total Ab+AntOr (wt ¥

Ab,An,Or in wt %,

calcuiated from a0, NaZO and KZO values,
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APPENDIX III

PETROGRAPHIC AND CHEMICAL DATA ON THE ALKALINE ROCKS

Alkaline rocks, predominantly hawaiites with minor alkali olivine
basalts and basanites comprise most cof the Kyogle Basalt and, in addition,
occur sporadically throughout the volcanic pile as occasional flows, dykes
and plugs. Rarer alkaline rocks include benmoreites, which are restricted
in occurrence to boulders within the Homeleigh Agglomerate, and a plug of
alkali rhyolite (comendite). The latter is an elongated body (0.6 km x
0.2 km) dipping steeply to the west which forms Lillian Rock, some 6 km
north-north-west of Nimbin (179419).

It is not proposed to discuss these rocks in any detail but instead
to give a brief summary of their petrography and list a number of chemical
analyses in order to illustrate the essential petrographic and chemical

differences between these rocks and the tholeiitic volcanics.

1) PETROGRAPHY

Alkali Olivine Basalts and Basanites: Alkali olivine basalts contain pheno-

crysts of olivine (~1 mm; F083—Fo75) in a groundmass of titanaugite,
plagicclase laths (An60—An55) and titanomagnetite with minor alkali feldspar,
nepheline, analcime and a pale green mineraloid. Modal analcime is
significantly more abundant in the basanites. The texture varies from
intergranular (in finer grained variants) to subophitic. Groundmass

plagioclase is commonly quite turbid and altered to analcime along fractures

in contrast to its fresh glassy appearance in the tholeiitic rocks.
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Hawaiites: The hawaiites are petrographically similar to the
alkali olivine basalts in most respects although their more evolved nature
is reflected in an increase in the modal abundance of plagioclase and
titanomagnetite at the expense of olivine and clinopyroxene. Olivine
phenocrysts are smaller (up to 0.5 mn) and more Fe-rich (Fo7O—Fo65) than

in the alkali olivine basalts. Plagioclase (An An45) and rarely titan-

507
augite may also occur as phenocrysts in the hawaiites.

Occasional flows of hawaiite contains megacrysts of aluminian
augite and less commonly aluminian bronzite (up to 10 mm; rarely larger)
indicative of a moderately high pressure origin (e.g. 28093,28094; Table
III.1, Analyses 5 and 6; see also Wilkinson and Binns, 1969).

Benmoreites: Benmoreites are composed essentially of laths of

sodic plagioclase (An up to 0.5 mm) zoned to alkali feldspar,

30740255
with minor interstitial titanomagnetite and pale grey-green clinopyroxene
(? ferrosalite). Small amounts of acmite and interstitial quartz may be

present.

Alkali Rhyolite (Comendite): The comendite comprising Lillian

Rock contains abundant alkali feldsper and occasional quartz phenocrysts
up to 2 mm in diameter in a granular groundmass of quartz, kaolinized

alkali feldspar, acmite and arfvedsonite.

2) CHEMICAL ANALYSES

Major and trace element data on the alkaline rocks together with

C.I1.P.W. norms are listed in Table IIIl.l. Apart from the quartz-bearing
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benmoreites (Nos. 1l and 12) and comendite (No. 13), the rocks constitute

a mildly undersaturated suite; almost all analysed representatives

(Nos. 1-8) are ne normative in contradistinction to the predominantly qz

normative tholeiitic suite. Minor by in the norm of the other rocks of

the alkaline suite (Nos. 9 and 10) may be attributed to their degree of

oxidation (Fe203 = 5.43 and 7.57% respectively).
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1 2 3 4 6 7 8 9 10 11 12 13
26089 28090 28091 28092 28093 23994 26095 28096 28097 28098 28099 28100 28054
sio, 45.60  44.52  46.77  46.31 .51 46.42  47.20  47.50  47.93  48.06 58.35 58.70  nd
Ti0, 2.30  1.95 1.8  2.09 .38 2.37 3.8 2,31 2.09 2.21  1.42  1.14  0.05
AL)0, 14.19  15.09 14.70 13.50 .79 14.34  15.66  16.34 15.58 16.93 18.19  18.29  12.59
Fe,0, 2,64 1.53  1.79  2.72  3.41  4.83  2.78  6.16  5.43  7.57 3.1l  3.38  1.70
FeO 9.55 11.04 9.74  8.82 804  7.70 10.36 7.78  8.29  5.46  1.31  1.37  0.92
MnO 0.15 0.15 0.4 0.14 0.13 0.15 0.14 0.14 0.14 0.14 0.05 0.10 0.03
Mgo 9.27  8.75 9.00 10.19  6.42  9.74  5.30  4.10  4.79  4.83 0.50 0.52 0.0l
cao0 9.79  9.23  8.90 9.17  8.09 8.68 7.80  6.87  7.62  7.95  4.02  4.09  0.10
Na,0 3.03  3.77  3.66  3.07 3.8  3.10 4.10  4.64  3.91  4.06  5.80  5.73  4.26
K,0 0.99 0.76 1.51  1.23 2,13  1.32 1,50 1.48  1.63 1.49  4.18  4.02  5.00
H,0* 1.59  2.34 1.01  1.46 0.8  0.76  1.44  1.08 1.15 0.44  0.72 0.43  0.lg
1,07 0.6  0.41  0.23  0.55 0.50 0.26 0.57 0.66 0.78 0.92  0.96  1.24  0.52
P,0, 0.57 ©0.77 0.80 0.37 0.66 0.3 0.64 0.66 0.42 0.35 0.72 0.70 nd
Total  100.35 100.31 160.14 99.62 99.66 100.06 10C.67 99.72 99.76 100.41 99.3% 39.71 -
C.L.P.4, Norms
Qz - - - - - - - - - - 2.17 3.15 -
or 5.85  4.49  8.92  7.27 12.59  7.80  €£.86  8.74  9.63  8.81 24.70 23.76 -
Ab 20.53  18.64 20.55 20.85 25.29 24.42 29.58  36.56 33.08  35.35 49.08  18.48 -
An 22.20  22.01 19,23 19.43 19.75 21.32 15.91 19.40 20.16 23.38 11.26 12.32 -
Ne 2,77 7.18  5.64  2.78  3.72  0.98  2.77  1.46 - - - - -
Di 18.34 15.35 16.03 19.06 13.02 15.30 12.04  8.42 12.15 10.60  2.69  2.64 -
Hy - - - - - - - - 0.47  1.50 - 0.07 -
01 18.87 22.17 20.49 19.46 13.01 16.81 1:.95  8.54  9.52  4.13 - - -
Mt 3.83  2.22  2.60  3.94  4.94  7.00  4.03 893  7.87 10.98  0.27  l.44 -
Hm - - - - - - - - - - 292 2.3 -
Il 4,37 3.70 3.59 3.97 4.52 4.50 6.04 4.39 3.97 4.20 2.70 2.17 -
Ap 1.32 1.70 1.85 0.8 1.5 0.9 1.48 1.53 0.97 0.8l  1.69  1.62
Resc 2.27 2,75 l.24 2,01 1.3  1.02 2.0l 1.74 1,93 1,3  1.70  1.67 -
Total 100.35 100.30 100.14 99.63 92.67 CC¢.05s  10C .67 9%.71 99.75 100.42 99.37 26.71 -
52.0  54.1  48.3  48.2  43.9  Le.6  40.2  34.7  37.9  40.7  18.7  20.3
Trace Zlewents (ppm)

v 178 169 176 176 146 ic2 159 140 166 164 nd 8 nd
Ni 187 175 192 171 122 .90 56 37 68 49 nd 9 nd
Co 50 50 47 47 40 51 % 66 45 42 nd 8 nd
Rb 12 8 33 26 45 22 2 29 25 26 nd 68 nd
St 519 427 607 722 819 ‘6l 714 557 562 545 nd 381 nd
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ROCK TYPES AND GRID REFERENCES
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TABLE IV.1
Analysed Specimens
Rock No. Rock Type Grid Ref.
27290 High-Al tholeiitic andesite 518397
27291 Low-Si tholeiitic andesite 421033
28046 ron " " 000440
28047 ton " " 970375
28048 n 1" " " 329133
28049 "o " " 466253
28050 v " " 478129
28051 "o " " 420033
28052 " " " 094291
28053 n 1" " 1" 001470
28054 Alkali rhyolite 181416
28055 Low-Si tholeiitic andesite 442097
28057 ten " " 326136
28058 " " " 256042
28059 "o " " 292368
28060 ton " " 058355
28061 High-Si tholeiitic andesite 233291
28062 " " 1 " 191442
28063 "o " " 464351
28064 " " " " 314279
28065 "o " " 255147
28066 Icelandite 523300
28067 " 147355
28068 " 148358
28069 " 200457
28070 " 319338
28071 " 454370
28072 " 248455
28073 Tholeiitic rhyodacite 242343
28074 " " 291235
28075 Rhyolitic pitchstone 302425
28076 " " 257391
28077 " " 353308
28078 " " 182338
28079 " " 423396
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Analysed Specimens
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Rock No. Rock Type Grid Ref.
28080 Rhyolitic pitchstone 137332
28081 " " 162339
28082 Rhyolite 296390
28083 " 147349
28084 " 148349
28085 " 355321
28086 " 305392
28087 " 137296
28088 " 313450
28089 Alkali olivine basalt 134389
28090 Analcime basanite 064483
28091 Basanitoid 393440
28092 Alkali dolerite 156450
28093 Hawaiite 559317
28094 " 419275
28095 " 097355
28096 " 990480
28097 " 979371
28098 " 074411
28099 Benmoreite 997436
28100 " 038371




TARLE IV.2

OTHER SPECIMENS
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Rock No. Rock type Grid Ref.
28101 analcime basanite 139389
28102 alkali olivine basalt 150391
28103 hawaiite 150389
28104 alkali dolerite 154378
28105 " " 163369
28106 alkali olivine basalt 163370
28107 hawaiite 282423
28108 " 282423
28109 low-Si tholeiitic andesite 282423
28110 hawaiite 282422
28111 low-Si tholeiitic andesite 282422
28112 " " " 280423
28113 hawaiite 278421
28114 " 278421
28115 low-Si tholeiitic andesite 274414
28116 rhyodacite 259396
28117 " breccia 259396
28118 low~-Si tholeiitic andesite 258393
28119 rhyolite 256390
28120 rhyolitic pitchstone 256390
28121 low-Si tholeiitic andesite 256389
28122 high-Al tholeiitic andesite 256388
28123 " " " 256388
28124 hawaiite 257387
28125 " 254372
28126 rhyolite 209348
28127 welded rhyolitic tuff 232325
28128 hawaiite 231326
28129 welded rhyolitic tuff 231326
28131 high—-Al tholeiitic andesite 230328
28132 low-Si tholeiitic andesite 338181
28133 " " " 341782
28134 alkali olivine basalt 373180
28135 low-Si tholeiitic andesite 384196
28136 " " " 401223
28137 high—-Si tholeiitic andesite 401223
28138 " " " 409224
28139 low—Si tholeiitic andesite 455231
28140 " " " 517222
28141 " " " 494142
28142 " " " 487138
28143 " " " 242053
28144 " " " 237052
28145 " " " 260353



TABLE IV.2 (continued)

Other Specimens
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Rock No. Rock type Grid Ref.
28146 high-Al tholeiitic andesite 262348
28147 low-Si tholeiitic andesite 278262
28148 hawaiite 295250
28149 low-Si tholeiitic andesite 324396
28150 rhyolite 364384
28151 rhyolitic pitchstone 363384
28152 " " 363385
28153 " " 362386
28154 " " 362387
28155 " " 364385
28156 " " 369377
28157 " " 371370
28158 rhyolite 375354
28159 " 375353
28160 " 378350
28161 " 380348
28162 " 386345
28163 " 396311
28164 low-Si tholeiitic andesite 379301
28165 " " " 374259
28166 " " " 365251
28167 " " " 352230
28168 rhyolite 194342
28169 " 195343
28170 " 194343
28171 " 194343
28172 rhyolitic pitchstone 194343
28173 rhyolitic tuff 194343
28174 altered basalt from tuff 194343
28175 " " " " 194343
28176 " " " " 194343
28177 " " " " 194343
28178 hawaiite 193344
28179 " 176341
28180 low-Si tholeiitic andzsite 173343
28181 rhyolite 216376
28182 " 216376
28183 " 216376
28184 hawaiite 163296
28185 " 157294
28186 " 157294
28187 " 157294
28188 " 157294
28189 " 157294



TABLE IV.2 (continued)

Other Specimens

301.

Rock No. Rock type Grid Ref.
28190 rhyolite 148327
28191 " 145329
28192 " 144329
28193 rhyolitic pitchstone 143328
28194 " " 145328
28195 " " 145328
28196 " " 145328
28197 " " 146327
28198 " " 147326
28199 hawaiite 155295
28200 " 153295
28201 " 168316
28202 rhyolitic tuff 163339
28203 hawaiite 194402
28204 " 194402
28205 low-Si tholeiitic andesite 577064
28206 " " " 577064
28207 " " " 577064
28208 " " " 577064
28209 " " " 591105
28210 " " " 591103
28211 " " " 591103
28212 " " " 591103
28213 " " " 591104
28214 hawaiite 559317
28215 " 559317
28216 low-Si tholeiitic andesite 509325
28217 " " " 489325
28218 hawaiite 473331
28219 low-Si tholeiitic andesite 463307
28220 " " " 456304
28221 hawaiite 229263
28222 " 228265
28223 low-Si tholeiitic andesite 228266
28224 " " " 228266
28225 high-Si " " 233291
28226 low-Si " " 245290
28227 rhyolite 229334
28228 rhyolitic pitchstone 229334
28229 hawaiite 230335
28230 " 230337
28231 low-Si tholeiitic andesite 231337
28232 hawaiite 234334
28233 " 241336
28234 " 239336



TABLE IV.2 (continued)

Other Specimens

302.

Rock No. Rock type Grid Ref.
28235 hawaiite 238337
28236 " 237335
28237 rhyolitic pitchstone 283399
28238 " " 283399
28239 rhyolite 283399
28240 " 283399
28241 rhyolitic breccia 283399
28242 " " 283399
28243 low-Si tholeiitic andesite 275393
28244 " " " 273386
28245 megacryst-bearing hawaiite 253381
28246 hawaiite 254382
28247 " 255383
28248 " 256383
28249 " 152362
28250 " 152362
28251 low-Si tholeiitic andesite 152364
28252 hawaiite 154368
28253 " 154369
28254 " 155368
28255 " 154367
28256 " 154366
28257 " 214244
28258 low-Si tholeiitic andesite 214244
28259 hawaiite 221172
28260 " 221172
28261 low-Si tholeiitic andesite 221172
28262 " " " 191147
28263 hawaiite 192145
28264 " 319216
28265 low-Si tholeiitic andesite 319215
28266 " " ' 319214
28267 hawaiite 319213
28268 low-Si tholeiitic andesite 319212
28269 " " " 319211
28270 " " " 318211
28271 " " " 318209
28272 " " " 312184
28273 hawaiite 372161
28274 high~Si tholeiitic andesite 312279
28275 hawaiite 314277
28276 " 262282
28277 " 262284
28278 " 261285
28279 " 259289
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TABLE 1IV.2 (continued)

Other Specimens

Rock No. Rock type Grid Ref.
28280 low-Si tholeiitic andesite 260289
28281 " " " 255189
28282 " " " 280423
28283 " " " 453061
28284 " " " 451061
28285 " " " 418032
28286 " " " 425030
28287 " " " 424026
28288 " " " 424024
28289 high-Si tholeiitic andesite 349037
28290 low-Si " " 316034
28291 " " " 318034
28292 " " " 321034
28293 " " " 321034
28294 " " " 322034
28295 " " " 337044
28296 high-Si tholeiitic andesite 340046
28297 low-Si " " 340047
28298 " " " 478132
28299 hawaiite 483133
28300 low-8i tholeiitic andesite 525153
28301 hawaiite 445118
28302 " 441118
28303 " 441118
28304 " 439118
28305 low-Si tholeiitic andesite 423119
28306 hawaiite 424111
28307 " 429121
28308 low-Si tholeiitic andesite 430120
28309 " " " 324138
28310 " " " 325138
28311 " " " 328135
28312 " " " 351144
28313 " " " 350145
28314 " " " 333155
28315 hawaiite 332157
28316 low-Si tholeiitic andesite 331158
28317 " " " 329160
28318 " " " 328161
28319 " " " 361171
28320 high-Si " " 361171
28321 low-Si " " 365171
28322 " " " 444158
28323 " " " 443159
28324 " " " 442159
28325 " " " 441159

28326 " " " 439159
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TABLE IV.2 (continued)

Other Specimen

Rock No. Rock type Grid Ref.
28327 low-Si tholeiitic andesite 458206
28328 " " " 457211
28329 hawaiite 457213
28330 low-Si tholeiitic andesite 456216
28331 " " " 446235
28332 " " " 445235
28333 hawaiite 444236
28334 " 443237
28335 low-Si tholeiitic andesite 442239
28336 hawaiite 441239
28337 low-Si tholeiitic andesite 440239
28338 hawaiite 440239
28339 " 439238
28340 low—-Si tholeiitic andesite 411207
28341 " " " 411208
28342 " " " 412209
28343 " " " 412209
28344 i " " 413210
28345 " " " 414212
28346 " " " 419228
28347 " " " 419241
28348 " " " 421241
28349 " " " 429255
28350 " " " 429256
28351 " " " 384259
28352 " " " 384262
28353 " " " 379264
28354 " " " 512136
28355 " " " 512136
28356 " " " 511139
28357 " " " 510139
28358 " " " 543239
28359 " " " 544238
28360 " " " 545238
28361 " " " 546238
28362 " " " 547237
28363 " " " 548237
28364 " " " 549237
28365 " " " 550238
28366 " " " 551238
28367 " " " 552237
28368 " " " 580274
28369 " " " 579275
28370 " " " 582275

28371 hawaiite 547296



305,
TABLE IV.2 (continued)

Other Specimens

Rock No. Rock type Grid Ref.
28372 low-Si tholeiitic andesite 524301
28373 " " " 528302
28374 high-Si " " 532303
28375 low-Si " " 535310
28376 " " " 500220
28377 hawaiite 494226
28378 low-Si tholeiitic andesite 489229
28379 " " " 488229
28380 " " " 487231
28381 " " " 487232
28382 " " " 487232
28383 " " " 468246
28384 " " " 465247
28385 " " " 464247
28386 " " " 463248
28387 " " " 463249
28388 " " " 464252
28389 " " " 453306
28390 high-Si " " 454305
28391 " " " 456305
28392 low-Si " " 457304
28393 " " " 431334
28394 high-Si " " 429333
28395 low-Si " " 424332
28396 " " " 423332
28397 " " " 422329
28398 " " " 420328
28399 rhyolitic pitchstone 351309
28400 " " 352308
28401 " " 354307
28402 " " 354307
28403 " " 354307
28404 " " 354307
28405 " " 354307
28406 low-Si tholeiitic andesite 350268
28407 hawaiite 349266
28408 " 351265
28409 " 352264
28410 low—-Si tholeiitic andesite 304973
28411 " " " 305965
28412 " " " 305965
28413 " " " 305965
28414 " " " 309998
28415 " " " 295019
28416 " " " 288058

28417 " " " 288059



TABLE IV.2 (continued)

Other Specimens

306.

Rock No. Rock type Grid Ref.
28418 low-Si tholeiitic andesite 286075
28419 " " " 245098
28420 " " " 235096
28421 " " " 233099
28422 " " " 229102
28423 " " " 229104
28424 " " " 201103
28425 high~Si tholeiitic andesite 201103
28426 " " " 201101
28427 " " " 201100
28428 hawaiite 200095
28429 low-S1i tholeiitic andesite 375414
28430 " " " 375414
28431 rhyolitic pitchstone 375414
28432 low-Si tholeiitic andesite 381410
28433 high-Si " " 438389
28434 " " " 439389
28435 low-Si " " 469384
28436 " " " 458379
28437 1" " 121 454365
28438 " " " 461358
28439 " " " 463354
28440 " " " 464353
28441 hawaiite 464352
28442 low-Si tholeiitic andesite 464350
28443 rhyolitic pitchstone 380376
28444 rhyolitic tuff 375379
28445 " " 375379
28446 rhyolite 375379
28447 altered basalt 375379
28448 rhyolite 359388
28449 rhyolitic pitchstone 353392
28450 rhyolite 354392
28451 rhyolitic pitchstone 316368
28452 " " 319375
28453 " " 324387
28454 rhyolite 333404
28455 high-Si tholeiitic andesite 334382
28456 low-Si tholeiitic andesite 357345
28457 rhyolite 305389
28458 " 304389
28459 low-Si tholeiitic andesite 304392
28460 rhyolitic pitchstone 304398
28461 " " 305425
28462 " " 305425
28463 " " 305424
28464 " " 305422



TABLE IV.2 (continued)

Other Specimens

Rock No. Rock type Grid Ref.
28465 rhyolite 298411
28466 rhyolitic pitchstone 297406
28467 " " 297406
28468 " " 297406
28469 " " 297406
28470 " " 297406
28471 " " 341386
28472 rhyolite 376335
28473 rhyolitic pitchstone 374325
28474 rhyolite 375351
28475 crystal tuff 416336
28476 rhyolitic pitchstone 408378
28478 hawaiite 313450
28479 alkali rhyolite 178421
28480 " " 178420
28481 hawaiite 278421
28482 alkaline dyke rock 159447
28483 alkali olivine basalt 156450
28484 alkali dolerite 156450
28485 " " 156450
28486 " " 156450
28487 " " 152448
28488 " " 149440
28489 low-S1i tholeiitic andesite 271431
28490 hawaiite 267263
28491 " 267263
28492 " 267261
28493 low-Si tholeiitic andesite 231163
28494 " " " 233159
28495 " " " 235158
28496 " " " 248158
28497 " " " 248158
28498 " " " 203458
28499 alkali dolerite 203463
28500 low-Si tholeiitic andesite 367082
28501 " " " 368082
28502 " " " 370082
28503 " " " 370079
28504 " " " 417033
28505 hawaiite 415032
28506 low-Si tholeiitic andesite 330097
28507 " " " 254075
28508 " " " 224070
28509 " " " 230067
28510 " " " 231065



TABLE IV.2 (continued)

Other Specimens

308.

Rock No. Rock type Grid Ref.
28511 rhyolitic pitchstone 302423
28512 " " 288392
28513 rhyolite 295392
28514 " 297392
28515 rhyolitic pitchstone 292368
28516 low-Si tholeiitic andesite 291359
28517 hawaiite 291352
28518 low-Si tholeiitic andesite 291352
28519 rhyolite 232464
28520 hawaiite 232464
28521 megacryst-bearing hawaiite 233465
28522 hawaiite 233466
28523 " 233467
28524 rhyolitic pitchstone 233469
28525 " " 233469
28526 " " 233469
28527 " " 233469
28528 " " 233469
28529 hawaiite (dyke rock) 233475
28530 " " " 233475
28531 rhyodacite 284174
28532 " 284174
28533 " 284174
28534 " 289180
28535 " 210215
28536 " 290217
28537 " 290233
28538 " 291235
28539 " 291235
28540 " 291235
28541 low-Si tholeiitic andesite 391238
28542 " " " 391239
28543 hawaiite 391241
28544 high-Si tholeiitic andesite 388292
28545 hawaiite 310295
28546 " 311294
28547 low-Si tholeiitic andesite 312293
28548 rhyolitic pitchstone 247455
28549 pumice-pitchstone 247455
28550 icelandite 248456
28551 rhyolite 253453
28552 " 253453
28553 high-Si tholeiitic andesite 252454
28554 low-Si " " 251458
28555 hawaiite 253461



309.
TABLE IV.2 (continued)

Other Specimens

Rock No. Rock type Grid Ref.
28556 low-Si tholeiitic andesite 211446
28557 " " " 210446
28558 " " " 209446
28559 " " " 208445
28560 " " " 207445
28561 " " " 206445
28562 high-Si tholeiitic andesite 205444
28563 " " " 204443
28564 " " " 203443
28565 hawaiite 202443
28566 low-Si tholeiitic andesite 201443
28567 " " " 200442
28568 high-Si " " 199441
28569 " " " 198441
28570 low-Si " " 197441
28571 " " " 196441
28572 hawaiite 196441
28573 " 195441
28574 low-Si tholeiitic andesite 195441
28575 " " " 194441
28576 rhyolite 143345
28577 rhyolitic pitchstone 147349
28578 " " 148349
28579 rhyolitic tuff 148349
28580 " " 148349
28581 pumice-pitchstone 148349
28582 hawaiite 148349
28583 " 148349
28584 " 148349
28585 " 148349
28586 altered basalt 148349
28587 hawaiite 150349
28588 rhyolitic pitchstone 279362
28589 low-Si tholeiitic andesite 270322
28590 " " " 267314
28591 " " " 266310
28592 hawaiite 266304
28593 low-Si tholeiitic andesite 269299
28594 hawaiite 269291
28596 low-Si tholeiitic andesite 309433
28597 " " " 310435
28598 rhyolite 309433
28599 " 332435
28600 rhyolitic pitchstone 332435
28601 hawaiite 332435
28602 low-Si tholeiitic andesite 327430

28603 hawaiite 327431



TABLE IV.2 (continued)

Other Specimens

310.

Rock No. Rock type Grid Ref.
28604 rhyolitic pitchstone 326428
28605 rhyolite 326428
28606 low~Si tholeiitic andesite 329433
28607 hawaiite 328434
28608 low~Si tholeiitic andasite 329434
28609 " " " 329434
28610 " " " 329435
28611 hawaiite 332437
28612 " 332438
28613 " 332438
28614 rhyolite 319430
28615 hawaiite 315428
28616 " 301495
28617 " 350519
28618 " 350519
28619 " (dyke rock) 350519
28620 rhyolite 418430
28621 " 418430
28622 high-Al tholeiitic andesite 518397
28623 " " " 518397
28624 " " " 518397
28625 icelandite 319338
28626 high-Si tholeiitic andesite 255147
28627 " " " 255147
28628 " " " 255147
28629 " " " 255146
28630 andesitic breccia 255144
28631 palagonite tuff 255144
28632 palagonite sandstone 255144
28633 rhyolite 346353
28634 " 341341
28635 rhyolitic pitchstone 334377
28636 high-Si tholeiitic andesite 333378
28637 rhyolitic pitchstone 332371
28638 " " 335377
28639 " " 331382
28640 high-Si tholeiitic andesite 334383
28641 rhyolitic pitchstone 333387
28642 " " 336393
28643 " " 394389
28644 " " 394389



311.

TABLE IV.2 (continued)

Other Specimens

Rock No. Rock type Grid Ref.
28645 rhyolitic pitchstone : 397386
28646 " " 404376
28647 o " 396442
28648 " " 397435
28649 " " 404412
28650 rhyodacite 242345
28651 " 243352
28652 low-Si tholeiitic andesite 247356
28653 rhyodacite 242343
28654 low-Si tholeiitic andesite 251356
28655 rhyolite 348399
28656 " 346399
28657 " 344407
28658 rhyolitic pitchstone 344407
28659 rhyolite 349415
28660 rhyolitic pitchstone 370407
28661 rhyolite 369408
28662 hawaiite 379409
28663 low-Si tholeiitic andesite 398447
28664 hawaiite 398447
28665 rhyolitic pitchstone 396426
28666 pumice-pitchstone 400436
28667 rhyolitic pitchstone 402416
28668 pumice-tuff 402413
28669 " " 404413
28670 rhyolitic pitchstone 406410
28671 " " 409407
28672 " " 413406
28673 " " 418403
28674 ! " 418403
28675 " " 422401

28676 rhyolite 423398




