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Arsrnecr

Permo-Carboniferous minettes in Europe and in eastern
North America, including the North Caxolina Chaxlotte Belt
min6tr1ss, were emplaced above the underthrusted Gond-
wanaland Plate. In the westem U.S., Tertiary minettes were
emplaced above the underthrusted Farallon Plate. With
low-angle to horizontal subduction, oceanic plate rocks can
move far inland beneath a continent. In the subhorizontal
slab, small pressure variations and slowly rising tempera-
ture allow for incremental generation and efficient loss of
progressively more refractory metamorphic fluids and par-
tial melts. Minettes have strong shoshonitic affinities; high
K2OlSiO2, high Mg* and K$, strong enrichments in Ba,
Sr, P, and F, and a rich, diverse trace-element assemblage,
inclu,ling "felsic" and "mafic" element enrichmetrts in the
same rnagna, are characteristic. The geochemical patterns
in minettes are very difficult to reconcile witl partial melting
of garnet peridotite and fractional crystallization, wen wit}
recoruse to metasomatism in the mantle. Typical minette-
like geochemical patterns in deep-seated phenocrysts and
strong evidence for rapid magma ascent suggest that
primary gmchemical pattems in minettes are not fundamen-
tally altered by interaction with crustal rocks. Geochemi-
cal data from Charlotte Belt and other minettes, when com-
pared to "avetage shale", suggest that ion exchange,
absorption on clays, and.precipitation of apatite could
account for the main geochemical features of the original
minette source. Pelagic clays, strongly modified by fluid
and partial melt losses during subduction, are possible man-
tle source rocks. Losses of Fe-enriched (and P) partial melts
could produce high MgO and Mg* in the mantle residue;
high K2O and K* could evolve through diagenetic K-
enrichment in &e original sediment, through K retention
and Na loss related to feldspar stability, and through Na
retention in residual clinopyroxene at high pressures.

Keywords: P ermo-Carboniferous, mirette, underthrusting,
subduction, geochemical patterns, mantle source rock,
pelagic sediment, composition modified, fluid losses,
partial melts, North Caxolina.

SoMMarne

Les minettes permo-carbonifbres de l'Europe et de I'Est
de l'Am6rique du Nord, y compris celles de la ceinture de
Charlotte dans la Caroline du Nord, ont €t6 mises en place
dans une plaque continentale sous laquelle la plaque de
Gondwana s'enfonce par subduction. De mOme, dans
l'Ouest des Etafs-Unis, les minettes tertiaires ont €te mises
en place au-dessus de la plaque de Farallon, €galement en
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relation de subduction. Si la zone de Benioff a un pendage
faible ou nul, la plaque oc€anique peut Ctre charri€e sur
une gxande distance sous un continent. Dans une telle pla-
que ocfunique, de l6gbres variations en pression et une aug-
mentation progxessive en temp6rature mdnent d la forma-
tion et i la perte efficace de fluides mdtamorphiques et de
magmas anatectiques progressivement plus rdfractaires. Les
minettes possbdent de fortes affinit6s shoshonitiques qui
se caracterisent par un rapport K2OlSiO2 6lev6, des valeurs
6levdes de Mg* et K*, de forts enrichissements en Ba, Sr,
P et F, et un enrichissement en elements-traces divers, y
compris en 6l6ments e affinite "felsique'.' et "mafique"
dans le m6me magma. De telles tendances g€ochimiques
sont difficilement r€conciliables avec un modBle de fusion
partielle d'une peridotite i grenat, suivie de cristallisation
fractionnde, m6me avec recours d un m6tasomatisme dans
le manteau, Des enrichissements gdochimiques semblables
i ceux des minettes dans les phdnocristaux d'origine pro-
fonde et des indications sans 6quivoque de la mont6e rapide
du magma font penser que la composition chimique pri-
maire des minettes n'est pas sdrieusement modifi€e par con-
tamination avec les roches crustales. La comparaison des
donn€es g6ochimiques, dans les minettes de Charlotte en
particulier, i celles d'un shale moyen, permet d'expliquer,
par dchange d'ions, absorption sur les argiles et pr6cipita-
tion de I'apatite, les principaux aspects de la composition
chimique de leur source. Une s6quence d'argilc pdlagiques,
fortement modifi€s par perte des fractions fluides et liqui-
des au cours de la subduction, pourrait en 0tre la source
dans le manteau. Une perte en liquides silicatds enrichis en
Fe et P pourrait expliquer les enrichissements en MgO et
Mg* dans le r6sidu dans le manteau. Les enrichissements
en K2O et en K* pourraient rdsulter 1) d'un enrichissement
diag€n6tique dans le sddiment originel, 2) de la conserya-
tion de K, avec perte de Na, due a la stabilite d'un felds-
path, et 3) de la conservation de Na dans un clinopyroxCne
r6siduel stable e haute pression.

(Iraduit par la R€daction)

Mots-cl6s: permo-carbonifdre, minette, subduction, ten-
dance gdochimique, roche de source manteau, sediment
p6lagrque, composition modifi€, perte de fluid, frac-
tion liquid, Caroline du Nord.

INTRODUC"UON

Minettes, K-feldspar-biotite lamprophyres of
shoshonitic affinity (Rock 1984), occur only in con-
tinental terranes as small-volume intrusive bodies or
dyke swarms. Mantle and deep crustal xenoliths

133



)-' N

/1
I

"606--l 3oo3o'N

/A

hg

134 TIIE CANADIAN MINERALOGIST

Frc. l. Location and geological map, Charlotte Belt
minettes. Cm (minette localities), PCR @aleozoic Cra-
ton), PED (Piedmont; Paleozoic and Precambrian crys-
talline rocks), C.P. (post-Paleozoic Atlantic Coastal
plai! s6diments), open star (Concord minette), black
star (Harrisburg minettes), and open star in black cir-
cle (city of Concord, NC); map legend: Charlotte Bek
sr - 300 to 400 Ma granites; sy (syenite), gb (gabbro),
mgb (metagabbro) - Concord plutonic suite (415 Ma);
mvg - metavolcanics and gneisses, late Precambrian to
Cambrian; Carolina Slate Belt (csb). Geology general-
ized from Goldsmith et al. (1978).

@speranca & Holloway 1986, Ehrenberg 1979) and
geochemical argrunents (Rogers et al. 1982, Roden
l98l) indicate a direct mantle derivation for miner-
tes. In regard to ririnettes and shoshonitic magmas,
crustal assimilation and fractional crystallization are
still controversial, being favored by some authors
(Kramer 1976, N6mec 197, Rock 1984, Hyndman
1985, p. 409) and questioned (Bailey l97Q or rejec-
ted by others (Appelton 1972, Cox et al. 1976,
Bachinski & Scott 1979, Jahn et al. 1979, Rogers et
al. 1982).

Distinctive trace-element abundances (Rock 1984)
and volatile contents suggest that minettes might, in
part, originate by recycling of crustal material
@ogers e/ a/. 1982, Thompson et al. 1984). Cosgrove
(1972) related Permian minettes in southern England

to subduction on the basis of their shoshonitic affi-
nities and tectonic setting. Minettes also have been
interpreted to represent very small-fraction partial
melts of previously metasomatized mantle (Rogers
et al. 1982, Iahn et al. 1979).

A few Early Carboniferous minette dykes (Mau-
ger, this issue) cut Charlotte Belt rocks near Con-
cord, North Carolina (Fig. l). Most exposures are
saprolitic, but a few fresh outcrops can be found in
quarries and streams. The Concord minefte (Mau-
ger, this issue) contains alkali feldspar, phlogopite,
and abundant carbonates; clinopyroxene is conspi-
cuously absent. Other minetts near Harrisburg Gig.
1) have abundant clinopyroxene and phlogopite and
much lower carbonate contents. In this paper I will
briefly describe the tectonic setting and geochemistry
of the Charlotte Belt minettes and suggest that sub-
ducted compositionally modified pelagic sediments
are a possible mantle source-rosk for minette
magmas.

RscroNar, Gsot,ocrcAr, Snrrtt.lc

The Charlotte Belt minettes may represent sparse
shoshonitic components of a major Carboniferous
subduction-related plutonic arc in the southeastern
Piedmont region (Fullagar 1971, Fullagar & Butler
1979, Sinha& Zienl982). These and other Permo-
Carboniferous minettes in eastern North America
and Europe were emplaced (Fig. 2) along the sou-
thern edge of Euramerica as the craton was being
underthrust by the northwest-moving Gondwanaland
Plate (Ross & Ross 1985). Late Paleozoic kimberli-
tes (ZarLman et ol. 1967, Meyer 1976) were empla-
ced more toward the interior of the craton (Dawson
1980).

GsocHgl4rsrny AND PETROGENESIS

Minettes are geochemically linked with shoshoni-
tic magmas (Rock 1984) and show close affinities
with lamproites and highly potassic basalts. The geo-
chemical patterns of minettes differ significantly
from those of the common felsic and mafic rocks,
kimberlites and the alkaline lamprophyres (Rock
1984). The Charlotte Belt minettes, like minettes
elsewhere, exhibit the following distinctive geoche-
mical characteristics (Table l; Figs. 3, 4; Rock 1984):
l) Mg* (Mg/Mg+Fe; atomic), K*(K./K+Na; ato-
mic), MgO/SiO2 and K2OlSiO2 are unusually high
for rocks saturated or nearly saturated in silica, and
among the major elementsn only Ti, K and Mg (Fig.
3) are strongly enriched with respect to Krauskopfs
Average Shale (KAS; see Krauskopf 1979, app. III);
2) the P2Os/Ce wt. ratio (-25) is unusually low
(Roden 1981) for igneous rocks with low to inter-
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mediate SiO2 but is equivalent to that of KAS; 3)
LREE are strongly enriched, HfuEE are somewhat
depleted, the REEpattern is steep ([La.zLu]CN= 35)
and there is no appreciable Eu anomaly (Figs. 3,4);
4) some Z/Z elements are very strongly enriched @ig.
3) over KAS @a, Sr, Zr, and Hf) and a few are
strongly depleted (Y, Ta, and Cs); 5) Ni shows very
strong enrichment and trace elements of diverse geo-
chemical affinities (Sc, Cr, Co, Mn, Cu, Zn, V, Rb,
U, and Th) show 0.9 x to 2 x their abundances in
KAS (Fig. 3); O anion formers, except for S (0.2x),

TABLE 1. GEOCHEMICAL DATA CHARLOTTE BELT
MINETIES

Cm Hm-2

sfo2 50.7 51.4
Tio2 1.7 '1.7

Al203 12.1 13.3
FoOt 6.2 6.4
MgO 8.3 7.4
CaO 5.2 5.1
Na2O 1.9 1.4
t(2o 7.3 7.3
tzos 0.4 1.1
H20 0.7 1.0
coz 5.2 0.7
F 0.4 0.5
Others 0.6 1.0
Total 100.8 98.3
MS' O.7O 0.67

Cm Hm-2 Hm€

Ba 3400 24?o 2&
Sr 1180 1520 1775
Rb 1rt0 175 155
Ca 0.7 2.0 1.8
Co 30 30 25
Ni 290 190 160
C u 5 0 4 0 3 5
Zn 90 85 85
Cr 2to 100 75
v 170 165 160
Sc 16 20 21
S rt00 3500 3500
Cl na ll00 290
Pb na 15 (5
Th  11  11  12
u 3 2 . 5 2 s
H t 2 5 1 8 ? 3
Ta '0.9 0.6 O.7
Z! 71O 7'lO 7q
Y <20 25 25
Nb <20 <20 <m
Mn 7IO 930 930
La 61 81 71
Ce 159 189 183
Nd 109 86 113
Sm 11  17  14
Eu 4.3 4.O 3.7
Dy na 4.6 4.4
Tb na na 1.5
Yb 1.8 2.2 2.0
Lu 0.18 0.30 0.33

52.7 51.6
1.6 '1.7

13.1 12.8
6.4 6.3
7.O 7.6
5.0 5.1' f .8 1.7
6.5 7.O
1.2 0.9
0.8 0.8
0.9 2.3
0.4 0.4
1.0 0.9

98.4 99.1
0.66 0.68

Hm-3 Ave,

2900 2740
1420 1475
180 163
1.7 r .6
33 30
na 213
na 42
na A7
na 125
160 1il
19  19
na 2&7
310 333
na 15
1 1  1 1
2.2 2.9
18 21
0.6 0.7
na 7n
na <'1-5
na <20
950 895
73 72
175 1Tl
118 107
15  14
3.9 4.0
5.2 4.9
1 .1  1 .3
2.3 2.1
0.38 0.3

Cm is Concord mlnettsi Hm-2, Hm-3, and Hm-s are Hanisburg
min€ttes (separale dykos); major elements are in wt.o/o, minors in ppm;
others ls BaO+ $O+ MnO+ RbzO+ S.

Malor slements by ICAPES and AA (Skyline [abc, Wheat Ridge,
CO); mlnor elements in Hanisburg minettes by INAA (Los Alamos Nat.
Lab., Los Alamos, NM); Ba, Sr, Rb, Co, Ni, Cu, zn, Cr, v, S, Z, Y, Nb,
and Mn in Cm, Hm-2, and Hm-5 by ICAPES and AA (SMlne Labs);
other minors in Cm by INM (NC State t]niv., Raleigh, NC) and other
minors in Hm-2 and Hm-s by lltlAA (Los Alamos Nat. Lab.).
'values esdriraled from analyses on carbonalefrgo samplo.

Frc.2. Late Paleozoic minettes in relation to plate move-
ments. Minette localities: (l) North Carolina plus
Winnsboro, SC (Vogel & Wilband 1978' McSween el
al. 1979) and Great Falls, MD (Reed el al. 1970); Q)
New Brunswick, Canada @achinski & Simpson 1984);
(3) others compiled by Rock (1984) include southern
England, the Cha:rnel Islands and northwestern France;
(4) ceirtral France; (9 central Europe. The minettes were
emplaced into Hercynian and older terranes which lay
above subducted oceanic lithosphere of the Gond-
wanaland Plate. Plate positions are for the Late Triassic
(Smilh er al. 1981).

are very strongly enriched (C and B or strongly enri-
ched @) compared to I(AS; and 7) 613C values
(Table 3) for carbonates are 8 to l0 per mil lighter
than average marine carbonates.

Compositions of deep-seated phenocrysts, Con-
cord phlogopite (Iable 2) and apatite from the Har-
risburg minettes (average for 8 anal.: 0.890 SrO,
0.4v/o Cl, and Mg'r:9.75), show that distinctive
miuette-like geochemical patterns (higb Ba, Sr, Rb,
KEE,F, Ti, Ni, Cr, and Cl) were established before
the magmas rose into the middle and upper crust.
In addition, high magma-ascent rates @hrenberg
1979, Mercier 1979, Esperanca & Holloway 1986)
and high liquidus temperatures @speranca & Hol-
loway 1986, 1987) suggest that primary geochemi-
cal patterns in minette magmas are not altered fun-
damentally by interaction with crustal rocks.
Abundant primary carbonates in the Concord and
in other minettes (Kramer 1976, Rock 1984,
N6mec 1975) sugeest. that minette magma$ may
not always have high water,zcafbonate ratios (Bachin-
ski & Scott 1979); however high cH2O is important
in stabilizing phlogopite at lower to mid-crustal pres-
sures @speranca & Holloway 1987).

a a
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Fro. 3.Spider diagram, charlotte Belt minettes. Average of 3 or 4 analyses (Table
1) plotted relative to Krauskopfs (1979) Average Shale (KAS). Triangular points
(Y, Nb, Pb) show upper limits.

1) na 10 200 rt80 590 70 6350 260 /3O
2)0.9 50 90 1500 tt00 40 290 .800 125
3) 0.8 na na 690 450 50 na na na

CHEMICAL DATA (PPM) FOR PHLOGOPM
IN CONOORD MINETIE

Nl Cr Co Ba Sr Rb

AN ORTcINAL SsorMEr.rrenv SouncB
FOR MINETTES

Deep-sea muds are suggested as possible contri-
butors to the mantle source for minette magma.
Horizontal to very low-angle subduction (Sacks &
Snoke 1984, Bird 1984, Lipman 1980) provides a
mechanism for moving subducted sediments inland
beneath areas of collisional tectonic activity or
beyond. The subducted slab may remain in place
indefinitely, depending on the evolving density con-
trast between slab and mantle. Compaction, pore-
water expulsion, progxessive metamorphism to gar-
net peridotite P-I" conditions, and efficient extrac-
tion of dehydration fluids and partial melts would
strongly modify the original bulk composilion.

Enrichment in K and hieh K*(>0.O are fairly
common in clay-rich sediments @ngle e/ ql. 1974,
Mielke 1979). During compaction and diagenesis, K
from decomposed alkali feldspars is fixed in smec-
tite as interlayered illite (Weaver & Beck 1971, Hower
et al. L97A; K-rich zeolites may also develop from
air-fall ash units. With deeper burial, Nais selectively
expelled in pore waters and dehydration fluids until
a plagioclase is stabilized at low to medium meta-
morphic grades (Ilower e/ a/. 1976, Volfinger I 976).
At hiefier pressures, plagioclase breakdown and sani-
dine stability (Boettcher et al. 1984) might further
raise K* of the residual solids. Higher-pressure par-
tial melting might also result in K-enriched melts as
Na is retained in a residual Na-bearing clinopyrox-
ene. Diagenesis and metamorphism probably effect
insignifisant changes in Mg content and Mg*. How-
ever, through extraction of high-pressure dehydra-

Ce Sm Cs Th Hl ta Nd Eu Lu Se

1) 31 2.4 1.3 4 6 14 n 1.0 0.08 13

1) separate used for K-Ar ago, flak6 were mainly betwoen 0.15 and
0.21 mm In dia.;2) coarse phenocrysts, 0.4 mm;3) flakes botwoen
0.2 and 0.4 mm in dia. HEE, Ca, Sc, Th, and Hf by ll,lAA (NC Stato
Univ., Raleigh, NC); olhors by AA or ICAPES (Skyline Labs, Wheat
Ridge, CO).
'sample contained 0.54 wl.7o P, so ! 300 ppm of Sr could be due to
apaiite (assuming !1 wt.o/o SrO in apatite).

TABLES. CARBON AND OXYGEN ISOTOPES,
CHARLOTTE BELT AND OTHER LAIIPROPHYRES

,13c pos d18o srraow

Cm dolomito €,9 +8.0
calcite -10.0 +'12.4

-9.2 +8.3
-9.4 +11.8

Hm-2 calcite -10.9 +6.4
Bidorilo -11.6 +8.1

Hm-s calcile -1O.7 +5.8
siderlte -10.3 +6.6

othorLamprophyros d13c Pog ref.

Sminottos
3lamprophyres

-12 to -6 Kramer(1976)
-6.6 to -6.0 Frenzel(1971)

calcite - CO2 evolved dudng a first 24-hr. of roaclion with phosphoric
acid; dolomite - CO2 svolved during a second 24-hr. reaclion; siderite
- Co2 evolved during a seaond &day reac,lion (Long and wameke,
analysts: Univ. of Arizona, Lab. lsotopo Geochemisiy).

Cm, Concord mlnstte; Hm-2 & Hm-3, Hanisburg minettes

Cm dolomlle
calclte
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tion fluids and early partial melts enriched in Fe, the
subducted sediment could eventually become
strongly enriched in high-Mg* mafic silicates. Thus
later partial melts associated with decomposition of
high-Mg* phlogopite could be enriched in Mg and
K. Mantle xenoliths attributed to Fe-Tidkali
metasomatism (Ehrenberg L979), Fe-rich
amphibole-cpx-apatite xenoliths (Wass 1979, Wass
& Rogers 1980), the cornmon occurrence of reverse
zoning (Mg-enriched zones around Fe-rich cores in
mafic silicate phenocrysts) in shoshonitic magmas
(Pe-Piper 1984) and minettes, and certain enigmatic
Fe-Ti- and P-rich rocks (Philpotts 1967,Park 1961,
Lyons & Clabaugh 1973) muld be evidence of such
mantle-derived Fe- and P-rich partial melts. The
ilmenite- and apatite-in curves (P<20 kbars)
associated respectively with minette (Esperanca &
Holloway l9&7) and high-K latite @speranca & Hol-
loway 1986) bulk compositions have steep (but nega-
tive) dP/dT, and both phases crystallize at slightly
lower temperatures (1020 to 1040'C) than phlogo-
pite. Phosphorus-enriched early Fe-rich partial melts
are readily explained ifthese relations hold for higlrer
pressures. Derivation of a P2OrlCe weight ratio of
about 25 from a compositionally modified sedimen-
tary source is straightforward and does not require
prior enrichment of Ce in the mantle nor fractional
crystallization of apatite from the magma (Roden
1981). Early separation of apatite is especially
unlikely in view of the experimental results of Esper-
anca & Holloway (1986).

Most clay-rich sediments contain primary oxidized
Fe and Mn compounds, organic C, and marine car-
bonate. Diagenetic oxidation of the organic fraction
is effected by reduction of Fe and Mn (Weaver &

Beck l97l). The resulting total-rock carbonate would
have Dl3C < O as is the case for the Concord and
other minettes (Table 3), and subsequently the Mn
and Fe would be readily extractable as 2+ ions in
dehydration fluids and early partial melts.

Barium, Sr, P, and F Cfable l; Fig. 3) show strong
enrichments in minettes (Rock 1984) and in pelagic
clays (Hole et al. 1984, Bostrom et al. 1974, Mielke
1979). Barium is strongly absorbed on smectite @ohn
et al.1985, Chap.6) and is precipitated as barite
(Piper L974, Guichard et al. 1979). Strontium, along
with F and P, is strongly absorbed on smectite and
is enriched in deep-sea carbonates Melke 199) and
marine phosphorite. These elements would be held
tightly througb diagenesis and metamorphism. Some
P, F, Sr, and Fe would be lost through early melt-
ing of apatite and Fe-Ti oxides, suggesting that an
appropriate source material, such as composition-
ally modified clay sediment, was originally even more
strongly endched in these elements than the derived
magma.

As 3+ ions, REE and Y are strongly absorbed on
deep-sea smectite (5 x KAS, Piper 1974) and on
smectite (2 x KAS, Cullers et aL ln, fotmd in situ
from volcanic glass, and variably enriched (0.5 x to
2 x KAS) in illites and in marine apatite (2 x to 6 x
KAS; Altschuler 1980, Fleet 1984). Diagenesis
(Chaudhuri & Cullers 1979) afi metamorphism
probably would have little effect on R-EE abun-
dances. Clay-rich sediments are more enriched in
REE Qx to 5x KAS) than minettes (lx to 2x
KAS), but (LalLu)CN are lower than those of
minettes. With partial melting, residual garnet and
perhaps clinopyroxene could generate the higher
(LalLu)CN, the strong enrichment rn LfuEE' and
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the depletion n HREE and Y observed in the
Charlotte Belt (Table l; Figs. 3, 4) and other
minettes.

The abundance patterns ofthe 3rd-row transition
elements Sc-Zn, the mafic (Cr, Ni and Co) and fel-
sic @b, Th, U, Zr,Hf) trace-element enrichmenrs
in the same rock, and the crustal-like Th and U
values (Mcl-en\aa et ol. 1980) suggest that ion
exchange involving clays (Bohn et al. ,1985) was prob-
ably the dominant process of metal concentration
in the source material of minetteS. Extra Ti, Zr, and
Hf may have been added in felsic volcanic ash, and
Ta and Nb are generally depleted in deep-sea mud
sediments with no terrestrial source (flole el a/.
1984). Abundances of 3rd-row and heavier transi-
tion elements (Ta, Nb, Th, U, Zr, and HO should
remain relatively unmodified until partial melting,
but other elements such as S and Cs, and to a lesser
gxtent Rb, might be lost in low-pressure dehydration
fluids (Volfinger 197 6).

DIScUSSIoN

Geochemical mass-balance studies (Reymer &
Schubert 1984, Kay 1980, 1984) and geologic and
geophysical investigations show that sediments are
routinely subducted (Westbrook et ol. 1982,Davey
et al. 1986, Moore et ol. 1986). Pelagic and
hemipelagic muds resting directly on the oceanic
crust are the most likely sediments to be subducted,
the detachment decollement typically lying above the
pelagic sediment zone. In the region of low geother-
mal gradient beneath a stable craton, a subhorizon-
tal subducted slab would heat very slowly; chemical
fractionation could be very efficient because
dehydration fluids and partial melts would be gener-
ated and lost as ternperatures and pressures increased
very slowly.

Late Paleozoic minettes in eastern North Ameri-
can and Europe and Tertiary minettes and shosho-
nitic rocks in the western U.S. @owell & Edgax 1933)
were emplaced above underthrusted oceanic plates.
Even a Tertiary minelfe in the Black Hills, South
Dakota (Kirchner 1979) was probably emplaced
above the eastern edge of the Farallon Plate @ird
1984). Thus minettes, Iike other shoshonitic magmas,
are closely related to subduction (Thompson el a/.
1984, Morrison 1980, Jaques 1976, Peccerillo 1985,
Civetta et al. 1984). Richly diverse trace-element
characteristics, elevated fO2, variable and some-
what radiogenic S187/5186 initial ratios (Roden
l98t), 613C < O (Kramer D7A andeNd < O (Alba-
rede & Weisbrod 1981) are primary magma charac-
teristics. Minette magnas rise rapidly, precluding
much chemical interaction with crustal rocks; magma
temperatures are too high for minettes to be late-
stage derivative magmas, and geochemical patterns
are not related to crustal assimilation nor to com-

monly occurring potentially parental felsic or mafic
magmas (Rock 1984). Subducted compositionally
modified deep-sea mud sediments are suggested as
a possible source rock fs1 minsffes, and the K-rich
lamproites might derive from a more refractory
sedimentary source subducted deeper into the
mantle.
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