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2.16  Total alkalies-silica diagram showing fields and examples of subalkaline and alkaline rock suites. Irregular solid line separates the field
of nepheline-normative rocks from rocks having no normative nepheline in the 13,164-sample dawabase of Le Bas et al,, (1992). Ligh
dashed lines delineate the IUGS voleanic rock-type classification from Figure 2.12. Note that a single rock type, such as basalt. can be
either alkaline (Ne-normative) or subalkaline (Hy-normative). The alkaline voleanic suite of basanite., phonotephrite, tephriphonaolite, and
phonolite (hlled circles) is from Tristan da Cunha, a voleanic oceanic island near the intersection of the Mid- Atlantic and Walvis Ridges
in the South Atlantic Ocean (Le Roex er al., 1990). The subalkaline voleanic suite from the oceanic iskand arc of Tonga (Alled triangles)
is mostly basaltic andesite, andesite, and dacite (Cole, 19821, Subalkaline-suite rocks from Vaolcan Descaberado Grande and Cerro Azl
in the southern volcanic zone of the Andes in central Chile (filled squares) are mostly basaltic andesite, rrachyandesite, rrachydacite, and
rhvolite (Hildreth and Moorbarh, 1988),
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2.17 Subalkaline rocks can be subdivided into tholeiitic and
calc-alkaline rock suites. AFM diagram in terms of alkalies
(Na,O + K0, rotal Fe as FeO, and MgO. Solid line sepa-
rates fields of tholeiitic rocks, exemplified by volcanic rocks
from the Tonga island arc in the Pacific Ocean (Figure 2.16),
from cale-alkaline rocks, exemplified by most of the volcanic
rocks from the North Island of New Zealand. Approximate
range of rhyolite, dacite, andesite, and basalt rock types in
New Zealand is indicated. Data from Cole (1982),
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Table 7-5 Comparisons of a basaltic magma. postulated to be the parental
magma for Kilauea Volcano, and a garnet Iherzolite that could be a
possible source rock for such a basalt. Also given is the caiculated com-
position of the residue left on extraction of the liguid

Basalt Peridotite Residue
Major Elements—Wt %
50, 46,70 44.50 44 .44
jile X 1.85 1.30 1.29
AlO, 9.17 2.80 2.64
RO 11.90 10.30 10.26
MgO 20.00 37.90 37.90
Ca0 7.86 3.30 3.18
NaO 1.54 0.40 0.37
K0 0.40 0.01 0.00

Trace Elements—ppm

Ni 855 2300 2337
Cr 1400 3000 3041
Pa 195 5 <(1.01
4| 0.7 0.02 <0.01
Th 0.3 0.08 <0.01
MNormative and Modal Minerals
Mivine 5.1 50.6 54.0
Opx 31.9 20.5 18.0
Cpx 32.4 4.3 20.2
Garnet 25.6 14.4 f.5
Fhlogopite 3.2 0.2 0.0
Rutile 1.8 0.0 1.3
Density 2.81 3.47 3.46
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Figure 7-14 Metting at a cusp in the
mantle solidus. Note that the change of
slope resulting from 2 transition from
one aluminous phase to another causes
the solidus to be convex toward the
thermal gradient. The levels at which
this occurs would be favored places fof
meiting, either by rising temperature, falk
ng pressure, or lowering of the solidus,
[Adapted from E. Takahashi and |
Kushiro, 1983, Amer. Min. 68:859-875)
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Figure 7-27 Caiculated REE distribution
patierns for meits derived by batch melting of
e Iherzolites, one {al without gamel and
angines [B] with 5 percent garniet. Note the
stronger depletion of heavy REE in small frac-
sons of melt from the garmetiferous Iherzoiite
and the similanty of melis evoived beyond 5
percent meltng Patterns in natura! basals [
from sgme intra-plate volcances are strongly
geetec i heavy REE as one might expect
fiom small amounts of melting of a garner-
beanng sowurce rock. whereas most basalis
from mid-ocean ridges (N-MORB] have flaner
siopes that could result from melting at shal-
Cw ievels where gamet 15 not stable or, alter

Ce WNd SmEuGd Dy Er YD

(b) fc}

natively. Dy advanced degrees of mefiing, An
ennched type of mid-ocean ridge basalt (E-
MORB] has a steeper pattern, suggesting a
geeper ongin where garnet is stable. Abun-
aances of REE in all three diagrams are plot-
ted on loganthmic scales; those of (a] and [b]
are normalized to the abundances in the orig-
inal peridotite. while those in [c} are normal-
zed o the abundances In chondritc
meteorites. The differences between abun-
dances in chondntic meteontss and sheare
mantie peridoutes are not large. (al and [bj
after G. N. Hansan. 1978. Ann. Rev. Earth
Pianet 5ci. 8.371-404
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13.2 Primitive-mantle-normalized trace element patterns of oceanic tholeiitic basalts. Decreasing element incompatibility in mafic magni
from left to right. MORB data and normalizing values from Sun and McDonough (1989). Hawaiian tholeiite from Table 13.3.
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13.3 Compositions of MORB and abyssal peridatite reflect varving degrees of partial melting of the mantle source, (n) Global MOBR com
position, Variable on the x axis is the concentration of Na at 8 we. % MpO on a Na-MeO variation dizggram drawn for 84 sites an spread
ing ridpes around the world (775 sampsles in all), The CaOVALO, ratio is taken Trom a CaOvALO,-MpO variation dingram for samples
at each site; intrasite variation in the rutio is negligible. (Redraven from Klein and Langoouir, 19870 (b} Mineral proportions in abyssal
peridorite show thar varving amounts of basaltic partial melt have been extracted. Dara from Dick e al. (1984). Each point is the sver-
age modal propartion of O, Cpa, and Opx i 266 samples from 36 dredge-haul sites along rifes in the Atlantic Ocean, Indian Ocean,
and Caribbean %ea. The classification diagram is for uliramafic rocks (Figure 2, 10b), The most extensively melted pertdoite, that i, the
mast steribe, has least Cpx and Opx and greatest Fo content of olivine (compare Figure 11,91,




