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ABSTRACT

The studied area is located in N-Sonqor and in the Sanandaj-Sirjan zone. Field relationships and
petrographic evidence show that volcanic rocks of the north of Bashirabad comprise of trachydacite to
trachyandesite (and altered basaltic trachyandesite) and in the south of this area, it consists of andesite
to trachyte. Their texture is mainly porphyry. Geochemical data {total abundance of (Na,0+K,0),
enrichment of large lithophile ion elements and rare light earth elements) indicate that these rocks
belong to the alkaline series. Spider diagrams show enrichment in LREE and depletion HREE, and
parallel patterns in all volcanic samples confirm their common origin. According to modeling magmatic
processes, fractional crystallization, assimilation and crustal contamination have played an important
role in the magma forming the studied rocks. The discriminating diagrams the tectonic setting the

Bashirabad volcanic rocks indicate their subduction-related volcanic arc that was formed in an active

Fractional crystallization

Assimilation

continental margin environment with local tensions.

1. Introduction

The studied area is located in the Kermanshah Province,
westhern Iran, in the north of the Sonqor city in the Sanandaj
-Sirjan zone. Geological map of the Sonqor was provided by
Eshraghi et al. (1996). Subduction zones are most important
environments in which mafic-intermediate magmas are formed.
Due to various phenomena, including magmatic and tectonic
activities have a significant effect on the geological evolution
of this region, and so, due to the lack of detailed studies on the
volcanic rocks of this area (Bashirabad), we aim to link between
tectonic setting and the magmatic evolution of rocks. In addition,
magma evolution processes, such as fractional crystallization,

crustal contamination, and magma mixing may play an important

role in the genesis of these rocks. This research presents new
petrological and geochemical data from these volcanic rocks,

which have been formed during Eocene.

2. Regional Geology

The Sanandaj-Sirjan Zone (SaSZ) of Iran is an important tectono-
magmatic province, encompassing a SE-NW trending zone that is
50-100 km wide and 1200 km long (Stocklin and Nabavi, 1973).
The SaSZ is bordered by the Zagros outer ophiolite belt to the
SW and by the inner ophiolite belt in the NE (Stern et al., 2021).
The Sanandaj-Sirjan zone can be divided into five sub-zones

from southwest to northeast, which are: 1) radiolarity sub-zone;

* Corresponding author: Ashraf Torkian; E-mail: a-torkian@basu.ac.ir
Citation:

Torkian, A., Damchin-Mashak, S., Suri, M., and Yarali, Z., 2023. Geochemistry and modeling of volcanic rocks in the Bashirabad area, N-Sonqor
(Kermanshah Province). Scientific Quarterly Journal, GEOSCIENCES, 33(2), 128, 93-110. https://doi.org/10.22071/gsj.2023.356559.2026

E-ISSN: 2645-4963; Copyright©2023 G.S. Journal & the authors. All rights reserved.

d- '} doi: 10.22071/g5}.2023.356559.2026

; E’ dor: 20.1001.1.10237429.1402.33.2.14.3

This is an open access article under the by-nc/4.0/ License (https://creativecommons.org/licenses/by-nc/4.0/)
BY NC

93


https://www.gsjournal.ir/article_167417.html?lang=en
https://www.gsjournal.ir/article_167417.html?lang=en
https://www.gsjournal.ir/?lang=en
https://www.gsjournal.ir/article_167417.html?lang=en

Geochemistry and modeling of volcanic rocks in the Bashirabad area, N-Songor .....

2) Biston sub-zone; 3) ophiolite sub-zone; 4) marginal sub-zone;
5) complexly deformed sub-zone (Mohajjel et al., 2003). The
studied area is located in sub zone with high deformation. The
exposed rock units in the studied area mostly include the Eocene
(Lava, pyroclastic rocks and Nummulite bearing limestone and
sedimentary rocks), but locally the Triassic units (Metavolcanic
rocks and metamorphic rocks, phyletic schist, Biocalcarenite),
the Oligocene (porphyritic dacite rocks) out crop. One of the
phenomena existences of fossil and chert rocks. Moreover, the
presence of joints and layering in the exposed rocks is a sign of

the intense activity of tectonic forces in the region as well.

3. Materials and Methods

In this study, 167 specimens were collected during field
operations, and 73 samples were selected for thin sections. The
major, trace and rare earth element compositions were analyzed
for 19 samples. The concentrations of elements for 12 samples
were obtained by inductively coupled plasma mass spectrometry
(ICP-MS) and X-ray fluorescence (XRF) at the MS-Analytical
company in Canada and 7 samples were analyzed in the Zarazma
laboratory in Iran. We used GCDkit, CorelDraw software and

Excel spread sheet to depict necessary diagrams and maps.

4. Petrography

According to petrographic studies, the rock types are included
trachydacite, trachyte, trachyandesite and basaltic trachyandesite.
The rock forming minerals are sanidine, plagioclase, amphibole,
biotite, orthopyroxene, apatite, zircon, sphene (titanite) and
Fe-Ti oxides. Trachydacite show porphyritic texture include
quartz (15-20%), plagioclase (40-45%) and alkali feldspar
(25-30%) associated with rare biotite and hornblende (less of
10%). Trachyte is leucocratic and show trachytic to porphyritic
texture include euhedral plagioclase, euhedral sanidine associated
with orthopyroxene.

Texture in which micro phenocrysts of plagioclase (~15%)
and sanidine (~25%) are aligned due to flow. Orthopyroxene is
an early crystallization phase. Trachyandesite has a mesocratic
color and is seen in light gray to green color. Trachyandesite have
plagioclase (~55%), sanidine (~15%) with less amount of biotite
(~5%) and hornblende (~7%). Plagioclase show sieve texture
that exhibits a variety of disequilibrium textures. The resorption
feature in plagioclase that record changing physical conditions in
magmatic system.

Basaltic trachyandesite has plagioclase (53-60 %) and sanidine
(~10-15 %) and quartz (~3-7%) as a major mineral associated with
orthopyroxene and biotite (10 and 5 %, respectively). Moreover,
in these rocks some plagioclase phenocrysts exhibit zoning and

polysynthetic twining with euhedral to subhedral shape that
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occasionally are replaced by epidote, calcite, chlorite and clay

minerals.

5. Geochemistry
Eocene volcanic rocks are trachydacits, trachyte, trachyandesite
and basaltic trachy andesite Based on the TAS (Total alkalis vs.
Si0,) classification (Le Bas et al., 1986). Based on SiO, versus
Na,0+K,O (Le Bas etal., 1986) all samples show high Na,O+K O
content and alkaline characterize. The composition of the rocks
are SiO, (51.04 -63.10 wt. %), K,O (0.15-3.59 wt. %), MgO
(0.16-4.06 wt. %), CaO (2.29-7.89 wt. %) and AL,O, (14.69-17.31
wt. %), Fe,0, (5.01- 7.96 wt. %), Na,O (2.39, 9.38 wt. %), TiO,
(0.15-1.78 wt. %). In spider diagram (MORB-normalized multi-
element spider; Pearce, 1983) samples show enrichment in large
ion lithophile elements (LILE), especially Rb, Ba, K, and Th and
depleted of high field strange elements (HFSE), such as Ti and
Yb. The trend of the samples in the spider diagram is U-shaped.
It maybe results of fractionation of amphibole (Jahangiri, 2007,
Lonov and Hofmann, 1995). On chondrite-normalized REE
(Nakamura, 1974) diagrams, samples are enriched in LREE
and depleted in HREE. The rather flat HREE patterns imply
the absence of garnet and /or hornblende in the source of these
magmas.

The samples do not show negative Eu anomaly. Abundance of
hornblende, pyroxene, sphene and garnet may cause Eu positive
anomaly (Henderson, 1984). Amphibole and pyroxene abundance

is evident in some rock units of the region (Fig. 8a and b).

6. Discussion and Conclusion

Nemours volcanic rocks with different ages are outcropped in the
Sanandaj - Sirjan zone. Eocene volcanic rocks with trachyandesite,
trachybasalt, trachyte, teachydacite and andesite composition are
exposed in the northern part of this zone (N-Sonqor). Petrography
and mineral analyses indicate that the predominant rock-forming
minerals ofthe volcanic rocks are sanidine, plagioclase, amphibole,
biotite, orthopyroxene, apatite and zircon. Phenocrysts are set
in a fine to medium grained matrix of the same minerals with
minor amounts of opaque minerals. The most common textures of
these rocks are porphyritic and glomeroporphyritic. Geochemical
studies such as enrichment in LILE and total alkali elements
(Na,0+K,0) indicate that these rocks belong to alkaline magma
series. The spider diagrams show the enrichment in LREE elements
and the depletion of HREE elements, which are the characteristics
of subduction zones magmas. Enrichment in Th and U indicate
that contamination result of crust material or release fluid from
down going oceanic crust has been occur (Guo et al., 2015;
Gencalioglu Kuscu and Geneli, 2010). Although the parallel

patterns of spider diagrams in all volcanic rock confirm the same
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source, there is a duality in the distribution of samples, which
may be due to a stopping (daily stopping) in magma transforming
processes (Dufek and Bachmann, 2010). Considering the alkaline
nature of these rocks, parental magma maybe results of a low-
degree partial melting of a mantle source. Moreover, the enrichment
of Rb, Ba, and K can be attributed to the presence of phlogopite
in their source (Wass and Roger, 1980). The studied rocks have
low amounts of Ni (less than 70 ppm) and Cr (less than 400 ppm)
that indicate they are fractionated and have undergone changes
during their evolution (Wilson, 1989). The tectonic environment,
in which these rocks were formed has been probably a volcanic
arc. The ratio of Zr/Y can be used to identify and separate arcs
of tectonic environments (Pearce and Norry, 1979). So that Zr/Y
values greater than 3 correspond to continental volcanic arcs and
values less than 3 correspond to oceanic arcs. The rocks of the
Bashirabad area have a ratio between 9.70-3.88 and indicate the
similarity of the magma tectonic environment of this area with
the continental volcanic arc. Arc magma compositions also are
controlled by factors such as the composition of the mantle wedge
and extent of partial melting in the mantle (Pearce and Peate, 1995;
Tatsumi, 2005). In addition, mantle-derived magmas in continental
margin subduction settings commonly interact to some degree
with the crust during ascent and/or residence in crustal magma
chambers (Ashwal et al., 1986; Hildreth and Moorbath, 1988).
Finally, the interpretation of geological setting of this region
reflects an arc setting and has signatures of an active subduction

zone at this time. But the effect of local extension that led to
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the formation of magma with an alkaline nature should not be
ignored. This should be taken into account in future efforts to
reconstruct the tectonic evolution of the region in Eocene time.
According Eocene age of studied rocks, we proposed slab break
off and slab rollback models for formation them. However, we
need other data such as isotopic data for clarification. The magma
derived from the mantle can undergo mineral separation in the
magma chamber or when it reaches the earth’s surface. In this
regard, studying the behavior of trace, rare and major elements and
isotopic ratios is a suitable criterion for identification and modeling
(Hujismans et al., 1988). The evolution of the composition
of magma controlled by different processes such as fraction
crystallization (FC), assimilation of crustal materials and fractional
crystallization (AFC) (DePaolo, 1981). In order to investigate
magma evolution, modeling diagrams were used. Trace element and
major oxides have important role in FC — FCA - AFC -mixing model
(Ersoy and Helvaci, 2010) and FC modeler (keskin, 2002) programs.
According to FC modeler all samples show positive and flat trend
and in line with vector number 6 which is anhydrous minerals. The
result show that fractional crystallization, assimilation and crustal

contamination have played role in the evolution of magma.
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Figure 2. The location of the studied area in the 1:100,000 geological map of Sonqor

(Taken from Eshraghi et al., 1996 ).
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Figure 4. Photomicrographs of various studied rocks (XPL), a) Tracydacite with porphyry texture containing euhedral and subhedral plagioclase,
sanidine, hornblende; b) zircon mineral in trachydacite with porphyry texture; ¢) sphene mineral in trachydacite with porphyry texture; d) large
subhedral plagioclase phenocryst in trachydacite with porphyry texture; ) epidote alteration in trachydacite; f) Trachyte with vitrophyric texture; g)
sanidine in trachyte rock; h) Sieve texture in plagioclase in trachyandesite; i) plagioclase and quartz in basaltic trachyandesite. Abbreviations after

Kretz (1983) (P1: Plagioclase, Hbl: Hornblende, Sph: Sphene, Sa: Sanidine, Ep: Epidote, Cal: Calcite, Zrn: Zircon).
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Figure 5. Geochemical classification diagrams of the volcanic rocks from the Bashirabad area, a) Total alkalis versus silica

(Le Bas et al., 1986); b) Nb/Y versus Zr/TiO, (Winchester and Floyed, 1977).
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Figure 6. Harker diagram for major elements of volcanic rocks in the Bashirabad area.
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Figure 9. Variations of Y versus. Rb (Keskin, 2002) for modeling volcanic rocks of the

Bashirabad area (P1: plagioclase, Cpx: clinopyroxene; Opx: orthopyroxene, Amp: amphibole;

gt: garnet; Ol: olivine). Symbols are as figure 8.
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Table 1. The results of Whole rock geochemical composition of the Eocene volcanic rocks from the Bashirabad area (major elements in wt. %, trace and rare

carth elements in ppm). 12 samples were analyzed in MS Analytical Canada and 7 samples in Zarazma (marked with an asterisk).

Sample Z,B-A Z,.B-A Z,,.B-A Z,B-A Z,.B-A Z,B-A Z,B-A Z,.B-A Z,.B-A Z,,B-A Z,,B-A
Basaltic
Name Trachyte Trac.hy Trach.y Trach.y Trach.y Trach.y Trach.y Trav.:hy — Traclfy Traclfy
dacite Andesite Andesite Andesite Andesite Andesite dacite R andesite andesite
Sio, 63.8 61.32 543 53.51 53.69 52.96 54.86 56.44 51.04 55.98 54.70
Tio, 0.77 0.15 1.78 1.42 1.46 1.48 0.95 1.06 1.34 0.88 1
ALO, 15.93 16.64 15.70 17.16 16.87 16.18 14.69 15.80 16.86 17.30 16.73
Fe,0, 5.26 4.87 7.96 7.87 7.87 8.64 5.01 6.81 7.35 7.08 5.81
MnO 0.05 0.15 0.24 0.24 0.11 0.11 0.17 0.14 0.28 0.11 0.07
MgO 0.16 1.59 2.49 4.06 32 1.91 0.35 1.88 3.63 3.36 1.66
Ca0O 2.26 3.73 5.72 2.99 3.56 4.37 7.89 4.36 5.90 5.63 4.96
Na,0 9.38 5.71 6.55 7.29 7.98 7.80 7.98 6.96 5.84 5.84 8.38
K,0 0.16 3.59 0.28 0.36 0.15 0.31 0.22 2.01 1.79 1.52 0.25
P,0, 0.34 0.31 0.62 0.52 0.51 0.52 0.35 0.49 0.73 0.64 0.28
BaO 0.01 0.09 0.01 0.03 0.01 0.01+ 0.01 0.05 0.01 0.01 0.01
LOI 1.65 1.12 0.06 3.87 0.05 3.98 6.58 4.28 3.87 4.30 4.81
Total 99.77 99.27 100.02 99.18 99.98 98.27 99.03 100.28 98.64 102.64 98.56
Co 0.7 4.7 11 13.4 10.2 72 4.1 9.5 7.6 53 7.6
Cu 9 1.2 15 16 1.1 15 5 18 0.7 0.9 0.9
Mo 0.4 0.37 0.98 13.4 0.45 0.45 0.33 0.41 0.33 0.36 0.36
Ni 1.9 19.6 7.1 6.4 4 4 1.9 19.8 31.6 10.1 10.4
Pb 4.5 5.4 20.4 10.8 16.8 16.8 3.8 11.4 4.5 5.4 39
Sc 5.6 10.6 7 6.5 5.7 5.7 6.6 10.6 9.7 8.9 13.5
Zn 11 19 96 105 88 63 47 49 19 20 14
Ba 71.5 424 205.9 101.5 77.8 103.3 50.6 384 925 91.9 38
Cr 38 83 33 41 38 27 31 83 37 34 122
Cs 0.04 0.11 0.12 0.11 0.05 0.12 0.08 0.12 0.39 0.23 0.1
Ga 20.5 22.1 18.4 272 23.7 24 16.4 20.5 2.24 1.62 212
Hf 3.9 5.4 5.6 6.3 5.8 5.4 5.5 53 6 5.6 5.7
La 27.8 48.5 67.9 542 559 52.8 59.9 527 52.6 39 312
Ce 573 93.8 130.9 109.4 112.9 105.2 120.3 104.7 104.3 75.1 64.3
Pr 7.08 10.75 15.41 13.17 13.17 13.2 14.17 11.93 12.49 8.79 7.64
Nd 275 40.1 579 49.1 51.2 50 51.6 423 46 32 282
Eu 1.84 2.12 3.89 2.94 2.71 2.83 2.92 222 1.62 1.62 1.51
Sm 5.52 7 10.85 9.35 9.22 9.05 9.07 7.69 8.15 597 5.75
Gd 4.55 5.8 9.16 7.31 7.3 7.02 7.12 6.46 6.77 4.93 5.12
Th 0.59 0.83 0.79 0.72 0.68 0.61 0.71 0.69 0.74 0.71 0.86
Dy 3.27 4.1 5.6 4.72 4.68 4.59 4.56 4.37 4.69 3.86 4.07
Ho 0.74 0.8 0.99 0.91 0.86 0.85 0.83 0.80 0.92 0.82 0.78
Er 1.59 227 2.68 2.46 24 2.24 2.41 2.38 2.6 2.36 2.42
Tm 0.22 0.34 0.35 0.31 0.31 0.29 0.3 0.31 0.36 0.33 0.36
Yb 1.32 2.05 23 2.02 1.89 2.1 1.89 2.1 2.39 2.25 243
Lu 0.24 0.34 0.38 0.32 0.29 0.32 0.3 0.31 0.36 0.36 0.38
Nb 13.1 16 229 21.5 20.17 17.5 18.6 17.4 17.2 14.2 16.7
Rb 4.5 20.3 8.5 11.8 3.8 10.3 7.1 28.8 61.8 425 9.4
Sn <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Sr 262.4 131 493.9 500.2 484 795.4 453.7 231 118.7 135.7 198.5
Ta 0.9 12 1.8 1.5 1.5 12 1.3 1.2 1.3 1.1 1.3
Th 3.1 5.79 4.59 5.86 6.03 8.42 4.92 5.03 591 4.85 5.54
1.9 2.73 9.2 2.28 2.32 2 2.6 2.09 2.3 2.23 2.75
94 165 268 165 163 68 75 141 159 107 121
17 22.7 253 23 22.8 18.8 229 21.8 23.7 21.7 224
Zr 146 199 188 223 193 73 199 182 201 188 198
Thy 25.83 48.25 50.25 48.83 50.25 37.42 41 41.92 41.92 38.25 46.17
Nb 5.62 6.87 9.83 9.23 8.46 7.51 7.98 7.47 7.38 6.09 7.17
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Table 1. Continue
Sample Z,,B-A MB-1* MB-7* MB-18* MB-19* MB-26* MB-31* MB-34*
Name TrachyAndesite Trachyte Trachyte Trachyte Trachyte Trachyte Trachyte Trachydacite
Sio, 58.69 60.65 63.10 61.32 61.95 62.72 61.87 62.21
TiO, 0.94 0.84 0.86 0.15 0.84 0.77 0.80 0.79
ALO, 17.31 16.78 16.50 16.64 16.40 17.23 17.02 16.80
Fe,0, 6.29 4.82 5.28 4.87 5.09 4.50 4.96 4.62
MgO 225 1.56 1.80 1.59 1.84 1.36 1.60 1.49
MnO 0.15 0.11 0.15 0.15 0.15 0.15 0.15 0.29
CaO 2.84 2.71 2.82 3.73 2.60 2.55 2.53 3.25
Na,0 8.21 6.38 5.13 5.71 6.38 2.39 6.61 6.48
K,0 0.86 3.13 3.12 3.59 3.48 2.37 3.21 3.51
PO, 0.37 0.28 0.34 0.31 0.25 0.27 0.27 0.29
BaO 0.05 0.08 0.09 0.09 0.13 0.08 0.13 0.07
LOI 2.89 2.51 0.59 1.12 0.94 0.65 0.84 1.01
Total 100.80 99.91 99.19 99.27 99.12 99.77 99.09 99.80
Co 10.7 4.7 4.1 11 134 10.2 72 6.2
Cu 22 1.3 2.1 6.4 1.9 1.1 1.7 0.8
Mo 0.37 7.6 0.07 0.07 1.3 0.5 1.2 0.07
Ni 11.9 19.6 1.9 7.1 6.4 6 4 7.3
Pb 9.4 5.4 3.8 20.4 10.8 7.4 90 1.4
Sc 7.9 12.2 6 17.1 8.2 6.6 6.9 49
Zn 118 19 47 96 105 88 63 20
Ba 4325 943 50.6 960 1005 607 987 796
Cr 37 113 20 56 23 29 22 31
Cs 0.08 0.37 0.08 0.8 0.37 0.37 0.6 0.7
Ga 24.5 22.1 16.4 18.4 27.2 23.7 20.5 16.7
Hf 4.6 3.47 5.5 2.24 32 3.16 3.76 3.28
La 422 48.5 59.9 67.6 54.2 55.9 52.8 18.6
Ce 84.2 99 1203 87 88 93 99 81
Pr 10.18 10.75 14.17 15.41 13.17 13.71 9.26 7.12
Nd 38.6 40 51.6 29.6 335 35.8 38.6 27.2
Sm 7.19 6.94 9.07 5.28 6.17 6.25 6.81 4.79
Eu 222 2.12 2.92 3.89 2.94 2.71 1.84 1.68
Gd 5.99 5.74 7.12 4.34 5.07 5.18 7.02 5.57
Th 0.76 0.78 0.89 1.17 0.92 0.91 0.77 0.73
Dy 3.97 437 4.46 3.72 4.72 3.85 4.19 3.33
Ho 0.77 0.8 0.83 0.99 0.91 0.86 0.85 0.73
Er 2.18 2.34 2.41 1.84 1.92 2.08 2.32 1.74
Tm 0.3 0.34 0.3 0.29 0.3 0.3 0.33 0.28
Yb 1.91 2.1 1.89 2.1 1.8 1.9 2 1.9
Lu 0.33 0.29 0.3 0.22 0.27 0.27 0.3 0.21
Nb 13.4 16 18.6 22.9 21.5 20.7 17.5 32.7
Rb 13.2 47 7.1 69 50 37 43 61
Sn 1.2 1.4 1.8 1.3 1.3 1.2 1.6 1.4
Sr 479.3 348.8 453.7 482.1 500.2 354.9 446.4 521.6
Ta 1 3.05 1.3 2.04 1.75 2.61 2.94 2.03
Th 4.7 11.96 4.92 8.42 9.52 11.2 11.44 8.12
U 1.56 2.5 2.6 2 2.3 2.5 2.68 1.9
\% 101 71 75 68 74 67 70 59
Y 20 21.2 229 18.8 18.2 19.2 20.9 17
Zr 149 96 199 73 79 85 105 79
Thy 39.17 99.67 41 70.17 79.33 93.33 95.33 67.67
Nb, 5.75 6.87 7.98 9.83 9.23 8.88 7.51 14.03
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Figure 10. AFC-FC-FCA-mixing diagrams for determining of possible processes in the magmatic evolution of the Bashirabad volcanic rocks:
a) Variations diagram of Sr-Th element variation; b) Variations of the compatible elements (Ni) versus the incompatible elements (Th). Abbreviations
are: AFC (Assimilation: and Fractional Crystallization); CC: composition of the lower continental crust (Taylor and McLennan, 1995);
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Figure 11. Tectonic discrimination diagrams of the volcanic rocks for the Bashirabad area. a) (Th-Hf/3-Ta) ternary

diagram (Wood, 1980); b) (Ti/100-Zr-Sr/2) ternary diagram (Pearce and Cann, 1973). Symbols are as figure 10.
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Figure 12. Discrimination diagrams for tectonic setting of the volcanic rocks from Bashirabad area.
a) Nb/Yb versus Th/Yb (Pearce, 2008), b) ThN versus NbN (Saccani, 2014) elements are normalized to N-MORB
(Sun and McDonough, 1989); ¢) Zr versus Zr/Y (Pearce and Norry, 1979) has distinguished two continental and
oceanic arcs and the studied samples are inclined to the continental arc section; d) ThN versus NbN diagram
to determine the tectonic environment (Saccani, 2014). Abbreviations: MORB = mid oceanic ridge basalt;
EMORB = enriched MORB; NMORB = normal MORB, TMORB = transitional MORB; PM = primitive mantle;

IAT = island arc tholeiitic; OFB = oceanic flood basalt; OIB = oceanic island basalt; CC = continental crust.
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