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Introduction

It is our great pleasure to have received comments from
Ni (2016) on our published paper entitled “Timing and
nature of the Xinlin—Xiguitu Ocean: constraints from
ophiolitic gabbros in the northern Great Xing’an Range,
eastern Central Asian Orogenic Belt,” in which we stated
that more work will be needed to verify the existence of
the Jifeng komatiite and the tectonic environment of Jifeng
ophiolite according to integrated study of geochemical,
zircon U-Pb ages and Lu—Hf isotopic analyses. However,
Ni (2016) insists that the Paleoproterozoic komatiites defi-
nitely exists in the Jifeng area, as suggested by the previ-
ous studies more than twenty years ago (Zhao et al. 1996;
Hu et al. 2001, 2003). In addition, Ni (2016) further insists
that the Jifeng ophiolite should have produced in an oce-
anic plateau rather than in a transitional supra-subduction
zone environment based on the presence of the komati-
ites. It is important to know whether the Jifeng komatiite
do exist there, and if they do, it is also important to under-
stand the relationship among the komatiites, gabbros, dia-
bases and basalts exposed in the Jifeng area. Therefore, the
comments give us a great opportunity to further clarify our
interpretation.
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Initiation

In the early 1970s, it was claimed that there exist the ultra-
mafic-mafic rocks in the Jifeng area, including lherzo-
lites, harzburgites, dunites, gabbros, basalts and diabases,
which were interpreted as the ophiolite complex (Hu et al.
1995). Slightly later, Zhao et al. (1996) firstly reported
that there was a micro-spinifex texture in the ultramafic
rocks from the Jifeng ophiolite and the rocks were litho-
logically determined as the Jifeng komatiite. In the latter
studies, geochronology and geochemistry had been carried
out on the so-called Jifeng komatiite, it claimed that the
Jifeng komatiite formed in the Mesoproterozoic with the
age (~1727 + 74.7 Ma of Sm-Nd isotopic age), which was
related to the notable crustal growth in the period of Meso-
proterozoic (Hu et al. 2001, 2003; Li et al. 2002).

During the year of 2013 to 2015, we made a detail study
for the rock association of the Jifeng ophiolite and attempt
to reveal the tectonic evolution of the Xinlin—Xiguitu
paleo-ocean basin between the Erguna and Xing’an blocks.
We sampled the so-called Jifeng komatiite in 2013, but it
did not show typical spinifex texture and obviously differ-
ent from the other komatiites in the world (50°24'06.3"N;
123°1022.4"E; Fig. la—e; Nicholas 2008), but it is litho-
logically serpentinites, which should represent a part of the
Jifeng ophiolite.

According to the new data, we claimed that the Prote-
rozoic ophiolite in the Jifeng area was, in fact, formed at
~650 Ma by the ages of Jifeng gabbros, which is probably
related to transitional SSZ-type ophiolite and developed in
an intra-oceanic subduction (Feng et al. 2016).

However, the main criticism from the comments was:
“Jifeng ultramafic rock was the typical komatiite with
high-MgO content related to mantle plume.” Therefore, to
check if there exist real komatiite and the tectonic setting
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Fig. 1 Field occurrences and photomicrographs of Jifeng ophiolite. a, ¢, g, h Field outcrop of the troctolite, serpentinite, basalt and gabbro,
respectively; b, d, f troctolite (JF15), serpentinite (JF13) and basalt (JF16), respectively (cross-polarized light); e back-scattered images of d

of the ophiolite in Jifeng area, we re-sampled the site again
(Fig. 1; Table 1).

Are there the real Paleoproterozoic komatiites
in the Jifeng area?

Ni (2016) claims that “there was the characteristic spinifex
texture defined by extremely acicular olivine phenocryst,”
reported by the previous researchers. The typical spinifex
texture is formed by skeletal, platy, or acicular crystals of
olivine, orthopyroxene, or clinopyroxene, or their pseudo-
morphs in ultramafic and mafic lavas or silicate-rich furnace
slag (Nicholas 2008). But, we have not found spinifex tex-
ture in Jifeng ultramafic rocks in macro scale (Fig. la—e)
by detail field works. Meta-ultramafic rocks in Jifeng area,
gray-colored in weathered surface but dark-green-colored
inside, have a porphyroblastic texture and display strong
deformation. The porphyroblasts are forsterite (~60%
modal) and minor clinopyroxene, which was completely
altered to be chlorite 4 talc 4 tremolite 4 serpentine, but
still keeps the pseudomorph. The groundmass is dominated

@ Springer

by serpentine 4+ talc (~40% modal), with minor amounts of
chromite and magnetite (<5% modal). The serpentines were
likely resulted from alteration of olivine, as indicated by the
net-shape texture, although no fresh olivine was observed
(Fig. la—e). These features suggest that the protolith of the
meta-ultramafic rocks is dunites and lherzolites, represent-
ing relics of the paleo-oceanic lithospheric mantle rocks.
More importantly, the structure and texture of the so-called
komatiite also exist in the ultramafic—mafic rocks from ophi-
olites with SSZ type (Wang et al. 2013; Song et al. 2015).

In the view of geochemical study, owing to the high LOIs
(6.22-11.09), the oxides concentrations of the samples were
all recalculated on a hydrous-free basis excluding the LOIs
using the method of weighted means (Wang et al. 2013).
The discussions of oxide analyses below are all based on
the recalculated data. The analytical results show that the so-
called Jifeng komatiite have relatively low contents in SiO,
(42.92-51.70 wt%) and high MgO (29.89—41.14 wt%), but
its relative low CaO/Al,O; ratio (0.14-0.72) is obviously
different from the typical komatiite (CaO/Al,O5>1; Nicho-
las 2008). On the other hand, the Jifeng so-called komatiite
possesses relatively flat chondrite-normalized REE patterns
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Fig. 2 Chondrite-normalized REE patterns and primitive mantle-normalized trace spider diagrams for rocks from the Jifeng ophiolite

(Fig. 2) and obviously distinguishes from some typical
komatiites of the Barberton, Abitibi, Norseman-Wiluna,
Belingwe, Gilmour and Gorgona (Nicholas 2008).

In summary, the detailed field investigation and geo-
chemical studies indicated that the Jifeng ultramafic rocks
are not the real/typical komatiites, but should present a part
of the ophiolites derived from the oceanic crust between
the Erguna and Xing’an blocks.

Genetic environment of the Jifeng ophiolite:
transitional supra-subduction zone or Oceanic
plateau?

It is worthy of note that the ultramafic rocks with high MgO
exist in many ophiolites related to subduction (Dilek and
Furnes (2011)). However, Ni (2016) argued that the Jifeng
ophiolite marks an oceanic plateau environment related to

mantle plume. Regarding to the typical oceanic plateau,
Kerr et al. (2000) suggested that the typical features of oce-
anic plateau are as follows: the occurrence of high-MgO
lavas, chemically homogeneous basalts with relatively flat
chondrite-normalized REE patterns and low La/Nb ratio
(<1.1); pillowed lavas; low abundance of volcaniclastic
deposits; and lack of sheeted dyke complex. Although the
Jifeng ophiolite has high-MgO lavas or chemically homo-
geneous basalts with relatively flat chondrite-normalized
REE patterns, it has high La/Nb ratio (1.97-2.98) and pos-
sesses some diabase dyke located in the northern Jifeng
area (Hu et al. 1995; She et al. 2012). More importantly,
up to now, there have been no reports of the pillowed lavas
cropped out in the Jifeng area.

In some respects, Ocean Island are the small-scale
equivalents of the oceanic plateau. The distinction features
between oceanic plateau and Ocean Island are as follows:
(1) Many oceanic islands exhibit considerable magmatic

@ Springer
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Fig. 3 Tectono-magmatic discrimination diagrams for mafic—ultramafic rocks of Jifeng ophiolite

differentiation, resulting in formation of rhyolite or pho-
nolitic sequence and their pyroclastic equivalents. (2) A
predominance of lavas, with an enriched trace element sig-
nature (high values of Sm,/Yb,, Nb/Zr and La/Y), would
suggest that the sequence is part of an oceanic island rather
than a plateau (Kerr et al. 1998, 2000; Kerr 2014). The
Jifeng ophiolite is not only possess the pyroclastic from the
Daminshan Formation (HBGMR 1993), but also has rela-
tive high values of Sm /Yb, (>4), Nb/Zr (0.06-0.22) and
La/Y (0.4-1.4) on geochemistry. In addition, the Jifeng
ophiolite (including the diabases, gabbros, basalts and meta-
ultramafic rocks) is derived from mantle contaminated by
earth crust with depletion in high field strength element
(Fig. 2). Those features of the Jifeng ophiolite further indi-
cated that it was not driven from the oceanic plateau, but
was likely the ocean island with SSZ type. (1) The Jifeng
basalts and gabbros from Jifeng ophiolite display a slight

@ Springer

enrichment of LREE in chondrite-normalized REE dia-
grams, which are similar to that of a typical E-MORB or
OIB (Fig. 2). However, compared with E-MORB or OIB in
the primitive mantle (PM)-normalized spider diagram, all
samples are depleted in Nb, Ta and Ti (Fig. 2). (2) The tran-
sitional signature between MORB and OIB hints that the
ophiolite formed in a supra-subduction zone (SSZ) environ-
ment (Dilek and Furnes 2011). (3) As shown in Fig. 3, the
magmatic rocks of the Jifeng ophiolite are similar to those
of the arc volcanic rocks in terms of their geochemical sig-
nature, suggesting that the ophiolite is of SSZ type devel-
oped in transitional supra-subduction zone.

As mentioned above, we agree that the Jifeng ophiolite
is consistent with the transitional SSZ-type ophiolite. More
importantly, the Jifeng ophiolite marks an intra-oceanic
subduction environment within the so-called late Precam-
brian Xinlin—Xiguitu Ocean (Feng et al. 2016).
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Conclusion

Up to now, seventeen samples from the Jifeng ophiolite
have been analyzed petrologically and dated by zircon U—
Pb method, including serpentinites, troctolites, basalts and
gabbros. However, none of these ultramafic rocks contain
typical spinifex texture. The geochemical features with
enrichment in light REE indicate that the Jifeng meta-
ultramafic rock is not real komatiite. Instead, the Jifeng
ophiolite suite and its geochemical features suggest that it
is SSZ-type ophiolite developed in transitional supra-sub-
duction zone.
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