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The Ngoc Linh Complex in Central Kon Tum Massif: an exposed remnant of the Early
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ABSTRACT

The Ngoc Linh Complex forms the amphibolite- to migmatite-grade core of the central Kon
Tum Massif and is one of the most intensely deformed crustal domains exposed in central
Vietnam. The complex is bounded by the high-grade Kan Nack Complex to the east and by the
Kham Duc—A Vuong assemblages to the west. Field relationships documented in the original
manuscript show that the Ngoc Linh Complex is not a coherent stratigraphic unit, but a
tectonically dismembered package of gneiss, amphibolite, marble, schist, migmatite and mafic—
ultramafic bodies enclosed within regional high-strain zones. Five deformational events (D1—
D5) can be distinguished. D1 is the dominant event and produced the penetrative schistosity
(S1), mélanges, mylonitic thrust zones, and isoclinal to sheath folds, indicating strong
collisional shortening and tectonic stacking. D2 refolded and sheared the D1 architecture,
generating the regional northwest—southeast structural grain that characterizes the massiftoday.
D3-D5 are progressively more localized brittle to brittle—ductile events that modified earlier
fabrics without fundamentally changing the first-order architecture. The structural pattern,
together with regional geochronological constraints from previous studies, supports
interpretation of the Ngoc Linh Complex as an exposed remnant of an Early Paleozoic
collisional system later reworked during Permian—Triassic tectonothermal events.

Keywords: Ngoc Linh Complex; Kon Tum Massif; collisional tectonism, ductile deformation;
Early Paleozoic, Indochina Block

1. Introduction

The Kon Tum Massif of Central Vietnam has traditionally been regarded as the 'core'
of the Indochina Block (Figure 1). This crustal entity is exposed as a highly metamorphosed
terrane previously interpreted as Archean to Proterozoic in age. Regional studies from the early
20th century to the present (Fromaget, 1939, 1941; Tran Van Tri, 1979; Nguyen Xuan Tung
and Tran Van Tri, 1982; Tran Duc Luong and Nguyen Xuan Bao, 1982; Nguyen Xuan Bao,
2000; Tong Duy Thanh and Vu Khuc, 2005; Tran Van Tri and Vu Khuc, 2009) characterize it
as an ancient metamorphic core complex reactivated by Phanerozoic magmatic and tectonic
events. Lithologically, the Kon Tum Massif comprises several tectonostratigraphic assemblages
ranging from supposedly Archean to Cenozoic in age, all variably and multiply deformed
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through a protracted thermotectonic history (Tran Ngoc Nam et al., 2001; Osanai et al., 2003;
Usuki et al., 2009; Lepvrier et al., 2004, 2008; Nakano et al., 2013; Tran et al., 2014; Faure et
al., 2018).

The eastern portion of the study area is dominated by the Kan Nak Complex, which
comprises dominantly granulite-facies rocks including two-pyroxene mafic granulite, gneiss,
garnet-cordierite-hypersthene pelitic granulite, and calciphyte (Tran Van Tri and Vu Khuc,
2009). Metamorphic conditions have been estimated at 800—1000°C and 8—11 kbar (Tran Ngoc
Nam et al., 2004; Vu Van Tich, 2005). The age of the Kan Nak Complex remains debated, with
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Figure 1. Geological structure of the study area

estimates ranging from Archean to Paleoproterozoic for the protolith and multiple
metamorphic overprints in the Ordovician and Late Permian—Early Triassic (Nakano et al.,
2013; Tran et al., 2014; Tri et al., 2020).



The central part of the study area is dominated by the Ngoc Linh Complex, which
consists primarily of highly metamorphosed and dismembered gneisses, crystalline schists,
amphibole gneiss, biotite gneiss, amphibolite, marble, and migmatite (Tran Van Tri and Vu
Khuc, 2009). Isotopic ages range from 2541 to 1455 Ma (U-Pb agef relict zircon cores; Tran
Ngoc Nam et al., 1998, 2001) with Nd-Sm TpM model ages of 2400—1200 Ma (Lan et al., 2003),
suggesting a Paleoproterozoic to Neoproterozoic protolith age. The western portion of the study
area comprises he Kham Duc—Nui Vu Complex (medium-P garnet-kyanite-sillimanite schist
and gneiss; Usuki et al., 2004, 2009; Nakano et al., 2007) and the weakly metamorphosed Early
Paleozoic A Vuong Formation (Nguyen Van Trang, 1986). Van Long, 2009b).

A : 5+t SV

Figure 2. Represented lithotectonic assemblages comprising the Ngoc Linh Complex in central
Kon Tum area. A. A thick nappe-style ductile shearing thrust zone with numerous boudinages,
meélange-style bodies of metagabbro (yellow arrows) and pegmatite (light coloured) seen in
Kon Rdy, Kon Tum. Note some mafic boudins constant pre-existing foliation or dikes, which
wrapped around by mylonitic fabrics of the shear zone B. part of Ngoc Linh Complex
comprising of numerous highly deformed boudins of different rock types bounded by high-strain
zone, forming a mélange zone. C. Close-up view of part of Ngoc Linh Complex showing strongly
deformed and dismembered shear structures.



Figure 3. A: Part of a thick high strain zone defined by thorough dismembered and shear rocks, formed
during first generation deformation (DI1), which redeformed by second generation structures (D2)
including northwest trending inclined fold (U2) and shear (F2) seen along a road-cut, Kon Rdy area
(view look northeast). B: Strongly sheared and boudinage heterogeneous lithologic assemblage caused
by first deformation phase that cross-cut by second generation thrust shear (red arrows). C and D:
Close-up view of part of Ngoc Linh Complex showing strongly sheared, mélange-style rocks with various
composition that formed formed during D1. E: sheath folds (arrow) lying parallel to the first generation
schistosity (S1) in Ngoc Linh Complex indicating tectonic transportation during D1 deformation. F: A
system of first generation isoclinal recumbent folds (Ul) with strong axial planes forming first
generation schistosity (S1). The structures observed indicate typical regional fold-thrust style, high-
strain deformation related to collision



Figure 4. A: Relationship between first (S1), second (U2, F2) and third generation (U3) structures
observed in the Kon Ray area showing complicated structural interference pattern, in which the D2
structures forming the dominant structural grain. B: An inclined, northeast verging second generation
anticlinorium (U2) developed in high-grade rocks of Ngoc Linh Complex outcropped at Dak Bla
Hydropower Station (photo looks northwesterly). D: An U2 inclined northeasterly verging anticlinorium
associated with axial-plane oblique brittle-ductile, oblique shearing (F2) exposed atr Dak Bla,
hydropower station. The teeth of D2 shear point towards hanging wall of the shear zone. E and F: F2
shear zones cross-cut and modified F'1 structures observed at southeast of Kon Tum Commun.

All pre-Cenozoic assemblages are intruded by plutons and pegmatitic dykes ranging in
age from Silurian to Triassic (Carter et al., 2001; Nagy et al., 2001; Lepvrier et al., 2004; Trinh
Van Long, 2009b). Despite decades of regional study, no systematic analysis of deformational
geometry, kinematics, and age had been undertaken for the central Kon Tum Massif until
recently (cf. Tran et al., 2014). This paper presents new structural and geochronological data
on the Ngoc Linh Complex, with the aim of constraining its deformation history and tectonic

significance within the regional Paleozoic framework.
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2. Deformation of the Ngoc Linh Complex

Field relations show that the Ngoc Linh Complex is dominated by tectonic contacts
rather than by primary stratigraphic continuity. Different lithologies occur as lensoidal or
boudinage bodies enclosed in strongly foliated gneissic and mylonitic matrices. Regional shear
zones are generally southeast-verging and define imbricate slices in which higher-grade rocks
to the east structurally overlie lower-grade or mixed packages to the west. This style, together
with the occurrence of folded shear fabrics and tectonic mélanges, indicates crustal shortening
accompanied by strong ductile flow and transport toward the northwest—west.

Figure 5. Representative of third generation structures in the Ngoc Linh Complex seen in the
Kon Tum area. A: The interference between D2 folds (U2) and D3 structures including F3 folds
and F3 faults. B: A F3 fault infilled by quartz veins being cut by a fourth generation fault.

Figure 6. A: A northwest trending brittle, fault zone forming a positive flower structure cross-
cut granitic rocks of Ben Giang — type complex seen in southwest of Kon Tum commune. B: A
disserted en-echelon, dextral strike slip brittle fault of fifth generation observed at Dak Bla
Hydropower Station

The first deformation (D1) is the most pervasive and is responsible for the penetrative
schistosity S1, mylonitic foliation, asymmetric transposition fabrics, isoclinal to recumbent
folds, sheath folds, and intense tectonic dismemberment. D1 fabrics define the main collisional
architecture of the complex. They record emplacement of the Kan Nack Complex above the
Ngoc Linh Complex and, in turn, structural telescoping of the Ngoc Linh Complex over
younger and lower-grade western packages. The abundance of tectonic slices, strong shearing,
and repeated rock packages suggests that the present outcrop pattern reflects ductile thrust
stacking rather than original sedimentary order.
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The second deformation (D2) folds and reworks D1 structures. It produced tight to
chevron-style folds, northwest—southeast structural grain, and brittle—ductile reverse to oblique
shear zones that locally cut or rotate earlier fabrics. In many outcrops, D2 is recognizable where
S1 and earlier fold hinges are bent into later inclined folds. D2 therefore explains much of the
current map-scale structural trend of the central Kon Tum Massif. On a regional scale, this event
is compatible with the widespread Permian—Triassic reworking recognized elsewhere in the
massif during Indosinian tectonism (Osanai et al., 2004; Nakano et al., 2013; Faure et al., 2018).

The third deformation (D3) is expressed by open to gentle upright folds and by localized
brittle to brittle—ductile faults. Although D3 complicates interference patterns locally, it does
not erase the dominant D1-D2 architecture. Deformations D4 and D5 correspond to younger
brittle faulting and fracture-zone development. These later structures include normal, reverse,
oblique-slip, and strike-slip faults that affect both metamorphic and intrusive rocks. Their
influence is mainly local and geomorphic rather than regional-scale structural reorganization.

3. Tectonic implications

The structural evidence summarized above favors interpretation of the Ngoc Linh
Complex as an exposed remnant of an Early Paleozoic collisional belt in east-central Indochina.
The strongest argument is the D1 architecture: pervasive ductile thrusting, tectonic stacking of
contrasting metamorphic packages, mélanges, and transport-parallel sheath and isoclinal folds.
This structural style is much easier to explain by collisional shortening than by simple late
extensional exhumation. Independent regional studies have documented Ordovician—Silurian
magmatism and Early Paleozoic metamorphism in central Vietnam, supporting a Paleozoic
orogenic framework for the earliest penetrative deformation (Usuki et al., 2009; Jiang et al.,
2020; Burrett et al., 2021).

At the same time, the Ngoc Linh Complex was unquestionably reworked during later
tectonothermal events. Permian—Triassic high-grade metamorphism, granitoid emplacement,
and renewed deformation overprinted earlier fabrics across much of the Kon Tum Massif
(Osanai et al., 2004; Nakano et al., 2013; Bui et al., 2020). In the study area, this reworking is
best represented by D2, which imposed the present northwest—southeast structural grain upon
an older collisional template. The complex therefore records a two-stage history: construction
of a collisional crustal stack in the Early Paleozoic, followed by strong Indosinian thermal and
structural modification.

This interpretation is significant for regional tectonics because it bridges the gap
between local field observations in the Ngoc Linh area and broader models for the assembly of
the eastern Indochina Block. In particular, the deformation style of the Ngoc Linh Complex is
compatible with Early Paleozoic convergence linked to the Proto-Tethyan realm, whereas later
Permian—Triassic tectonothermal overprinting reflects intracontinental reworking during the
Indosinian event. The Ngoc Linh Complex thus preserves both the constructional fabric of an
older orogen and the overprint of a younger regional thermal—tectonic pulse.

4. Conclusions

1) The Ngoc Linh Complex is a tectonically assembled, strongly dismembered
metamorphic package rather than a simple coherent stratigraphic unit.

2) Five deformational events are recognized, but D1 and D2 are the key events
controlling the present architecture.



3) D1 produced the principal collisional fabric set, including S1 schistosity, mylonitic
thrust zones, mélanges, and isoclinal/sheath folds related to tectonic stacking.

4) D2 refolded and reactivated D1 structures and generated the dominant northwest—
southeast regional grain of the central Kon Tum Massif.

5) The Ngoc Linh Complex is best interpreted as an exposed remnant of Early Paleozoic
collisional tectonism that was substantially reworked during Permian—Triassic Indosinian
tectonothermal events.
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