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ABSTRACT

The mineral assemblages, chemistry, and textures of igneous rocks can record crucial information on
magmatic processes in transcrustal magmatic systems. To effectively identify such processes, we present
systematic petrological, mineralogical, and geochronological data for a suite of lamprophyre dikes that
intruded early flood basalts in the Tuoyun basin ofWestern Tianshan. The lamprophyre dikes show ocean
island, basalt-like trace element patterns and depleted Sr-Nd isotope compositions, suggesting that they
were derived from a depletedmantle source. Apatite U-Pb dating reveals that the lamprophyre dikes were
emplaced at 66 Ma. These lamprophyre dikes consist of three groups of mineral assemblages: (1) Type-I
Clinopyroxene (Cpx); (2) Amphibole (Amp) core and Apatite (Ap); and (3) Amp rim, Type-II Cpx,
K-feldspar (Kfs), and Plagioclase (Pl). These mineral assemblages are in chemical disequilibrium and
correspond to threemagma reservoirs within the transcrustal magmatic system. Textural and geochemical
features demonstrate that Type-I Cpx represents antecrysts captured from lower crustal crystal mushes.
The Amp cores have the same rare earth element patterns as their enclosed Type-I Cpx inclusions,
demonstrating that the cores were produced through peritectic reactions consumingCpx. The third assem-
blages occur as microlites formed by shallow crystallization of evolved melts. Thermobarometric calcu-
lations suggest a lower crust magma reservoir at 20–30 km depth, a middle crust magma reservoir at
∼15 kmdepth, and a shallow upper crust magma reservoir at<5 kmdepth, making up amagma plumbing
system of the lamprophyre dikes. The transcrustal magmatic system involves multiple stages of
open-system processes, including the recycling of early-formed crystals, multiple magma replenishment,
peritectic reactions, and crystal fractionation, resulting in the formation of lamprophyre dikes.

Keywords: Lamprophyre dikes, transcrustal magmatic system, antecrysts, peritectic reactions,
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INTRODUCTION

Magmatic systems form in various tectonic settings by
magma fluxing into and through the crust, forming intrusive
rocks and volcanic activity. Geophysical, geochemical, and
petrological studies demonstrate that the magma reservoirs dom-
inantly consist of crustal mush that may be stored at near-solidus
temperature conditions (e.g., Cashman and Blundy 2013;
Cooper and Kent 2014; Costa et al. 2010; White and
McCausland 2016). A conceptual model, known as the tran-
scrustal magmatic systems, has been promoted recently
(Cashman et al. 2017; Edmonds et al. 2019; Sparks et al. 2019).
This model emphasizes the presence of multiple magma reser-
voirs that develop throughout the crust within a volumetrically
dominant crystal mush system. In a transcrustal magmatic sys-
tem, the high ambient temperature and low-viscosity melts in the

lower crust promote pronounced compaction-driven melt segre-
gation and reactive flow. Consequently, destabilization of melt
lenses is anticipated in the middle crust, leading to episodic and
rapid magma recharge to upper crustal magma reservoirs
(Cashman et al. 2017). Mafic and intermediate to silicic mag-
matic systems exhibit distinct differences in chemical composi-
tions, physical properties, and eruptive behavior (e.g., Cashman
and Giordano 2014). Previous studies suggest that intermediate-
to-silicic magma systems often involve multiple magma reser-
voirs, while mafic magmasmay either erupt directly from source
to surface or involve fewer magma reservoirs, due to the faster
ascent of mafic magmas compared to felsic magmas, as well as
their lower viscosity, greater fluidity, and ability to exploit exist-
ing fractures in the crust (e.g., Bachmann and Huber 2016;
Bryan et al. 2010). However, recent studies suggest that mafic
magmas can indeed formmultiplemagma reservoirs (e.g., Ubide
et al. 2014a, 2014b, 2019; Xing and Wang 2020). The develop-
ment of these reservoirs is influenced by factors such as the local
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