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SUPPORTING RESULTS OF THE HOROMAN PERIDOTITE COMPLEX 

Textural development of symplecEte texture of the Horoman PeridoEte 

The vermicular intergrowths of the Horoman symplecOtes have aPracted considerable interest, 
parOcularly with regard to the reacOon kineOcs governing their formaOon. Obata (1997) conducted 
quanOtaOve digital image analysis and staOsOcal correlaOon methods, following the framework 
established by Morishita and Obata (1995), to characterize symplecOte microstructures; this approach 
led to a structural evoluOon model, that elucidates the observed heterogeneity in grain size, 
morphology, and spaOal mineral distribuOon. Morishita (1998) introduced a stochasOc cellular automata 
framework designed to reconstruct the kineOc evoluOon of lithological textures, effecOvely 
parameterizing spaOal and temporal informaOon. To validate the stochasOc model, Morishita (1998) 
analyzed the textural maturaOon of Horoman symplecOtes, employing a staOsOcal comparison based on 
normalized spaOal correlaOon formalisms and the scaling properOes of cluster-size distribuOons. 

The symplecOte minerals in the Horoman MHL lherzolite appear to be three-dimensionally 
conOnuous based on observaOons using SEM and micro-CT images (Morishita, 2000b; Morishita et al., 
2003b). SEM-EDS study confirmed that the symplecOte minerals exhibit systemaOc crystallographic 
topotaxial relaOonships, where the (100) and (010) planes and axis of both orthopyroxene and 
clinopyroxene are nearly idenOcal, and these planes align closely with the {111} and {101} planes of 
spinel, respecOvely (Odashima et al., 2008). The observaOon that the symplecOte is enclosed within a 
fine-grained (100–200 μm) mineral aggregate (lenOcular seam) indicates a two-stage decompression 
history. An iniOal slow, diffusion-controlled reacOon under low supersaturaOon formed the fine-grained 
aggregate. This seam subsequently prohibited direct garnet-olivine contact, maintaining a relict garnet 
core. The final formaOon of the symplecOte was likely triggered by subsequent deformaOon thinning the 
seam, leading to a rapid, high-supersaturaOon transformaOon of the relict garnet.  See Odashima et al. 
(2008) for more details. 

 

Comprehensive geochemical results from the Bozu SecEon samples 

Since Takazawa et al. (1992) reported the results of samples collected from the Bozu secOon, 
these samples have been used for further analysis. Here, we briefly introduce the geochemical results 
from the Bozu secOon.  

Lai et al. (2015) performed Mg and Li isotope analyses. Mg isotopic composiOons remain stable 
among samples, δ26Mg = 0.23 ± 0.04 ‰ (2SD, n = 17), despite variable degrees of parOal melOng and 
local metasomaOsm. The observed constancy of δ26Mg suggests that chemical change by melt 
infiltraOon were insufficient to induce detectable Mg isotope fracOonaOon (exceeding the external 



precision of 0.03 ‰). This value is consistent with the esOmated values for the primiOve mantle and the 
Bulk Silicate Earth.  

Normal-type samples constrain the Li isotopic composiOon of the ferOle upper mantle to an 
average of δ 7Li = 3.8 ± 1.4 ‰ (2SD, n=9), with an average Li concentraOon of 1.1 ± 0.3 ppm. The 
consistency of this value with previous esOmates from xenoliths and N-MORB provides strong 
reassurance regarding the reliability of the esOmated mantle δ7Li reservoir. 

This study also confirmed spaOally localized areas coinciding with incompaOble element 
enrichment (Takazawa et al., 2000) that exhibit anomalously low δ7Li values -0.2 ‰ to 1.6 ‰). This 
signature can be explained by kineOc isotopic fracOonaOon where the lighter isotope, 6Li, preferenOally 
diffused faster than 7Li from high-[Li] metasomaOc agents into the host peridoOte mineral. Diffusion 
modeling suggests that the preservaOon of local low δ7Li signature would be erased by conOnued 
diffusion, requiring the infiltraOon of metasomaOc agent to have been a late-stage event. Based on 
diffusion modeling, the maximum cooling duraOon of the massif from the assumed peak metasomaOc 
temperature (950°C) to the Li closure temperature (700°C) is approximately 0.3 Ma, indicaOng the rapid 
emplacement rate and upliq history of the Horoman PeridoOte Complex.  

Anguelova et al. (2022) performed Ti isotope analyses. The Bozu HML samples exhibit a vast 
range in δ49Ti values, spanning 2.07 ‰ (from −1.523 ±0.029‰ to 0.547 ± 0.015‰). This variaOon in Ti 
isotope demonstrates significant small-scale Ti isotope heterogeneity within the Bozu secOon, 
contradicOng the narrow range typically observed in most primiOve mantle-derived magmas. ConOnental 
crust-like heavy Ti isotope composiOons observed in the Bozu HML samples (up to 0.547 ‰) are 
negaOvely correlated with Nb/Th and are likely induced by metasomaOsm. This suggests that isotopically 
heavy Ti was inherited from subducted terrigenous sediments. Highly refractory harzburgites with low Ti 
contents exhibit anomalously light Ti isotope composiOons (δ49Ti down to −1.523 ± 0.029 ‰). These light 
signatures are aPributed to kineOc diffusion-driven isotope fracOonaOon during fluid/melt percolaOon, 
where lighter Ti isotopes preferenOally diffuse into the peridoOte. Significant Ti isotope fracOonaOon is 
found between coexisOng clinopyroxene and orthopyroxene (Δ49Tiopx-cpx =0.16 ‰−0.29 ‰). This inter-
mineral disequilibrium can be explained by non-equilibrium fluid/melt-rock interacOon (e.g., preferenOal 
diffusion of light Ti isotopes into clinopyroxene). 

 

Micro PlaEnum-Group minerals: ImplicaEons for “nuget effect” 

Kogiso et al. (2008) conducted microbeam synchrotron radiaOon X-ray fluorescence (SR-XRF) 
analysis on a MHL lhezolite and idenOfied nine grains of PGM microphases ranging from approximately 1 
μm to 10 μm in maximum dimension within a single thin secOon. All detected PGM microphases were 
located near or within Fe-Ni-Cu sulfides and the Cu-rich rims of the base-metal sulfides. The idenOfied 
microphases exhibited combinaOons including Os-Ir-Pt, Os-Ir, Pt-Bi, Pt-Au, and Au. This was the first 
report of Pt-Au alloys in peridoOtes. This micro-scale heterogeneity is demonstrated to be the likely 
cause of the well-known "nugget effect" in whole-rock PGE analyses, operaOng at the cenOmeter scale in 
the Horoman MHL lherzolite. 

 

Copper-bearing phases and Cu isotopic composiEon 



Kitakaze et al. (1998, 2008, 2011) reported three new Cu-Fe-Ni sulfide minerals—sugakiite 
[Cu(Fe,Ni)₈S₈], horomanite [(Fe,Ni,Co,Cu)₉S₈], and samaniite [Cu₂(Fe,Ni)₇S₈]—within the MHL lherzolite. 
NaOve copper is inOmately associated with these minerals.  

Ikehata and Hirata (2012) performed copper isotope analyses. Primary naOve copper grains and 
the corresponding whole-rock sample (MHL plagioclase lherzolite) yield homogeneous δ65Cu values 
between –0.03 and 0.14 ‰ (whole rock average: 0.05 ± 0.07 ‰). The whole-rock copper concentraOon 
(25 ppm) falls within the typical range for the Earth’s mantle. The observed isotopic homogeneity 
between the primary naOve copper and the whole-rock sample suggests that copper isotope 
fracOonaOon does not occur significantly during magmaOc processes recorded in the Horoman 
peridoOtes. In contrast to the primary naOve copper, secondary naOve copper grains exhibit significantly 
lower δ65Cu values (–0.67 to –0.41 ‰). These secondary grains are texturally linked to replacement by Fe 
oxide, serpenOne, and carbonate minerals during serpenOnizaOon. This isotopic depleOon in secondary 
copper grains indicates the possibility that selecOve preferenOal leaching of the heavier copper isotope 
(65Cu) occurred during the serpenOnizaOon.  

 

 

 


