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Abstract

Idrialite from Skaggs Springs, Sonoma County, California, was studied by microbeam and bulk 
analyses; the former include micro X-ray diffraction (µ-XRD), electron microprobe (EMP), and mi-
cro Fourier transform infrared (µ-FTIR) spectroscopic analyses, and the latter include powder XRD 
analysis, thermogravimetry-differential thermal analysis (TG-DTA), and carbon isotope analysis. 
Careful observation under a stereo-microscope clearly disclosed that the examined sample is com-
posed of yellow and brown parts. The yellow parts were identified as idrialite with high crystallinity, 
whereas the brown ones were confirmed as amorphous matter by µ-XRD. Furthermore, the µ-FTIR 
spectra revealed that the yellow and brown parts contain hydrophobic and hydrophilic compounds, 
respectively. EMP analysis showed no chemical zoning and homogeneous distribution of S-bearing 
molecules in the yellow parts. TG-DTA disclosed that the present idrialite of the yellow part left no 
residue on heating up to 740 °C; this thermal behavior is similar to that of the other natural organic 
matter in liquid states such as petroleum and crude oil. The carbon isotopic composition was analyzed 
using an elemental-analyzer isotopic-ratio mass spectrometer (EA/IRMS). The δ13C value of the idri-
alite is –24.429 ± 0.090‰ (vs. V-PDB), which is akin to carbon isotopic compositions of the typical 
higher-plant triterpenoids contained in sedimentary organic matter.

Both the yellow part (idrialite) and brown part (amorphous organic matter) occur on the coexist-
ing minerals (opalline silica, metacinnabar, and siderite); the textural relationship indicates that the 
organic matter precipitated after crystallization of the associated minerals. Thus, it is suggested that 
the organic molecules were migrated by hydrothermal fluids and then separated into hydrophobic 
(idrialite) and hydrophilic (amorphous organic matter) molecules during the cooling process. Follow-
ing the separation, idrialite was crystallized and then the amorphous organic matter was precipitated 
at the final stage of the hydrothermal activity.
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Introduction

Idrialite, also called curtisite (Wright and Allen 1930), was 
named and first described by Dumas (1832) from the Idrija 
mercury deposit in Slovenia (formerly Yugoslavia). The mineral 
was identified as a molecular crystal of picene (C22H14: Fig. 1a, 
one of polycyclic aromatic hydrocarbons, or PAHs) on the ba-
sis of chemical composition, melting point, infrared spectrum, 
and X-ray powder diffraction pattern (Frank-Kamenetskii and 
Maleeva 1953; Servos 1965; Strunz and Contag 1965). All 
these authors concluded the crystal system to be orthorhombic. 
However, the single-crystal X-ray diffraction study by De et 
al. (1985) revealed that the crystal structure of highly purified 

picene is monoclinic.
Geissman et al. (1967) reported that idrialite from Skaggs 

Springs, Sonoma County, California, consists not only of picene 
molecules but also chrysene (C18H12: Fig. 1b). In addition, 
idrialite from the same locality contains both N-bearing PAHs 
(NPAHs) and S-bearing PAHs (SPAHs), as well as PAHs, as 
confirmed by liquid chromatography-mass spectrometry (LC-
MS) analysis (Blumer 1975). Afterward, the applications of both 
high-resolution gas chromatography-mass spectrometry (GC-
MS) and high-performance liquid chromatography (HPLC) by 
Wise et al. (1986) revealed that idrialite from the same locality 
consists of five specific PAHs and one SPAH structural series 
(Fig. 1). Thus, it is reasonable that the incorporation of PAHs 
other than picene into the crystal structure of idrialite causes the 
difference in crystal system between idrialite (orthorhombic) 
and highly purified picene crystals (monoclinic). However, 
the chemical zoning in idrialite was described by Grinberg and 
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