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The petroleum industry’s use of horizontal drilling and hydraulic fracturing technologies has 
changed organic-rich mudstones, like the Devonian Marcellus Formation, from conventional 
hydrocarbon sources and seals to unconventional ‘shale gas’ reservoirs.  Organic-richness and 
formation brittleness are two principal components of reservoir quality assessment, as the former 
is indicative of the amount of hydrocarbons present [1] [2], and the latter is indicative of 
hydrocarbon accessibililty via hydraulic fracturing [1].  Interestingly, organic matter is associated 
with authigenic quartz [3] [FIG. 1], a primary brittle component within mudstone; therefore the 
nature of the organic-quartz association is critical to better understanding shale gas reservoirs.   
 
Argon-ion milling and field emission scanning electron microscopy / energy dispersive X-ray 
spectroscopy was performed on a thermally mature (1.4% vitrinite reflectance) Marcellus 
Formation sample from Ritchie Co., WV (11% TOC by weight; 24% TOC by volume) and 
revealed nanometer-scaled quartz crystallites (~125 nm aggregates of smaller <50nm ‘blobs’) in 
a chain morphology within algal bituminite fractures, associated with authigenic ‘in situ’ quartz silt 
[FIG. 1A.].  In three dimensions, the chain of nanoquartz likely forms a ‘lattice’-like rigid skeleton 
within algal bituminite [FIG.1B;C]. 
 
Bacterial metabolism has been shown to mediate silica dissolution [4] [5] [6] and later 
biomineralization [7] [8], suggesting both ‘in situ’ quartz and ‘nano-quartz lattices’ (NQLs) are 
biogenic and formed during eogenesis.  Previous laboratory observations [9] indicate bacteria can 
mediate the biomineralization of nanometer-scaled amorphous silica globules, often as chains 
bound to organic matter [FIG. 1D]; I hypothesize an analogous process results in the NQLs 
observed in the Ritchie County Marcellus sample.  
 
The implications of NQLs within organic macerals are: 1) where present, NQLs constitute a 
previously unrecognized volume of quartz which, due to the individual cystallite’s nano-scale and 
the intimate association with organic matter, is unobservable with light microscope, standard 
automated SEM analyses (e.g. QEMSCAN), and likely even XRD; 2) NQLs, if mineralized during 
eogenesis appear to preserve, by partial-cementation, original algal microstructures as 
intraorganic fracture nanoporosity; 3) NQLs likely represent planes of rigidity by which organic 
macerals might cleave, shear, or otherwise fail upon hydraulic stimulation and therefore may be 
the first high permeability pathway connecting intraorganic nanoporosity with hydraulic fractures 
and eventually the well bore.  
 
Given the volume and spatial arrangement of organics in the Marcellus’ organic-rich intervals, 
and given that organic matter (via intraorganic nanoporosity) appears to contain the majority of 
the system’s retrievable hydrocarbons [1] [2] [10] [11] the realization that some organic matter 
itself is prone to structural failure is important.  Further analyses are necessary to evaluate the 
prevalence of the NQL phenomenon. 
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FIG. 1. FESEM photomicrographs (A; B; C) of ‘
(a) associated with algal bituminite (b). Emanat
grain is a ‘nano-quartz lattice’ (NQL) of ~250nm
crystallites (c) which appear to be aggregates o
blobs similar in size, morphology and organic-a
silica globules (d) biomineralized by bacteria (in
micrograph (D) [9]).  Quartz was verified by FES
analyses.  NQLs appears to be preserving alga
as intraorganic fracture porosity (e).  Algal bitum
abundant intraorganic nanoporosity (f). 
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