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The Widespread Distribution of a Novel Silica 
Polymorph in Microcrystalline Quartz Varieties 

An x-ray examination of more than 150 specimens of fine-grained quartz varieties 
from around the world has revealed that more than 10% and as much as 80% of the 
silica in many samples is actually moganite, a little-known silica polymorph. Rietveld 
refinements of 5 0  powder x-ray =action patterns produced by fibrous quartz (agate, 
chalcedony) and nonfibrous quartz (chert, flint) indicate that the concentrations of 
moganite within each subgroup are widely distributed. The large amount of moganite 
(>30%) found in cherts from arid, akaline environments may resurrect length-slow 
silica as an indicator of evaporitic regimes, and the absence of moganite in weathered 
and hydrothermally altered silica samples may be a useful measure of fluid-rock 
interaction. 

B ECAUSE IT COMPRISES 12% OF THE 

earth's crust by volume, quartz 
(SiO,) demands the attention of 

earth scientists by virtue of its sheer abun- 
dance, and it probably has been more ex- 
haustively investigated than any other min- 
eral. Moreover, the piezoelectric nature and 
high quality factor of quartz account for its 
immense popularity as an electronic oscilla- 
tor. Quartz in microcrystalline form is com- 
mon to a wide variety of geological settings, 
and it lqng has been valued in the form of 
such semiprecious gems as onyx, jasper, and 
agate. In light of the intensive scrutiny 
quartz has received, many scientists may find 
it surprising to learn that most microcrystal- 
line quartz varieties consist not only of 
quartz but also of a distinct silica polymorph 
called moganite. 

We examined more than 150 samples of 
fine-grained silica from the mineral collec- 
tion of the U.S. National Museum of Nat- 
ural History using automated powder x-ray 
diffraction techniques. Virtually every pat- 
tern produced by microcrystalline quartz 
samples contained some peaks that could be 
attributed only to moganite, a phase identi- 
fied and described in the rnid-1970s by 
Florke et al. (1) from the ignimbrites of the 
Mogan formation on Gran Canaria. Later 
work revealed trace quantities of moganite 
in some samples of flint and chalcedony (2), 
and the moganite structure was refined by 
means of powder neutron diffraction ( 3 ) .  
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Nevertheless, the occurrence of this mineral 
is not well known, and there has been 
skepticism as to whether it is even a distinct 
phase. As evidence, moganite has not yet 
been approved by the Commission on New 
Minerals and Mineral Names (4). 

Historically, microcrystalline quartz vari- 
eties have been classified into a veritable 
menagerie of subspecies (5 ) ,  and the distinc- 
tions separating these groups are highly 
arbitrary. We refined 50 of the 150 diffrac- 
tion patterns produced by fine-grained 
quartz samples using the Rietveld technique 
(6) to determine whether fine-grained 
quartz varieties are distinguishable on the 
basis of moganite content. This approach 
allowed us not only to corroborate the pres- 
ence of the additional silica phase but to 
quantify the amount of moganite contained 
within the various classes of fine-grained 
quartz (7). 

The specimens were separated into fi- 
brous and nonfibrous varieties, as ascer- 
tained with the petrographic microscope. 
Fibrous varieties were further divided into 
agate, which occurs in concentrically banded 
nodules, and chalcedony, which typically 
displays no banding. Nonfibrous varieties 
that displayed the gray color and unctuous 
texture associated with flint were classified 
accordingly, and all other samples were la- 
beled generically as chert. 

With the exception of the Arkansas nova- 
culite, Rietveld refinement of these micro- 
crystalline silica varieties revealed that at 
least some moganite was present in every 
unaltered specimen (Fig. 1). In light of the 
natural abundance of fine-grained quartz, 
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cannot be used as a means of classification. 
Both agate and chalcedony exhibited a range 
of moganite contents from somewhat more 
than 20% (by weight) to less than 5%, 
although within our limited sampling the 
chalcedonies as a group tended to contain 
more moganite than the agates. The samples 
labeled as chert displayed an even wider 
variation, from more than 75% to less than 
5% moganite. With the exception of the 
specimen from the Deep Sea Drilling Proj- 
ect (DSDP), the flint samples uniformly 
contained between 13 and 17% moganite. 
Although they occur in different countries, 
these flint samples are from the same geo- 
logical unit; they occur as nodules from the 
Upper Cretaceous chalk beds that cover 
much of western Europe. 

This range of distribution would seem to 
indicate that moganite can form under os- 
tensibly different environmental conditions. 
Specimens containing more than 20% 
moganite include an agate from Denmark, 
silicified coral from Hillsborough Bay, Flor- 
ida, and chert from Lake Magadi, Kenya. All 
of these samples presumably formed at rela- 
tively low temperatures and pressures, but 
their petrogeneses clearly differ. The agate 
precipitated from silica-rich hydrothermal 
fluids that percolated through gas cavities of 
a volcanic host rock (8, 9). The fossilized 
coral apparently formed by a replacement of 
biogenic carbonate during interaction with 
ground waters that were undersaturated 
with respect to silica (10). The cherts of 
Lake Magadi were produced when ground 
waters leached Na from precursor magadiite 
[NaSi,O,,(OH), 3H20]  (1 1). 

The field of thermodynamic stability for 
moganite thus remains uncertain. The most 
moganite-enriched samples originated from 
Gran Canaria (65 to 85% moganite) and 
Lake Magadi (30 to 45% moganite). Both 
these localities are extremely arid. The chert 
nodules in the ignimbrites of Gran Canaria 
are exposed in caliche-like zones containing 
pockets of gypsum [CaSO, . 2H20]  and 
halite [NaCl]. Likewise, Lake Magadi is an 
evamritic basin with extensive de~osits  of 
alkaline carbonates and hydroxides. Conse- 
quently, the field associations suggest that 
high activities of alkalis, sulfates, or both 
may play a role in the crystallization of 
moganite. 

The affiliation of moganite with evaporitic 
regimes may account for the common asso- 
ciation of length-slow chalcedony, or lute- 
cite, with vanished evaporite deposits (12). 
Moganite is fibrous and virtually indistin- 
pishable from chalcedony with -the petro- 
graphic microscope except that optically 
moganite is length-slow. We suggest that 
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Fig. 1. Plotr of 
weight percent 
moganite m nu- 
c m a y d h  silica 
samples from the 
Mineral Collection 
in the U.S. Na- 
tional Museum of 
Natural History, 
as determined by 
Rietveld refine- 
ment of powder 
x-ray difhction 
patterns. (A and 
B) Fibrous quartz 
varieties; (C) non- 
fibrous quartz va- 
rieties. For each specimen the complemenmy phase was pure quartz. 

. . 

Degrees 28 

Fig. 2. (A) X-ray powder difiaction patterns of pure macroscopic quartz be seen in the chalcedony pattern, but at this scale the patterns appear quite 
from Hot Springs, Arkansas (bottom), and chalcedony from fossilized coral, similar. (B) Enlargement of the above diffraction pattern more clearly reveals 
Hillsborough Bay, Florida, with 22% moganite (top). Peak broadening can extra peaks associated with moganite intergrowths. 

much of the so-called lutecite associated 
with evaporitic minerals actually is mogan- 
ite, although our experiments demonstrate 
that some length-slow silica does refine as 
quartz. Indeed, the term lutecite was fabri- 
cated as a new mineral name by Michel-Uvy 
and Munier-Chalrnas (13) to describe a 
length-slow silica phase intimately inter- 
grown with length-fast chalcedony from the 
evaporitic gypsum beds of the Paris Basin. 
The Mineral Collection of the National Mu- 
seum houses material donated in 1895 by 
the Paris Museum and labeled "lutecite" 
from the type locality, Clamart, France. Ri- 
etveld refinement of this specimen revealed 
it to contain 23% moganite and 77% 
quartz. 

It would seem, then, that moganite actu- 
ally is a rediscovery of lutecite, a mineral 
name abandoned by mineralogists but re- 
tained for casual usage among petrologists 
to describe length-slow chalcedony. Miner- 
alogists eschewed the term after powder 
x-ray diffraction experiments of fibrous silica 
in the early part of this century demonstrat- 
ed only the presence of quartz (14). Indeed, 
a comparison of the x-ray powder diffraction 
pattern produced by moganite-rich chal- 

cedony with that of pure quartz (Fig. 2) 
reveals the source of the confusion: Many of 
the major peaks of quartz overlie those of 
moganite, and identification of moganite 
requires extreme magmfication of the pat- 
tern. 

The similarity of the diffraction patterns 
produced by moganite and quartz can be 
attributed to their structural kinship. As was 
first determined by Miehe et al. (3), the 
moganite structure can be envisioned as 
slices of left- and right-handed quartz alter- 
nating at the unit-cell scale along the (101) 
planes. The proposed space group is 12/a 
(=C2/c), and selected-area electron diffrac- 
tion patterns produced by moganite (2 )  
exhibit the doubled periodicity along 
[ lo l l*  required by the model. 

Our sampling of specimens from Gran 
Canaria indicates that moganite occurs as 
two phenotypes. The first, described by 
Florke et al. (I), is massive, nodular or 
seam-filling, and macroscopically indistin- 
guishable from chert. We observed a second 
variety as a white powder surrounding se- 
lected nodules in a coating approximately 
0.5 cm thick. Rietveld refinement of these 
unconsolidated powders revealed that they 

are the purest samples analyzed, containing 
more than 80% moganite. In transmission 
electron microscope images of this material 
(Fig. 3), individual grains appear to be 
composed of laths that measure 100 A thick 
and 0.5 km long. In some instances these 
laths overlie one another at an angle of 49" 
in projection; this pattern creates an unusual 
chevron-like texture (15). 

Fig. 3. Transmission electron microscope image 
of purest moganite sample recovered from Gran 
Canaria (83% moganite) indicates that particles 
are composed of individual laths approximately 
100 A thick. 
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Although nearly all of the unaltered spec
imens that we examined contained some 
moganite, six samples known to have been 
exposed either to surface weathering or to 
hydrothermal fluids revealed virtually no 
moganite upon Rietveld refinement. Chal
cedony stalactites, jaspers from Precambrian 
banded iron formations, and the weathered 
white rinds of agate nodules refined as pure 
quartz. This observation suggests that either 
moganite readily recrystallizes to quartz in 
the presence of water or that moganite has a 
higher solubility in water than does quartz. 
Boiling 10 g of powdered chert containing 
73% moganite in a flask of water for 2 
months at surface pressure induced no mea
surable change in the relative concentrations 
of the two phases. However, numerous 
studies (16) have demonstrated that chal
cedony is significantly more soluble than 
macrocrystalline quartz in water. In light of 
the ubiquitous presence of moganite in chal
cedony, we suggest that the higher solubility 
of chalcedony may be attributed to its 
moganite component. Our results indicate 
that moganite is so prevalent in unaltered 
specimens that its absence in microcrystal-
line quartz varieties may be useful as an 
indicator of fluid-rock interactions. 
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speculation that extraterrestrial impacts had 
a role in other mass extinction events (17). 
In order to investigate the possible connec
tion between the T-J extinctions and a pos
sible impact event, it is necessary to locate 
the ejecta from the impact within a fossil-
bearing stratigraphic sequence, a task made 
difficult by the apparent scarcity of complete 
T-J sections (8). 

In this report, we provide evidence that 
suggests a contemporaneous relation be
tween impact ejecta and extinctions from a 
boundary section in the II Fiume gorge near 
the village of Corfino in Northern Tuscany. 
In this region, die T-J boundary is consid
ered to occur at the stratigraphic contact 
between the uppermost Triassic ("Rhaetic" 
or upper Norian) Calcare a Rhaetavicula 
and the Lower Jurassic (Hettangian) Cal
care Massiccio (18, 19). 

At Corfino, Rhaetic limestones consist of 
two principal fades: about 80% of the sec
tion is skeletal packstone and wackestone; 
the remaining 20% is biomicrite and sparse 
biomicrite (Figs. 1 and 2A). Calcareous 
shale is interbedded with the limestone. The 
skeletal packstone-wackestone facies is abun-

Shocked Quartz at the Triassic-Jurassic 
Boundary in Italy 
D. M. BICE, C. R. NEWTON, S. MCCAULEY, P. W. REINERS, 
C. A. MCROBERTS 

Quartz grains that appear to have been shock-metamorphosed occur within three 
closely spaced shale beds from the uppermost Triassic ("Rhaetian") Calcare a Rhae
tavicula in the Northern Apennines of Italy. The upper shale coincides with the abrupt 
termination of the distinctive, uppermost Triassic Rhaetavicula fauna and is overlain by 
the Hettangian (Lower Jurassic) Calcare Massiccio; no extinctions appear to be 
associated with the two lower layers, which occur 1.2 and 2.4 meters below the 
boundary shale. Approximately 5 to 10% of the quartz grains within these layers 
exhibit one or more sets of planar deformational features whose orientations cluster 
around the rational crystallographic planes (basal, co, and ir) most commonly observed 
in shocked quartz. Textural and stratigraphic observations support an interpretation of 
at least three closely spaced impacts at the end of the Triassic. 
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