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Aesrnacr
An occurrence of silica-fluorite pseudomorphs, closely related to intrusions of basalt,

has been observed in Los Angeles county, california. The prevalent form is a simple
cube, with an occasional modifying tetrahexahedron (210). A rather odd form of built-up
or "platy" cubes, was observed at one locality.

The material of the pseudomorphs is in great part finely fibrous silica, either ,,Ieathery,,,
or intricately interlocking aggregates of frbrous grains. rn part the silica is in the form of
normal quartz grains, which may be more or less replaced by later fibers. A distinct zonal
arrangement is not uncommon. optical and *-ray evidence leads to the conclusion that
the apparently difierent fibrous forms of silica are due to variant orientations of micro-
crystalline quartz.

INrnooucrroN

Recently the writer has had the privilege of investigating an occur_
rence of pseudomorphs of quartz and chalcedony after fluorite. These
have not been hitherto reported from california, and the occurrence
presents some interesting and unusual features.

A search through geologic literature brings to light a moderate number
of examples of the pseudomorphic repracement of fluorite by quartz or
chalcedony. some seventeen localities for this combination have been
noted, a few of which, however, are described as incrustations, and which
perhaps should not properly be classified as pseudomorphs.l

1 Haidinger W., Der rothe ..Glaskopf,,, 
eine pseudomorphose nach braunen, nebst

bemerkungen iiber das vorkommen der wichstigsten Eisenhaltigen Mineral-spezies in
der Natur:Abstr.in Neues Jahrb. Min., 1g47, p.66 llohann_Georgenstadt, Saxonyl.

Sillem A., Ueber Pseudomorphosen: Neues Jahrb. Min., lBSl, p. 3g5 [Zinnwald,
Bohemial.

Sillem A., Bericht iiber eine sammlung von peudomorphosen: Neues Jahrb. Min.,
1852, p. 513. [Brioude, Haute Loire; Cornwall; Ttesztya, Transylvania; Schneeberg,
Saxony; Schwartzenberg, Thuringia].

La Croix A., Mineraur d,e France et ses colonies, vol. II,p, 179,p. 7g3. [Arouze and
la Tourette, Haute Loire; Arne, Normandy; Morhiban, Brittany; various points in Loire
fnferieure, Nidvre, and Sa6ne et Loire].

Miers II. A., Some British pseudomorphs: Abstr. in Zeit. Rrisf., vol. 31, 1g99,
p. 192 [Cornwall].

Miers H. A., and Bowman H. L., MineroJagy, New york, 1929, p.433 [Tresztya];
. 

credner, Pseudomorphosen von euarz nach Frussspat, von Bischofsrode, bei Schreus-
imgen: Neuu f ohrb. Mi.n.,lg59, p. 7b9.
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GBnBnnr. GBor,ocv

The principal occurrence of the pseudomorphs is near the town of
Encino, on the north slope of the Santa Monica Mountains, in Los

Angeles County, California. A second locality is about four miles to the

eastward, near the head of Higgins Canyon, and Iikewise on the northern
margin of the mountains. The geology of the region in general has been
rnapped by Hoots,2 who has shown this to be an area of Miocene sedi-
mentary rocks, dipping to the north, and intruded by basalt. Detailed
mapping shows that locally there has been developed a secondary dome-
like structure on this northward-dipping series. The sediments are
mainly thick-bedded, coarse arkosic sandstone, with a Iittle intercalated
shale, and occasional lenses of limestone carrying Pecten peckhami'. This
fossil, and the general correlation with surrounding territory, indicates
a general Middle Miocene age (Topanga or Modelo).

fntruded into the sandstone, and probably causing its doming, is a

thick, Iaccolithic mass of basalt, which has a surface outcrop about one
hundred by four hundred yards. A thin-section of the fresh rock shows
that it is largely made up of minute laths of twinned feldspar (probably

andesine), with a few irregular grains of olivine and a very subordinate
amount of glassy groundmass. A sub-parallel arrangement of the larger
feldspars indicates flowage of the magmaatter partial solidification. The
basalt shows no evidence of primary quartz, though quartz-bearing
basalts are known in the Santa Monica Mountains.

The basalt was very thoroughly shattered, perhaps during the cooling
process, though no regular joint systems are observable, and in some
places it is so weathered along the joints as to resemble a volcanic brec-
cia. It has baked and reddened the sandstone, particularly along the up-
per (southern) edge, for a distance of at Ieast twenty feet from the con-
tact. This intrusion, and its associated fractures apparently ended vigor-
ous diastrophism at this locality, for veins, filling the fractures, are not
broken or disturbed by later movement. These veins, from their field
relations, are clearly connected in origin with the basalt. In adclition to
the larger mass, there are several other sill-like intrusive bodies, some
with diabasic texture. These are mostly badly weathered, and likewise
show no indication of original quartz.

Jumbo K., Some Korean and Sakhalin Minerals: Abstr. Neues f ahrb. Min.,1908' fI,

p. 334 [Sakhalin].
Redlich K. A., Mineralogische Mittheilungen: Neues Jahrb. Mi,n., 1899,II, p. 218.

[Cinque Valle, South Tyrol].
Laubmann H., Ueber Pseudomorphosen von Quarz nach Kalkspat aus den Flusspat-

gangen am Wolsenberg in der Oberpfalz: Centralbl. Min., 1913, p. 355.
2lloots H. W., Geology of the Eastern part of the Santa Monica Mountains, Los

Angeles County, California: U. S. Geol. Su,ro., Prof. Paper 165-C.
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OccunnpNcp ewo TvpBs ot PsBupouoRpHS

In the sandstone there are, as noted, numerous irregular fractures,
most of which are now filled, or partially filled, with chalcedony or
crystalline qtartz, the latter forming drusy surfaces in the open spaces.
It is in these veins that the pseudomorphs occur, usually at scattered
points close to the contact of the intrusive, but in one important locality
at a considerable distance from the nearest outcrop of the main body of
the basalt, though close to the termination of one of the small diabase
sills. At the Higgins Canyon locality there is no indication of igneous
rock for at least one fifth of a mile from the point of discovery.

Locolity "B"

At this place a rather pronounced zone of jointing cuts at a high angle
across the bedding of the sandstone, which here dips some 10o to 15o
to the north. The veins are developed in this fracture zone,and form a
close network, or stockwork, of chalcedony and quartz, some of which
is pseudomorphous after fluorite. A diligent search in this area and at all
other occurrences has failed to reveal the least trace of the original
fluorite, which has evidently been completely removed.

Where the pseudomorphs occur, they are relatively abundant in the
fissures where filling has not been complete, and there has been space
for the free development of crystal faces. Even where the fissures have
been completely filled, the outlines or "ghosts" of crystals may often
be observed in the solid chalcedony, and it is not improbable that the
fluorite was really much more widespread than at first appears, and has
been covered by the later chalcedony. These buried pseudomorphs mav
also be observed in some of the thin-sections (Fig.3). The megascopic
character of the replacement and the consequent degree of perfection
of the resulting forms, has been quite variable. The variations occurring
at Locality "B" may be grouped into the following types:

(a) Perfect crystal forms, frequently translucent, with shiny faces and sharp edges
and corners (Fig. 1).

(6) Crystals with sharp edges and corners, but with dull, though smooth, faces.
(c) Similar to 6, but with occasional rectangular or square, clear shiny areas, or small

inset cubes of clear material. (Not a common type.)
(d) Crystals with slightly rounded edges, and very dull, or even white, enamelJike

surfaces (Fig.  ).
(e) A series oI forms with increasingly rounded edges, becoming more and more

botryoidal, till the edges and corners are bounded by a series of part-giobular surfaces,
resembling a string of mutually interfering beads. The faces of such specimens are of course
finely botryoidal also.

(/) Similar to type e, but coated over with a crust of minute quartz crystals. One speci-
men showed a single individual pseudomorph partly "sugared" with quartz and partly
plain botryoidal (Figs. 2 and 3).



TOURNAL MINER-ALOGICAL SOCIETY OF AMERICA 2I

(g) The extreme type of modification, the forms showing more and more rounded

edges, until by degrees the original forms are merely suggested on the surface, and finally

are completely obliterated.
(Z) Aggregates of type a or 6 crystals, built up into towerlike or rounded protuberances

on a crystal covered surface. In these aggregates, there is no particular orientation of the

individuals, which project out in all directions from the core of the group.

Any of these difierent types of pseudomorphs may occur as a drusy

coating over the entire surface, or as more or less widely separated in-

dividuals. The type and mode of occurrence may vary, even within the

limits of a single hand specimen, from closely packed to widely spaced

crystals, or from clean-cut to botryoidal forms. Almost invariably the

crystals are perched on a series of thin layers of chalcedony which coats

the fissure walls, and in some instances are apparently embedded in this

material. Several specimens show minute cubical cavities, iron-stained,

or even filled with limonite, probably pseudomorphous after pyrite.

The largest crystals at this locality do not exceed one quarter inch on

edge, and most of them are considerably smaller. They are usually sim-

ple cubes, with occasional interpenetration twins parallel to the octa-

hedron, but a few individuals show a modifying tetrahexahedron (210).

No other forms were observed, but these characteristics render reason-

ably certain the identification of the original material as fluorite. Some

of the qtrartz crystals from adjacent cavities show a strongly rhombo-

hedral habit, and since the rhombohedron is cuboid (the interfacial

angle is 85'46') these may be mistaken on casual inspection for pseudo-

morphs. The difference in form, shown by closer examination, and the

true vitreous luster of these crystals, serves to distinguish them from

the less brilliant pseudomorphs.
Thin-sections of the pseudomorphs from Locality "B" show in general,

normal microscopic structures, well illustrated by the photomicro-

graphs (Figs. 3, 4,5). Zoning is pronounced in some specimens, and

nearly absent in others. The constituent grains vary in size from 1 mm.

to .005 mm. across, and betray their uniformly fi,brous character by their

ragged extinction under crossed nicols. Only two of the specimens from

this locality showed any indication of originally larger grains replaced

by aggregates. As will be seen, this is in marked contrast to structures

from Locality "A." All specimens from Locality 
((B" if cut normal to the

crust, show underlying layers of chalcedony with colloform texture,

upon which the pseudomorphs themselves are seen to rest' The exterior

coatings of chalcedony are definitely later than the chalcedony of the

pseudomorphs themselves, and show the physical characteristics of the

ordinary mineral. This is in distinct contrast with the underlying layers,

and the pseudomorphs.
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Frc. 1. "B"X 18. Typical specimen ol type a crystals, with simple cubes scattered over a
botryoidal surface. Shows twinning on (111).

Frc. 2. "8"X10. Cube crusted with botryoidal chalcedony and partly "sugared" with
quaftz.

Frc. 3. "8"X34. Same specimen as Fig. 2, thin section with crossed nicols. "Sugared"
cubes. The outline of the cubes themselves is clear-cut, while the crust has rounded and
softened the external outline. Note the variable size of grains in the replacing chalcedony,
with a zonal tendency. In the lower portion of the figure, the border grains tend to be
roughly normal to the surface. The chalcedony of the crust is typical long-fibered material,
in conelike bundles, and is capped by a thin layer of quartz crystals, which show crystal
faces on their outer ends.

Frc. 4. "B"X34. Crossed nicols. Section of type b crystals, showing a thin coating
of very fine-grained material on the surface, then a layer of "feathery" chalcedony, with
the fibers arranged roughly normal to the surface. The idterior shows almost exclusively
fine-grained jasperoid chalcedony.
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Frc.5.  "B"X144.SamespecimenasFig.4,crossednicols.Showsindetai l thetexture
of the jasperoid silica. As may be seen, the grains interlock with each other most intimately,
and by racking the microscope tube up or down, the apparent contact between grains
migrates one way or another, showing that this texture is distinctly three-dimensional.
The extinction of these grains is wavelike, travelling with the rotation of the stage, in-
dicating a fibrous structure.

Frc. 6. "8"X144. Crossed nicols. Vertical section through a crust of a type crystals,
showing the sandstone foundation (1), overlain by a series of layers of chalcedony (2),

which shows a sharp contact with (1), and a less distinct contact with the overlying
crystals (3), which were originally fluorite but are now altered to "feathery" and jasperoid

chalcedony.
Frc. 7, "A"X7. Typical mode of occurrence of "platy" cubes on a botryoidal crust.

Sometimes the crystals are so closely spaced as to cover the surface completely.
Frc. 8. "A"X7. A single individual of the "platy" type. Note the building out of

the cube faces, and the tilting inward of some of ttre slabs. Photograph taken parallel

to a cube axis.

23
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Locality "A"
Here the pseudomorphs occur in the reddened sandstone close to the

basalt contact, and show several decided difierences from those at the
other localities. The crystals are not ordinarily simple, though some
cubes, and some twinned forms, were noted. Instead, they are typically
in a unique form, which is basically cubic, but built up along the cubic
axes so that the form, in profile, frequently approaches the aspect of a
Maltese cross (Fig.8). Built-up crystals are of course rather common in
fluorite, but are apt to produce either octahedral forms with cube faces,

or quite irregular aggregates of parallel growths, in contrast to these
cruciform or "dished" crystals.

The crystals in this locality are practically all translucent or quite

transparent, often with a distinctly bluish cast, and as most of them rest

on a more or less reddened surface, the color efiect is frequently almost
purple. Most of them are superimposed on a thin, botryoidal crust of
chalcedony or of red iron oxide. Many crystals are so transparent that
the underlying crust can be seen directly through them, affording posi-
tive proof that they were formed earlier than this crust.

A thin-section of some of the "platv" crystals from this point shorved
a most unexpected result. Instead of showing a fine-grained aggregate
of chalcedony particles, they were seen to be made up of relatively large
individuals of ordinary quartz (Fig. 9). One point in the section, in fact,
seems to show that a single quartz grain has replaced parts of two ad-
jacent fluorite grains. More commonly a single fluorite crystal has been
replaced by several quartz grains. In other thin-sections, the original
presence of larger quartz grains is usually quite evident, but they are
seen to have been replaced wholly or in part by "feathery" chalcedony.
This replacement has proceeded from the borders of grains (Fig. 10),
or along crevices (Fig. 11), in some cases leaving residual cores, and in
others only the outline of the original grain (Fig. 12). As at Locality

"B," every section cut vertically through the crust of crystals, shows
them to be emplaced on a layer, or series of layers, of finely botryoidal
chalcedony which has been deposited directly on the crevice walls.

Several specimens here, also, show a coating of later botryoidal chal-
cedonv, under which the crystals may be partly or completely buried.
This chalcedony, as usual, is definitely later than the crystals, and is
distinctly different in type from the earlier material. Manv of the crys-
tals here are larger than those at "B," some reaching a size oI 5f 16",
though others may be much smaller. They occur covering the whole
surface, or scattered over it, as in the other localit ies. No opaque or
milky white crystals were observed at this point. The smaller, simple
cubes are in general much more transparent than any of the others.
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Frc. 9. "A" X34. Crossed nicols. Section, nearly parallel to a cube face, through a
crystal like that shown in Fig. 8. Shows complete replacement of fluorite by quartz grains
of considerable size. In this and similar crystals in the section, there has been little or no
secondary chalcedony developed in the outer part, but at their "roots" this replacement
appears to have begun. The sections show that this secondary repiacement is the general

same process shown in Fig. 10, proceeding from a crack in the quartz, instead of from
the periphery. Here also it can be seen that the true contact between old and new is a
smooth surface. In addition this slide shows (lower right), "growth-Iines" of the fluorite,
retained in the quartz.

Frc. 12. "A" X34. Crossed nicols. This section is from a specimen on which occur
both simple and "plaIy" cubes, coated by or completeiy buried under ordinary chalcedony.
The figure shows one of the sirnple cubes, and ii introduced to show complete secondary
replacement of originally Iarge qrarLz grains by "feathery" chalcedony. The borders of
these grains are in many cases quite evident, but there was probably also some fine-grained
chalcedony present in the original replacement of fluorite.
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Local,ity " D"

Only one specimen was collected at this point, showing crystals of
type a, but with the apparent luster of true quartz on the fresh fracture.
This is apparently unique, as none of the other pseudomorphs shows this
luster, but a thin section shows their true character. They are very
perfect pseudomorphs, made up of large qtartz grains, which in a few
places have been partially replaced by later chalcedony (Fig. 11). The
distance of this specimen from the igneous rock contact is unknown, since
the outcrop is small, and bedrock is covered largely by a mantle of
weathered material.

Locality "E'
: One other unimportant locality, between t'A" and "8," shows a few
small pseudomorphs of the "A" type, and the sandstone has the same
appearance as at t'A," although no igneous rock is visible nearer than a
hundred yards. It is likely that the contact is close beneath the surface
at this point.

Locality "F"

This occurrence, near the head of Higgins Canyon, about four miles
east of the main locality, shows a number of difierences from the latter.
The pseudomorphs are in a limestone breccia (or occasionally in shale),
and the crusts of crystals are frequently broken up, disturbed in position,
and re-cemented by fine-grained calcite. As a rule the crystals are almost
microscopic in size, requiring the use of a hand lens for their sure de-
termination. A few specimens, however, show crystal faces a quarter
inch across, comparable to those elsewhere. The specimens usually occur
in a very thin, drusy crust, which in some cases shows a crude paral-
lelism of the individuals. Most of the crystals here are not simple cubes,
but are parallel aggregates, sometimes suggesting the "platy" crystals
seen at Locality "A." The distinct botryoidal underlying crusts of the
other localities are conspicuously absent, though poorly indicated at a
few points.

Thin-sections cut normal to the crust show usually a surface of calcite
crystal terminations coated over by fine-grained chalcedony (frequently
interlocking), on which, with a fairly sharp contact lies a zone of coarser
"feathery" chalcedonlr, showing a distinctly parallel arrangement of
elongated grains, exactly like the shingles on a roof.

As indicated in the hand specimens, none of the characteristic under-
lying layers were observed, though the transition from fine-grained to
coarser chalcedony is quite similar to that in the other localities. The
outermost part of the crust is made up of ordinary granular quartz,
showing on the surface the outline of the fluorite cubes. The specimens
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here show in general more preservation of fluorite ttgrowth-lines," or
crystal boundaries, than at "A," and one particularly good instance was
noted of at least two fluorite individuals replaced by a single qvartz
grain. One section showed alternating layers of calcite and quartz be-
neath the pseudomorph crust.

In the case of the larger qtartz grains, there is no good indication of
replacement by a second generation of chalcedony, although in some of
the grains are small inclusions of differently oriented qtartz. These in-
clusions appear, with higher magnification, to be blebs or rodlike grains
scattered haphazard through or between the larger q'tartz individuals.
Some of these may be fibrous, though this is somewhat dubious.

FonuarroN oF TrrE Psnupouonpns

The process of formation of the pseudomorphs may have taken place

somewhat as follows: Enveloping any crystal in an essentially stagnant
solution, is a zone in that liquid, more or less narrow, of a saturated
solution of the crystal substance.3 Unless the whole body of the solution
is saturated, the concentration of this solution diminishes with increas-
ing distance from the surface of the crystal. If now a new substance is
brought near the crystal by diffusion (or other means), this saturated
solution of the crystal may produce, close to its surface, a supersatura-
tion of the new substance. If this liappens, the new material, as it is
brought in, will be precipitated practically on the surface of the old,
which in turn will continue to be dissolved (perhaps at an increased
rate, because of the presence of the new), removed by difiusion, and dis-
sipated. The result will be, at first, the formation of an extremely thin
layer of the new substance on the surface of the old, out through which
the old may diffuse and in through which additional new material may
work its way. Since this crust is newly deposited, it is probably rela-
tively porous in texture, and hence readily pervious in this manner. In-
side this crust, or shell, the solution will remain saturated for the old
mineral, and hence able to cause precipitation of the new. Outside, how-
ever, since the crust was first deposited at the outer margin of the satur-
ated zone, the solution will be more dilute, and unable to produce this
result. Accordingly, new material will be added on.ly on the inner surface
of the crust. A continuation of this process under uniform conditions
will result in the perfect preservation of the external form of the old
crystal. The internal texture will depend on several factors, such as
temperature, pressure, character of the solutions, state and concentra-
tion of the new substance, and rate of replacement. The varying modes

3 Noyes A. A., and Whitney W. R., Ueber die Aufldsungsgeschwindigkeit von festen

Stofien in ihren eigenen Ltisungen: Zeit. physi,k, chem., vol. 22, p. 689, 1897 .
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of aggregation of the silica in these pseudomorphs reflect changes, per-
haps quite minor, in local conditions at and following the time of pre-
cipitation.

Fonu or rnr Srlrca

There is general agreement that silica is largely transported as a col-
Ioid,a and the suggestion has been made that it is deposited as a gel, and
recrystallized, if at all, in successive stages, due to the rearrangement of
constituent parts, and growth of larger grains at the expense of smaller.s

As may be seen from inspection of the photomicrographs, the silica
of the pseudomorphs occurs in three physically distinct forms. These
forms are: (1) ordinary qlartz grains, of fair size, showing all the optical
properties of the normal mineral (Fig. O); (2) closely interlocking grains,
very small, showing by their uneven extinction a fibrous structure.
Occasionallv a "eutectoid" texture is produced by a tendency towards
parallel extinction of part of the grains over a l imited area (Fig. 6); and
(3) elongated fibers, or "feathery" silica, sometimes radiating or sub-
parallel, or irregularly oriented (Fig. 12).

Optical observations on the interlocking material are unsatisfactory
because of its almost sub-microscopic texture, but suggest characters
similar to those of the "featherv" fibers. In the case of the latter, some
of the properties were determined for the writer by Professor J. E. Wolfi,x
as follows:

the length of the fiber is in the negative direction, and consequently represents the low-er

index of refraction; assuming this as the vertical axis, this is the extraordinary ray and

across the fibers the ordinary ray, the opposite of quartz. Of course if the vertical axis

lies across the fiber this would be the ordinary ray like quartz, but there is no way of telling.

I find for the ray vibrating parallel to the fibers, in eight determinations on separate pieces

for sodium light, values varying from 1.5360 to 1.5460, the average being 1.5399. Across

the fibers the index is slightly higher than parallel, but it is impossible lo get an accurate

reading. In general with this material there has been great difficulty in getting reliable

refractive indices, due to the minute size of the fibers, their curving and overlapping.
This also was noticed: the fibers sometimes, while still negative, exhibit a small obliquity
of extincion to the length (like lutecite), and also have a higher relief than an isotropic

substance filling minute interspaces parallel lo the length,

[This isotropic substance is quite probably opal.] These properties cor-

a Boydell H. C., The Role of Colloids in Ore Deposition: Trans. Inst. M'in. onil Met.,

vol .  34,  1925,Part  I ,  p.  145.
LindgrenW.,in Bogue,Theory and Appl,icotion oJ Colloid Behador: vol.II, New Yorh,

1924, p.454.

Moore E.S.,and Maynard J. E.: Solution, Transportation and Precipitation of Iron

and Silica: Econ. Geol., vol.24, p.390, 1929.
5 Boydell H. C., O!. Cit.
x Private communication
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respond in general to those of chalcedony, and since the interlocking

grains appear similar, though with less distinguishable structure, it is

l ikely that they also are chalcedony.
According to a number of authors,o there are three varieties of fine-

grained silica, difiering from qtsartz [chalcedony, quartzine and lutecite].

These authors are not in entire agreement about these, some considering

them biaxial, and some uniaxial. Further, the indices of refraction, and

specific gravities, as determined by Wetzel, are to be regarded with cau-

tion, in view of his recognilion of the presence of opal admixed with the

finely fi.brous material. Others7 suggest that the observed differences are

probably due to different orientations of the fibers, and to mechanically

admixed opal. The writer has confirmed the findings of white and of Kerr

with respect to x-ray structures, and has determined, by r-ray powder

photographs,s that the pattern is identical Ior qtarLz, ordinary chal-

cedony, and the "feathery" chalcedony of the pseudomorphs' Rogers,e in

writing of the different forms of silica, does not mention quartzine or

lutecite, evidently considering them identical with chalcedony. Accord-

ingly, we may probably consider the fibrous varieties of silica in the

pseudomorphs mere variants of ordinary qlartz, in fibrous form, and

call them all chalcedony.
outside of the pseudomorphs there are also three modes of occur-

rence of silica, namely, the normal, Iong-fibered, botryoidal chalcedony

coating the crystals, the ordinary quartz crystals, and the thin botryoidal

crusts on which the crystals rest. The last of these seems to correspond

6 Miers, H. A., and Bowman H.L., Mineralogy, New York, 1929' p' 433'

Lacroix A., Min. de la France et ses CoI., vol III, pp. 120, 131'

WetzelW., Untersuchungen iiber dasVerhiiltnis von Chalcedon und Quarzin ztr Qtarz:

Centralbl,. Min., p.356, 1913.

BaloghE., Die bituminosenKalke und ihreMineralien aus derUmgebung vonKolozvar,

Kajanto und Torda: Abstr. in Neues lohrb. Min., II, p. ttO, 1914'
7 Dana E. S., and Ford W .E., Tertbooh of Minerat'ogy 4th Ed' New York,1932, p' 472'

' White W. P., Quartz Inversion in Chalcedony: Abstr. in Butl' Geol" Soc' Am', vol'

35,  p.  122,1924.
Palache Charles, Private Communication'
Peacock M. A., The Nature and origin of the Amphibole Asbestos of South Africa:

Am. Mi,neral., vol. 13, p.24I-286, 1928.

Kerr P. F., Determination of Ore Minerals by X-Ray Difiraction Patterns: Econ' GeoI.,

1928.
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closely to the ('feathery" chalcedony in the pseudomorphs, but the first
is physically quite different, though optically the same. In the underlying
crusts the fibers frequently show patchy extinction, the shadow travel-
ling along the length of the fiber with rotation of the microscope stage,
indicating possibly a spiral or twisted structure. This curving, as noted
above, was also observed in the ttfeathery" chalcedony of the pseudo-
morphs.

PanacnnBsts

Fluorite may occur under a wide range of conditions of temperature
ahd pressure, even as the product of relatively cold waters in sedi-
mentary rocksr0, but in the vast majority of cases is closely connected
with igneous rocks. The usual association for fluorite is with acid magmas,
but in this instance the connection with the basalt is very close, and
apparently constitutes a good example of an uncommon type.

The temperature of formation of the original fluorite veins was prob-
ably not very high, not over 360oC., judging by its close association
with the early chalcedony. Experiments in the synthesis of quartz and
chalcedonyrl indicate a probable upper limit for the formation of chal-
cedony at about 360oC., which would then be a maximum for this de-
posit. The fluorite solutions must have been fairly well heated, due to
the presence of the igneous intrusion, so that this maximum temperature
is likely to have been near the minimum also.

Deposition of fluorite in small crystals apparently exhausted the sup-
ply of this mineral, and its place was taken by silica, which was not
present, or at least not being deposited, during the fluorite period. This
silica, in the cooling but presumably still warm solutions, replaced the
fluorite and formed the pseudomorphs. fn the areas nearest to the
igneous rock, where the solutions were warmer, the silica was deposited
largely as quartz, while in the cooler places replacement was in the form
of jasperoid or "feathery" silica.

At Locality "A," after the formation of the pseudomorphs, there was
apparently a change in conditions, allowing the replacement of originally
deposited quartz by later chalcedony. The latter is identical in appear-
ance with that deposited earlier both here and in the other localities.
This new generation of silica is clearly shown in the partial or complete
replacement of the original large qu.artz grains.

After a distinct time interval, and under clearly different conditions,

10 Miigge O., Sandstein mit Flusspatzement: Centrahbl. Min.,p.33, 1908.
Fitzgerald P. E., and Thomas W. A., Occurrence of Fluorite in the Monroe Formation,

Vemon Township Pool, Michigan. Bull,. Am. Assoc. Petr. Geo!,., vol. 16rp.9l, t932.
11 KoenigsbergerJ., und Muller W. J. Versuche iiber die Bildung von Quarz und Sili-

caten: Centralbl. Min., pp. 339, 353, 1906.
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the pseudomorphs were in many places coated over, or even completely

buried by a crust of chalcedony, sometimes followed by later quartz. As

noted above, this chalcedony is quite different in its microscopic appear-

ance from the underlying crusts, and invariably rests on the pseudo-

morphs with a sharp contact, never blending even with the second gener-

ation chalcedony of the pseudomorphs.
While the crystals from some of the localities are normal cubes, or

cube and tetrahexahedron, many, though not all, of those from "A"
show the curious "platy" form already described. There is no micro-

scopic evidence as to the original internal structure of these, so it is im-

possible to say, from what can now be seen, whether the original ma-

terial was in simple individuals, or as crystal aggregates with an ap-

proximation to parallelism. This,latter suggestion is possible, and might

account for the odd forms here developed. No particular reason has oc-

curred to the writer as to why such crystals or aggregates should have

developed, except the presence of special conditions of material supply,

or peculiar internal molecular stresses, or both. It is true that certain

other specimens show a possible incipient development of this form, in

the shape of jagged or "stepped" faces, notably at Locality "F," and in

other cases there are knob-like aggregates of cubes (Locality "B").
These latter resemble the "platy" cubes only to a very limited extent,

as the component crystals project in all directions from the clumps,

without any semblance of orderly arrangement. Moreover, many of the

"platy" cubes rest on a flat surface which can in some instances be

actually seen through the crystals, and the knobs are usually built up

from underlying knobs of chalcedony.

Suuuenv

The general sequence of events at Localities "A" to "E" appears to

have been as follows:
1. Intrusion of basalt, with doming and fracturing of the sandstone

cover.
2. Deposition of thin layers of chalcedony from heated solutions

whose source was presumably the basalt.
3. Deposition of fluorite crystals, apparently unaccompanied by silica'

The solutions were still hot, but under 360'C.
4. Replacement of fluorite by quartz or "feathery" chalcedony'

5. Replacement of some of this qrartzby later "feathery" chalcedony'

6. Deposition, perhaps from rathei cool solutions, of the overlying

chalcedony crusts.
7. Finally, in a few places, d.eposition of tiny quattz crystals on all

earlier crusts.
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At Locality "F" the sequence is somewhat dif ierent.
1. Deposition of alternate layers of calcite and silica (quartz or chal-

cedony), by solutions from an assumed underlying igneous source.
2. Deposition of f luorite.
3. Replacement of fluorit e by qtartz and "f eathery" chalcedony.
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