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'

W. S. BunsaNK,t U. S. GeologicalSurvey.
INrnooucuoN
Since 1926 the cooperative geologic survey carried on jointly by
the State of Colorado and the United States Geological Survey has
undertaken the remapping of a number of the San Juan mining
districts. Much attention has been given to the mineralogy of the
veins since only a few of the San Juan ores have been studied in
the light of modern methods and advances in the scienceof mineralogy. The ores of this region are chiefly of late Tertiary age and
occur principally in fissure veins in the Tertiary volcanic rocks.
Among the most interesting of the veins are those that contain a
Iarge proportion of hypogene manganeseminerals. The writer's interest in the apparently erratic distribution of the highly manganiferous ganguesand the paragenetic relations of the difierent man.
ganeseminerals has been encouragedby Mr. D. F. Hewett of the
Geological Survey. Certain characteristic paragenetic relations between the manganese minerals of the Bonanza district2 in the
northeastern San Juan and of the manganiferous base-metal ores
of the Camp Bird and nearby areas in the western San Juan indicated similar conditions of formation in widely separated.areasof
this volcanic province. Hewett and Rove3 have called attention to
certain seemingly constant relations between alabandite and rhodonite and rhodochrosite in many districts of the United States and
other parts of the world. It seems possible that the manganese
minerals may provide a useful guide in classifying and defining conI Published by permission of the Director
of the United States Geological Survey
and that of the Chairman of the State Geological Survey Board of Colorado.
2 Burbank, W. S., and Henderson,
C. W., Geology and ore deposits of the
Bonanza mining district, Colorado: ll. S. Geol. Suraey, proJ. paper 169, pp. 70, 86,
126,127, and Pl. 13-B, 1932.
3 Hewett, D. F., and Rote, O.
N., Occurrence and relations of alabandite:
Econ. Geol.,25, pp. 36-56, 1930.
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ditions of vein formation and that a preliminary study of the manganeseminerals of the Sunnyside mine at Eureka may give further
information on this problem, since the veins are noted for the large
bodies of rhodonite associatedwith base-metal ores.
In 1931 Mr. E. N. Goddard and the writer visited Eureka, but
as the mine was not operating at the time of the visit it became
impracticable to make underground studies in the short time available. However, numerous specimens of the manganese minerals
were collected from the waste pile near the mill at Eureka. These

Frc. 1. Alleghanyite (a), tephroite (locally with alleghanyite), and friedelite (f),
partly replaced by rhodonite (r). S, fragment of sphalerite of an earlier stage. Specimen illustrates influence of minute fractures on replacement phenomena.

were selectedat random from a very large pile although some care
was taken in selecting representative specimensof as many different types and textures of manganiferous gangue as was practicable.
A study of these specimenswith the advantage of advice and assistance from Messrs. Hewett, C. S. Ross and W. T. Shaller of the
Geological Survey revealed at least five or six manganeseminerals
unreported from this particular deposit and several of which
have been reported from only one or two localities in the United
States. Since the original plan of studying the vein cannot be carried to completion in the immediate future, it has been decided to
report these occurrences.
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GBor,ocv axo LocerroN ol rHE SuNxysrna Vrrw Sysrpru
The principal workings of the Sunnyside mine are located about
7 miles north-northeast of Silverton and about 3 miles northwest
of Eureka in the Silverton quadrangle, at elevations ranging between 11,000feet (3,353meters) and a little over 13,000feet (3,960
meters). The mine has been one of the largest producers of basemetal ore in the San Juan region, and the mill at Eureka, which
was the first plant in North America to practice selective flotation
on the complex ores of the Rocky Mountain region, yielded both'
zinc and lead concentrates carrying valuable amounts of silver and
gold.a The outcrop of the vein was located in 1873 and the first
work on it exposedrich gold ore, but this was soon exhausted. The
large scale mining and milling operations of the United States

Frc. 2. Massive rhodonite (r), brecciated and partly replaced by late sulphides
(s), rhodochrosite (rc), and quartz (q).

Smelting, Refining & Mining Company were started in 1972 af.ter
a seriesof intermittent operations and attempts to treat the lower
grade and complex ores.
The country rock of the area about the Sunnyside consists of
lava flows, chiefly latitic, which form the middle part of the Silverton volcanic series of Miocene age.5The volcanic rocks, including,
the Potosi volcanic series which is now eroded in this particular
area, originally attained a thickness probably of 6,000 to 8,000
Ieet (1829 to 2438 meters). At some time following the eruption of
a Robie, E. H., Lead-zinc flotation at
Sunnyside:Eng. anil Min. Joca.-press,
l2l, pp.757-762,1926.
5 Cross,W., and Larsen,E. S., San
Juan region of southwesternColorado:I/. ,S.
Geol.Surtey Bdl.. (In preparation.)
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the Potosi series large bodies of magma invaded the crust and
causedregional fracturing and faulting, which resulted in the sinking of a large block of crust in the central part of the Silverton
quadrangle below the level of the surrounding areas.6The great
faults that form part of the Sunnyside vein system belong to the
fault systems that define the margins of this downfaulted block.
This structure is important in considering the nature of the mineralization at the Sunnyside mine, since these major faults and
their immediately attendant systemsof fracturing largely furnished
the most direct channels through which the mineralizing solutions
ascended'.The mineralogic evidence conforms with the structural
evidence in that the veins occupy channels which carried great
volumes of hot solutions, and that the ores and gangues represent
certain relatively high temperature facies of the San Juan mineralization. This mineralization probably occurred in late Miocene or
earliest Pliocene time, and under a cover of approximately 4,000
t o 5 , 0 0 0f e e t ( 1 , 2 1 9t o 1 , 5 2 4m e t e r s ) .
The Sunnyside vein system consists of a number of difierent
veins, which range from 20 to 80 feet (6 to 24 meters) in width,
and have been stoped to a width of over 50 feet (15 meters). The
principal zone of faulting and fissuring strikds northeast and along
it there has been a displacement of approximately 1,000 feet (305
meters), bul northwest and east-west fault fissures are also mineralized. HulinT presents evidence to show that the vein growth
proceededby successivereopening of the Sunnyside fissurescaused
by faulting movements along them. He stated8 that ". . . two of
the most important ore shoots which have been developed are controlled by variation in strike of the vein fissure. . . . Minor premineral cross-faults modify these ore shoots to some extent."
Huline furthermore recognizedthree principal mineralogic stages
in the formation of the Sunnyside veins,'an early stage of barren
pyritic qvartz veins, a secondstage of base metal ores, and a third
stage of rhodonite veins and ribs. He considered these stages as
6 Burbank, W. S., Vein systems of the Arrastra Basin, and regional geologic
structure in the Silverton and Telluride quadrangles, Colorado: Colo. Sci. Soc.
Pr oc. (In preparation.)
? Hulin, C. D., Structural control of ore deposition: Econ.Geol,.,24rpp.22'30
32, and,3942,1929.
8 Op. cit., pp. 38, 39, and Fig. 8. B.
e O?. cir.,p,32, and Fig 5.
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part of a continuous period of mineralization, and in pointing out
the importance of the time of reopening of the fissuresin relation
to the stagesof mineralization stated,to "Ilere again it is manifest
that ore shoots must be restricted to those portions of the veins
receiving the mineralizatiorl of the second stage. Portions of veins
receiving mineralization only during the first stage will consist of
barren qu&rtz, whereas those portions of the veins formed during
the third stage consist essentially of barren rhodonite." Thus it
seems clear from Hulin's descriptions of the veins that both the

Frc. 3. Friedelite(f), partly replaced
by earlyrhodonite(r), andall cut by later
of thin sectionin ordiveinletsof rhodonite(r'). al, alabandite.
Photomicrograph
narylight. (37diameters.)
base metal ores and the bodies of manganesesilicates were formed
by the filling of open fissuresand not to any great extent by replacement of wall rock.
The principal minerals of the veins consist of quartz and pyrite
of the early stage, of sphalerite, galena, and chalcopyrite that folIowed in overlapping deposition, and of a little tetrahedrite. According to Weinig and Palmer,ll a part of the sphalerite of the
Sunnyside ore is the marmatite variety. The third stage, with
which most or all of the manganeseminerals describedin this paper
LoOP.cit.,p.32.
11Weinig, A.
J., and Palmer, I. A., The trend of flotation: Colo. School,oJ Mines
Quorl.,24, No. 4, p. 52,1929.
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are presumably associated,consisted chiefly of rhodonite with the
other manganese minerals and minor amounts of still later sulphides. Free gold in quartz is found with the orb bodies and has
been observed cutting both the base metal ores and the later rhodonite. Calcite, fluorite, rhodochrosite, and huebnerite have also
been recognizedin the veins.
The manganiferous gangues with which the remainder of this
paper will deal contain in addition to rhodonite different quantities of the following minerals: alabandite, alleghanyite, friedelite,
helvite, rhodochrosite, and tephroite, with small quantities of other
perhaps supergeneminerals such as neotocite. The hypogene manganese minerals will be described briefly and following these descriptions a review of the paragenetic relations as observed in the
specimenswill be given. For the mineralogic work ten representative specimenswere sawed, five of which were polished;numerous
thin sections were also prepared.
Tne MaNceNrsB MrNpner-s
AlanaNoru (MnS). The sulphide of manganese, alabandite,
forms minute grains and veinlets mostly of rhicroscopicsize, which
are irregularly distributed through the manganesesilicates friedelite, alleghanyite, and rhodonite (Fig. 3). The largest grains of
alabandite seen were about 0.75 millimeter in diameter. No large
massesor crystals of this mineral were found. The alabandite is
recognizableby its bright green color as seenby strong transmitted
light in thin section, and by the odor of hydrogen sulphide given
ofi when small quantities of it are treated with hot acid or heated
in the closed tube with friedelite. The alabandite is associatedwith
a little pyrite, sphalerite, galena, and probably chalcopyrite.
ArrBcnauvrrn (SMnO'2SiOz). The silicate of manganese,alleghanyite,l2 occurs in five of the specimensstudied, usually in association with tephroite. It is more abundant than tephroite but less
abundant than rhodonite in theseparticular specimens'The largest
grains seen in thin sections range from 0.8 to 1.6 millimeters in
length and 0.1 to 0.3 millimeter in width. The color of the mineral
on polished faces of the specimens is of a darker grayish-pink as
contrasted with the lighter pink of the rhodonite and the greenishgray color of the tephroite. The fine twinning lamellae which are a
12Ross, C. S., and Kerr, P. F', The manganese minerals of a vein near Bald
Knob, North Carolina : A m. M iner al'ogist, 17, pp. 7 -13, 1932.
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characteristic feature of this mineral lie at right angles to the
elongation of the grains of the above dimensions, but grains oriented so as to show no twinning lamellae are generally more nearly
equidimensional in cross section. The lamellae are generally narrow and, like those in the Bald Knob mineral, show symmetrical
extinction in sections perpendicular to the axial plane. A few individuals show combined double twins that present a herringbone
pattern with symmetrical and essentially equal extinction in each

Frc.4. Alleghanyite (a), and friedelite (f), cut by veinlet of rhodonite (r). Photomicrograph of thin section in ordinary light. (68 diameters.)

twin when the section is at right angles to the long twinning plane.
A photomicrograph showing the general shape and size oI the alleghanyite grains is shown in Figure 4.
The determined optical properties of this alleghanyite are given
in the following table together with those of alleghanyite from the
type locality.
No chemical tests, other than the determination of manganese,
have been made to confirm the identification of the mineral, but
the optical and general physical properties appear sufficiently conclusive.
Alleghanyite was first discovered by C. S. Ross in association
with spessartite, rhodonite, tephroite, galaxite (a new manganese
spinel), manganiferouscalcite, and other minerals near Bald Knob,
North Carolina, and described by Ross and Kerr in the paper re-
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Tnnr,r 1. Oprrcer, PnoptnttBs oF AtIEGHANYTTE
Sunnyside mine,

r.jil?i,

Indicesof refraction.

li:i.na

Birefringence.
2V. .
Dispersionof the axes...
Optical character.

.034
750-800
r>1)
Negative

[: r.zoo
..

Bald Knob,
N. C.l
a:1.756

p: t.780
v:1.792
.036
72"
rla
Negative

1 Rossand Kerr, Op. ci,t.,pp. 7-10

ferred to above. This occurrence at the Sunnyside Mine is the
secondverified occurrencealthough Ross and Kerr13call attention
to a mineral described by Rogers from an erratic bowlder near
San Jose, California, which has similar physical properties.
Fnrnnor-rrB. A chlorine-bearing hydrous silicate of manganese,
for which the general formula given in Dana's Mineralogyla is
6MnO'2Mn(OH, Cl)z 6SiOz'3H2O,occurs in associationwith alleghanyite, tephroite, and rhodonite. The mineral forms finegrained, translucent masses of a rose-red or brownish-red color.
In thin sections,the massesare seento be made up of fine cleavable
scaleswhich mostly range from 0.01 to 0.02 millimeter in diameter
grown compactly together. Coarser scalesare also present and are
evidently due to the stage of formation and amount of recrystallization the mineral has undergone. Where the mineral crystallized
Iate it forms distinctly tabular crystals 0.06 to 0.13 millimeter in
diameter, which are similar to the common rhombohedral form of
friedelite.
When the mineral is heated in a closed tube it yields a considerable volume of water which reacts for chlorine. An odor of hydrogen sulphide, sometimes detectable on heating, is probably due to
small grains of alabandite which can be seenin the friedelite under
the microscope. Some arsenic, as well as chlorine, was found to
be present in the mineral by qualitative wet tests kindly made by
Dr. Schaller. In the absenceof definite quantitative determinations
of these constituents the distinction between {riedelite and schal13Op. cil,.,p. 13.
1aFord, W. E., Dana's Textbook of Mineralogy,4th edition, p. 590, John Wiley
and Sons, Inc., N. Y.,1932.
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lerite,15 the analogous arsenic-bearing manganese silicate, rests
upon comparison of optical properties. The optical properties of
the Sunnysidemineral correspond more closely to those of friedelite than to the type specimensof schallerite from Franklin, N. J.,
as shown in the following table:
,lNnScrrer-r-nnrtn
TAsr,n2. Oprrcer,PnoprnrrBsol FnrnoBr-rrn
Freidelite
Sunnyside
mine, CoIo.
rndicesof refraction
Birefringence
Optical character
2V

[o:l'657

\e:1.62s
0.032
Negative
0o, or a few
degrees

Freidelite
Franklin,
N.J.t
1'656

r.62
0.03
Negative
0o

Friedelite
Sweden2
l'6&

r.62s
0.035
Negative
Small

Schallerite
Franklirr,
N.J.t
r'704

r.67s
0.025
Negative
0o

r Bauer, L. H., and Berman, H., Friedelite, schallerite, and related minerals:
Am. M'ineralogisl, 13, pp. 342,343, Table 1, No. 4, and Table IIa, No. 2, 1928.
2 Latsen, E. S., Microscopic determination of the non-opaque minerals: [/. S.
GeologicalSwroey,Bul'l'.825, p. 77, 1921.
a Bauer and Berman, Op. ci,r.,p.343.

The friedelite from Franklin, N. J., the optical properties of
which are given in the table above, contained 2.32 percent of
chlorine,and 1.15percent of AsrOr,but the membersof this group
of minerals are probably not sufficiently well known for the optical
and chemical properties to be correlated closely. The Sunnyside
Mine seemsto be the only locality in the United States other than
Franklin, N. J., from which this mineral has been recorded.
Hotvrrn, 3(Mn, Fe)BeSiOaMnS. The comparatively rare species, helvite, was found in three specimensof the mixed silicates
of manganese.ft forms small grains not over a few millimeters in
diameter that are usually near small grains of pyrite or other common sulphides. The brilliant honey-yellow color, however, makes
it conspicuous. The mineral was identified by its isotropic character, refractive index fiear l.74,presence of beryllium, and absence
of zinc, as determined by spectrographic tests kindly m?rdeby Mr.
George Steiger of the U. S. Geological Survey.
Under the microscope some grains of the mineral are seen to be
16Gage, R. 8., Larsen, E. S., and Vassar, H. E', Schallerite, a new arsenosilicate mineral from Franklin Furnace, NewJersey:,42r. Mineralogisl,l0' pp. 9-11,

t925.
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partly altered to a yellowish birefracting product, and the clear
grains show small tetrahedral-shaped cavities containing minute
spherical bodies. The small particles of sulphide nearest to the
mineral appeared in several instances to be pyrite, rather than
either alabandite or sphalerite.
This is the second record of the occurrence of helvite in the
United States. The only locality is the area near Amelia Court
House, Va., where the mineral occurs in cracks in orthoclase and
spessartiteat the mica mines,16
in associationwith monazite, microlite, allanite, and other pegmatitic minerals. The most common
foreign occurrencesof helvite also appear to be pegmatitic or contact zoneassociations,but Dana records it from Kapnik, Hungary,
on quartz and rhodochrosite.
Rnooocnnosrrn (MnO.COr). The carbonate of manganeseis
found in small amounts at least in practically all of the specimens,
and in some of them it is abundant. It is usually less common than
rhodonite. The carbonate has replaced many of the silicates and
locally some of the sulphides, so that it occurs in veinlets and irregular replacement masses.The indices of refraction indicate that
all of the carbonate tested is high in manganese and is rhodochrosite rather than manganocalcite. fn one specimen the lowest
value of the indei, co,was about 1.79, but other specimensshowed
still higher values so that according to the data given by KriegerrT
the carbonate contains 80 to 85 percent or more of MnCOa.
RnoooNrrB (MnO.SiO). The material from the dump at
Eureka and the specimensstudied, contain much more rhodonite
than the other manganesesilicates. The grains of rhodonite range
from about 0.1 to 1.0 rnillimeter in diameter and well formed crystals, about one millimeter in maximum diameter, were found in
small vugs in the massiverhodonite gangue. The color of the rhodonite massesappearsto vary chiefly according to their texture. Some
specimensare very pale pink but others are deep pink. Little variation could be detected in the indices of refraction.
Some rhodonite crystals show twinning but in general the min16Lewis, H. C., An American locality for helvite: Proc. Acad'.Nat. Sci. Phi'l'a.,
34, pp. 100-102,1882.
Dana, E. S., Systemof mineralogy,6th Ed., p. 435, 1909.John Wiley and Sons,
N.Y.
17Krieger, P., Notes on an r-ray diffraction study of the seriescalcite-rhodochrosite:Arn. Mineralogi.sl,15, pp. 23-29,1930.
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eral is distinguished by the sparsenessof twinning whereas grains
of alleghanyite uniformly show it. The optical properties of the
rhodonite in several massive specimens were determined, and of
some small transparent rose-pink crystals in a cavity as well
Tner,n 3. Olrrcar Pnopnn:nesor RrroooNnn
Sunnysidemine,
CoIo. '
I

Indicesof refraction.
Birefringence....
Dispersion.
2V.
Optical character..

a

Vittinge,
Finlandl

, . t

l4:r.rJJ

\P:1.736

Q:t.t+t
0.014
r <1)
550-600
Positive

d:1./JJ

0:1.737
t:l-747
0.014
61'
Positive

1Sundius,
pyroxenes:
Am. Mineralogist,16,
N., On the triclinicmanganiferous
pp.488-489,
andpp. 517,518,1931.
The chemical analysis of the rhodonite from Vittinge shows94.69
percent of MnSiO3, and only 3.05 percent CaSiO3, and the close
correspondenceof its optical properties with those of the Sunnyside rhodonite suggeststhat this rhodonite also has a high manganese content.
Tcpsnotrn (2MnO'SiO). The manganeseolivine, tephroite,
was identified in four of the specimens as small anhedral grains
nearly always associated with larger massesof alleghanyite. The
grain size ranges from 0.1 to 0.35 millimeter in diameter. The color
of the mineral is gray and a mottled appearance is noticeable in
polished specimenscontaining much of the mineral. On the surfaces
of pieces that have been exposed on the dump tephroite assumes
a darker color than the other minerals and it probably weathers
more quickly. The relative susceptibility to weathering of the
other silcates is not clearly shown.
At first the tephroite in thin section was not distinguished from
anhedral grains of alleghanyite that were so oriented as not to show
the twinning lamellae. The presenceof tephroite was first determined by a study of the powdered material by the immersion
method, and it could then be rather readily identified in thin sections. Tephroite commonly shows a brownish amorphous alteration
product around the edgesand in cracksl it also has a smaller optic
axial angle than alleghanyite.
Table 4 presents the optical properties of tephroite from the
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Sunnyside mine and for comparison those of tephroite from Franklin, N. J., and Bald Knob, N. C.
T.q.sln4. Oprrcar-Pnopenrresor Trprnorrr
Sunnyside mine,
CoIo.
(o:t.llt
Indices of refraction

jO:t.SOO

Franklin,
N. I.1
o:t.770
p:1.792

Birefringence..
Dispersion
2V.. ..
Opticalcharacter

(z:1.815
0.014
rla
70o+
Negative

r:1.804
0.034
r>a
Iarge
Negative

BaId Knob,
N. C.'
a:1.785
0:1.803

t:r.82o
0.035
r>!
72"
Negative

1Larsen,E. S., The microscopic
minerals:
determinationof the nonopaque
U. S. Geol.Suroey,
Bull. 679,p. 143,1921
2RossandKelu,Op.cit.,p. 5.
Tephroite is not an uncommon mineral of the deep vein zones
of manganesedeposits that lie largely in the crystalline rocks of the
Appalachian belt. This occurrence seems to be the first in the
United States in the younger deposits that have thus far been considered to be epithermal.
PanaceNnrrc RELATToNS
Since the interrelations of the difierent minerals in veins were
not studied in place,it would not be wise to correlate confidently the
relations observed in the specimenswith the general paragenetic
relations in the mine recorded by Hulin and mentioned in the introduction. This might result in misleading if not wholly erroneous
conclusions.However, the relations observed between the different
'briefly
silicate minerals are probably worth recording
as these
seem to be fairly constant in all of those specimensstudied.
Several specimensshowed distinct veins of the manganesesilicates cutting through earlier masses of sulphides and quartz, or
showed fragments of sulphides included within the silicates so-that
it seemsclear that a part of the massive sulphides was earlier than
any of the minerals herein described. Practically all of the specimens, however, showed small amounts of galena, sphalerite, pyrite,
and chalcopyrite, as well as alabandite, which are interlayered in
the silicates of manganeseor were deposited somewhat later than
the silicates. Some of the more evident relations are illustrated in
Figures 2 and 3. In what follows the relations between sulphide
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and gangue minerals concern only those sulphides contemporaneous with or later than the manganeseminerals.
What at first appears to be a somewhat anomalous feature of
the paragenesisis that the hydrous silicate, friedelite, wherever
found in appreciable amounts in association with the other silicates, is one of the earliest of the manganeseminerals. The largest
massesfound in the specimensranged from 2 to 10 millimeters in
diameter, but these were veined and partly replaced by tephroite,
alleghanyite, rhodonite, and rhodochrosite. The alleghanyite tends
to form sheaf-like or irregular clusters of crystals that appear to
have grown at the expenseof friedelite. These clusters are clearly
related to fissuresor cracks from which the crystals advanced into
the unreplaced friedelite. Rhodonite crystals exhibit exactly the
same type of replacement forms along the borders of later veinlets
of rhodonite cutting friedelite. The peculiar manner in which the
alleghanyite crystals have grown suggeststhat the friedelite is possibly replacing the anhydrous silicates,which have the appearance
around their edgesof much corroded and frayed crystals; but that
this appearanceis deceiving is shown by comparison with similar
crystals growths about the distinct and later veinlets of rhodonite.
Growths of alleghanyite in friedelite are illustrated by the photomicrograph shown in Fig. 4. Nuclear,masses of tephroite grains
within the larger alleghanyite massesshow that this mineral was
also one of the fi.rst to form at the expenseof friedelite, and from
its spacial relalions was presumably formed before the bulk of the
alleghanyite. On the other hand one Specimenshows that some of
the friedelite is later than tephroite and perhaps indicates local
repetition of the early stagesof paragenesis.
Rhodonite was later than alleghanyite, and free crystals were
deposited in vugs after the bulk of the anhedral granular mass of
rhodonite had formed. The formation of rhodonite appears to have
been interrupted at least once by renewed fracturing, with the result that the earlier manganesesilicates as well as the bulk of the
rhodonite is cut by interlacing veinlets of Iater rhodonite. The
processof replacement of most of the earlier silicates by rho.donite
is shown both by the thin sections and the polished faces of the
specimens.(Figures l, 3, 4.)
Whether or not most of the rhodonite formed at the expenseof
earlier friedelite or of other manganese silicates cannot be deter;ninCd conclusively from the study of small hand specimens. !n
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several of the thin sections small nests of comparatively large sized
friedelite crystals occur interstitially in the midst of masses of
rhodonite crystals. It is not clear whether these represent remnants
of recrystallized friedelite remaining from the earlier finer grained
mass, or whether they represent a later generation of friedelite,
transported and redeposited.It is perhaps significant however that
friedelite crystals could not be found in any of the small vugs in
the gangue, although rhodonite, rhodochrosite, and several different sulphides were found in them.
Rhodonite is the only manganese silicate found associated directly with or intergrown with quartz. No quartz was found in any
vugs in the mixed silicate gangue, nor were qtartz veinlets cutting
these silicates noted. Most of the quartz in the Sunnyside ores evidently belongs to stagesof vein formation preceding these manganese minerals. However, there is evidently some later quartz or
quartz and free gold that was deposited with or later than rhodonite, but which does not happen to be representedin the particular
specimensof friedelite, alleghanyite, and tephroite examined. As
set forth below, the silica content of the solutions evidently increasedfollowing deposition of the earlier silicates until finally rhodonite and quartz crystallized together. As tephroite and alleghanyite are orthosilicates and the ratio of maganeseto silica in
them is less than 1 to 1, the ratio in the metasilicate rhodonite, it is
possible that a hiatus in the deposition of qlartz exists at their
particular stageof formation in the Sunnyside veins.
The sulphide, alabandite, appears to have formed during the
crystallization of the silicates, chiefly with friedelite and alleghanyite, but also with the rhodonite. Its distribution is unrelated to the
later lines of fracturing along which. the latest rhodonite and along
which the rhodochrosite were formed. The helvite cannot be exactly placed in the sequencebut may have formed late in the crystallization of rhodonite, and is definitely earlier than rhodochrosite.
Helvite was seen in only one thin section where it was interstitial
among crystals of rhodonite. Sphalerite, galena, chalcopyrite, and
small amounts of pyrite and possibly tetrahedrite filled in along
cracks and replaced brecciated rhodonite as shown in Fig. 2. The
formation of some of these sulphides possibly in part overlapped
that of helvite.
Rhodochrosite was the last of the manganeseminerals to form
and it has partly replaced all of the earlier ones and s<imeof the
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common sulphides. This sequence is the same as observed by
Hewett and Rove.18
The general picture obtained from these paragenetic relations is
that the solutions which brought in the manganese were at first
Iow in silica, high in manganese,and contained sufficient chlorine
to permit the deposition of massivefriedelite. Later solutions which
were presumably less acid but still low in silica causedthe dehydration of the friedelite and the formation of tephroite and alleghanyite. This dehydration may have been causedby an increasein temperature of the emanations. As the silica content of these sdlutions
increased, rhodonite began to form and continued until locally
rhodonite and quartz were formed together. Probably the later
rhodonite was formed in part by direct precipitation in openings
rather than entirely by replacement of the earlier silicates. The late
rhodochrosite and any other carbonates that are present may be
attributed to the attack of carbonated water as they do not necessarily indicate further introduction of manganesefrom the original
source.
Conclusions as to the classification of the different manganese
minerals in the common temperature schemes cannot be made
safely with the data at present available on their occurrence and
paragenesis.However, from the general mineralogy of the Sunny.side veins as compared with the more distant and characteristic
epithermal facies of the San Juan veins, the Sunnyside mineralization may be tenatively assigned to facies commonly defined as
mesothermal.
The not uncommon occurrence of tephroite in the deep vein
zones of the Appalachian region indicates"that this mineral is
formed more typically at great depths under hypothermal or pyrometasomatic conditions. fts presence in small quantities in the
Sunnyside veins indicates however that it *uy ior* likewise at
comparatively shallow depths (5,000 feet or less) when other factors in its formation are favorable, and lends support to the possibility that many of the San Juan veins were formed at temperatures higher than those generally accepted for the veins of this
region.
lE lfewett, D. F., and Rove, O. N., Occyrrence and relations of alabandite:
Econ. Geo1,.,25,pp. 55-56, 1930.

