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THE MINERAL COMPOSITION OF GUMMITE 

By Clifford Frondel 

ABSTRACT

The name gummite has been widely used for over 100 years as a 

generic term to designate fine-grained yellow to orange-red alteration 

products of uraninite whose true identity is unknown* A study of about 

100 specimens of gummite from world-wide localities has been made by 

X-ray 9 optical^ and chemical methods 0 It proved possible to identify 

almost all of the specimens with already known uranium minerals*

Gummite typically occurs as an alteration product of uraninite 

crystals in pegmatite 0 Such specimens show a characteristic sequence 

of alteration productss (1) A central core of black or brownish-black 

uraninite* (2) A surrounding zone 9 yellow to orange-red, composed 

chiefly of hydrated lead uranyl oxides 0 This zone constitutes the 

traditional gummite 0 It is principally composed of fourmarierite, 

vandendriesscheite and two unidentified phases (Mineral A and Mineral C) 0 

Less common constituents are clarkeite 9 becquerelite 9 curite, and 

schoepite. (3) An outer silicate zone* This usually is dense with 

a greenish-yellow color and is composed of uranophane or beta-uranophanej 

it is sometimes soft and earthy with a straw~yellow to pale-brown color 

and 4.5 then usually composed of kasolite or an unidentified phase (Min­ 

eral B). Soddyite and sklodowskite occur rarely«

There are minor variations in the above general sequence* In some 

specimens the core may be orange-red gummite without residual uraninite 

or the original uraninite crystal may be wholly converted to silicates.





Other specimens show clarkeite as the core, or an intermediate zone 

of clarkeite may form between the central uraninite and the orange- 

red zone of hydrated oxides. The uranyl carbonate rutherfordine has 

been observed as the outermost zone in some specimens, usually more 

or less-admixed with uranyl silicates.

Chemically the formation of the minerals of the orange^red gummite 

zone at the expense of the original uraninite is characterized by oxi­ 

dation of U4 to U6 and hydration. There is usually little or no addition 

of material other than H20 at this stage, but leaching of U relative to 

Pb may be a factor* The Pb in the minerals of this zone is the original 

radiogenic lead of the uraninite« The outermost silicate zone is due 

to reaction of the hydrated oxides of the gummite zone with meteoric 

or possibly hydrothermal waters carrying silica and usually also calcium* 

The Pb may be removed at this stage 9 together with uranium in part, with 

the formation of uranophane, beta-uranophane s or soddyite 9 or it may 

be retained in part or entirety with the formation of Mineral B or 

kasolite 0 The Th and rare earths contained in the original uraninite 

usually are wholly removed during the formation of the silicates 0

There is also a further stage of alteration of the uraninite of 

pegmatites, in which the substance of the pseudomorphs is leached away 

and is either dispersed or redeposited nearby in cracks in the matrixo 

The uranium minerals that occur in this way are chiefly the phosphates 

meta-autunite, parsonsite 9 and phosphuranylite 9 and the silicates 

uranophane, beta-uranophane, kasolite, and Mineral B. The alteration 

of uraninite in vein or other nonpegmatitic deposits follows the same 

general sequence of alteration described, both on a hand°specimen and 

geologic scale. In the presence of abundant sulfides, however, a different
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assemblage of secondary minerals is formed. This is characterized by 

the formation of zippeite 9 uranopilite 9 johannite, and gypsum s and 

there may be extensive leaching of uranium in the ground waters«,

HISTORY AND NOMENCLATURE OF GUMMITE

Gummite is a vague term that has been and is used in various ways. 

Probably its commonest present-day use is as a generic term for gumlike 

or dense fine-grained pseudomorphic alteration products of uraninite 

whose true identity is not known * The term ordinarily is employed in 

lack of any knowledge of the composition other than that uranium is a 

major constituent* It also has been applied,, as in the 7th edition 

of Dana's System of Mineralogy 9 in a more restricted chemical sense to 

substances that are essentially hydrated oxides of uranium^ whose true 

identity is unknown 9 that represent the final stages of oxidation and 

hydration of uraninite. George (1949) states that gummite is a generic 

term applied to the usually orange or orange-yellow alteration products 

of uraninite of pitchblende. Gummite is regarded by Hey (1950) as an 

indefinite generic term analogous to limonite and wad*

Gummite is also loosely used without regard either to the pseudo­ 

morphic nature of the material or to its chemical composition s provided 

usually that the material is orange-red to yellowish in color and dense 

in appearance, and the matter thus grades into the problem of unidenti­ 

fied uranium minerals in generalo The color of the material commonly 

is orange-red, orange or yellow 9 but may be greenish yellow^ brown 9 

or other colors depending on the identity and, in parts, khe state of 

subdivision of the mineral or minerals presento A gumlike or resinous





appearance was emphasized in the early descriptions and synonomy of 

this substance, but this feature has not been recognized as a neces­ 

sary criterion*

The name gummite has not been used always in a generic sense. 

The first analyzed and clearly described gummite—the hyacinthrothes 

Pechuran of Freiesleben (181?) and Kersten (1332) from Johanngeorgen- 

stadt, so-called in distinction from schwarzes Pechuran;, or pitchblende, 

of which it was said to be an alteration—was said to be opaline and 

resembling amber in appearance. Kersten considered the substance to be 

a distinct species, and gave the formula as Ca3(P04)2*4U03°9H20. 

Later, a number of more or less similar ill-defined substances were 

described under various given names in the belief that they were dis­ 

tinct specieso Some of these substances appear to be essentially 

oxidized uraninite, others are hydrated oxidation products thereof, 

and many appear to have been mixtures with uranophane and other secondary 

uranium minerals. A few of these names have found their way into the 

synonomy of uraninite and others are included in the complex group of

unidentified substances now called gummiteo The name gummite itself
t

was first introduced by J. D 0 Dana in 1868 as a species designation 

for an impure hydrated uranium oxide. He included in it the material 

of Kersten together with the Urangummi and Uranisches Gummi-Erz of 

Breithaupt (1830, 1847) and the Phosphor-Gummit of Hermann (1859). 

The pittinite of Hermann (1859) and eliasite of Haidinger (1852) were 

classed as a hydrated uranium oxide species (eliasite) separate from 

both uraninite and gummite, but it was remarked by Dana that the species 

may not be distinct from gummite. In 1883, Vbn Foullon made a detailed
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microscopic and chemical examination of gummite in the sense of Dana, 

including therein pittinite, eliasite and the coracite of Whitney (1849) 

and Genth (1857)» and sought to show that the substance was a definite 

species with the composition (Pb»Ca,Ba)U3Si0 12 *6H 20. Strunz (1949) 

accepts this view in part. He considers that gummite is principally 

a gel-like, pesudomorphous alteration product of uraninite with the 

formula given by ?on Foullon, but certainly also in part a mixture of 

different cryptocrystalline uranium minerals. This particular matter 

is discussed further below—where it is shown from a re-examination 

of Von Foullon 7 s original specimens that his formula represents a 

mechanical mixture of a lead uranyl oxide with a calcium uranyl silicate*

E. S. Dana in the 1892 edition of the System of Mineralogy placed 

gummite as a numbered species in the Uranate Group and stated that it 

is an alteration product of uraninite of doubtful composition, with 

the implication that further study would characterize it as a distinct 

specieso It is difficult to see how this could be effected* Evidence 

is lacking which permits gummite in the sense of Dana either to be identi­ 

fied with or distinguished from any of the many known uranium minerals 

within the range of the chemical analyses and descriptions of gummite 

that have been reported, nor are type specimens available whose re-study 

would arbitrarily resolve the problem, as the'name is not based on the 

description of a particular specimen but was applied to a pre-existing 

group of minerals thought but never shown to be identical. The present 

tendency to use gummite as a generic term is a recognition of these 

difficulties.





Gummite together with limonite and wad are modern examples of 

the great pocket terms that contained much of ancient mineralogy„ 

Among the latter may be mentioned bole, misy, and especially schorl, 

which once included even the rudely hexagonal columns of basaltic lava. 

Schorl and the others were largely resolved into their component species 

in the decades immediately preceding and following 1800, with the ad­ 

vance of chemistry and morphological crystallography in that period. 

In the present day, gummite and its analogues virtually disappear as 

units of description if X-ray diffraction, optical, and thermal methods 

are applied. The difficulties obtaining with gummite in the past were 

largely due to the very fine-grained and often admixed nature of the 

material. It is of interest to note that only one mineral, uranophane, 

of the dozen or so that have now been identified as constituents of 

gummite pesudomorphs was known at the time of the 1892 edition of Dana f s 

System of Mineralogy.

In the present study, a collection of about 100 specimens of gum­ 

mite from vjorld~wide localities was examined by X-ray, optical and 

chemical methods, All of the specimens were partial or complete pseudo- 

morphs after uraninite, and had the>color s dense appearance, and other 

characters attributed to gummite 0 It proved possible to identify 

almost all of the specimens with already known uranium minerals, Brief 

descriptions of these minerals are given in a later section of this 

paper, A few unidentified minerals, apparently new species, also were 

found* Three of these, Minerals A, B and C, are briefly described in 

the present report.

The optical properties of the minerals that occur in gummite or 

that are associated therewith are summarized in table 3« The X-ray
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powder spacing data for these minerals are given in table 4«

CHEMICAL ANALYSES OF GUMMTTE. 

NONEXISTENCE OF GUMMITE AS A SPECIES.

The reported chemical analyses of gummite are listed in table 1. 

A brief discussion may be given here of these analyses in advance of 

a detailed description of the mineralogy of the substance. Von Foullon 

(1883) cited all of the older analyses given in table 1. He accepted 

the SiOg and Ca0 9 hot-h present in fairly constant amounts, as essential 

constituents and derived, the formula (PQ 9 Ca 9 B&)U 3 S±Oi2 0 ^2^ ?or gummiteo

The silisa reported in the analyses of gummite, however, appears, 

from the observations Df Genth (1879) and much other evidence, to be 

due to admixture principally of uranophane or beta-uranophane, CaO°2SiQ2 * 

2UOj°6H 2 0 9 and Yen Foullon 9 s interpretation of gummite as a definite 

species wi'on the formula cited never found general acceptance. The 

writer has examined all of Von Foullon v s specimens through the courtesy 

of Dr 0 A, Schienerj Curator of Mineralogy of the Natural History Museum, 

Viennao The North Carolina specimens had been originally obtained by 

Von Foullon from ¥„ E» Hidden [1853-1918), an American mineralogist„ 

Unfortunately, it is not possible to correlate particular specimens 

with the analyses cited by Von Foullon, X-ray and optical studies of 

his specimens from Mitchell County,, North Carolina, including the materials 

of analyses 1 and 2 (table 1), although these could not be specifically 

identified, show that they are variable mixtures of uranophane with 

vandendriesscheite or an unidentified lead uranyl oxide. Specimens 

of identical appearance from Mitchell County contained in other col- 

• lections also were found to be mixtures of uranophane or beta-uranophane
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with vandendriesscheite and, in some instances, clarkeite, fourmarier~ 

ite, and unidentified lead uranyl oxides 0 A sample of the gummite from 

Mitchell County analyzed by Ross, Henderson, and Posnjak (1931)» cited 

in column 4 of table 1, and supplied for examination by Dr. George 

Switzer of the U 6 S 0 National Museum was found on X-ray and optical 

study to be an unidentified phase. Mineral C» This mineral is closely 

associated with uranophane, and the analyzed sample is described as of 

questionable homogeneity. A new analysis of a brownish-red gummite 

from Mitchell Courrey is cited in column 12 of table 1 0 This material 

also gave the X-ray pattern of Mineral C 0

If the analyses of the material from Mitchell County cited in 

columns 1, 2 and 3 of table 1 are recalculated after deduction of the 

Si02 as uranophane „ CaO°2U03 <) 2Si02*6H20 9 the remaining substance is 

seen from the data of table 2 to have virtually the composition of van­ 

dendriesscheite o Analyses 1 and 2 have a slight excess of CaO over the 

requirements of the S102 ^OT> uranophane, and analysis 3 a slight defic­ 

iency (3ol9,3oG4s,2o05 present3 2 0 35,2 0 35,2 0l6 required). In the 

analyses as recalculated, all of the CaO and Si02 was deducted together 

with the amounts of U03 and H20 required by the SiOg present* The Ba 

present in these analyses undoubtedly substitutes for Pb»

Analysis 11 by Kersten (1832) of the "hyacinthrothes Pechuran 11 

from Johanngeorgenstadt is rather similar to those just discussed if 

it is assumed, as was suggested by Von Foullon (1883)» that much of 

the Ca reported actually is Pb« Analyses 5 9 6, and 7 of eliasite and 

pittinite from Joachimsthal apparently represent mixtures of limonlte 

and uranophane with a lead uranyl oxide. Type specimens of eliasite
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and pittinite are not available for examination. However 9 one specimen 

from Joachimsthal of uraninite altered to orange-colored gummite was 

found here to be composed of fourmarierite and uranophane and another 

was composed of vandendriesscheite 0 Analysis 10 is close to curite 

in composition. Analysis 9 was made on admittedly inhomogenous material 

containing perhaps 25 percent of another mineral that appears from its 

description to be uranophane. The deep color and high lead content of 

this material suggests that the gummite component was perhaps curite« 

Rigal (1938) cites a partial analysis of a very impure orange gummite 

from Argentina that apparently contains about 5 percent PbO and 80 

percent U03o Chaudhuri (1944) found radiometrically that an orange- 

yellow gummite from Rajputana contained about 71 percent U03 and 0.8 

percent ThOg. Krishnan (1948) cites partial analyses of impure gummit© 

from Rajputana. Florencio (1951) has reported an analysis of a gummite 

pseudomorph after uraninite from Alto do Tibiri 5 Paraiba s Brazil, that 

apparently consists of a hydrated uranyl silicate 9 possibly soddyite* 

The analysis is reported in column 14, table 1. Five analyses of gum­ 

mite and uranium ochre from CoVdoba province 9 Argentina, reported by 

Ahlfeld and Angelelli (1948) are cited in columns 15-19* table 1. The 

material occurs as alteration products of uraninite in pegmatites „ 

The analyses resemble those of gummite in general, and apparently are 

mixtures with uranophane and 9 in analysis 19 9 possibly also quartz or 

other insoluble material. The presence of uranophane(?) is noted in 

material from Angel mine (analysis 16 $ which lacks CaO) 9 and this 

mineral was identified in specimens of gummite from Cordoba examined 

by the writer.
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The X-ray and chemical evidence indicates that the gummite from 

Mitchell County, North Carolina, is not a definite compound containing 

essential Ca and Si, as was believed by Von Foullon, but is a mixture 

of a calcium uranyl silicate, uranophane, with a lead uranyl oxide, 

usually vandendriesscheite. This view is strongly supported by the 

fact that similar specimens of gummite, from localities over the world, 

are found to be composed of lead uranyl oxides, usually vandendries­ 

scheite, Mineral A, Mineral c, or fourmarierite, admixed or associated 

with the silicates uranophane, beta-uranophane, kasolite, or Mineral 

B.

SEQUENTIAL ALTERATION OF URANINITE 

Mineralogy

Gummite pseudomorphs after uraninite crystals show a very charac­ 

teristic sequence of alteration products that has long been recognized^ 

Brief descriptions have been given by Kerr (1877), Genth (1879), Hidden 

(I88j_., Von Foulion (1883), Hoffman (1901), Tipper (1919), Schoep (1921), 

Buttgenbach (1922), Hacquaert (1927), ^llsworth (1930), Ross, Henderson 

and Posnjak (1931), lagoda (1946), Sarkar and Sen (1946), Krishnan (1948), 

Bakken, Gleditsch and Pappas (1948), and Page (1950)„ The best examples 

are afforded by the uraninite crystals found in pegmatites, but the same 

principles apply to uraninite in all of its occurrences. When a typical, 

partly altered crystal is broken across, one finds? (1) A veined or :l 

embayed central core of uraninite„ The color may be black or, in rela­ 

tively highly oxidized material, greenish black, brownish black, or dark 

browno (2) A surrounding zone of orange-red, orange, brownish red, brown,
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or yellow material which constitutes the traditional gummite. This 

material is dense in structure, although microscopically crystalline, 

and ranges from vitreous or gumlike to dull and earthy in appearance« 

In composition it consists chiefly of hydrated uranyl oxides, often 

containing considerable amounts of essential lead together with minor 

amounts of calcium and barium. The commonest mineral constituents are 

vandendriesscheite, fourmarierite, Mineral A, and Mineral C. Cur it e, 

becquerelite, and schoepite also have been identified, and several un­ 

identified minerals have been found. (3) An outer zone of wanyl 

silicates« This zone generally is hard, dense, and microcrystalline 

with a greenish-yellow color and vitreous luster but may be soft and 

earthy with a straw-yellow color and dull luster. The hard, vitreous 

material often faithfully preserves the minute surface details of the 

original uraninite crystals,, The silicate zone grades into the hydrated 

oxide zone and has been derived from it. The principal minerals of this 

zone are uranophane 9 beta-uranophane, and kasolite. Mineral B 9 soddyite, 

sklodowskite, and several unidentified minerals also occur.

This sequence may vary considerably in detail. Thus, the original 

uraninite may be completely oxidized leaving pseudomorph of orange 

gummite, with a more or less thick rind of uranium silicate, or the 

pseudomorph may consist largely or entirely of uranium silicate„ Further 

additional more or isss well marked zones may be present. Specimens 

from a few localities were found to have an irregular outer zone of the 

uranyl carbonate rutherfordine which graded inwardly into orange-red 

gummite. Complete pseudomorphs of rutherfordine also were observed* 

Other specimens showed brown clarkeite as the core, or an intermediate
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zone of clarkeite was present between the uraninite core and the outer 

gummite and silicate zones. The gummite zone itself may be irregularly 

mottled or -veined in orange-red, red, or yellow colors due to admixture 

of various minerals*

There is also a further stage of alteration of the uraninite of 

pegmatites, in which the substance of the pseudomorphs is leached away 

and is dispersed or re deposited in cracks in the matrix in the immediate 

neighborhood of the pesudomorphs* The secondary uranium minerals that 

occur in this way are chiefly the phosphates meta-autunite, parsonsite*, 

and phosphuranylite and the silicates uranophane, beta-uranophane, : • 

kasolite, and Mineral B 0

The alteration sequence just described seems to take place at 

essentially atmospheric conditions through the agency of meteoric 

waters* It also has been considered, apparently first by Ross, Henderson 

and Posnjak (1931), that the alteration of the uraninite of pegmatites 

to guamdte and silicates took place during the late hydrothermal stage 

of pegmatite formation. It may be noted in this connection, however, 

that the uraninite of various nonpegmatitic deposits, including the 

Colorado Plateau region, Katanga, Great Bear lake,and Joachimsthal, 

undergoes an identical sequence of alterations under what are clearly 

weathering conditions„ George (1949) also points out that in the urani­ 

nite vein deposits of Portugal uranophane and beta-uranophane are much 

more abundant toward the surface and are there associated with typical 

supergene uranium minerals such as autunite sod torbernite a According 

to Websky (1853» 1859), uranophane at its type locality, Kupferberg, 

Silesia, is formed by atmospheric influences on primary uraninite in
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the copper veins* Hayden (1914) remarks that uranium ocher (gummite) 

is common at the surface of pegmatites in the Gaya district, India, 

and passes into pure uraninite in depth (where a nodule 36 pounds in 

weight was found). This also is true in the New -England pegmatites. 

The occurrence of uraninite in pegmatites has been discussed by Page 

(1950) and Quensel (1940). Lang (1952) mentions 2? occurrences of 

gummite in Canada, mostly in pegmatites,

The sequence of alteration of uraninite on a single-crystal scale 

is broadly paralleled by the alteration of vein deposits of uraninite 

on a geologic scale. Thus, in the Katanga deposits the uraninite alters 

first to hydrated uranyl oxides or lead uranyl oxides, principally 

becquerelite, schoepite, vandendriesscheite, and fourmarierite. These 

minerals occur chiefly as crystalline crusts and masses, involving 

deposition from solution, and are not pseudomorphous alteration products. 

Pseudomorphs also occur but are rare* The very rare secondary mineral 

ianthinite, a hydrated oxide of quadrivalent uranium 9 is formed earlier 

than these sexivalent oxides and occurs as crystals in veinlets pene­ 

trating uraninite. The formation of the hydrated uranyl oxides is 

accompanied and followed by the deposition of hydrated uranyl phosphates 

and silicates, generally containing copper, calcium, magnesium, or lead 

in addition to uranium. These have formed as crusts and masses chiefly 

by the action of meteoric waters carrying Cu, Ca, Mg^ phosphate, and 

silica on the earlier formed hydrated oxides« The phosphate apparently 

has been derived by meteoric waters from the country rock. Unfortunately 

there is no detailed account of the paragenesis of the secondary uranium 

minerals at Katanga in the available literature» Brief accounts are 

given by Robert (19^0)j £stg and Rabinowitch (1951), Everhart (1951),
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Thoreau and Terdonck (1933, 1935), Bain (1950), and Kohl (1954), and 

scattered remarks are found in the literature descriptive of individual 

species 0 The above sequence, recognized in the literature, is confirmed 

by the examination of Museum specimens, Uraninite deposits rich in 

sulfides generally alter directly to the sulfates zippeite, uranopilite 9 

and johannite,, and probably much of the uranium is lost in the meteoric 

circulation if the water is acid. The uraninite deposits of the Canadian 

shield, as at Great Bear Lake and lake Athabaska, show only a very slight 

supergene alteration^ chiefly to hydrated uranyl oxides and silicates„

Chemistry

The chemistry of the sequential alteration of uraninite crystals 

offers a number of interesting problems<, In the initial stage of alter­ 

ation, the uraninite itself oxidizes over a range of composition without 

destruction of its crystal structure. In this, it is well established 

that mlence compensation for the serial oxidation of U^ to U6 is effected 

by a coupled entrance of oxygen into the vacant eight-coordinated posi­ 

tions of the structure. The extent of oxidation that is possible before 

the structure breaks down is not known. It appears to be in the neighbor­ 

hood of U02o3 (see Katz and Rabinowitch,1951) or U02o6 (see Brooker and 

Nuffield, 1952)o The effect that the presence of Pb, Th 9 and rare 

earths in substitution for U has on the extent of the oxidation is not 

known, A similar mechanism of compositional variation is known in other 

substances isostructural with U02? including the substitution of Y, Th 

or U4 for Ca in CaF2? La for Sr in SrF29 and Bi for Pb in PbF2o In 

these instances F enters the interstitial positions to effect valence 

compensation. It also has been suggested that the content of U& in





18

natural uraninite is due to an auto-oxidation involving radioactive 

decay processes independent of the environment (Ellsworth, 1925, and 

Khlopin, 1938). Attempts based on this assumption to use the U4-/U6 

ratio for age calculations have been unsatisfactory. It seems likely 

that the oxidation is a forerunner of the hydration and chemical reaction 

with traversing, oxidizing solutions that ultimately convert the urani­ 

nite completely into the minerals of the gummite and silicate zones. 

It is of interest to note that neither U30g nor the tetragonal polymorph 

of partly oxidized uraninite (-^UOg^) have been found in nature, although 

both are stable, well-known compounds easily formed by the oxidation of 

U02 .

In the second stage of alteration, the uraninite is destroyed and 

its constituents are reorganized into the hydrated lead uranyl oxide 

minerals of the orange-red gummite zone. The change involves complete 

oxidation of the uranium to U6 and hydration, without significant gain 

of'material other than water, but possibly with leaching of uranium in 

part relative to lead. It is apparent from the examination of many 

specimens that the parent uraninite does not have to be oxidized to its 

limiting content of U6 in the UOg structure-type before it converts to 

these new phases, although it may alter more readily if it is relatively 

highly oxidized. The radiogenic lead of the original uraninite seems 

to be wholly retained in the new minerals formed at this stage. The 

particular mineral or minerals formed here, whether schoepite or bec- 

querelite (little or no lead), vandendriesscheite (9.1 percent lead), 

fourmarierite (15.3 percent lead), o-r curite (22,1 percent lead) presumably 

reflects the amount of radiogenic lead available in the original uraninite.





19

Leaching of uranium relative to lead is an added factor* No zoning 

of the minerals of this stage in point of lead content has been observed* 

The amount of radiogenic lead in uraninite ordinarily runs from about 

3 to 10 weight percent PbO, but up to 19 percent PbO has been reported* 

Curite, with the highest content of Pb of the secondary hydrated uranyl 

oxides, is very rare in gummite alteration pseudomorphs, Schoepite and 

becquerelite, with little or no lead, also are very rare* At Katanga, 

its principal locality, curite is formed chiefly by direct crystallization 

from lead-containing solutions and is relatively late-formed in the para- 

genesis o The question of the valence state of the Pb present in uraninite 

and in some of the red-colored secondary oxides requires further investi­ 

gation* It always is reported as Pb2 by analysts., Wasserstein (1954) > 

in his work on the determination of age by unit cell measurements of 

uraninite, assumes the lead to be present as Pb4 »

In the third stage of alteration,, the hydrated oxides of the gummite 

zone react chemically with traversing solutions, ordinarily of the meteoric 

circulation but- possibly at times of hydrothermal origin, with the for­ 

mation of uranyl silicates and, occasionally, of the uranyl carbonate 

rutherfordine. Calcium ordinarily is added at this time, in addition 

to silica and water, giving rise to the characteristic minerals of this 

zone, uranophane, beta-uranophane, and Mineral B« Soddyite, a uranyl 

silicate lacking Pb, Ca, or other cations, also may form at this stage 

but is rare* Lead, retained during the gummite stage, ordinarily is com­ 

pletely lost during the formation of the silicates„ Sometimes it is 

retained and concentrated relative to uranium with the formation of 

kasolite, with 37.5 percent PbO, and Pb also is sometimes present in
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solid solution in Mineral B. Uranium, present in the silicates of 

this stage in amounts between 49 and 67 percent U03 , apparently must 

be lost in part since the alteration commonly takes place without 

appreciable change in volume (pseudomorphic).

The history of the thorium and the rare earths contained in the 

original uraninite is not entirely clear. Analyses 4» 9» 12, and 15 

to 19 of table 1 indicate that these elements are retained at least 

in part in the minerals of the gummite zone* This also is indicated 

by a spectrographic study of zoned pesudomorphs made for the writer by 

Mr. H. C. Harrison. This study further showed that the thorium and 

rare earths tend to be leached out during the silicate stage of alter­ 

ation* An analysis of uranophane cited beyond, however, indicates that 

thorium and rare earths may be retained in small part in the silicate 

stage, but these elements are not found in most analyses of uranophane 

and beta-uranophane. The studies made of changes in the ratios of 

uranium, thorium^ and lead during the oxidation of uraninite, in con­ 

nection with the determination of geologic age by the U, Th/Pb method, 

indicate that thorium tends to decrease and lead to increase relative 

to uranium as alteration proceeds, [See Bakken, Gleditsch 9 and Pappas 

(194B), Gleditsch and Bakken (1937), Bakken and Gleditsch (1938), Alter 

and Kipp (1937), Hecht (1931), and Hecht and Kroupa (1936)7] These 

observations apply to uraninite in the initial stages of alteration. 

Uraninite that has passed into the gummite stage of alteration is worth­ 

less for age determination work. F^yn (1937) has described experiments 

on the leaching of uraninite in water in closed tubes at 19C°C«, Yagoda 

(1946) describes the occurrence of radiocolloid aggregates in gummite
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and gives a color photograph of a gummite specimen. The radiocolloids 

apparently owe their origin to the leaching and local reprecipitation 

of radiogenic radium as radium sulfate, which has since largely decayed 

to Pb206SO^.

Clarkeite contains sodium and calcium as essential constituents, 

together with lead, and occurs in the inner part of some uraninite pseudo- 

morphs in pegmatites. The writer inclines to the view of Ross, Henderson 

and Posnjak (1931) that the clarkeite was formed by reaction of the 

uraninite with late pegmatitic hydrothermal solutions containing alka­ 

lies. The outer gummite and silicate zones of these pseudomorphs probably 

were formed much later by meteoric solutions,

DESCRIPTION OF MINERALS PRESENT IN GUMMITE

Becquerelite, 7U03 -11H20 (?)

\ 

Becquerelite was not identified as a constituent of the gummite

specimens examined in the present study. It has been reported by Stein- 

kuhler (1923) and Hacquaert (1927) in uraninite pseudomorphs from Katanga. 

The mineral ordinarily occurs at this locality not as an alteration 

product but as drusy crusts and aggregates that have been deposited 

directly from solution in the supergene zone. It was observed as a 

direct alteration product of massive uraninite, however, in specimens 

from the Monument No, 2 mine, Apache County, Arizona, and Lake Athabaska, 

Canada, The rarity of becquerelite in gummite is rather surprising, 

especially since the mineral can contain lead in solid solution, Schoep 

(1936) describes specimens from Katanga showing a central core of urani­ 

nite that has altered first to becquerelite and orange fourmarierite and
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later to green vandenbrandeite and cuprosklodowskite. 

Beta-uranophane ,

Beta-uranophane, the monoclinic polymorph of uranophane, was found 

in a few occurrences as the chief constituent of the outer, silicate 

zone of alteration. In these occurrences the mineral is identical in 

color and general appearance with uranophane (which see)| it is best 

distinguished by optical and X-ray tests. Beta-uranophane has inclined 

extinction and relatively high indices of refraction (table 3)» Stein- 

ocher and Novac'ek (1939) note that beta-uranophane may convert to 

uranophane when finely crushed, so that care must be taken in preparing 

samples for X-ray or optical study. In gummite pseudomorphs 9 beta- 

uranophane characteristically 'has a yellowish green color sometimes in­ 

clining to lemon yellow. Dense material is slightly translucent and 

has a weak vitreous to waxy-vitreous luster. Like uranophane, the 

mineral also occurs as soft, rather porous aggregates of a dull or 

earthy luster and then inclines to straw yellow and brownish yellow 

shades of color. This soft material seems to be a product of leaching 

of the dense, vitreous pseudomorphs. Under the microscope the mineral 

appears as matted aggregates of fibers, often minute in size and dis­ 

torted,, and accurate optical measurements are difficult to obtain. 

Beta-uranophane was identified in material from the following localities? 

various pegmatites in the Spruce Pine district, Mitchell County, North 

Carolina! Newry, Maine; the Ruggles pegmatite, Grafton Center, and the 

Palermo pegmatite, North Groton, New Hampshire j Easton, Pennsylvania; 

Rajputana, India. It was also found as crusts of acicular crystals





23

associated with altering uraninite at Theano Point, Lake Superior, 

Canada, and Wolsendorf, Bavaria.

Clarkeite, (Na,Ca,Pb,H20) 2U2(0,H20) 7

Clarkeite was identified in a number of specimens from the Spruce 

Pine pegmatite district, North Carolina—the type locality for the min­ 

eral. It also was found at a new locality, the Ajmer district, Rajputana, 

India. The composition and properties of clarkeite have been recently 

described by Gruner (1954) and by Frondel and Meyrowitz (in press). 

Clarkeite occurs as a direct alteration of uraninite. It is earlier, 

formed than the minerals of the orange-red gummite zone and may alter 

to them. It differs from these minerals in its dark-brown or mahogany- 

brown color 9 .and in containing Na and Ca in addition to Pb, It occurs 

as dense 9 fine-grained aggregates. The indices of refraction are high,
•

near those of curite 9 and vary considerably with variation in the ratio 

of Na, Ca, and Pb.(table 3). A positive identification is best made 

by X-ray means (table 4) • The mineral also resembles the brownish- 

black, relatively highly oxidized types of uraninite. Clarkeite has 

been said to occur in reddish-brown gummite at the Ruggles pegmatite, 

Grafton Center, New Hampshire, but it was not observed in specimens 

from this locality examined in the present study.

Curite, 3PbO«8U03 «4H20 (?)

Curite was not identified with certainty in any of the gummite 

pseudomorphs here examined. It may have been admixed in very small 

amounts in some of the fourmarierite pseudomorphs. In one instance 

an X-ray pattern very close to that of curite was obtained from a deep
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orange-red gummite from Mitchell County, North Carolina, but the indices 

of refraction were much too low to confirm the identification. The orange- 

red to red color of many gummite specimens is not due to curite, as has 

been suspected in the past, but chiefly to fourmarierite and in part to 

vandendriesscheite. Curite pseudomorphs after uraninite crystals from 

Katanga have been described by Vernadsky and Chamie (1924)» Van Aubel 

(1927), Schoep (1930) and Hacquaert (1927). Schoep and De Leenheer (1937) 

found that certain colloform crusts from Katanga, termed gummite by 

them, were composed of curite (analysis 10, table 1) 9 Their belief 

that all gummite is composed of curite is incorrect, A transparent, 

isotropic substance with a bright-scarlet color found here as an alter­ 

ation product of uraninite from Fone, Gjerstad, Norway, may be an 

amorphous gel form of curite. It has an index of refraction slightly 

over 2, and did not give an X-ray diffraction pattern. A flame-scarlet 

alteration product of uraninite from Villeneuve, Quebec, analyzed by 

Ellsworth (1930) and cited in table 1, might contain curite.

Fourmarierite, PbO»4U03 '7H20 (?)

Chemically, it is known from the reported analyses (table 1) and 

from numerous spectrographic analyses made during the present study, 

that the minerals of the gummite zone of alteration are essentially 

hydrated oxides of uranium and lead* Barium, calcium, thorium, and alka­ 

lies often are also present in significant amounts in addition to lead. 

For practical purposes of identification, the minerals that fall into 

this general region of composition may be divided into two groups. The 

first group $ comprising curite, clarkeite, becquerelite, billietite, 

and Mineral A, are relatively easy to identify in the present connection
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because their X-ray patterns are distinctive and their optical and other 

properties are also diagnostic« The second group, comprising fourmarier- 

ite, vandendriesscheite, schoepite, Mineral C, masuyite, and richetite, 

are difficult to identify. The X-ray powder patterns of all of these 

substances are very similar, and in the case of faint or diffuse patterns 

or of mutual admixture a positive discrimination becomes difficult or 

impossible by this method. In this case, the optical properties are of 

aid: schoepite without lead has much lower indices of refraction than 

the others, with 7 & 1.74; vandendriesscheite and Mineral C have indices 

usually in the range 1.76 - 1.85? fourmarierite has higher indices, be­ 

tween 1.84 and 1«96 for the most part| the problematic mineral richetite 

is said to have p and 7 from 2.00 to 2.07| masuyite has a 1.785, P 1.906, 

7 1.917 according to one description and |3 2.11, 7 2,15 according to 

another. Complete optical descriptions are given in table 3« In the 

present study, the standard X-ray patterns employed were obtained from 

type analyzed specimens of these minerals (with the exception of richet­ 

ite, for which data, and specimens are lacking). The X-ray pattern of 

masuyite is virtually identical with that of vandendriesscheite. The 

identification of these minerals in gummite was regarded as certain 

only if both the optical properties and the X-ray pattern answered the 

standard description. If, as was often the case, the optical properties 

were divergent or the optical properties answered the description and 

the X-ray pattern was diffuse and ambiguous, the identification was 

regarded as tentative. This procedure is not wholly satisfactory, as 

there are many uncertainties about the mutual relations of the minerals 

here classed together. Thus it is an open question whether the composition
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of these minerals is fixed, or whether there is a partial or complete 

variation in composition in point of lead content, with attendant vari­ 

ation in the X-ray pattern or optics, between some or all of them. 

Further p it is not known how the presence of barium or calcium in solid 

solution for lead affects the X-ray and optical constants. This is an 

important factor in the case of fourmarierite and vandendriesscheite 

at least. The barium and calcium analogues of fourmarierite have been 

synthesized.!/ They are isostructural with fourmarierite, and complete 

series probably extend between all three members« The barium uranyl ox­ 

ide billietite was not identified in gummite, but it was observed as sharp 

crystals coating cracks in a fourmarierite pseudomorph after uraninite 

from Katanaga. In the latter specinen the complete sequence of deposition 

was uraninite (core), fourmarierite, billietite, uranophane, torbernite.

Fourmarierite was identified in gummite from the following local­ 

ities: Wb'lsendorf, Bavaria| Tvedestrand, Norwayj as an alteration of 

pitchblende from an unstated locality in Bohemia, probably Joachimsthalj 

Bisundi, Rajputana, India; the Spruce Pine district, Mitchell County, 

North Carolina| Newry, Maine5 the Katanga district, Belgian Congoj Mica 

Lakes area, Hahns Peak, Colorado, It also was found as thin colloform 

crusts on altering uraninite from Great Bear Lake, Canada. Some of 

the material from these localities had indices of infraction slightly 

higher than those reported in the literature, with 7 1.95-1-97. Four­ 

marierite was doubtfully identified as a minor constituent of gummite 

from a number of localities, including Morogoro, Tanganyika! Rajputana,

I/ By Miss Eleanor R. Berman, Department of Mineralogy, Harvard 
University, 1954*
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India; the Palermo and Ruggles pegmatites in New Hampshire; Pamplonita, 

Colombia (with 7 a little over 2); the Ingersoll mine, Pennington County, 

South Dakota; Bathurst, Lanark County, Ontario; Wilberforce, Cardiff 

Township, Ontario. The mineral occurs as dense, microcrystalline aggre­ 

gates, and the color is orange red. The color is lighter than that of 

curite. There is no question but that the indices of refraction of the 

mineral vary by at least 0.04 due to variation in composition, presum­ 

ably the substitution of Ba and Ca for Pb.

Sarkar and Sen (1946) made an X-ray powder study of an orange- 

yellow gummite from Rajputana, India, which encased a residual of 

uraninite and was in turn surrounded by lemon-yellow uranophane. They 

concluded that the mineral was gummite (which they accept as a species 

name) from the near agreement of their d-spacings with the data given 

by Ross, Henderson and Posnjak (1931) for an unanalyzed specimen of 

gummite (in the broad sense) from Mitchell County, North Carolina. 

This pattern is of the fourmarierite type but cannot be more closely 

identified. The optical properties given by Ross, Henderson and Posn­ 

jak (a 1.742, 0 1.762, 7 1.776, 2V 60°, r < v) differ from those of 

fourmarierite and vandendriesscheite but may represent Mineral C. 

Clarkeite and fourmarierite (?) were recognized in gummite specimens 

from ^ajputana during the present study. Two partial analyses of im­ 

pure gummite from Rajputana cited by Krishnan (1948) show 8.26 and 

19.10 percent PbO. Crookshank (1948) describes some of the minerals 

from the Rajputana pegmatites.
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Kasolite, Pb(U02 )(Si03 )(OH) 2 (?)

Kasolite occurs in the silicate zone of alteration as earthy to 

firm microcrystalline aggregates of minute shreds and fibers 0 Dis­ 

tinct euhedral crystals such as characterize the Katanga material were 

not observed,, The mineral has a brownish-yellow to pale-brown color, 

and closely resembles the isostructural species Mineral B (which see). 

It often occurs more or less admixed with shreds and fibers of urano- 

phane e Kasolite was identified as the principal or sole constituent 

of the outer silicate zone in uraninite pseudomprphs from Kakanas and 

Gordonia;, Africai the Ruggles pegmatite, Grafton Center, New Hampshirej 

and Bisunai, Raj pat ana, India« It also was observed as a very minor 

constituent of the silicate zone in material from the Morogoro district, 

Tanganyika 9 and a few other localities,, At the Ruggles pegmatite, 

kasoliie occurs both as a thin outer crust about the orange gummite 

pseudomorphs for which the locality is noted and as complete pseudo- 

morphs of a rather porous consistency,,

Phosphuranylite, Ca(U02 ) 4(PQ4 ) 2 (OHV7H20(?)

Phosphuranylite was observed admiissd in small amounts with urano- 

phane in the surface parts of altered uraninite crystals from Spruce 

Pine, Mitehe11 County, North Carolina, and the Ruggles pegmatite, Grafton 

Center, New Hampshire<> Cubical molds of uraninite crystals, some empty 

and others more or less completely filled with golden-yellow, earthy 

phosphuranylite were noted in specimens from the Flat Rock mine, Mite he 11 

County,, North Carolina^ these pseudomorphs, however, appear to be due 

to the infilling of empty cavities (casts) and not to the alteration of
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uraninite in place. Phosphuranylite occurs much more commonly as films 

and coatings on fracture surfaces in. the immediate neighborhood of urani­ 

nite pseudomorphs in pegmatites (Frondel, 1950). An occurrence of 

phosphuranylite(?) with gummite and uraninite in eastern Kuangsi province, 

China, is described by Nan and Wii (1943),

Rutherfordine, (U02 )(C03 )

Earthy, yellow pseudomorphs of rutherfordine after uraninite 

crystals were described by Marckwald (1906) from a pegmatite in the 

Morogoro district, Tanganyika, Africa. Specimens examined from this 

locality showed a central core of uraninite, a surrounding zone of 

orange-red gummite, and a pulverulent outer zone of rutherfordine 

usually much admixed with uranophane and kasolite. The mineral occurs 

similarly in pegmatite at Newry, Maine, and Beryl Mountain, New Hamp­ 

shire. A description of the mineral from its known localities is given 

by Frondel and Meyrowitz (in press)* Rutherfordine effervesces strongly 

in dilute acids, although the reaction starts slowly, and this provides 

a useful aid in its recognition. The mineral often is much too fine 

grained for satisfactory optical study, and an X-ray powder pattern 

may be required. The uranyl carbonates sharpite and studtite and the 

carbonates of uranium containing additional cations, such as liebigite, 

were not encountered in this study. In its known occurrences rutherford- 

ine appears to be produced by the action of carbonated surface waters 

on the hydrated oxides of the gummite zone.
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Schoepite, 2U03 '5H20 (?)

Only one example of schoepite was observed in the gimmite zone 

of alteration. It occurs as golden-yellow to yellow, earthy pseudo- 

morphs after uraninite in the Beryl Mountain pegmatite, near Acworth, 

New Hampshire. Fine-grained Mineral B, uranophane, and rutherfordine 

were associated. At Katanga, the principal locality for the mineral, 

schoepite is a drusy or granular massive deposit from solutions and 

is not a pseudomorphic alteration product. Hacquaert (1927), however „ 

has noted its presence with becquerelite in a uraninite pseudomorph 

from this locality. Its rarity in gummite is due to the general pres­ 

ence of lead, which leads to the formation of hydrated oxides such 

as vandendriesscheite and fourmarierite. Schoepite also was observed 

as a yellow crust on massive uraninite frpm Hottah Lake, Canada.

Sklodowskite, Mg(U02 ) 2 (Si03 ) 2 (OH) 2 '5H20

Sklodowskite was not identified in the present study among the 

uranium silicates comprising the outer zone of alteration. It has 

been observed, however, by Hacquaert (1927) with curite and cerussite 

comprising pseudomorphs after uraninite from Kasolo, Katanga*

Soddyite, (U02 ) 5 (Si04 ) 2 (OH) 2 *5H20

Soddyite was identified only once in the present study, although 

its presence in very small amounts admixed with uranophane was suspected 

in material from a number of localities. It occurs abundantly at the 

Ruggles pegmatite, Grafton Center, New Hampshire, as complete pseudomorphs 

after uraninite. These are yellow to straw-yellow in color, with a





31

dense to almost pulverulent consistency, and are composed of minute 

shreds and fibers of soddyite admixed with small amounts of uranophane. 

In the hand specimen they resembled very closely the earthy types of 

uranophane and Mineral B pseudomorphs from this and other localities* 

Soddyite also has been found in the Norrabees pegmatite in N-amaqualand, 

South Africa (Gevers, Patridge and Joubert, 1937), where it presumably 

is an alteration product of uraninite, Soddyite may be present in a 

gummite pseudomorph from Alto do Tibiri, Paraiba, Brazil, analyzed by 

Florencio (1951) (column 14, table 1) 0 Merocrystalline soddyite is 

rather'similar optically to beta-uranpphane and phosphuranylite, although 

it lacks the distinct golden pleochroism of the latter, and is best 

identified by X=ray methods,

' Uranophane s Ca(U02 ) 2 (Si03 ) 2 (OH) 2 '5H20

The occurrence of a calcium uranyl silicate in the outermost, 

greenish zone of alteration of uraninite pseudomorphs, bordering on 

and veining the orange-red gummite zone, was established chemically by 

Genth (1879) and Von Foullon (1883) in material from pegmatites in 

Mitchell County, North Carolina, A probably identical mineral occurring 

as an alteration of uraninite from Arendal, Norway, was analyzed by 

Nordenskioid (1884). The existence of uranophane in the siliceous outer 

zone in such pseudomorphs also was noted by Hidden (1881), Tipper (1919)? 

Hacquaert (1927), Ross, Henderson and Posnjak (1931)> Ellsworth and 

Osborne (1934), Buttgenbach (1922), Schoep (1921), Sarkar and Sen (1946), 

and others. The first specimen sent to Belgium after the discovery of 

uranium in Katanga in 1913 was described by Buttgenbach (1926) as pitch­ 

blende altered to gummite and uranophane. This mineral has been called
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uranophane (or uranotil) in the older literature, but it was shown by 

Novacek (1935) and Steinocher and Novacek (1939) that the compound is 

dimorphous, orthorhombic (uranophane) and monoclinic (beta-uranophane). 

The distinction between these polymorphs rests chiefly on optical and 

X-ray criteria*

There is also the question of the identity of uranophane and urano­ 

til. Both names are found in some modern literature, as distinct species, 

based on the belief that the acicular calcium uranyl silicate from Wbl- 

sendorf s Bavaria, described by Boricky (1870) under the name uranotil 

differs in composition from the very similar mineral described earlier 

from Kupferberg, Silesia, by Websky (1853) as uranophane* Websky's 

analysis unfortunately was made on very impure material. An X-ray and 

optical study made here of uranophane from Kupferberg and of uranotil 

from Wolsendorf has shown conclusively that these two minerals are 

identical. The name uranophane (and beta-uranophane) should be employed 

for the species, as was already concluded by Dana (1892).

The uranophane of the silicate zone of alteration generally appears 

as a hard, dense mass, without structure visible to the unaided eye, 

and has a waxy to subvitreous luster. The color of the mineral commonly 

is a pale greenish yellow, but varies to yellowisft green,, dull green, 

yellow, orange yellow, and straw yellow. Occasionally it forms rela­ 

tively soft to porous masses with a dull to earthy luster and a straw- 

yellow to brownish-yellow color. Under the microscope, the mineral 

is microcrystalline and composed of shreds or fibers in a confused or 

matted array. There is almost always at least a small degree of ad­ 

mixture with other minerals. The indices of refraction may be difficult 

to obtain accurately s because of small particle size. Beta-uranophane,
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which otherwise resembles the present species very closely, has higher
i 

indices and the extinction is inclined (table 3)• The X-ray patterns

of'the two minerals are quite different (table 4). Uranophane (and 

beta-uranophane) ordinarily are separated from the central core of urani- 

nite pseudomorphs by an intermediate zone of guramite, from which the 

silicates have been derived. In a few instances, however, uranophane 

was observed forming directly from uraninite.

Uranophane was identified as the chief constituent of the silicate 

zone in specimens from a large number of localities. These included 

numerous places in the pegmatite districts of North Carolina, New Hamp­ 

shire, Maine, Connecticut, Colorado, and the Black Hills, South Dakota* 

Among the foreign localities may be mentioned Calamuchita, Cordoba, 

Argentina; Rajputana, India; Karelia, Russia; Katanga, Belgian Congo; 

Morogoro, '^angaxiyi'ka.. The mineral also was identified as fibrous crusts 

and aggregates associated with altering uraninite, but not pseudomorphous 

after it, from Lake Athabaska, Saskatchewan, and Theano Point, Lake Super­ 

ior, Canada| Joachimsthal, Bohemia; Katanga district, Belgian Congo; 

Wolsendorf, Bavaria; the Grants area, New Mexico; the Marysvale and 

Henry Mountains districts, Utah.

A specimen from Mitchell County., North Carolina, showed a uraninite 

cube that had been wholly altered to a soft, porous, straw-yellow aggre­ 

gate of uranophane, A chemical analysis of this material by F. A. Gonyer, 

cited below, is of interest in showing the presence of a considerable amount

CaO Th02 and Y203 U03 Si02 H20 Total

5.77 2.60 66.40 13.40 11.71 99,88 

of thorium and yttrium in substitution for calciunu A semiquantitative 

spectrographic analysis by H. C, Harrison showed that Y composed about
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10 percent of the mixed (Th, I) oxides. Optically, this material had 

OL -vx 1.642 (nearly colorless), 7 ^ 1.66B (pale yellow) in Na light, 

with Z parallel to the elongation.

Vandendriesscheite, PbO'7U03 *12H20 (?)

The problems attending the identification of vandendriesscheite 

have been discussed earlier under fourmarierite, which see. Vanden­ 

driesscheite was identified in gummite pseudomorphs from the following 

localities« numerous places in the Spruce Pine district, Mitchell 

County, North Carolina, including the Wiseman, McKinney, ^eak and 

various unstated mines in this district; Newry, Mainej the Palermo 

and Ruggles pegmatites in New Hampshire| numerous specimens from the 

Katanga district, Belgian Con^oj Joachimsthal, Bohemia. The mineral 

also occurs as crusts and minute crystals (the "Mineral X" of Palache 

and Berman, 1933) on altering uraninite at Great Bear Lake, Canada* 

It was observed as their colloform films on uraninite from Hottah Lake, 

N.W.T., Canada. Vandendriesscheite was doubtfully identified from a 

number of other localities, and the mineral appears to be more common 

than fourmarierite. It often occurs admixed with other oxidie minerals 

of both higher and lower indices, and uranophane is commonly present 

in small amounts. Vandendriesscheite occurs as dense microcrystalline 

aggregates. The color varies from yellow-orange, brownish orange, and 

orange to orange-red. The reddish shades are less typical than with 

fourmarierite. Usually only the mean index of refraction can be measured 

due to small particle size| this varies from about 1.77 to 1.82. Some 

material doubtfully identified as vandendriesscheite had <2 as low as 

about 1.71-1.74* There seems to be little doubt that the indices of
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refraction of this mineral vary over at least 0,04 due to compositional 

variation, presumably a substitution of Ba or Ca for Pb 0

Unidentified Mineral A

This mineral was recognized in the gummite zone of specimens from 

six localities? pegmatites at North Wilton, Palermo, Ruggles, Alstead, and 

Beryl Mountain, all in New Hampshire, and a pegmatite at Grassy Greek, 

Mitchell County, North Carolina. The latter specimen was one of those 

described and analyzed by Von Foullon (1883) in his study of gummite. 

Mineral A is particularly abundant at the Ruggles locality, where it is 

one of the chief constituents of the orange gummite pseudomorphs after 

dendritic aggregates of uraninite crystals for which the locality is 

noted, (See Shaub, 193&o) The mineral was recognized as a distinct 

and presumably new species on the basis of its X-ray powder pattern 

(table 4)o It occurs as microcrystalline aggregates of a bright-orange 

to orange-yellow or golden-yellow color« The reddish shades of color 

seen in many fourmarierite and some vandendriesscheite specimens are 

lacking. The luster varies from, dull and earthy to weakly vitreous in 

hard, translucent aggregates,, Under the microscope the mineral is yel­ 

low in color, not perceptibly pleochroic, and has low to moderate bire­ 

fringence o Only the mean index of refraction could be obtained„ This 

varies between 1.78 and 1»88 in most specimens, but one specimen from 

the Ruggles pegmatite had n -^ l«96e Semiquantitative spectrographic 

analyses show that the mineral is an oxide of uranium or a uranate con­ 

taining Pb, K, Na, Ca 9 and Ba in significant amounts 0 The Ruggles material 

with n A>lo96 contained Pb between 5 and 10 percent, K and Ca 0»5 - 1 per­ 

cent, Na and Ba 0.1 - O e 5 percento Material from Palermo with n ^J 1.84
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contained both Pb and K in the range 1-5 percent, and Ca, Ba, Na in

the range 0.1 - 0,5 percent. Possibly several different isostructural

minerals varying in the mutual substitution of Pb, K, Ca, etc., with

accompanying variation in the indices of refraction, are represented.

The X-ray patterns of all specimens are virtually identical. There was

a complete change in the X-ray pattern of the Ruggles material after heating

to 500° G. Study of this mineral is continuing.

Unidentified Mine ral B

Mineral B, apparently the calcium analogue of kasolite, is a rela­ 

tively common constituent of the silicate zone of alteration. It was 

first recognized as a probable new species during the present study, 

and a detailed description is in the course of preparation. Mineral B 

occurs as dense to earthy microcrystalline aggregates composed of minute 

shreds and fibers. Its color is straw yellow to pale yellowish brown, 

and lighter than typical kasolite. The X-ray powder pattern is virtually 

identical with that of kasolite, but the indices of refraction are con­ 

siderably less (table 3)» The presence of calcium as a major constituent 

was established by chemical tests. The mineral often is so fine grained 

that only the mean index of refraction can be obtained! this usually 

ranges between 1.81 and 1.84» Admixture with uranophane is common. 

Mineral B occurs both as complete pseudomorphs and as zones surround­ 

ing orange-red gummite; it also has been observed as earthy crusts 

along fracture surfaces in the matrix. The mineral was recognized 

from the following localities; the Bob Ingersoll pegmatite, Pennington 

County, South Dakota^ the Ruggles pegmatite near Grafton Center and
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the Beryl Mountain pegmatite near Acworth, both in New Hampshirej the 

Mica Lake area, Hahn's Peak, Coloradcj Bisundi, Rajputana, India» It 

was doubtfully identified in material from Karelia, Russia, and several 

other localities.

Unidentified Mineral C

This apparently new species was recognized on the basis of its 

X-ray powder pattern (table 4) • The pattern closely resembles but is 

distinct from the patterns of fourmarierite and schoepite. The pattern 

seems to be definite and characteristic as it was given by natural mate­ 

rial from five different localities and also by a sample of synthetic 

hydrated lead diuranate» Mineral C occurs in the gummite zone of alter­ 

ation as dense, microcrystalline aggregates with an orange-brown,, reddish- 

brown or chocolate-brown color. The powder is mustard yellow. The color 

differs from the orange-red color of fourmarierite and some vandendries- 

scheite, and the yellow to orange color of Mineral A 0 Clarkeite, however, 

has a very similar color. The mineral was observed from the following 

localitiesg Mitehe11 County, North Carolina, at the Wiseman mine (analysis 

4, table l) f the McKinney mine 9 and at an unstated locality (analysis 12, 

table 1)5 Easton s Pennsylvania, where it is an alteration of uraninite 

or uranoan thorite; Newry 9 Maine» The material from the Wiseman mine 

is that described by Ross 9 Henderson and Posnjak (1931)» The optics 

given by these authors for "gummite" do not refer to the present mineral; 

the material of their analysis sample, here examined, has indices be­ 

tween 1.77 and 1«82. A similar range is shown by the material from the 

other localities stated, with the exception of the material of analysis 

12, table 1, from Mitchell County, which has higher indices, 1»85 - lo&9»
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The indices are considerably lower than those of fourmarierite and 

clarkeite, but comparable to those of vandendriesscheite. Schoepite 

has much lower indices of refraction. The fine-grained nature of the 

material makes optical study difficult* The two available analyses 

of this mineral, cited in table 1, were made on slightly inhomogeneous 

material. A semiquantitative spectrographic analysis of the Easton 

material showed U as the major constituent with Th, Pb, Ca and Ba 

present in amounts between 1 and 10 percent. Mineral C apparently is 

related structurally to fourmarierite, A further description of this 

mineral with additional analyses is planned,
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CaO

MgO

A12< 

U03

H20 

Rem«

Table 1. — Chemical analyses of gummite.

1. 2. 3.

3.04 2.05

4. 

0.90

1.04 0.92 1.08 2.16

5. 6. 7. 8. 9. 

4.54 3.87 3.09 2.26 1.37 

0.85 tr. 2.20 0.55 0.12 

tr.

5.51 4.69 5 0 57 5.28 5.04 3.92 4.62 2.51 14.93

10. 11. 12. 13.

0.48 6,00 2.1 10.36

0.27

1.66

20.15

1.64

16. 17. 18. 19. 

tr. 1.10 4.60 3.80

4.0 6.39 0.71 6.93 5.20 10.92 7.90 6.67

0.41 1.06 0.29 8.64 7.25 6.63 4-54
0.14

0.53 0.86 1.17 

74.79 74.50 75.20 77.99 63.38 66.57 61.33 68.45 60.36 73.20 72.00 77-4 68.20 81.32 82.19 80.97 78.13 62.91 60J

-p--p-

0.12 0.84 2.30

5.03. 5.04 4.63 1.97 4.92 4-96 5.13 5.00 3.81 0.61 4.26 1.4 2.80 8.20

9.86 9.94 10.54 8.90 10.24 11.86 10.68 10.06 9.42 5.33 14-75 9.3 9.45 7.29

tr.

3.80

6.10

tr. 0.15 1.34

3.04 2.50 13.00 15.25

8.80 7.00 11.00 11,00

1.92 Oo74 3.61 5.87 9.41 0.05 6.0 0.15 1.67 0.40 2.96 0.05 0.87 0.25

Total 99.83 99.19 99.72 100.86 99.53 99.17 99*30 99.24 99.56 100.04 99.36 100.2 99.01 99.19 101.06 100.97 99.70 100.43 99.19
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Table 1.—Chemical analyses of gummite—Continued

1. Orange red material* Mitchell County, North Carolina. Von Foullon 

(1883). Average of two analyses.

2. Orange red material, Mitchell County, North Carolina. Von Foullon 

(1883).

3. Orange red material. Flat Rock mine, Mitchell County, North Carolina. 

Genth (1879).

4. Orange red material. Wiseman's mine, Spruce Pine, Mitchell County,

North Carolina. Ross, Henderson, and Posnjak (1931)• &em. is K20 0.86, 

Na20 0 8 51 9 Th02 snl rare earths 1.06, insol. 0,08. Mineral C. 

5,6. "Eliasiteo 11 Joachimsthal, Bohemia. Von Foullon (1883) cites two 

additional very similar- analyses. Rem. is Mn203.

7. "Eliasiteo" Joachimsthal, Bohemia. Ragsky (1853). Rem. is FeO 1.09, 

C02 2.52.

8. "Pittinite. M Joachimsthal, Bohemia*, Hermann (1859). Rem. is Bi203 

2.67, insol, 3*2Q 0

9. Flame-scarlet material. Villeneuve, Quebec. Ellsworth (1930). 

Rem. is Th02 7»66, Ce 203 0,14, Y203 1.61, C02 undet.

10. Brownish-yellow material, Kambove, Katanga. Schoep and de Leenher

(1937).

11. Hyacinth-red material. Johanngeorgenstadt, Saxony. Kersten (1832). 

Rem 0 is Mn203 .

12. Brownish-red material. Mitchell County, North Carolina. Analysis 

by R. Meyrowitz, U. S. Geological Survey, 1954. Rem. is Na 20 1.1, 

U02 0.4, R203 (mostly I and Al) 4.5, H20 is H20+5-6, H20-3»7. Sp 0 Gr. 

5.39. Mineral C.
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Table 1.—Chemical analyses of gummite--Continued

13. Orange-red material, Luiwishi, Katanga. Gillet analysis in 

Buttgenbach (1922), Sp, Gr. 5.08,

14. Gummite, Alto do Tibiri, Paraiba, Brazil. Rem, is U02 . Floren-

cio (1951). 

15 o Orange material„ La Chiquita mine, Sierra de Comenehingones,

Cordoba, Argentina, Rem. is Th02 and rare earths. H20 is loss

on ignition. Chaudet analysis in Ahlfeld and Angelelli (1948). 

16. Yellowish-orange materialo Angel mine, Calamuchita, Cordoba,

Argentina,, Rem 0 is Th02 and rare earths 2.15? U02 0.81, H20

is loss on ignition e Sp 0 Gr 0 4olO. Ghaudet analysis in Ahlfeld

and Angelelli (194B).

1? o Yeli.ow iria te rial o Tig re mine, Sierra de Comenchingones, Cordoba, 

Argentina,, Renu is Th0 2 and rare earths 0,05« H 20 is loss on 

ignition 0 Sp 0 Gr. 4..20. Chaudet analysis in Ahlfeld and Angel­ 

elli (1948). 

18. Light-brown material,, Tigre mine, Sierra de Comenchingones,

Cordoba, Argentina, Rem 0 is Th02 and rare earths. H20 is loss

on ignition« Chaudet analysis in Ahlfeld and Angelelli (1948)o 

19«» Yellow material,, Tigre mine, Sierra de Comenchingones, Cordoba,

Argentina. Rem is Th02 and rare earths, H20 is loss on ignition.

Chaudet analysis in Ahlfeld and Angelelli (1948).
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Table 2«,—Recalculated analyses of gummite,

BaO

PbO

U03

H20

1.

1.7

8.8

81.0

8.5

2.

1.5

7.7

82.0

8.8

3.

1.6

8,3

80.5

9.6

4.

9.14

82.00

8.86

5.

15.31

78.51

6.18

60

22.10

75o52

2.33

Total 100.0 100.0 100.0 100.00 100.00 100.00

1. Mitchell County, North Carolina. Von Foullon (1883). Analysis 1, 

Table 1, recalculated after deducting uranophane and Fe 203 o

2. Mitchell County, North Carolina. Von Foullon (1883)* Analysis 2, 

Table 1, recalculated after deducting uranophane and Fe 203 .

3. Mitchell County, North Carolina. Genth (1879). Analysis 3,

Table 1, recalculated after deducting uranophane and A1203 « P205»

4. Vandendriesscheiteo Theoretical composition, PbO«7U03 *12H20.

5. Fourmarierite• Theoretical composition, PbO"4U0 3 *7H2O e

6. Cur it e. Theoretical composition, 3Pb0 9 8U03 *4H 20<>
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Table 4*—X-ray powder data for minerals in gummite.

Copper radiation, nickel filter, in Angstroms.

Note: In most instances only the inner lines of the patterns 
are cited, sufficient to insure discrimination.

Be cquer elite

I d

1 8.51

10 7.50

2, 6.63

1 6.24

1 5.63

6 4.71

1 4.31

8 3.75

S 3.56

2 3.43

2 3.39

9 3.22

1 3-13

2 2.97

Beta-uranophane

I d

10 7.82

2 6.65

2 6.10

4 5.06

4 4.57

1 4.29

2 4.07

9 3.88

$ 3.51

6 3.36

7 3.20

5 3.02

5 2.81

5 2.59

Clarkeite

I d

1 10.98

1 8.33

2 6.70

8 5.77

4 4.09

9 3.34

10 3.17

3 2.92

5 2.69

4 2.61

3 2.45

2 2.06

7 1.968

6 1.863

Cur it e

I d

10 6.28

1 4.80

4 4.55

1 4-17

7 3.97

9 3.53

9 3-36

6 3-14

6 3.07

1 2.93

1 2.81

4 2.70





Table 4*—X-ray powder data for minerals in giunmite—Continued,

Fourmarierite

i d

2 7.86

4 6.83

9 3.45

10 3»09 ^

4 2.73

6 2.44

5 2o26

2 2.15

2 2.09

6 1.996

8 1.907

2 1.817

Kasolite

I d

6 6.61

2 6.19

4 5.31

2 4-76

8 4.19

7 3.53

1 3.38

10 3.26

5 3*07

9 2.93

3 2o73

3 2.64

Pho sphuranylit e

I d

3 10.34

10 7.91

5 5.83

2 4.73

3 4.42

1 4.30

6 3.96

3 3. 88

3 3.81

2 3.44

1 3-37

6 3.15

Rutherfordine

•I d

10 4.60

8 .4.27

8, 3.87

6 3.20

5 2.62

2 2.48

3 2.41

4 2.28

6 2.14

8 2.04

1 1.94

3 1.91

2 1.87

2 1.73





Table 4.—X-ray powder data for minerals in gummite—Continued,

Schoepite

I d

8 7.50

1 6.86

1 6.42

1 3.97

9 3.65

10 3.23

1 2.96

2 2.81

7 2,57

5 2.45

4 2.33

4 2.25

4 2.18

3 2.09

3 2.08

6 2.03

Sklodowskite

I d

10 8,43

3 6.52

3 5.87

1 5.51

4 4.77

1 4.29

7 4.15

1 4.00

1 3.91

9 3.48

10 3.23

2 3.05

4 2.96

2 2.88

1 2.78

1 2.73

Soddyite

I d

8 6.14

3 4.71

9 4.48

2 3.73

10 3.32

2 3,22

3 2.95

2 2.78

7 2.69

6 2.47

1 2.39

2 2.32

2 2.26

1 2.18

4 2.09

Uranophane

I d

1 8.81

10 7.88

4 6.61

3 5.89

4 5.42

5 4.76

2 4.29

9 3.94

4 3.60

4 3.51

1 3.41

1 3.35

5 3.20

1 3.09

8 2.99

8 2.91





Table 4»—X-ray powder data for minerals in gummite—Continued

Vandendriesscheite

I d

2 8.27

10 7.31

3 6.49

1 .4.85

2 4.39

1 4.14

2 3.93

8 3.58

1 3.37

9 3.19

1 3.00

3 2.73

5 2.53

2 2.40

1 2.32

2 2.05

7 1.989

3 Io908 -

Mineral A

I d

7 6.37

10 3,49

7b 3,18

5 3.02

3b 2.61

1 2.09

2 2.00

3b 1.92

1 1.81

3 1.75

1 1.57

1 1.52

Mineral C

I d

5 6.95

1 5.85

1 4.12

10 3.46

10 3.09

1 2.77

3 2.44

2 2.29

5 1.991

6 1.916

6 1.730

4 1.673

2 1.543

1 1.509

2 1.383

1 1.355

2 1.305

2 1.283

Tp = broad line




