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I n t r o d u c t io n .

In previous papers the writer has endeavored to show the changes
taking place in the prelim inary stages of rock-weathering as illustrated
in the post-Cretaceous and post-Glacial disintegration of the granites of
the D istrict of Columbia and the diabase of Medford, Massachusetts.*
The purpose of the present paper is to discuss the results of sim ilar pro
cesses, operating for longer periods, and incidentally to refer to other
m atters with which the subject is closely affiliated.
The m aterial selected for investigation is a highly micaceous, feldsparrich gneissoid rock and its residual clay, occurring at North Garden, in
Albemarle county, Virginia. The region lies to the west of the Cretaceous
submergence, the accum ulated gravels of which enabled us to set an ap
proxim ate tim e lim it to the weathering manifested in the District of
* D isin te g ra tio n o f th e G ra n itic R o ck s o f th e D istric t of C olum bia, Bull. Geol. Soc. A m ., vol. 6,
1895, pp. 321-332, a n d D isin te g ra tio n a n d D ecom position o f D iabase a t M edford, M assachusetts,
ib id ., vol. 7, 1896, p p . 349-362.
X X I I I — B u l l . G e o l . S o c . A m ., V o l . 8, 1896
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Columbia rocks, and thus no criteria are afforded for estimating the rela
tive rapidity of the process. The am ount of material lost through leach
ing and erosion is obviously large, b u t at the locality from which the
m aterials for study were selected, the fresh rock was still overlaid by
several feet of residuary m atter in the form of sand, gravel, and clay,
which constitute the prevailing soil of the region. Although very plastic
when wet, and inclined to cake during seasons of drought, this soil is
nevertheless fairly fertile and easily cultivated.
P e t r o g r a p h ic F e a t u r e s

of t h e

fr esh

R ock .

In its least changed condition—the best material obtainable from avail
able outcrops—the rock is a highly feldspathic gneiss carrying abundant
folia of black mica. Under the microscope it shows an extremely va
riable, sometimes cataclastic structure. Both orthoclase and soda-lime
feldspars are present, the latter being often fairly clouded with enclosures
of m inute zircons. These last are so small as to have their optical prop
erties quite obscured by those of their host, bu t can be washed from the
residual sand in quantities and readily determined. The largest forms
obtained thus measured some .12 by .4 millimeters, the average being
perhaps .06 by .30 millimeters. Black mica is very abundant, as noted
above, and quartz occurs in the usual granular forms. There is the usual
sprinkling of iron ores and apatites, and in addition small garnets, and
in considerable quantity a soda-potash bearing zeolite occurring in dense
aggregates and radiating masses, alm ost wholly w ithout action on light
and with crystal outlines so poorly developed as to make their true mineralogical nature, except by microchemical tests, a m atter of surmise. A
bulk analysis of the rock and also one of the portion decomposed by
boiling hydrochloric acid is given in columns 1 and 2 below.
P h y s ic a l M a n if e s t a t io n s

of

W

e a t h e r in g .

In weathering the rock becomes brownish and friable, passing into the
condition of a loose agglomerate of angular gneissic fragments, so discol
ored by decomposition as to be scarcely recognizable, and imbedded in
fine brown sand and dust. Finally, on the im mediate surface the rock
has weathered to a red, tenacious clay, which still retains a sufficient
quantity of undecomposed silicates and of free quartz to have a distinct
gritty feeling when rubbed between the hands. Under the microscope
it shows sharply angular fragments of quartz and feldspar, numerous
folia of black mica, and m uch opaque or am orphous m atter so stained
by iron oxides and decomposition products as to quite obscure its true
m ineral nature. The state of mechanical subdivision of the material is
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made apparent by the following table, for which, as on previous occa
sions, I am indebted to Dr Milton W hitney, of the Departm ent of Agri
culture.
Mechanical Analysis of residual Soil.
Diameter (in millimeters).
(1.)
(2.)
(3.)
(4.)
(5.)
(6.)
(7.)
(8.)

2 -1 ...............................................
1 - .5 .............................................
.5-.25.............................................
.25-.1.............................................
.1-.05.............................................
.0 5 -.0 1 .........................................
.01-.005.........................................
.005- 0001.....................................

Conventional names.
Fine gravel......................................
Medium sand ...................................
Yerv fine sand.................................
Silt.'.....................................................
C lay.....................................................

Per cent.
1.15
2.92
6.29
17.42
15.60
7.65
1.83
35.73

Total mineral matter..........
(9.) Loss at 110° C ............................
(10.) Loss on ignition........................

88.59
2.93
8.49

T otal.......................................

100.01

C h e m ic a l A n a l y s e s

and

t h e ir

D

isc u ssio n .

Below is given the analyses of the fresh rock and residual soil, together
with th at of the portion decomposed by boiling hydrochloric acid, while
in columns 6,7, and 8 are given calculations from the analyses in columns
1 and 8 to show th e total loss of m aterial and also the percentage am ounts
of each of the original chemical constituents saved and lost. These cal
culations, as in previous papers, are made on the assumption th at the
alum ina has remained essentially constant, and though nothing like ab
solute accuracy can be claimed for the results, they are by no means
uninteresting and uninstructive.
The particular features to which attention need here be called are
(1) th a t 30.51 per cent of the fresh rock and 69.18 per cent of the de
composed are soluble in hydrochloric acid and sodium carbonate solu
tions, and th at more than h alf the potash and nearly the same proportion
of th e soda in the fresh rock is found in the acid extract; (2) th at the
insoluble portion of the residuary m aterial is m ainly in the form of free
quartz; (3) th at 44.67 per cent of the original m atter has been leached
away, and th at (4) of the original silica, 52.45 per cent is lost, while
85.61 per cent of the iron and all the alum ina * remain. All the lime
has disappeared ; 83.52 per cent of the potash, 95.03 per cent of the soda,
and 74.70 per cent of the magnesia. The total am ount of water, as indi* This is not absolutely correct, since all fhe alumina was assumed to have remained in order to
give a basis for calculations.
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cated by the ignition, has increased very greatly, as was to be expected.
The small original am ount of phosphoric acid prohibits our placing too
m uch reliance upon an indicated gain of the fraction o f one per cent in
this constituent, since it m ay be due to errors in m anipulation.
On the assumption th at such calculations always yield results rather
under than above the am ount of m aterial actually lost, I have assumed
from this and other analyses available th at a silicious crystalline rock of
th e granitic or more basic type in passing into the condition of a residual
clay or soil, as the word is ordinarily used, loses about 50 per cent of its
original constituents through solution and the leaching action of meteoric
waters.*
Ca u s e

of

R e d C o lo r

of th e

S o il .

The pronounced red color of this residuary m aterial is worthy of con
sideration. I t will be remembered th at the cause of this striking differ
ence in the color of superficial deposits in northern and southern latitudes
has been the subject of much discussion, the names of Professors W. 0.
Crosby,f I. C. Russell, J and J. D. D ana§ being most conspicuous in ex
isting literature. Professor Crosby argued th at the intense color was
purely superficial and due to a dehydration of the ferric salts with which
th e soils are impregnated, whereby the color was changed from yellow
and brown to red, the cause of the hydration being the long continued
higher tem peratures to which the superficial portions were subjected in
the lower latitudes. I t is not necessary to go into a detailed discussion
here of all th e points involved in the controversy, but I wish to state th at
m y own observations are entirely in accord with those of Professor Crosby,
so far as the superficial character of the phenomenon is concerned. In
some cases the brilliant color is found as a mere wash, or again it pene
trates to the depth of a foot or more before giving way to more modest
hues. In such instances the colors have penetrated most deeply along
jo in t planes or other lines of weakness, leaving the intervening compact
masses of more somber shade. The gradual transition from the surface
downward, from bright red to brown, yellow, or gray, may be seen to
have taken place, usually within the space of a few vertical feet, in any
new road or railway cut, b u t becomes quickly obscured, even by the first
rainfall, through the washing down of the ochreous coloring m atter from
above.
T hat the increased color in the superficial portions is due wholly to
dehydration of the ferric salts, the writer is disposed to doubt. I t m ust
* See R ocks, R o ck w e a th e rin g , a n d Soils. T h e M acm illan C om pany, N ew Y ork, 1897.
t P roc. Boston Soc. o f N at. H ist., vol. 23, 1875, a n d Am. G eologist, A ugust, 1891.
X Bull. U. S. Geol. Survey, no. 52, 1889.
g A m . Jo u r, o f Science, vol. 39, 1890, pp. 317-319.
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be remembered th at the color im parted to a bed of sand or clay depends
not merely upon the quality of the coloring constituent, b u t also upon
its quantity. A i s is well shown in the fractional separations made by
washing these residual clays and sands, whereby they are separated into
proportional parts of varying degrees of fineness. Thus the disintegrated
diabase of Medford, Massachusetts, described by the present writer at a
previous meeting,* is of but a dull brown-gray color, yet the finest silt
separated out by washing, and which is bu t a ferruginous clay, is of a
distinct brown-red color. A larger am ount of this fine m aterial would
naturally im part a more decided brown-red color to the residual sand.
Now, rock-weathering in warm, moist climates in particular, is accom
panied by a leaching process, as I have elsewhere pointed out, f whereby
the more soluble constituents are gradually removed. But, of all those
constituents occurring in essential quantities in ordinary rocks the ferric
salts and the alum ina are most refractory; hence the final product of
decomposition is a highly ferruginous clay—a clay composed essentially
of a mechanical adm ixture of hydrous alum inous silicates, free silica, and
free sesquioxides of iron—and its color is'due to the preponderance of
this free oxide which has become segregated through the leaching out of
the more soluble constituents. W hile not taking exception to the view
advanced by Professor Crosby to the effect th at the iron in these south
ern soils may exist in a state of partial dehydration, I would account in
part for the brilliancy of color merely through the presence of this excess
of coloring matter. Color is then indicative of advanced decomposition
and, other things being equal, of geological antiquity. This view is ren
dered the more plausible when it is recalled th at the post-Cretaceous
decay of the granites of the District of Columbia, to which I have pre
viously called attention, has in most cases given rise to residual sands
and clays of bu t a gray-brown color, while rocks of a precisely sim ilar
nature, decaying under the same climatic conditions, bu t so situated th at
the products of decay have been allowed to accumulate for longer periods,
give rise to colors of characteristic brilliancy.
Z e o l it e s

in

t h e fresh

R ock

a n d t h e ir

p o s s ib l e

O r ig in .

The occurrence of zeolites in the still fresh rock and the proportion
ately large am ount of soluble m atter in both the rock and the residual
soil brings up for consideration the probable form in which these soluble
constituents exist. Those at all conversant with the literature of the
subject will at once recall the work of Lemberg, Hilgard, and others and
the conclusions reached regarding the formation of zeolites during the
♦B ull. Geol. Soc. A m ., vol. 7, 1896.
f R ocks, R o ck w e a th e rin g , a n d Soils.

T h e M acm illan C om pany, N ew Y ork, 1897.
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processes of rock-weathering and rock decomposition, and also the prob
able efficacy of these zeolites as conservators of potash in such form that
it becomes available for plant food. I t is unnecessary to here go into a
discussion of the literature or even to more than briefly refer to the
causes which have led to these conclusions. The fact th at soda and
potash can, in laboratory practice, be mad« to m utually replace each
other in gelatinous precipitates of alum inum or magnesium, as well as
in true zeolitic compounds, taken together with the ready decomposability of zeolites by weak acids and the presence in soils of easily de
composable compounds of these bases, are th e m ain grounds for the
assumption. So far as the writer is aware, no one has as yet actually
proved either the formation of zeolites during the process of true weath
ering or of their existence in the weathered product in other than frag
m ental forms as detrital products from the breaking down of zeolitebearing rocks.
As yet much is to be learned regarding the formation of zeolites. So
far as can be judged from available information, they form most readily,
if not invariably, in the presence of continual moisture and where pro
tected from oxidizing influences. Synthetic experim ents have shown
th at zeolites m ay be formed in sealed tubes during a comparatively brief
period a t tem peratures of not above 150 to 200 degrees centigrade. The
inference is fair that, given a longer time, they will form at lower tem
peratures, provided, of course, other conditions are favorable. In looking
over the literature of the subject, in connection with my work on rockweathering, I have, however, become impressed by the fact th at a possi
bility has been too generally accepted as a probability, and, further, that
the term s weathering, decomposition, and zeolites have been used so loosely
th at their exact significance is lost, and statem ents made are therefore
frequently either misleading or incomprehensible.
U se

of t h e

T erm W

e a t h e r in g .

First as to the use of the term weathering. I t is evident at once that
this name should include only those physical and chemical changes in
rock masses induced by atmospheric agencies, by tem perature changes,
and by the chemical action of water and absorbed gases and salts. I t is
a process which works from above downward, and which manifests itself
m ainly in a physical disaggregation of the rock and a hydration and oxi
dation, often accompanied by solution of its various constituents. Such
action presumably can be carried on to a depth dependent upon the
perm anent water level, where it practically ceases. Below this level h y 
dration and other chemical changes may be going on whereby new m in
erals are generated, but the final results are of a quite different nature. In
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the upper zone, th at above the water level and which m ay be called the
zone of oxidation, the weathering is manifested by a physical breaking
down of the rock mass as a geological body, whereby it is resolved into
gravel, sand, silt, and clay; a more or less complete change in the character
of th e chemical compounds usually accompanies this disintegration.
In this latter process there is invariably a tendency toward simplifica
tion, complex silicates being broken up and their various elements re
combined as simpler hydrous silicates, carbonates, oxides, sulphates,
free silica, etcetera. I t is to a certain extent comparable w ith the entire
demolition of a building and the utilization of the old m aterial in the
construction of new ones of quite different architectural types. The
deeper-seated process, on the other hand, is not destructive, b u t is to a
certain extent comparable with th at of here and there substituting new
m aterials for old in a structure the general features of which are not
otherwise changed. New minerals are formed to replace, wholly or in
part, those th at preexisted, b u t the rock retains its geological identity,
and in m any cases is rendered even more enduring when actually ex
posed to weathering influences than before. Among the minerals thus
formed are zeolites, epidote, amphiboles, feldspars, free quartz, chal
cedony, etcetera.
I t is obvious th at we have here two distinct processes which, while
they m ay grade into each other, are widely separable in their extremes,
both as to methods and results. Both unfortunately have been fre
quently grouped under the general name of weathering and still more
frequently under the far more general name of decomposition.
I t would seem to the present writer th at the nam e weathering should
be lim ited to those processes going on within the zone of oxidation and
resulting as a rule in the destruction of a rock mass as a geological body,
while the more deep-seated processes, which are really of mineralogical
rather than geological moment, should be looked upon as metamorphic.
Hydrom etam orphism is sufficiently explicit, though the process in m any
instances is metasomatic. Roth * makes some attem pt at discrimination
in calling the deep-seated process “ complicirte verwitterung,” in distinc
tion from the ordinary superficial “ verw itterung;” but this name can
scarcely be considered as satisfactory, m uch less so in fact than our
term alteration, as commonly used.
F o r m a t io n

of

Z e o l it e s

in

S o il s .

Second, as to the formation and existence of zeolites in the soil. From
all th at is known regarding the actual formation of zeolites, it appears
th at moisture and an absence of oxidizing agents is essential. They are
* A lleg em ein e u n d C hem ische G eologie, vol. i, p. 159.
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products of hydrometamorphism and not those of weathering, as limited
above. It is even questionable if the processes involved in weathering
are not entirely opposed to zeolitic formation, and destructive rather
th an otherwise. The processes which result in the breaking up of such
m inerals as the feldspars, micas, amphiboles, and pyroxenes would cer
tainly quickly destroy a compound of the zeolitic type, even if once
existing. Again, the close juxtaposition of mineral particles, such as is
favorable to the production of “ reaction rim s,” is quite obliterated in the
process of weathering and soil formation. In weathering, the am ount of
interstitial space is continually augmented, u ntil it amounts to practically
50 per cent, by bulk, of th at of the soil itself, as shown by Dr W hitney
and by the present writer.*
The fact, moreover, th at zeolites are met with in the finest stages of
development in cavities of basic eruptive rocks where there are no signs
of such decomposition products as are incidental to weathering, and al
m ost wholly lacking in secondary rocks, are facts which should not be
overlooked in this connection.f
If formed in soils, why should they not be found in secondary rocks
resulting from the reconsolidation of materials derived by the same pro
cesses and from similar rocks ?
E f f ic a c y

of

Z e o l it e s

as

Co n se r v a t o r s

of

P otash.

Third, can zeolites, even if occurring in soils, be considered as of prac
tical value as conservators of potash ?
Among the twenty-three known species of zeolites (including apophyllite), in b u t five is potash considered an essential constituent. These
five are enum erated below in tabular fo rm :
Composition.
Name.
S i02.

AI2O3.

CaO.

k 2o .

Na^O.

H 20 .

A pop hyllite..............................
P tilolite......................................
Mordenite..................................
P h illip site................................

53.7
70.0
67.2
48.8

11.9
11.4
20.7

5.2
2.4
3.5
6.4

0.8
2.3

16.1
20.5
13.5
16.5

Harm otom e..............................

47.1

16.3

25.0
4.4
2.1
7.6
BaO.
20.6

2.1

14.1

♦B ull. Geol. Soc. A m ., vol. 6, p. 332.
t T h e fo rm atio n o f zeolitic com p o u n d s in a m y g d a lo id al cav ities o f b asic e ru p tiv e s is com m only
re g a rd e d as d u e to th e a ctio n o f w a te rs h e a te d b y t h e h o t la v a s in to w h ic h th e y w ere in filtra te d
o r b y w a te r su p p lie d from volcanic sources. See G e ik ie : B asalt P la te a u o f N o rth w e ste rn E u ro p e,
Q uar. Jo u r. Geol. Soc. o f I,o n d o n , May, 1896, a n d a u th o ritie s t h e re quoted.

XXIV—Btjll. Geol. Soc. Am.. Vol. 8, 1896
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I t will be noted at once th at even in these five potash plays a compara
tively insignificant part, being highest in phillipsite (6.4 per cent), and
averaging for all a little less than 4 per cent. Assuming, then, that a
soil contained as high as 10 per cent of zeolitic material all belonging to
these five groups and none to the potash-free varieties, even then we
would have this combined only some 0.4 per cent of K 20 . I t appears to
the writer th at these figures are sufficient to throw considerable doubt on
the subject of either the presence or the utility of zeolites in soils. It
is possible th a t in nature the process of potash replacement as performed
in the laboratory has gone on, and th at there m ay exist in the soil zeolitic
compounds richer in potash than are at present known to the mineralo
gist. Such a condition, however, can not be considered probable.
Reference should be made in this connection to the use of the term
zeolite as found in the American literature bearing upon soil fertility.
I t is apparent th at the word is, in only too m any instances, used almost
wholly without regard to its mineralogical significance, and made to in
clude a considerable variety of secondary hydrous minerals. One writer
refers to the magnesia in sails as being in zeolitic combinations, and still
another includes glauconite under this head. So comprehensive a usage
is objectionable, since the word has a fairly well defined mineralogical
significance. If the chemists so extend it as to include glauconite, it can
be made also to include serpentine, talc, and even kaolin, and the word
becomes of so little significance as to be useless.
P r o p o r t io n a l A m o u n t s

o f soluble

M atter

in

f r e s h a n d d eco m po sed

R o cks.

There is an abundant opportunity for more work in the way of ascer
taining the proportional am ount of soluble m atter in rocks and in soils
A vhich result from t h e i r breaking down. As t h e writer has pointed out,*
there may, particularly among basic rocks rich in magnesia, be actually
a larger percentage of m atter soluble in hydrochloric acid and sodium
carbonate solutions in the undecomposed rock than in the soil. This,
for t h e simple reason noted in t h e paper above referred to, namely, t h a t
the decomposition is accompanied by a leaching process, whereby soluble
compounds are removed by atmospheric waters. Even in cases where
the actual percentage of soluble m atter is greatest in the soil, the apparent
excess m ay be due to water of hydration and to the large am ount of
sesquioxide of iron in the latter, the last, while practically insoluble in
meteoric Waters so long as there is a free supply of oxygen, being readily
soluble in hydrochloric acid. In order to emphasize this point I have
tabulated below the analyses of the soluble and insoluble portions of
♦B u ll. G e o l. S o c . A m ., v o l. 7,18 96, p . 353.
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5.80
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Medford, Mass.
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Marienfels, Bohemia.

Proportional Amounts of fresh and decomposed. Rocks Soluble in boiling Hydrochloric Acid and Sodium Carbonate Solutions.

S i0 2..........................
A L A ........................
F e A ....................................
CaO ......................
MgO..........................
K20 .......................................
NajO .........................
..........................
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fresh and decomposed rocks, so far as available m aterial was at hand, the
loss on ignition, m inus the loss in the fresh rock, being tabulated as
water and calculated as one of the soluble constituents.
The series given is not large enough to perm it safe generalizations, but
it is sufficiently large and varied to be more than merely suggestive,
particularly when we compare these figures with those representing the
“ insoluble residues ” of ordinary soil analyses, and which vary between
55 and 80 per cent in those rich in free lime carbonates and organic
m atter and between 65 and 90 per cent in others.
P o s s ib l e F orm

of

C o m b in a t io n

of

S o l u b l e C o n s t it u e n t s .

The possible form of combination of these soluble constituents is cer
tainly an interesting question. Undoubtedly a large part of the iron
exists as free hydrous oxides. The small am ounts of lime and magnesia
m ay exist partly as carbonates, and a part of the silica has been dissolved
from th e free quartz by the alkaline carbonate used for the extraction of
the gelatinous silica after digesting in acids. Undoubtedly, too, a portion
of all the constituents is derived from the partial decomposition by the
acid of a variety of existing silicates—shreds of mica, hornblende, augite,
flakes of feldspar, etcetera—shown by the microscope to be still existing.
Elim inating from consideration in the analyses of the decomposed Bo
hem ian phonolite and Virginia gneiss the Fe20 3, and noting only those
other constituents found in sufficient quantities to be considered essen
tia], we shall get, by calculating back to a basis of 100, formulae approx
im ating Al2Si30 3+ 5 H 20 , and Al2S i05+ 3 H 20 , respectively, suggestive
of compounds allied to montmorillonite and allophane. The possible
errors in these calculations are so obvious th at it is unnecessary to enu
merate them, bu t they are of interest, and sufficient to suggest a possible
combination of these soluble constituents other than those of zeolites.
I t would appear to the writer th at the soluble potash in soils exists,
not in zeolitic compounds, bu t in some of the numerous decomposition (?)
products of feldspar, nepheline, scapolite, etcetera, to which the name
pinile is commonly applied. Such at least is the case in the potash-rich
soil of M aryland examined by R. L. Packard.*
These remarks are made, not with a view of individual criticism, but
to call attention to points which seem in danger of being overlooked.
The writer, assuming th at his m ental processes are sim ilar to those of
other workers, and th at language used and statements made in such form
as to convey to him erroneous or misleading impressions are likely to
produce the same results on others, believes th at the using of certain
term s with a meaning more precise is a subject worthy of consideration.
* Bull. 2i, M ary lan d A g ric u ltu ral E x p e rim e n t S ta tio n , 1895.
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