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OUTLINE OF REPORT. 

In view of the several important monographs which have very recently appeared 
dealing with other areas of Newark l'OCks, the introductory chapter of this report 
is devoted· to a summary of our knowledge of the Newark system. After consjdering 
the work of others on the Newark of the Pomperaug Valley, the subject-matter of 
the report is treated in four chapters devoted respectively to deposition, petrography, 
deformation, and degradation. 

Under the head of Deposition the characters of the several members of the series are 
given consideration. The associated igneous rocks of the system are shown to be 
contemporaneous extrusions of lava. The unconformable relation of the system to 
its basement floor of crystalline r~cks is determined, and the essentially conformable 
contacts of the several members of the series with their neighbors are examined in 
detail. The probable source of the Newark sedin:. ents is found in a large pegmatitized 
area to the northeast of the valley. 

Under the head of Petrography the macroscopic and microscopic characteristics of 
each member of the system are treated in detail. The sediments are shown to be 
composed alniost throughout of the debris of pegmatite and granite. A specimen 
of intraformational shale conglomerate from the lowest member of the system is 
believed to show that portions of this formation were for a longer or shorter period 
above the sea level during its period of deposition. The baking of the conglomerate 
at its co:dact with the overlying sheet of basalt has produced secondary enlarge
ment of the quartz grains. In the vesicular upper surface of the same basalt sheet 
shale has been deposited, a fact which, taken in connection with the induration at the 
lower contact, shows clearly the extrusive character of the sheet. This section of 
the report closes with a review of the chemical and petrographical relationships of the 
basalts within the several Newark areas. 

Under the section devoted to Deformation the geologicai structure of the area is 
considered in great detail. It is found that vertical or nearly vertical joint planes 
have developed in great numbers within the area of the basin, and on the basis of the · 
observations an attempt is made to determine the properties of the individual faults 
along these joints, their relationships to one another in the fault system, and the 
manner in which the area as a whole has been deformed through the depression of 
the orographic blocks which the joints have conditioned. 

It is found that throughout the greater part of the basin four series of parallel 
faults prevail, a fifth series being occasionally developed. Of the four prevailing 
series, two are nearly normal to each other, but the depression of the area has taken 
place mainly along planes belonging to one of these perpendicular series and to one 
of the remaining prevalent series. It is found that the individual fault planes of each 
series are spaced with remarkable uniformity, but that their throw has been distrib
uted over zones of near-lying fault planes, the throws of the same order of magni
tude being also separated from one another by somewhat uniform space intervals. 
Along some of the closely spaced planes of dislocation in a fault series the throws have 
in some cases been so small that the faults pa~s into a system of joints. 

21 GEOL, PT 3-01--2 17 



18 OUTLINE OF REPORT. 

The orographic I blocks produced by the jointing are, like the throws along the 
fault planee, of several orders of magnitude, the smallest quadrangular blocks that 
can be properly measured being designated the ''unit'' blocks. Measurements under 
particularly favorable conditions of ''unit'' blocks bounded by faults of two of the pre
Yailing series disclose an important relation between their shape and the directions 
of the four pre,·ailing fault series. 

The larger orographic blocks of the basin, which, because made up of unit blocks, 
are designated composite blocks of different orders, are found to correspond in shape 
with the unit blocks themselves. The southern portion of the valley, in which 
series of faults have been discovered different from those which prevail throughout 
the valley as a whole, reveals the presence of large composite blocks bounded by 
faults of two of the general prevailing series, of which· blocks the exceptional faults 
correspond approximately both as regards their direction and their position with the 
diagonals. It is an observation of much interest that the ratios of the sides of these 
composite blocks are remarkably simple. 

The striking resemblance of the intersecting system of parallel fault series with a 
system of compression joints, and, in fact, its local gradation into such joints, has 
suggested the theory which has been adopted to explain the origin of the faulting. 
Compression of the area in a nearly east-west direction is believed to have found 
rPlief in the prevailing dislocations of the area as a whole. The depression of the 
area is supposed to have taken place along certain of these planes of dislocation, but 
in composite blocks the shape and size of which has been controlled primarily by 
the outlines of the area in which upward pressure subsequent to dislocation was 
inadequate to support the load. The exceptional fault members of the southern 
portion of the area, being coincident with the diagonals of the depressed composite 
blocks, are believed to owe their formation to the downthrow of these blocks, and 
not to the original relief of the area from compression. 

Under the section headed Degradation the drainage system of the area is consid
ered, and it is found that the streams within the valley, and also in the area sur
rounding it, have been directed in their courses to correspond with the direction of 
the prevailing fault series. Their canal-like channels· and their peculiar zigzag 
courses both find explanation in theit• auherence to the direction of the preexistent 
channels formed by downthrown orographic blocks. The peculiar topographic 
relief forms of the valley confirm this conclusion. The Pomperaug River itself 
indicates several important revolutions in its history, one of which was marked by 
complete reversal of its upper drainage. In the closing chapter of the report the 
work of ... he ice within the area of the basin is briefly considered. 



THE NEvV ARK SYSTE~i OF THE POMPERAUG V ALIJEY, 
CONNECTICUT. 

By WILLIAM HJ<::RBERT HoBBS. 
\.. 

CHAPTER I. 

GENERAL INTRODUCTION. 

SECTION. 1.-THE NEWARK SYSTEM OF THE ATLANTIC SLOPE IN 
THE LIGHT OF RECENT STUDIES. 

JJistribution.-The Newark system of the Atlantic slope is repre
sented by a series of elongated areas extending with a somewhat 
sinuous trendS. 45° vV. from the Minas Basin, on the Bay of Fundy, to 
the northern boundary of Sou.th Carolina, and comprising, according 
to Russell's estimates, about 10,000 square miles. The arrangement of 
the several areas, whose longer axes are fo~· the most part approxi
mately parallel to the principal extension of the province, varies only 
moderately from that of an interrupted rectilinear belt, double in its 
southern portion, and to the north interrupted by the arm of the sea 
separating the 1\tlassachusetts and the Acadian peninsulas. (See Pl. II.) 
The several areas in this belt hav~ been designated by Russell, begin
ning with the northeasternmost, Acadian, Connecticut Valley, South
bury ,t New York-Virginia, Barboursville, Scottsville, Danville, Dan 
River, Taylorsville, Richmond, Farmville, Deep River, and Wades
boro, besides which there are a number of smaller isolated outliers. 

Excepting the distance separating the Deep River and Dan River 
areas and that separating the New York-Virginia and Southbury 
areas (each about 45 miles), the continuity of the belt from Massachu
setts to South Carolina is nowhere interrupted for more than about 30 
miles. From the Connecticut Valley area to where the belt is inter
rupted by the arm of the sea at Boston is a distance of 70 to 90 miles. 
The belt as a whole is 1,200 miles long, and always less than 100 miles 
wide. 

I Here called Pomperaug Valley. Fll'e page ~{0, footnote 5. 
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20 NEWARK SYSTEM OF POMPERAUG VALLEY, CONN. 

The knowledge of the system acquired previous to 1892 has been 
summarized by Russell in a report 1 characterized as much by sound 
judgment in correlating as by thoroughness and accuracy in collect
ing and transcribing data. Since the publication of this correlation 
paper several important reports on the Newark system have appeared. 
These treat of the Connecticut Valley area/ the New Jersey portion 
of the New York-Virginia area, 3 the New York extension of the same 
area, i the Richmond area, 5 and the Catoctin belt of l\1aryland and 
Virginia. 6 The papers of En1erson and Davis are final reports and 
include much of the matter which had appeared in reports by the 
same authors dealing with special features of the areas concerned. 

Rock material.-~he rocks of the Newark system comprise a con
formable series of conglomerate, breccia, arkose, sandstone, shale, slate, 
and limestone, with which beds of coal are associated in the southern 
areas. The coarser deposits characterize especially the borders of the 
areas, thus indicating that they are, in part at least, a basal conglomerate. 
In the Connecticut Valley area the coarse conglomerate is found along 
both the eastern 7 and the western 8 borders, while in the New York
Virginia area and in the smaller areas to the south it is found chiefly 
on the western border. In the Deep River area, however, which 
belongs in the eastern division of the belt, a bed is found occupying 
the eastern border. Russell 9 states that in all cases, as far as can be 
judged, the coarse deposits are of local origin or are derived from neigh
boring shores. The rocks which have supplied the material are chiefly 
adjacent crystalline rocks. Kummel, 10 ho·wever, in his recent mono
graph has shown that along the western border of the New Jersey area 
the material of the Newark beds was not derived from the older beds
which immediately adjoin them, for although quartzite adjoins the 
Newark beds for a distance of only a fraction of a mile, quartzite con
glomerate is developed along the border for over 19 miles, and gnei~~ 
conglomerate is developed for a distance of only 4 miles, although 
gneisses and granites are found for 50 miles along the border, or for 

I The ~ewark system, by Israel Cook Russell: Bull. C S. Geol. Survey Xo. 85, 189:!. 
2Geology of old Hampshire County, ~Iassachusetts. comprising Franklin, Hamp~hire, and Hampden 

counties, by Benjamin Kendall Emerson: l\Ion. 1:. S. Geol. Survey, Vol. XXIX, 1898, pp. 351-501 
The Triassic formation of Connecticut, by William ~forris Da,•is: Eighteenth Ann. Rept. U. S. Geol. 

Survey, Pt. II, 1898, pp. 1-192. 
3The Newark system or red sandstone belt [in -:clew Jersey], by Henry B. Ki.immel: Ann. Rept. 

State Geologist New Jersey for 189i, Trenton, 1898, pp. 25-159. · 
4The extension of the Newark system of rocks [in -:clew York], by Henry B. Kiimmel: ibid for 1S98; 

Trenton, 1899, pp.45-5i. 
5 Geology of the Richmond Basin, Yirginia, by X. S. Shaler and J. B. Woodworth: Nineteenth Ann. 

Rept. U.S. Geol. Survey, Pt. II, 1899, pp. 385-519. . 
6Geology of the Catoctin belt, by Arthur Keith: Fourteenth Anu. Rept. U. S. Geol. Survey, Pt. II, 

1894, pp. 345-358. 
7 Russell, op. <'it., p. :J3. s Emerson. op. cit., p. a.-,.'i. Also, Davis, op. cit., p. ~0. 
YQp. cit., p. 34. wop. cit., p. 55 et ~eq. 
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PLATE I. 

GEOLOGICAL MAP OF THE POMPERAU<i- VALL1<::Y, CO~~ECTICUT. 

The region represented by this map is one of a great number of dislocations whoee 
planes stand nearly vertical, and so far as known the boundaries of formations in this 
region have been determined by fault planes. The inferred position of planes of 
dislocation and their extensions, based upon observations in the field, are indicated 
by the dotted lines of the maps. The color scheme of this map is peculiar in that the 
deepest shade of each color is used to show the position of the outcrops of a particular 
formation. Lighter tints of the same color are employed to show the inferred exten
sions of the formation beneath the surface of the ground. ·when more than one tint 
of any color is used in addition to the one reserved for outcrops, the depth of the tint 
indicates the supposed altitude of the orographic block compared with other blocks 
which are capped by the same formation. These inferences are based on both geolog
ical and topographical peculiarities, but in the parts of the map showing the central 
area of Pine Hill and central Ragland the location of boundaries of blocks has been 
made with much less accuracy than in other portions of the map. 
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three-fourths of the entire distance. Emerson also states that in the 
_ ~tfassachusetts area the material has not been altogether of local deri

vation. He says:1 

On Fox Brook, south of the road from 'Vest )lountain, in Bernardston, the very 
coarse arkose can be seen almost in contact with the schists, showing that almost 
from the beginning the strong northward tidal currents carried their granitic mate
rial even into this far northern portion of the basin. 

In the Richmond Basin Shaler and \Vood worth find evidences of 
the movement of sedimeuts northward and westward. 2 

Keith finds that the Newark sediments of the Catoctin belt were 
derived from several near-lying foci, and that the currents which 
carried then1 moved from north to south. 3 

The greater portion of the clastic rocks of the Newark have been 
described as sandstones and shales, characterized almost throughout 
by a reddish-brown color due to the oxidation of iron. It is likewise 
characteristic of them that their constituents are mainly quartz·, feld
spar, and mica. They are composed of the debris of granite and 
gneiss, and are hence properly to be deseribecl as arkoses. The prev
alence of angular fragments and the evidence of oxidation every
where observed have been taken to indicate that this debris was 
formed by subaerial decay of the crystallines on which the Newark 
was laid clown. If the hypothesis of Russell is correct,"' this condic 
tion argues for a warm and humid climate at the time of the disinte
gration of the material and for the incrustation of the grains by fer
ric oxide during the subaerial decay of the rock from which they 
were derived-a process now found in operation over large portions 
of the earth's surface where a warm and humid climate obtains. 

In the southern areas of the N e"\vark belt import~nt seams of bitu
minous coal occur. In the New York-Virginia and more northern 
areas such beds are altogether wanting, although thin layers of rich 
bituminous shales are found. In place of the coal beds is fouud lime
stone in thin layers, particularly in the Connecticut Valley and Pom
peraug Valley areas. A limestone conglomerate occur~ also in the 
Catoctin belt .. 

Life rmnains.-The Newark rocks ha-ve furnished evidence of the 
existence of life during the Newark period, the most abundant fossil 
remains being the coal plants in the southern areas and the ganoid 
fishes in the northern. The few bones discovered and the great num
ber of footprints observed in the areas north of :Nlaryland argue for 
an abundant batrachian and reptilian fauna in these areas. Two mam
mals, .Dromatheri'um, and J.1£icroconodon, and a few imperfectly pre
served mollusks, crustaceans, and insects have also been observed. 

1 Op. cit.,. p. 355. z Op.cit .. pp. 439-440. a Op. cit., p. 3:'i2. 
•Subaerial decay of rocks and origin of the red color of certain formadon~, by I. C. Russell: Bull. 

U.S. Geol. Survey No. 52,1889, pp.l-65. · 
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Associated igneo·us ?'ock,-.-Associatecl with nearly all of the areas of 
the Newark rocks are found dikes and sheets of basic rock, usually 
called simply "trap," but better designated diaba::;e or l)asalt, since 
throughout the extent of the Newark belt, as well as in the similar 
dikes which traverse the surrounding territory, the '~trap" has a nearly 
uniform basaltic composition and structure. The dikes trend gener
ally northeast and southwest, being narrower in the crystalline rocks 
than they are in theN ewark beds. They frequently show finer-grained 
n1arginal zones or columnar structure normal to the inclosing walls. 
The latter they have frequently altered, by hardening them, b)r chang
ing· their color, and by the intrusion of mineral 1naterial into them. 
The trap sheets which are interstratified with the Newark beds have 
been shown to be in part extrusive surficial flows buried beneath later 
deposits, and in part intrusive sills injected into the· already formed 
Newark beds. The Nova Scotian trap has been shown by JHarsters 1 

to be extrusive in origin. In the Connecticut Valley area and the 
New Jersey area, where these rocks have been most carefully studied, 
the evidence for the extrusive origin of most of the sheets of basalt is 
so overwhelming as to be beyond reasonable controversy. The heavy 
sheet of intrusive b[),salt in the Connecticut Valley area extends along 
the western margin ('Vest Rock, Gaylord :Mountain, Barndoor Hills), 
and in the New Jersey area alo.ng the eastern margin (the Palisades 
Range on the Hudson River). L.ess careful study has been given to 
the areas farther to the south, but throughout the Richmond Basin 
aud the Catoctin belt the associated igneous rocks are intrusive in their 
origin and generally dikes. 2 The absence of large sheets of extru
sive basalt from the southern areas of Newark rocks may per
haps be explained by supposing that the subsequent degradation 
was here greater, or it 1nay be that basalt was never extruded in those 
areas. 

Diforrnation.-The surface of the terrane in the several areas of 
_the Newark is generally (an exception is the Danville area 3) below 
the surface of the surrounding rocks. Throughout the series no 
marked foldings, but only gentle archings of the strata have been 
observed, although notable and sudden changes in dip have been 
recorded. These observed changes in dip have been brought about 
by dislocation of the strata along faults of steep hade. In all areas 
which have been carefully studied these faults have been found to be 
yery numerous, and the observers, with scarcely an exception, have 
expressed their belief that many other faults exist within the areas, 
which it has been found impracticable to locate definitely. 

1 Triassic diabase of Nova Scotia, etc., by V. F. ~Iarsters: Am. Geologist, Vol. V, 1890, pp.l-I0-14'l. 
2 Shaler and Woodworth, op. cit., p. 495; Keith, op. cit., p. 354. 
a Cf. Russell, op. cit., p. 86. 
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Emerson says of the Massachusetts section of the Connecticut Val
ley area: 1 

l\Iore favorable exposures and more detailed mapping have revealed many faults, 
and I feel sure that many more remain concealed. 

Davis says of the Connecticut section of the same area: 2 

Close and continuous observation of outcrops being impossible, the faults as drawn 
upon the map are probably too few and too simple. 

Ki.i.mmel says of the New Jersey area: 3 

I am strongly inclined to belie\'e, therefore, that there are many undiscovered 
faults, particularly in the Stockton and Brunswick beds, with throw equal to those 
in the trap areas. 

In the Catoctin belt alack of persistent and distinctive strata renders 
it impossible to determine faults, but Keith 4 assumes that they exist 
there, basing his assumption on the great thickness of strata and on 
the great differences of apparent thickness. 

Shaler and \Voodworth say of the Richmond Basin:/) 

·while the intei'ior of the atea shows at the surface little evidence of faulti.ng and 
folding as compared with the highly tilted attitudes of the strata about the margin 
of the area, faults, folds, and flexures can be made out, and their relation to the mar
ginal basal sections of the rocks is such as to lead to the supposition that, could we 
examine the base of the Newark rocks in the middle of the area, we should find 
there a repetition of the disturbances which are so pronounced a feature of the exist
ing margins. 

RusselL, in his summary of the structure within the Newark areas, 
says: 6 

Some of the faults observed are of sufficient magnitude to bring to the surface the 
crystalline or Paleozoic rocks upon which the system rests. Others expose the basal 
conglomerate, but the greater number are small, and owing to the similarity of the 
strata affected by them are difficult and many times impossible to trace. 

While faults are numerous, pronounced folds are absent. * * * 
An examination of the entire system shows that faulting is as important an element 

in the structure of the Atlantic coast plain as it is in the Great Basin. * * * 
It is to be supposed that the faults traversing the Newark rocks are but a portion 

of a great system which affects a large part, and perhaps the entire region of meta
morphic rocks, in the midst of which remnants of the ~ewark system have been 
preserved. 

Marginal ftt~tlts.-The margins of Newark areas, where carefully 
studied, are generally found to be formed by faults or probable faults. 
RusselP has brought forward cogent arguments for supposing that 
the areas which have been but little studied are likewise bordered by 
faults for the 1nost part, and that the areas throughout owe their 
preservation to their having· been depressed .below the base-level of 

1 Op. cit., p. 3i6. 
4 Op. cit., p. 3.55. 
• Op. cit., pp. iS-98. 

2 Op. cit., p.l36. 
s Op. cit., p. 493. 

a Op. cit., p.136. 
6 Op. cit., pp. 97-98. 
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erosion. As argued by Davis 1 for the Connecticut Valley area and 
by Russell for the other ~ewark area~, it is elear that the faults 
of th1e :Newark system n1ust extend downward into the basement floor 
of crystalline rocks, and hence it would be absurd to assume that the 
faulting exists only within the area now occupied by the Newark 
rocks. The statement of Kii.mmel 2 that a portion of the boundary of 
the New Jersey area where the :Newark beds rest upon the eroded 
edges of the older rocks is not boanded by faults may possibly be no 
exception to the general rule, for faults may still exist in the crystal
lines at or near these boundaries; and if so, they would probably elude 
discovery. 

To summarize, then: The structurn of the several :Newark areas is 
that of much faulted 1nonoclines of low inclination-a deformation 
which may be presumed to exist also in the Paleozoic and pre-Paleozoic 
rocks which surround them. 

It is a fact of 1nuch interest that the prevailing clips of the beds in 
the ~ew York-Virginia area and its continuation to the south in the 
Barboursville, Scottsville, Farmville, Danville, and Deep River areas 
are uniformly to the west or northwest, the westerly dipping, faulted 
monocline thus bringing to the surface higher and higher beds in 
going west. This dip is al~o characteristic of the beds of the Acadian 
area to the north. On the other hand, in the Deep River and 'Vacles
boro areas, which form an eastern belt in the southern part of the 
province, the prevailing dips are to the southeast, and easterly clips 
characterize also the Pomeraug Valley area in Connecticut and the Con
nectieut Valley area as far .north as :Xorthampton, in :Massachusetts. 
To this point the Connecticut Valley area clearly corresponds in its 
position with the continuation of the eastern belt in :North Carolina, 
for the trend of the beds, whieh in the southern areas has been gener
ally northeasterly, veers to the north in the latitude of X ew York and 
keep:; this direction to the latitude of Xorthampton, where, as shown 
by the Holyoke Range, it turns sharply to the east. The narrow 
tongue of the Newark which extends northward from Xorthampton is 
characterized by variable directions of dip, but the Deerfield sheet of 
trap indicates another bending of the strata to the eastward. 

It should be noted that the trend of the Xewark belt within the 
United States is characterized by somewhat regular variations from 
the general trend of the province, producing an undulatory variation 
fro1n a rectilinear belt. Thi:; is indicated hy the principal exten~ion 
of the individual area:; and by the ;:;trike of the beds, and conforrns 
clo::;ely with the main axis of the Appalachian folding. (See Pl. II, 
where the axis of the belt is indicated.) 

I The Tria:-sic formation of the Connecticut Valley, by W . .M. Davis: Seventh Ann. Rept. C. !::l. Geol. 
Survey, p. -tS4. 

20p. cit., p.ll5. 
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The Richmond area, which has usually been regarded a::; a syncline, 
has recently been shown 1 to be rather a faulted monocline with low 
westerly dipping beds '' extending from the eastern margin westward 
to a zone of faulted and folded structure, the clip of which is mainly 
eastward." 

A1"1Ytngem.ent of areas in an extended fa?.tlt g;·aben.-The above fads 
indicate that the ~ewark belt of rocks as a whole is really a double 
belt, the structural characteristics of which are not unlike those of an 
extended fault graben, the bottom of which is so arched as to bring 
the oldest beds to the surface in the central portion of the belt. This 
structure is emphasized by the close similarity of the sections of the 
eastern and western divisions of the belt in its northern portion. In 
the Connecticut Valley area there is found on the extreme western 
margin, with only a thin bed of clastic rocks underlying it, a heavy 
intrusive sheet-the traps of vVest Rock, Gaylord .:VIountain, and Barn
door Hills. Corresponding with this we find on the extreme eastern 
margin of the .New Jersey area the thick intrusive sheet of the Pali
sades Range, with a small thickness of Newark clastics exposed beneath. 
In positions above the intrusive sheet we :fi.nd in the Connecticut Valley 
area the extrusive beds of the anterior, main, and posterior flows, and 
in the New Jersey area the extrusive sheets of "\Vatchung ::iHountain, 
which show many analogies with the Connecticut Valley series. 2 

Thickness of tlw system ... -In the Connecticut section of the Con
necticut Valley area Davis makes out the following series, ·which aggre
gates over 10,000 feet in thickness: 

Thicknes8 of J._Yewm·k 8y.stem .. in Connecticut rrt1ley area. 

Division. Deposit~. ~- Feet. 

------1------------------------- -----

Upper . . . . . . .. .. . . . . . 6andstone, shales, and conglomerate' ........................ ·........... 3, .')00 

Posterior trap sheet (extrusiYe), 100 to 1fi0 feet ............................................ , 
~ Posterior shales, ±1,200 fee~ ...................................................................... .. 

Middle ...... _ ........... ~ ~lain tmp sheet ( extrusi\·e), 40J to 5:.10 feet......................... .... .... ... . 2, 250_3, 100 
· i Anterior shales, shaly sandstones, and impure limestones, 300 to 

! 1,000 feet. . 

1 
Anterior trap sheet (extrusive),±250 feet. ......................... . 

'!Coarse sandstones, conglomerates, and shales, 4,300 to 5,600 feet .... } 
Lower ............ ·' Intrusive trap sheet, 500 to 600 feet.............................................. 5, 000-G, 000 

, Conglomerates and coarse sandstone~, 200 to 300 feet .............. . 

-------I ----

Emerson, in his :\Iassachusetts section of the same area, has not 
attempted a chronological differentiation of beds, belie·dug his series 
to represent synchronous phases of the same formation, but has given 

lShaler and Woodworth, op. cit., pp. 4&2, 46i. 
2 Cf. On the physical history of the Triassic formation in New Jersey and the Connecticut Valley, 

by I. C. Russell: Annals Xew York Acad. Sci., Vol. I, 18i9, pp. 225, 230. Also, The structure of the 
TriassiC; 10rmation of the Connecti(';Ut Valley, by W. ~I. Davis: Seventh Ann. Rept. U.S. Geol. Survey, 
1888, pp. 483-484. 



28 NEWARK SYSTEM OF POMPERAUG VALLEY, CONN. 

a different set of names to 1·ocks which at the boundary of the State 
join those described by Davis. The upper sandstone of Davis is there 
continued in the entire clastic series of Emerson. · 

Emerson's series of synchronous facies is as follows: 

1. Sugar Loaf arkose (west shore deposits). 
2. ~fount Toby conglomerate (east shore deposits). 
3. Longmeadow brownstone.} (Off h t 1 b d ) 
4. Chicopee shale. -s ore cen ra e s. 

5. Granby tuff (fragmental diabase). 
6. Holyoke and Deerfield diabase beds (interbedded diabase). 
7. Black rock volcanic necks and posterior diabase beds. 

Emerson has wisely refrained from ascribing a thickness to the 
system based on width of exposure. A well boring at Northampton 
3,700 feet deep failed to pierce the system, and he estimates that its 
n1aximum thickness must have exceeded a mile. 

In the New Jersey section of the New York-Virginia area the clastic 
series has been given the following differentiation by Kiimmel, the 
thicknesses entered in the list being the revised ones contained in his 
last report upon that region. 1 

Thickness of .J..Yeu·ark system in New Jersey area. 
Feet. 

Brunswick series_ . ______________________________ . ___________ . . . 6, 000 to 8, ·000 
Lockatong series. _______ . _ .. ___ .. ________ .. _____ .............. _ 3, 500 to 3, 600 
Stockton series .... _ ... _ ............ _ ... __ ... ____ . _____ .... ____ ·_ 2, 300 to 3, 100 

TotaL ____________ ... ____ . _________ .. __ ...... __ .. ______ . _ 11, 800 to 14, 700 

If the trap sheets had been included these figures would be increased 
by about 2,500 feet, so as to make a total thickness of 14,000 to over 
17,000 feet. To 1ne it seems that these estimates, as well as those 
of Davis, which are based on width of outcrops, are, in view of the 
great probability of undetermined faults, hardly more than guesses. 
The most reliable data, slight as they are, are furnished by three deep 
well borings, one of 3,'700 feet at Northampton, )1assachusetts; another, 
of 2,500 feet, near ::\1idlothian, Virginia~ 2 neither of which pierces the 
system; and a third at Southbury, Connecticut, which, starting at the 
top of the main basalt sheet, enters the crystallines at a depth of 1,235 
feet. 

Conditions ofsedimentation.-The absence of characteristic marine 
or fresh-water fossils in the rocks of the Newark system, the rapid 
alternations o:f sediments, the cross bedding, the numerous footprint:;, 
and the raindrop impressions are generally taken to indicate that the . 
K ewark deposits were laid down in broad and shallow landlocked arms 
of the sea, in which expanses of mud were exposed during low water. 
The ripple marks and mud cracks, as well as the tracks pre:-;erved in 

----~---------------------

I Ann. Rept. State Geologist Xew Jersey, 1897. 
2 Shaler and Woodworth, op. cit., p. 443. 
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the deposits, indicate that the areas on which they were forming ·were 
undergoing subsidence, and that the tidal land wash constantly formed 
new sheets to receive new marks. The southern areas were aboye sea 
level, and were at times coal marshes. Russell has suggested that 
there may have been but one great sound, stretching from Nova Scotia 
to North Carolina, in which the tides flowed and ebbed, the southern 
end being swampy and marshy. 

Probably the greater number of observers, however, argue that the 
Newark deposits have been laid down in local basins. Emerson, who 
favors this view, assumes that the depression of a great block south of 
an east-west line north of Long Island admitted the sea into the "deep 
fjord-like bay of the Connecticut River Trias." Regarding the for
mation of this fjord he says:1 

The development of the fault system which borders this bay and has produced it 
may have been an attendant upon the larger movement, but it is quite clear that the 
depression of the bottom of the basin was, in part at least, synchronous with the 
accumulation of the Trias sands, and in part of later elate. 

He assumes, therefore, a "narrow fault-bounded and sunken block," 
which the water entered during a general Newark tra1~sgression of the 
sea upon the land. The bottmn of the trough is supposed to have 
been occupied by debris of the crystalline rocks, owing to the deep 
secular disintegration, and this debris was transported by very power
ful tidal c.urrents, which moved northward along the western wall and 
returned southward along the eastern wall. The evidence for this 
tidal transportation has been derived fron1 a comparison of the frag
ments in the arkose and conglomerate with the material now forming 
the walls of the trough. 

Davis prefers to regard the Newark beds as ~ • continental" deposits, 
as defined by Penck. He says: 

In contrast to marine deposits, Penck has suggested the name "continental" for 
deposits formed on land areas, whether in lakes, by rivers, by winds, under the 
creeping action of waste slopes, or under all these conditions combined. This term 
seems more applicable than any other to the Triassic deposits of Connecticut. * * * 
The bedding planes of the strata, revealed only in scanty exposures in which the 
Triassic strata are generally worn across their edges, must in imagination be trans
formed into broad floors of washed sands and pebbles, derived from a land area on the 
west or east, and gradually drifted from the margin toward the middle of the trough, 
where they accumulated. * * * The sands were not washed directly to their 
place of settlement and there at once deposited; they were gradually moved along the 
water floor. The finest silts may have been actually carried in muddy lacustrine or 
estuarine waters, but they must have been many times laid down and taken up before 
finding a final resting place. 2 

The trough could not have been depressed to its full depth before the deposits 
began and then gradua.:ly filled to the surface. On the contrary, the depression of 
its floor must have gone on at about equal rate with the accumulation of sediment. 
* * * From the more permanent inclosing lands, whence the waste was persistently 

lOp. cit., p. 3i3. 2 Davis, op. cit., p. 33. 
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shed, the slopes should be pictured as·descending into a shallow trough occupied by 
broad washes of sand and gravel, crossed by wandering streams. Shallow lakes may 
have now and then overflowed a middle strip or a greater part of the trough, and 
there finer sediments would gather. 1 

Assu1ning as he does a pre-Triassic plain of erosion in which the 
Newark deposits were laid down, Davi::; is compelled to explain the 
formation of the trough by differential elevation of inclosing walls as 
the basin of the trough was depressed. This, he assumes, mti.y have 
been brought about either by warping, with the formation of a trough, 
or through graben faulting. 2 

Shaler and 'Voodworth, while admitting· the possibility of the several 
Newark areas having been once connected, still favor the local basin 
hypothesis. In their view the Richmond region at the beginning of the 
Newark period was one of low relief and the seat of more or less consid
erable and broad river valleys, and with the margin of the land much 
farther ea::;t than it is at present. They look upon the deposits as having 
been formed in the rivers, or in lakes temporarily formed in the river 
valleys, and brought in about the lowlands by torrents from the high
lands along slopes which represented a fall of 50 to 100 feet in the mile. 3 

Keith says of the conditions of deposition within the Catoctin belt: 

The subsidence preceding deposition reduced the height of the land and slackened 
erosion. The waters were usually shoal, and Cll;rrents ran from north to south. At 
one later period at least elevation took place, causing emergence and rapid erosion of 
most of the pre-Newark formations and some of the Newark deposit. 4 

Thus it seems that Russell is the only one among recent writers upon 
the subject who has strongly urged the broad terrane as against the 
local basin hypothesis for the formation of the Newark deposits. I 
shall revert to this problem in Chapter V, after the Pon1peraug region 
has been described. 

SECTION 2.-PREVIo"US WORK ON THE NEWARK ROCKS OF THE 
POMPERAUG VALLEY.5 

Early works.-ln the first volume of the American Journal of Sci
ence an editorial article 6 mentions the occurrence of prehuite, ~til bite, 
agate, etc., at 'Voodbury, Connecticut, "in a little basin of secondary 

1 Davis, op. cit., p. 35. 2 Op. cit., p. 38. a Op. cit., pp. 405-!0i. 4 Op. cit., p. 352. 
6This area of Newark rocks has been referred to by Russell as the Southbury area. By Davis it 

has been called the Southbury-Woodbury area. As a matter of fact, the only localities where the 
series of rocks representing the Newark system can be made out within the area is near the village of 
South Britain. The basin includes, besides South Britain, the villages of Woodbury, Southbury, Pom
peraug, and Hotchkiss,ille, all of which have a single railway station-Pomperaug Valley. The 
name of the station has been well chosen, for the five villages occupy positions near the bed of the 
Pomperaug River. The basin of Newark rocks is practically coextensive with the valley of this river, 
only the distant headwaters of which lie outside it and within the area of the crystallines. Percival 
described the Newark in this area under the title of the "smaller sec~ndary formation" of Connecti
cut, and W. C. Redfield referred to it as the" basin on the Pomperaug River near Southbury, COn
necticut." (Proc. Am. Assoc. Adv. Sci., Vol. X, Pt. II, p. 183.) The location of thi>1 area is shown in 
fig.l. 

6 New localities of agate, chalcedony, chabasie, stilbite, analcime, titanium, prehnite, etc., by 
B. Silliman: Am. Jour. Sci., 1st series, Vol. I, 1818, p. 135. 
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greenstone _which exists there." In a more extended paper 1 in the suc
ceeding volume of that journal this basin is briefly described and the 

FIG. 1. l\Iap of the Newark areas of southern .New England and adjacent territory, compiled from 
maps by Emerson, Davis, and Darton. Scale, one inch equals 27 miles. 

topography so well depicted that I can not refrain from quoting a few 
passages: 

While descending the last hill the geological traveler is forcibly str_uck with the 
new physiognomy of the valley in which ·woodbury lie!'!. Its features are totally 
different from those of the country on which he still is and from those of the remoter 
regions all around. 

Abrupt front8 of dark colored naked rock rise perpendicularly from flat and, 
apparently, alluvial plains. They have mural precipices and sharp ragged ridges, 

1 Sketches of a tour in the counties of New Haven and Litchfield in Connecticut, with notices of 
the geology, mineralogy, and scenery, etc., by B. Silliman. Am. Jour. Sci., 1st series, Vol. II, 1820, 
pp. 230-233. 
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fringed with wood, and are marked by a great accumulation of ruins of the rock 
sloping from the foot half or two-thirds of the way up the rock; on the opposite side 
of the hills the descent is gradual, without precipices, and comparatively easy. 

No one who ·with habits of observation has traveled from New HaYen to Hartford 
and so on to Northampton and Deerfield-no one, in short, \vho has ever been com·er
sant with a trap country-can fail almost at first glance to refer this to that class of 
rocks. * * * From our being now \Yithin 24 miles of New Haven it might be 
imagined that this tract is merely a branch of the great secondary trap formation 
which commences at that town, but it will appear that it is not; on the contrary it is 
perfectly distinct-it is strictly a basin; an island (if I may say so) of secondary trap 
in the midst of an ocean of gneiss. * * * 

I know of nothing in this country similar to this basin, except the coal basin of 
Richmond, which, although small, is much larger than this. 

Silliman made the mistake of supposing that the red ~:mudstone which 
he found was the Old Red sandstone of \Verner, as in fact it had already 
been represented on Maclure's geological map of the United States. In 
1822 Dr. Thomas Cooper makef::l mention 1 of the fact that he possesses 
specimens of '' floetz trap" from vVoodbtuy, such as had been found by 
Professor Silliman ''as covering the red sandstone through Connecti
cut;" and argues for its volcanic origin, a view apparently not held by 
Professor Silliman.· 

Prof. Edward Hitchcock, in a narrative account of a mineralogical trip 
across )1assachusetts and Connecticut, 2 emphasizes the similarity o.f the 
sandstone and greenstone of \Vooclbury and Southbury with the rocks 
of the same name in the Connecticut Valley. On the basis of the dis
covery of shale and bituminous limestone in the basin of the Pomperaug 
Valley, he declare~; that this basin is a real coal formation, a statement 
which is perhaps responsible for the n1any disastrous ·attempts which 
have been made to exploit coal mines in that vicinity. Of real scien
tific value, however, was the recording (on the authority of Dr. Smith 
of Southbury) of the fact that "an impression of scales, probably 
those o.f a fish, had been found in the bituminous limestone," and the 
further statement that ''a siliceous petrifaction of the trunk of a tree, 
8 or 10 inches in diameter, had been found in Southbury." 3 In the 
final report on the geology of :\Iassachusetts, 4. a~; well as in earlier vol
ume:::; of ~lassachusetts reports, Hitchcoek makes brief mention of the 
area of X ewark rocks in the Pomperaug Valley. 

"\V. C. Redfield, in 1841, mentions5 the occurrence in the red sand-

1 On volcanoes and volcanic substances, with a particular reference to the origin of the rocks of the 
fl.oetz trap formation, by Thomas Cooper, l\1. D.: Am. Jour. Sci., 1st series, Yol. IV, 1822, p. 239. 

~ l\Iiscellaneous notices of mineral localities, with geological remarks, by Edward Hitchcock: Am. 
Jour. Sci., 1st series, Yol. XIY, 1828, pp. 227-228. 

s Description of several species of fossil plants from the New Red sandstone formation of Connecticut 
and l\faS£achusetts, by E. Hitchcock: Rept. Assoc. Am. Geol. Nat., 1843, pp. 294-296, Pls. XII and XIII. 

4 Report on the geology, mineralogy, and botany of ::\Iassachusetts, by E. Hitchcock, Amherst, 1835, 
pp. 220, 513. 

Also final report on the geology of ::\Iassachusetts, by E. Hitchcock. Northampton, 1841, pp. 446, 
456-458. 
~Short notices of American fossil fishes, uy W. C. Redfield: Am. Jour. Sci., 1st series, Vol. XLI, IS41, 

p.:?7. See, also, Proc.Am.Assoc.Adv.Sci., Yol.X,IS57,Pt.II,pp.l80-lbS. 
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stone of Southbury of the remains of the ganoid fishes, Catopte'rus 
gracilis and Palceoniscus. 

Shepard, in his reporton the geological survey of Connecticut, 1 adds 
nothing to our knowledge of the formation, although he mentions a 
ehalybeate spring at "\Voodbury and some occurrences of minerals. 

Per-cival.-The first comprehensive study of the Newark rocks of 
the Pomperaug Valley was made by that en1inent geologist, Dr. 
James G. Percival, 2 whose work on the geology of Connecticut was 
undertaken under such trying conditions and when 1nethods of study 
were primitive as compared with those now 
employed. His results were never adequately 
published, but his recorded observations were 
nevertheless so thorough and so accurate that 
subsequent· studies have in the main supple
mented rather than altered them. The results 
of his studies may best be stated in his own 
words, which are sufficiently brief, the sketch 
from his map (fig. 2) serving to make clear 
this statement: 

The trap in this formation forms only a single range, 
presenting, in its whole extent, a well-marked curvature, 
and divided by cross valleys into three distinct sections, 
succeeding each other in receding order. Of these, the 
southern (1) extends from the southeastern point of the 
range to a pass crossing the latter at the road from 
Southbury to Roxbury; the middle (2) extends from 
that pass to the Pomperaug, south of ·woodbury village; 
while the northern (3) includes all the remaining portion 
of the range. The curve of this range is apparently 
formed, throughout a great part of its extent, by a series 
of parallel ridges, overlapping each other in a greater 
or less degree and arranged, toward the opposite extrem
ities, in reverse order, namely, in advancing order 
towards the southern, and in receding order towards the 

FIG. 2.-Basalt ridges of the 
Pomperaug Valley ·(after 
Percival). W, township of 
Woodbury; M, township of 
Middlebury; S, township of 
Southbury; R, township of 
Roxbury; II. R., Housa
tonic River; P.R., Porn per
aug River; 1, Southern area; 
2, Middle area; 3, Northern 
area. The dotted line is the 
margin of the Newark area 
(" smaller secondary ba-
sin.") 

northern extremity. This arrangement is most remarkable at the two extremities of 
the range, its middle portion, for some distance, presenting only a single line of 
elevations, nearly in continued order. 
· The main trap range, in its southern section (1) and the southern part of its middle 
section (2), is bordered, on the east, by an apparently distinct range of a very porous 
chloritic and decomposable amygdaloid, forming a series of low rounded swells, gen
erally covered with the rock in small fragments. This latter range is accompanied, 
at least towards its southeastern point, by bituminous shale and limestone, recently 
excavated for coal. Similar excavations have been made in the bands of shale at the 
southwestern extremity of the main range. 

* * * * * * * 
The Secondary rocks of the two basins consist of sandstones or conglomerates and 

shales, generally red, but occasionally of different colors. The sandstones vary 

1 Report on the Geological Survey of Connecticut, by Chas. Upham Shepard, New Haven, 1837, p.188. 
2Report on the geology of the State of Connecticut, by James G. Percival, New Haven,1842, pp.410-

412, 429-430, 450-452. 
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from the finest grain, passing into the shales, to the· coarsest conglomerates; the 
latter sometimes containing eyen small bowlders embedded. * * * The sand
stones of both these formations are obyiously formed of fragments of Primary rocks, 
similar to those of the adjoining Primary formations, and in most instances the 
larger fragments, particularly in the coarser conglomerate along the eastern border 
of the larger Secondary formation, can be distinctly traced to different Yarieties in 
the adjoining Primary, frequently in the immediate vicinity. These facts satisfac
torily indicate that these Secondary formations were formed from the debris of the 
Primary rocks, part of which, at least, might have occupied the site of these Sec
ondary formations. 
· The sandstones and shales of the different Secondary basins haye an obvious 
connection with the trap of those basins, both in their distribution and in the 
arrangement of their elevations. These rocks are not distributed in regular parallel ' 
superimposed ranges, but their limits are distinctly controlled by the arrangement 
of the trap systems. 

* * * * * * * 
The sandstone of the smaller Secondary formation is chiefly confined to a nar

row underlying range, anterior to the trap range of that formation, apparently most 
de,·eloped at the southwestern and northeastern points of that range. At one point, 
in the former direction, south of the Pomperaug (South Britain), a mass of sandstone 
reposes on the Primary (mica slate, GS. 3a), dipping northeast from the latter, and 

· toward the south front of the trap range, at a large angle; but generally the sandstone 
appears as an outwork to the trap, separated from the Primary by a valley of greater 
or less width. The sandstone of this anterior range is either coarser grained, lighter 
red, and more granitic, or finer grained, darker red, and more argillaceous; the latter 
sometimes forming a valuable freestone. Both varieties, particularly the latter, are 
characterized by pores, usually small, lined with a black or purple ferruginous coat
ing, forming quite a distinctive peculiarity. The shale of this formati0n occupies the 
space included between the main trap range and its anterior amygdaloidal range, 
and apparently between the main range and its posterior range, although the latter 
interval is chiefly covered with diluvium. The shale is, however, scarcely developed, 
except in connection with the southern section of the trap range, at its south
western extremity. * * * The shale of this formation is usually very soft, argil
laceous, and friable, chiefly light red, with beds oi brown and dark bituminous shale, 
including thin beds of dark and light gray bituminous lhnestone. Impressions of 
fish are found in these beds, particularly in the limestone. 1 

Da~·is.-Prof. vVillia1n M. Davis, whose studies of the Newark rocks 
of Connecticut ha,re now extended over nearly a score of years, 
developed his well-known theory of block faulting in the Newark from 
a study of the Pomperaug Valley, which he therefore describes as hav
ing furnished the key to the Triassic structure. These studies were 
published in 1888. 2 

· The sequence of the deposits determined in the vicinity of South 
Britain was as follows: 

Sequence of deposits near South Britain, Conuecticut. 

( 5) Indication of higher members buried in drift. 
( 4) Heayy sheet of trap. 

IOp. cit., pp. 410,411,42i,428,429,450-451. 
2The Triassic formation of the Connecticut Valley, by William :Morris Davis: Seventh Ann. Rept. 

U.S. Geol. Survey, 1888, pp.468-4i4,4S6-490. 
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(3) Shales containing fish scales and calcareous beds, 200 feet or more. 
(2) Thin amygdaloidal trap. 
(1) Sandstones and conglomerates at base, several hundred feet thick. 

Special-study was made of geological structure in the areas north-
east of South Britain and east of V'l oodbury, and sketch maps 
and sections were pre
pared (see figs. 3-5) 
for each of these areas. 
The peculiarities of the 
structure are considered 
to be brought about by 
faults, which are classi
fied as oblique faults 
and strike faults. Con
cerning these the author 
says: 

Obtique jaults.-The first 
locality that threw light on 
the systematic arrangement 
of the faults was near South 
Britain, in the Pomperaug 
Valley, within the small 
western Triassic area illus
trated in fig. 97. 1 Here the 
paired outcrops of a con
glomerate overlain by the 

FIG. 3.-Sketch map of the trap ridges near South Britain in the 
Pomperaug Valley. The outcropping faces of trap ridges are 
marked with dark hachure lines; the amygdaloid is shown 
by short faint hachures-; the conglomerate, sandstone, and 
shale are indicated by large dots, small dots, and lines. Four 
oblique faults dislocate the amygdaloid and conglomerate 
outcrops between the middle and eastern trap ridges. Larger 
faults separate the ridges themselves. (After W. 1\I. Davis.) 

thin amygdaloidal trap appear five times in a third of a mile, every pair being dis
tinctly out of line with its· neighbors and the displacements always involving a 
moderate upthrow on the east of a fracture running obliquely to the strike of the 
beds. The actual fractures are, as usual, nowhere to be seen, as the outcrops have 

l'IG. 4.-Inferred structure of the district shown in fig. 3. The 
two faults of larger throw, by which a single sheet of trap is 
represented in three ridges, are proved by the threefold repe
titiQn of series of beds comprising sandstone, conglomerate, 
and amygdaloidal trap, shale, and heavy trap. (After Davis.) 

but little prominence on a 
grassy slope, but there can 
be no question whatever of 
their occurrence (p. 469). 

Strike jattlts.-All the ex
amples thus far described 
are of tolerably easy recog-

. nition, because the disloca
tion is not great and cor
responding members of the 
formation may be seen not 
far out of line . on the two 
sides of the fracture. In all 

such cases the fault line makes a considerable angle with the strike of the faulted beds, 
but in the examples yet to be considered the fault line is essentially parallel to the 
strike, and therefore causes repetition of strata in a series of parallel outcrops; and 
at first sight the corresponding members in such cases are entirely independent and 
unrelated. The first clear evidence of this structure found .by the writer was again 
close to South Britam in the Pomperaug Valley, which may therefore be said to 

I See fig. 3. 
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have furnished the key to the Triassic structure. Although far separated from the 
Connecticut Valley, the topography and the implied structure of the two areas are 
so closely alike that it seems legitimate to carry evidence from one to the other. In 
this interesting locality a single series of beds, consisting of the conglomerate, amyg
daloid, shales, and heavy trap already mentioned, is faulted so as to present three 
successive outcrops, with upthrow always on the east, as shown in fig. 98. 1 The 
beds in each block vary somewhat in dip, but in other respects are closely similar. 
If the trap sheets had been sedimentary rocks, the repetition by faulting must have 

\ 

' 

FIG. 5.-)Iap and section of trap ridges near Woodbury. The to
pography is indicated by sketched contours, with hachures for 
trap bluffs. The lower sandstone slopes are all covered, and 
the northern bluff of the western group of ridges is quite buried 
in drift. The crystalline rocks appear on the east. The section 
suggests an interpretation of the surface forms. (After Davis.) 

long since been discov
ered. A short and low 
ledge of trap in the north
ern part of the valley that 
follows the westernmost 
fault line is the only 
obscure member of the 
series, and this may be 
regarded as a small mass 
of trap standing between 
branches of the fault. 

It will be rem em be red 
that no evidence could 
be given. in the first sec
tion of this report as to 
the intrusive or overflow 
origin of the trap sheets in 
the Pomperaug district; 
but an argument based on 
the faults just described 
gives sufficient reason for 
supposing that, whatever 
their o-rigin, the sheets 
had their present position 
in the stratified series be
fore the tilting and fault
ing took place. There are 
only three suppositions to 
be considered: First, that 
they were overflows; sec
ond, that they were intru
sions thrust in before the 
faulting; and, third, that 
they were intrusions thrust 
in during or after the faul
ting. In either the first or 
the second case they neces

sarily were tilted and faulted with the adjacent stratified beds. The third case may be 
excluded by the reductio ad absurdum, for it requires that six separate intrusions 
should arrange themselves independently in a determinate and systematic manner. 
The same line of argument may be applied to several other trap ridges of this district. 

The ridges east of Woodbury (fig. 992
), in the same western Triassic area, offer 

another illustration of the same faulted structure, although the evidence for it might 
commonly be thought less conclusive, because it does not rest on a repetition of sedi
mentary strata; but a visit to the spot leayes little doubt as to the meaning of the 

1 See fig. 4. 2See fig 5. 
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structure. The ridge-making beds in two similar groups of hills east of the village 
consist of a lower and an upper sheet of compact trap, separated by an amygdaloidal 
layer; shales probably occur between these sheets, but they are nowhere to be seen. 
The similarity in the structure and topography of the two groups is so striking tlutt 
one can not resist the belief that they are composed of the same set of trap sheets, 
repeated by a fault with .upthrow of 500 or 600 feet on the east in the intermediate 
valley. The several low ledges of unevenly jointed trap on the western side of the 
valley may be fragments of the sheets caught in the fracture, as suggested in the 
figure. 1 

Since the Davis theory to explain the faults in the Newark beds 
was derived from a study of the Pomperaug Valley area, and from it 
extended to the Connecticut Valley area, it requires a careful consid
eration here. The conditions which call for explanation by this theory 
as understood by Davis are: First, that the strata have been disturbed 
from their original position; second, that this occurred after the com
pletion of the deposition, thus involving the entire thickness of the 
system; third, that the disturbing forces acted from without after the 
et~trance of the intrusive trap sheets; fourth, that this external force 
affected a greater mass than that of the Newark rocks, and fifth, that 
it was felt over a region so large as to embrace isolated Newark areas, 
thus suggesting that the stresses and .strains were determined less by 
the Newark deposits themselves than by the underlying crystallines. 
A sixth probable condition was added, that the disturbing force was 
"a long-enduring and a slow-acting horizontal compression," exerted 
in an east-west or southeast-northwest direction. A seventh condi
tion, and the most important one, is elsewhere stated (p. 481) to be 
that the entire system of Newark rocks shall be broken into a series of 
long, narrow, parallel-sided blocks by faults having upthrow.almost 
always on the east, and a uniform tilt in the block to the eastward. 2 

The ingenious theory offered by .Davis to meet these conditions sup
poses that the underlying crystalline rocks have a generally uniform 
northeast· southwest strike and a steep easterly dip. Intense. horizontal 
compression of the area in a direction normal to the strike of the crys
talline beds is supposed to cause a tilting of the nearly vertical rock 
slabs, with differential accommodation of these beds upon one another, 
so that their basset edges, which before would in an east-west section 
have presented a continuous and only gently curving line, a1~e so 
broken as to produce a series of serrations with steep western and 
gentle eastern slopes. This accommodation of the beds by faulting 
along their bedding planes is of necessity not confined to the crystal
lines, for the faults must pass upward through the overlying N ewaxk 
deposits, and thus produce faults with upthrow always in the same 
limb. 

'Yhen the structure of the Pomperaug Valley area has been con-

tOp. cit., pp. 4il-4i3. 2 Op. cit., pp. 481-490. 
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side red, this question will be examined in more detail. In his latest 
paper, 1 Davis reaffirms his belief in the adequacy of this hypothesis, 
whieh has in the meantime been adopted 2 for other areas of the 
Newark system. 

Russell.-Russell in his correlation paper on the Newark system, 
in reviewing Davis's studies in the Pomperaug Valley area, suggests 
that that area is "a local fault basin, and that its preservation is due 
to the depression by faulting of a small portion of the original Newark 
terrane below the present horizon of base-level erosion." 3 

Hovey has described !l the well-boring for oil made in 1888-89 near 
Southbury, in the Pomperaug Valley. He reports that: 

The well intersects red and black shales, red sandstones, and conglomerates, and 
two trap sheets, and at about 1,235 feet passes from the fragmental Triassic rocks 
into the highly crystalline gneisses and mica-schists, so widely distributed throughout 
New England. 

SECTION 3.-CONDITIONS OF THE PRESENT INVESTIGATION. 

The present study was undertaken in connection with the prepara
tion of the geological map of an area in southwestern New England. 
Field work was carried on during the months of August and Sep
tember, 1899, during a portion of which time efficient assistance was 
rendered by Mr. Henry H. Robinson, of New Haven. For considerable 
local information and for specimens of fossil fishes and woods, as well 
as for other favors, I am under obligation to Rev; David F. Pierce 
and Mr. Henry M. Canfield, both of South Britain, Connecticut. For 
counsel regarding the theoretical considerations included in this report, 
I mn indebted to Prof. Chas. S. Slichter, of the University of Wisconsin. 

The area here studied extends about 10 miles north and south by 
about 5 miles east and west, the included area of Newark rocks being, 
however, considerably smaller and comprising less than 20 square 
miles. Its longer axis has a direction N. 15° E., and an extension 
of about 8 miles. The topography of the area is represented with 
exceptional fidelity upon the New Milford, Waterbury, Derby, and 
Dan bury atlas sheets of the United States Geological Survey, the area 
being for the most part, however, included in the \Vaterbury and 
Derby sheets. A glance at these sheets is sufficient to show the markea 
depression of the area of Newark rocks below that of the surrounding 
crystalline schists, whose wall-like slopes meet the floor of the basin in 
peculiar finger-like dovetailings. From the floor of the basin the hard 
Newark traps rise in the central portion, the softer sandstone~ and 
::;hales having been carved away by the Pomperaug River, so as to pro
d nee cameo-like surfaces. 

lThe Triassic formation of Connecticut, by William ~!orris Davis: Eighteenth Ann. Rept. C. S. 
Geol. Survey, 189S, Pt. II, p. 140. 

~Emer:;:on, op. cit., p. 377; Klimmel, op. cit., p. 146. a Russell, Bull. :Xo. 85, p. 82. 
4 The oil well at Southbury, Connecticut, by E. 0. HoYey: Sci. Am., ~lay 3, 1890, p. 275. 
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In the course of the field study it l:iOOn became evident that the 
geological structure of the area was so complicated that it could not be 
adequately represented upon the topographic atlas sheets, which are 
printed on a scale of one inch to the mile. Accordingly, for the areas 
about the villages of South Britain and lVoodbury, where the Newark 
rocks are best represented, detailed maps were prepared on a scale of 
four inches to the mile, and on these maps for considerable areas 
nearly every outcrop was located by pacing from some :t;tear deter
mined base. By this means relations were made out which must 
otherwise have escaped observation. The study is; therefore, partic
ularly for the areas represented by these detailed maps, one of much 
detail. , 

The subject-matter of this report will be treated under the general 
heads: Deposition, Petrography, Deformation, and, lastly, Degrada
tion. 
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CHAPTER II. 

DEPOSITION. 

SECTION 1.-MEMBERS OF THE NEW ARK SYSTEM AND THEIR 
AREAL DISTRIBUTION. 

The Newark system as represented in the Pomperaug Valley con
sists of, first, a coarse arkose conglomerate with included layers of red 
arkose sandstone and shale (the basal member), which may be desig
nated the South Britain conglomerate; second, a thin sheet of amyg
daloidal basalt, which, in eonformity with the usage of Percival and 
DaYis, may be designated the anterior basalt (''trap") sheet; third, 
a series of red shales,, black bituminous shales, and gray bituminous 
limestone, which will be designated the anterior shales; fourth, a 
generally dense black basalt sheet, which, again in conformity with tbe 
established nomenclature, will be designated the main basalt ("trap") 
sheet; and, fifth, shale and sandstone probably belonging to the pos
terior sandstones as Jefined for the series of the Connecticut Valley 
area. This uppermost member of the series is somewhat problemati
cal, inasmuch as it is found exposed at a single locality only, but the 
evidence from the Southbury oil-well boring, as well as th!lt from the 
topographic development of the valley, is altogether in favor of its 
presence. The fact, too, that it would doubtless have been without any 
considerable amount of protection from overlying trap sheets is suffi
ci~nt warrant that its beds would in any case be very largely removed 
through the action of both stream and ice erosion. 

The series, then, is as follows, beginning with t~e base: 

8e1·ies of Nen·ark system in PomperaHg l'alley. 

(1) The South Britain conglomerate. 
(2) The anterior basalt sheet. 
(3) The anterior shales. 
( 4) The main basalt sheet. 
( 5) The posterior shales. 

Smdl~ Britain arkose conglom.erate.-This basal member of the New
ark system is found principally in the vicinity of the village of South 
Britain, the best exposures being on the shoulder of Pine Hill, east 
and southeast of D. ~l. l\litchell's place (see Pl. VIII). Other good 
sections are found in the bed of the Pomperaug Ri,·er, extending 

40 
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north from the road bridge, and in the ridge one-half mile long north
east of the village and west of Rattlesnake Hill. Shales and sand
stones doubtless belonging to the same formation are found in occa
sional exposures, chiefly in gullies, extending from the latter another 
half mile to the northward, beyond which is a larg·e area of drift
covered slope. These shales are seen to .best advantage in the Oliver 
l\1itchell Brook section (fig. 6). At a single locality only (at the west
ern base of the trap wall of East Hill) this formation has been found 

1 

exposed between that point and \Voodbury. The northern slope of 
Horse Hill, to the southwest of South Britain, is strewn with large 
blocks of this formation, although many have already been carried 
away and utilized as building stone. At. several localities near the 
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FIG. 6.-Geological sketch map of Oliver Mitchell Brook, near South Britain. The arkose conglom
erate is indicated by small circles, the shale by stippling, and the amygdaloidal basalt by black 
areas spotted by white circles. 

sumn1it of the hill (on the land of l\1r. Bradley) the conglomerate has 
been encountered in plowing, and it was found J)ossible to examine 
it here over a considerable area by simply removing a few spadefuls 
of earth. In the northern portion of the basin the conglmnerate is 
seen in two exposures only, one north of each of the twins of Oren aug 
Hill. There are other localities~ however·, where the peculiar red 
color of the soil over limited areas is taken to indicate that the rock 
would probably be encountered at the depth of only a few feet from 
the surface. Such localities may be seen near Pomperaug Valley 
Station and on the north flanks of Bates Hill, Ragland, and ''rest 
Orenaug Hill. 
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'Vhile generally a coarse breccia or conglomerate composed of 
angular fragments, the South Britain conglomerate incloses, as already 
mentioned, beds of reel sandstone and shale. The shales are best 
observed in the left (western) bank of the Pmnperaug River below the 
South Britain bridge, and also below the a1nygdaloid in the Oliver 
1\Etchell ·Brook section. 

A -very large proportion of the pebbles of the conglomerate are 
either clea-vage fragments of a red orthoclase feldspar or rounded 
n1asses of vein quartz. With these are found feldspar inclosing 
quartzes in parallel orientation (peg1natite or "graphic granite"), 
both coarse and :fine granite, with an occasional pebble of the common 
white gneiss of the region or of mica-schist. Sometilnes quartz peb
bles contain needles of black tourmaline, and an occasional pebble is 
composed of mica in large scales-apparently a micaceous phase of 
pegmatite. The great mass of the material-the feldspar, quartz, 
graphic granite, and muscovite-has clearly been derived fron1 peg
matite, granitic material being the next in order of abundance. 

In size the pebbles vary from microscopic dimensions to several 
inches in diameter. The feldspar is invariably in cleavage fragments, 
at most but slightly rounded on the edges and angles, although the 
quartz pebbles are subangular and the granite pebbles are frequently 
thoroughly abraded to the form of flat oblate spheroids or tria,xial 
ellipsoids. One pebble having the forn1 of a well-rounded ellipsoid, 
coated with a :film of ferric oxide, on being broken in halves was 
found to be con1posed on the one side of coarse granite and on the other 
of :finer granite. The latter was remarkably fresh, while the former 
showed considerable evidence of decomposition, and was throughout 
stained with a brown ferruginous oxidation product. The fact that 
the feldspar pebbles are found so generally in only n1oderately rounderl: 
cleavage fragments n1ay indicate their transportation by violent cur
renti:i, which would frac.ture them before reducing them to rounded 
forms. 

One of the blocks of conglomerate collected on the northwest slope 
of Horse I-!ill is a coarse arkose sandstone containing very flat pebbles 
of red shale a half inch or tnore in diameter and an eighth of an inch 
or less in thickness. Although this rock has not been found in situ, 
it is clearly of local origin, and the shale is moreover identical with 
that which forms subordinate layers in the conglomerate itself. Such 
shale layers are found interbedded with the conglomerate in the bed 
of the Pmnperaug River at South Britain and along the western 
shoulder of East Hill, north of Oliver );Iitchell's. This shale con
glomerate is therefore an intraformational conglomerate, 1 and is best 

t Paleozoic intraformational conglomerates, by C. D. Walcott: Bull. Geol. Soc. Am., Yol. V, 1S9-t, p. 
192. Also, Principles of ~orth American pre-Cambrian geology, by C. R. Van Rise: Sixteenth Ann. 
Rept. 1:. S. Geol. Survey, Pt. I, 1896, p. 723. 
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explained, as it seems to n1e, hy assuming- that while the Soath 
Britain conglomerate was in process of deposition certain portions, 
partially consolidated, were locall:r e]eyated above the general water 
surface. 

At or near the contact of this horizon with the overlying member- , 
the sheet of amygdaloidal basalt-the conglomerate or arkose is more 
dem:e and firm than is normally the case. It rings under the blow of 
the ham1ner, and it is n1oreover usually paler in color. The rock occu
pying the bed of the riYer at the South .Britain dam, though not now 
in the vicinity of basalt, has all the above characteristics, and, like the 
other occurrences of pale, dense arkose in the basin, it is believed to 

· owe its peculiar proper
ties to a baking process 
induced by heated igne
ous rock (see p. 89). 

Anterior basctlt sheet 
(a7nygclctloicl). -This 
member of the system 
is found only near South 
Britain in the south
western portion of the 
Pomperaug Basin. It 
consists of a belt of very 
vesicular an d much 
weathered basalt, always 
less than 50 feet in thick
ness. Its vesicles are of 
only moderate size, but 
very numerous and par
tially filled either with 
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FIG. 7.-::\fap showing the areal development of the anterior 
sheet of basalt. · 

hydrated oxide of iron or with the characteristic infiltrated min-
. erals calcite, epidote, chlorite, etc. The groundmass of the rock has 
generally a greenish or brownish color dependent on the degree of 
alteration which it has suffered. Owing to the entrance of water into 
the half-filled vesicles, frost has bee~ an active agent in disintegrating 
the rock, and has covered the surface of most outcroppings with a 
layer of small angular chips of a size averaging that of a hazelnut, 
beneath whiGh the fresher rock is obtained only by digging. By this 
deposit of ohips the horizon may be easily followed when no even 
moderately fresh rock is exposed at the surface. The extension of 
this sheet forms a broken belt, which, starting from the southwest foot 
of Pine Hill, trends north-northwest with interrupted but nearly con
tinuous segments until it bends sharply to the southwest in the hill 
east of Oliver Mitchell's brook, in the latitude of the ''Triangle" (see 
:fig. '7). The thread is next taken up by an interrupted NNE.-SSvV. 
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belt beginning in the ''spring house section," southeast of Rattle
snake Hill. To the westward of the same hill a belt of the amyg
daloid trends a little west of north frmn Sage's creamery a distance 
of over half a mile, to near Oliver Mitchell'~ spring, where it off
sets slightly to the westward, its outcrops extending in a slightly 
different direction an eighth of a mile farther to Oli,Ter n1itchell's . 
brook. The only other occurrence of this sheet is found in a few 
sniall exposures near the Red Spring in the valley to the south of 
Poverty. 

Anterior shale.-This horizon is only rarely found in outcrop. The 
best exposures for indicating its place in the series are located in the 
''spring house section," east of Sage's creau1ery at South Britain. 
There are but two other sets o:f exposures, one in Oliver JYiitchell's 
brook, the other in the vicinity of -'-be Red Spring south of Poverty. 
Although so little of this horizon is found exposed, its presence i~ 
nevertheless inferred in other localities with much probability from 
the topography, for wherever the anterior basalt is found a1ong the· 
southwest flank of the Newark area, a valley of nearly uniform width, 
generally devoid of outcroppings, separates it fron1 a scarp of the 
main basalt sheet to the eastward. There is, moreover, nothing 
remarkable in the absence of the shale from the surface of its areas, 
for aside from its soft, yielding character, it has not been protected 
by harder beds except immediately below the main basalt cliff, where 
it would, of course, be buried in talus. An extension of the area of 
shale of the ''spring house section" is probably indicated in a deposit 
of red and blue elay which was reported to have been found beneath 
the peat swamp north of Shern1an Hill and east of Rattlesnake Hill. 
According to Henry M. Canfield, on whose property the peat bog is 
located, the red and blue clays were found when peat was taken from 
this swampy area during an especially dry season a good many years 
ago. From the occurrence of the northeasterly trending bands of con
glomerate and amygdaloid to the northwest of this swan1py area it 
should have been occupied by shale, provided the Newark series is not. 
interrupted at the boundary of the amygdaloid. 

The rocks of this n1ember are of quite fine grain, but show considera
ble variation in color and in composition. Besides the soft gray and 
red shale, there is found a dark shale, which, on being broken, smells 
strongly of bitumen, and is in fact a bituminous shal~. A gray or 
slate-colored impure limestone, frequently also rich in bitumen, is 
found in the vicinity of Red Spring and a little to the northward of it. 

Almost or quite a century ago a deep shaft was opened in the gully 
below the "spring house" (South Britain) in the vain hope of dis
co,Tering a coal n1ine. · According to :\Ir. H. :::\1. Canfield, this shaft 
penetrated shares, and gray and bituminous limestones as well, frag
ments of all of which were afterwards washed from the dumps down 
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the gully. Near the main· highway at the bottom of the gully these 
rocks are now to be found in considerable abundance. 

J.l[ain basalt sheet.-The main ·basalt sheet, because of its great den
sity and hardness and its great stability from a chemical point of 
view, bas controlled the principal relief form8 within the Pomperaug 
Basin. Although its thickness can not be accurately determined, it is 
probably several hundred feet. Its outcrops, generally bounded on 
the west and sometimes on other sides by steep scarps, occupy all the 
high points of the valley. As stated by Percival, they are arranged 
in two parallel belts whose 
general" trend .is with the val
ley, but for the southern por
tion of the basin this state
ment is true only in a general 
Rense, for south of Poverty 
there are three prominent 
pai:allel ridges, with lower 
and less regular belts farther 
east. From the latitude of 
Poverty northward to Pomp
eraug the two parallel ridges 
are, however, very marked, 
the western and higher one 
being eontinuous, the lower 
and eastern one fTequently 
interrupted, and in the south
ern portion its relief is low 
and the presence of the basalt 
is not always apparent with
out search (see :fig. 8). The 
course of this double belt is 
not rectilinear, but zigzag
first it runs nearly a mile 
about due north, then with a 

N 

I MIL£. 

/,>~ 
:'\ 

l ~ ~ 
Poverty : -, 

Woodburyjf 

~r-1~ 
,; Pomperaug 

II 
I 

,'1/ !!!t 
>(,I 

~: 

e 
Southbury 

•
, 

~ . ' ~· ~~~. 
' • ® .,- Pompera u . 

® · Valley Sta~1on 
South Britain 

sharp elbow it turns N. 540 E. FIG.8.-Mapshowingtheareal development of the main 
basalt sheet. 

for another mile, then it as-
sumes a direction N. 15° E. for a mile and a half, the. two ridges being 
everywhere distant from one another about one-third of a mile. North
ward from Pomperaug the double ridge is less prominent, although 
the exposures of basalt clearly extend in a direction N. 54° E. for 
something less than a mile, from which point the double ridge is 
resumed with a trend of about N. 15° E. by the twin hill known as 
Orenaug Hill. The exposed area in each twin of Orenaug Hill is, how
ever, rhombic. in outline instead of being a narrow belt with parallel 
sides, as is generally the case between Poverty and this point. 
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The arrangement or the exposures in the vicinity of South Britain 
is much less sin1ple than in the area to the northward, for a single 
section across the ridges would here in one direction intersect no fewer 
than six distinct belts. The most prominent of the basalt ridges in 
this vicinity are Rattlesnake Hill, the southern extension of East Hill, 
a parallel ridge between them, Sherman Hill (trending almost at right 
angles to those just mentioned), and Pine Hill, which is a complex of 
northerly trending ridges forn1ing a southward extension of East Hill. 
A section across this ridge is shown in fig. 9. The series of ridges 
just enun1erated are seen in profile in every view of the valley from 
its southern wall, but with special advantage fron1 the rai'lroad cut on 
the north flank of the hill designated on the topographic map Georges 
Hill (see Pl. V, A). 

The rock of the n1ain basalt 1:3heet in the western East Hill-Ragland 
belt is a dense black basalt or diabase which rings under the hammer 
and offers the greatest resistance to its attacks, as well as to those of 
the decomposing and disintegrating forces of the atmosphere. Locally 
it sho·ws nearly perfect prismatic or columnar jointing, as in the cliff 
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FIG. 9.-Profile of Pine Hill. The western ridges are of the more massive rock, but some of them 
contain evidences of vesicular texture in the presence of small, nearly spherical, agates. The 
eastern ridges are considerably mDre amygdaloidal in texture. 

forming the western face of Sherman Hill, or, better, in the western 
cliff face of East Hill in the PoYerty district. In the latter locality 
the structure is displayed in great perfedion, the . prisms radiating 
from centers in the almost perpendicular wall having been individually 
separated into segments by parting planes perpendicular to their main 
axes (see Pl. III). In the smaLl "neck" shaped hill one-fourth of a 
mile northwest of Pon1peraug Valley Station the upper surface of the 
exposure is crossed by thin silica veins to form a honeycomb-like 
network, suggesting that prisn1atic jointing cracks have here been 
subsequently healed by infiltration of silica. 

It is not uncommon to find numerous minute elongated lenticular 
cayities in the basalt of this sheet, these vesicles being generally lined 
a~d partially filled with brown iron oxide. 

In contrast with the western belt of the main basalt sheet, the east
ern one is characterized by coarse yesicular structure, spb eroidal 
parting, and, what is doubtless the natural consequence of these open 
structures, greater decomposition and disintegration. In comparison 
with the anterior basalt sheet, the vesicles of the main sheet are gen
erally larger but less numerous, and it is generally, but not always, 
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easy to distinguish specimens from the two sheets on this basis. The 
fresher appearance of .the main basalt, however, aids in this determi
nation. The same tendency to cover its slopes with chips of weathered 
rock which was noted in eonnection with the anterior sheet is also to be 
observed here. 

The spheroidal parting is often very beautifully s~own in exposures 
of tbis sheet-e. g., at the road corner northwest of the Oak Tree 
Hot-ise at Southbury. It is best observed, however, on the right 
(western) bank of D. M. Mitchell's brook, just above the main bend 
and below the Stiles shale pits and due east of the "Triangle." 

The cavities, which in the basalt of the southeastern areas vary from 
elongated lenticular vesicles filled with brown oxidation products to 
amygdules the size of a pea or larg.er filled with calcite, epidote, etc., 
in the northeastern area of Orenaug Hill become geodes the size of 
the fist or even considerably larger. These .geodes are lined or even 
filled with very beautiful botryoidal masses of pale green prehnite, 
with which are associated calcite, barite, certain zeolite minerals, etc. 
In the ai·ea of amygdaloidal basalt located in the elbow of the eastern 
belt southeast of Bates Rock are found somewhat similar geodes 
fi.Hed with chalcedony to form agates, or lined sometimes with trans
parent colorless or with amethystine quartz crystals. The basalt 1 

near the summit of Pine Hill, in the southwestern part of the area, 
contains elongated vesicles partially filled with limonite, and also 

. almost perfect spheroidal ones a few millimeters in diameter filled· 
sometimes with lin1onite, but at other times with a massive opalescent 
yellow to white substance which cuts glass and is doubtless either opal 
or chalcedony. 

SECTION 2.-RELATIONS OF THE NEW ARK SYSTEM TO THE BASE
MENT FLOOR OF CRYSTALLINE ROCKS. 

Percival states tha.t the sandstone of the basin at one point south of 
the Pomperaug River (near South Britain) reposes upon the Primary 
(mica-slate), ·dipping northeastward from it toward the trap range. 
After diligent search at the locality I am led to believe that this 
statement was intended to convey the meaning that the sandstone 
or conglomerate beds at that point approach the crystallines, and by 
reason of their dipping away from them would by an assumed exten
sion pass over them, for nowhere have I found an exposed contact 
of the two formations. That the Newark beds do repose upon the 
crystallines can hardly be doubted, since no rocks of intermediate 
age are exposed in the vicinity. Moreover, the attitude of the South 
Britain conglomerate on the northern slqpe of Horse Hill, correctly 
described by ·Percival as dipping away from the crystallines (toward 

1 Specimen 4135. 

21 GEQ!.., PT 3-01--± 
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the trap), is presumptive evidence at least that the former arches 
over the latter in a great roof. The ledges of conglomerate encoun
tered by plowing near the summit of the hill, and the great blocks 
of the same rock scattered over its northern slope, indicate that in 
all probability the uppermost bed over the entire northern summit 
and slope of the hill is conglomerate. That these loose blocks are of 
strictly local derivation seems probable from the fact that their, dis
tribution conforms somewhat closely to the topographic peculiarities 
believed to be characteristic of the softer rock. A probable outcrop 
of the conglomerate was actually found within a few rods of gneiss 
near the eastern foot of Horse Hill, about one-eighth of a mile south 
of the Cui·tiss place (see :fig. 31, p. 92), but this locality furnishes 
nothing conclusive regarding the relations of the conglon1erate to its 
floor. That a marked unconformity exjsts between the two systems 
here in question is of course to be expected from the accumulated 
knowledge derived from other Newark areas, and especially from the 
study of the Roaring Brook section at Southington, in the Connecticut 
Valley, by Davis. 1 

It seemed desirable, however, to uncover if possible the contact of 
the two systems in the Pomperaug Basin, and after several unsuc
cessful attempts had been made by digging, a t~·ench was finally 
opened on the shoulder of Horse Hill about one-eighth of a mile 
south-southwest of the Curtiss place {A in fig. 31, p. 92). This trench 
was begun at the top of the steep slope, which below is occupied .by 
exposures of gneiss. Above (west of) this initial point there is a sort 
of level plateau, strewn with pebbles of sandstone and conglomerate, 
and continuous without marked topographic interruption with the 
locality on the brow of the hill where the conglomerate has been 
exposed by the plow. To the eastward of the same initial point the 
steep slope descends a few rods to a narrow shelf, in the middle of 
which is a probable outcrop of the conglomm·ate. Below this shelf a 
second steep slope, wi~h exposures of the gneis!:i, descends to a marsh on 
the level of the main highway. The probable conglomerate exposure 
is separated from the gneiss on both the west and east by 1 or 2 rods 
of difficult trenching, so that the table at the top of the section offered 
the best prospects of discovering a contact of the two formations. 
From the exposure of gneiss at the brow of the upper steep slope a 
trench was carried about 14 feet westward. The gneiss was uncov
ered at the depth of a few feet, its basset edges haYing been planed 
away to form a generally level surface, 'on which groovings and 
scratchings are still preserved-its surface was ice planed. Occupy
ing two shallow trough-like depressions of this surface, each a few 
inches in ~idth and extending to a depth of less than an inch, was 
found brown sandstone, which was easily scaled away with the ham-

1 Eighteenth Ann. Rept. U.S. Geol. Survey, Pt. II, 1898, pp. 19-26. 
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mer, exposing a rough gneiss bottom in each trough (c in fig. 10). 
From this observation it seems to be clear that the crystalline rocks 
(g) here forn1 the basement on which the Newark beds were uncon
formably deposited, that this floor presents inequalities of surface, 
and that the ice of the Glacial period planed away most of the over-

FIG. 10.-section of the gneiss ridge of Horse Hill (locality A in fig. 31) on the Curtiss place, looking 
north, showing South Britain conglomerate in hollows of the glaciated gneiss surface. c, con
glomerate; g, gneiss. 

lying sandstone and conglomerate, leaving of it only such as was pro
tected in the bottoms of those troughs, on the surface of the gneiss 
terrane, which were below the level of abrasion. 

SECTION 3.-CONTACTS BETWEEN THE SEVERAL MEMBERS OF 
THE NEWARK SYSTEM. 

A considerable number of contacts of the conglomerate with the 
anterior basalt have been found, and others can be uncovered by a 
little scratching with the hammer at a number of places. Elsewhere, 
for special objects, digging bas been resorted to with success. In the 
case of the main sheet of basalt the problem has been inore difficult, 
since the talus slopes at the foot of its cliffs and the yielding nature of 
the shales and limestones on either side of it would make the discovery 
of a contact with this member a very fortunate circumstance. 

Contact of the Bout!~ B1"£tain conglomentte with tl~e anterio1· basalt 
sheet.-The exposures of these members of the Newark system gener
ally a.ppear in close companionship, and in only one instance has an 
exposure of the amygdaloid been discovered without the observation 
of a distinct and parallel conglomerate ridge west of it. The bed of 
weathered chips, with which the basalt almost in variably covers its 
surface, in many cases obscures the contact of the two rocks, but a 
small amount of work with a spade will generally suffice to lay it bare, 
as has been done in a few instances. Contacts have been exposed in 
this manner at the following localities: First, at the point where the 
basalt belt makes its sharp turn to the southwest east of South Britain; 
second, near the hill road from D. M. Mitchell's to the oil well on the 
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Wheeler place; and, third, at a point a :few hundred :feet east o:f the 
Oliver Mitchell spring. 

In D. M. Mitchell's brook, a :few hundred :feet above where it crosses 
the hill road and just below where a small rill enters :from the east, the 
contact o:f the amygdaloid and conglomerate is exposed :for about 10 
:feet in the western wall o:f the brook. A specimen broken :from this 
contact showed that the fine conglomerate is to some extent incorpo
rated in the basalt as irregular-shaped, brown, hornstone-like inclusions. 
(See fig. 11,. representing specimen 4136). The surface of the contact, 
while in the exposure trending N. 45° E., or about parallel with the 
strike o:f the conglomerate, nevertheless cuts across its plane o:f bed
ding. Moreover, the surface is not a plane, but undulating, and it is 
apparently the original structure plane joining the two formations. 
(See fig. 12.) The conglomerate for a distance of several feet from 

FIG. H.-Fragments of baked arkose 
conglomerate in anterior basalt 
flow, near its under surface. D. ~I. 
:Mitchell's brook section. (Spec. 
4136, U.S. Geol. Survey.) Natural 
size. 

the contact has been greatly indurated, 
so that it rings under the blows of the 
hammer, but it shows little evidence of 
bleaching. 

A short distance north of this locality 
the bank bends sharply to the east, and 
in the r;teep left (southern) bank, only a 
few feet above the water surface, amyg
daloid is again found in contact with the 
underlying conglon1erate along an irregu
lar plane which dips at an angle of about 
25° SE. The conglomerate is indurated 
as though by baking. Near this spot is 
found an abundance of reibungsbreccia, 
but the slipping which has produced the 

breccia has not been along the contact of the two formations. (See 
p. 71.) 

Just over the summit of the conglomerate bench which lies east 
of D. M. ::Mitchell's place a. hard· baked conglomerate is found 
within a few feet of the amygdaloid, but here it is bleached almost 
to whiteness. (Specimen 4113a.) Not :far distant from this locality . 
is a sirnilar baked variety of the conglomerate, about 25 paces from 
the nearest exposure of the basalt, although, in view of the low dips 
o:f the series, this may represent but a :few :feet of actual distance 
:from the :former roof of basalt. The preservation o:f the conglomer
ate as a distinct ridge :following the lower contact of the anterior 
basalt sheet with such persistence, though its beds are elsewhere only 
rarely exposed, is unquestionably connected with its induration by the
basalt, which has thus not only prepared the conglomerate to resist 
the :forces o:f disintegration, but by :forming a trough has preserved 
its own substance as well. 
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As already mentioned, the conglomerate which occupies the bed of 
the Pomperaug River below the dam at South Brita'in has the same 
characters as the basalt-contact variety, and its origin is believed 
to be the same, movement along a dislocation having removed the 
basalt from view in a manner which will be subsequently explained 
(p. 89). 

To summarize the observations of the contact of the conglomerate 
and the anterior basalt sheet, it may be stated that this surface of con
tact seems to be somewhat irregular for short distances at least, cutting 
across ·the bedding of the conglomerate, and, further, that irregular 
fragments of the conglomerate have been incorporated in the basalt, 
and that the former is abnormally hard and sometimes abnormally 
white in the vicinity of the latter. 

Contact of the anterior basalt sl~eet ~oith the anterior slwles.-Of the 
four contacts of the anterior shales with the anterior basalt sheet which 
have been studied, three were 
already exposed, while the fourth 

. was laid hare by a-very little dig
ging. Two of these are clearly 
fault eontacts, but the other 
two appear to be the original 
structure planes joining the two 
formations. 

In D .. M. Mitchell's brook, at 
the locality already referred to 
as the best-exposed contact of 
the amygdaloid with the under
lying conglomerate, the basalt is 
in contact with the superjacent 
fine red shale only 25 feet (esti

FIG. 12.-D. M. Mitchell Brook section. c, baked 
arkose conglomerate; b, anterior basalt; s, red 
anterior shale; t, talus of basalt. The parallel 
lines in the sediments indicate the dip of the 
bedding plane. 

mated) above the lower contact with the conglomerate. By a little 
digging this contact was exposed for 10 or 12 feet in the direction of 
the strike, and its surface found to be warped so that its inclination 
varies from 15°· to as much as 60° SE. Its strike is N. ± 35° E., and 
the strike of the shale, which may be followed for from 30 to 50 feet, 
is likewise N. ± 35° E., with dip uniformly about 15° SE. The shale 
is everywhere soft and exactly like that observed at greater distances 
from the basalt. (See fig. 12.) ' 

The other locality where a probable original contact of the amygda
loid with the shales is to be observed is 30 paces northeast of the 
junction in D. M. Mitchell's brook, a short distance northwest of 
Red Spring. (See a, fig. 13, for location, and fig. 14 for section.) At 
a depth of a few feet below the surface of the ground the upper sur
face of the amygdaloidal basalt was. here exposed. This surface is 
somewhat irregular, but has an average dip of 55° E. Overlying it, 
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after the manner of shingles on a roof, are the layers of a gray shaly 
limestone, which, like the red shale layers at the contact just described, 
appear not to have been sensibly disturbed by any local movement 
along the contact (see fig. 14). 

The observations at the two localities agree, therefore, in indicating 
that the floor on which the shale and limestone were deposited was a 
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FIG. 13.-Sketch map of an area near Red Spring. a, Contact of anterior shale on anterior basalt, 
exposed by digging. The anterior basalt is indicated by small circles, the anterior shale by parallel 
rulings, and the main basalt by cross hachures. An outcrop of spheroidal basalt is indicated by the 
same design upon which is superimposed a set of circles. 

,. slightly inclined one and, moreover, was possessed of notable irregu
larities of surface.· 

The other exposed contacts of the amygdaloid and shale, which are 
located in the ~~ ~pring house'' section~ near South Dritain, are clearly 

fault contacts, and their consider
ation will be deferred until the 
deformation of the area is treated 
(see Chapter IV). One character
istic of the amygdaloid at this 
locality should, however, be men
tioned here. By reference to the 
sketch map of the area (fig. 27, p. 

FIG. 14.-Section across the contact of anterior 
shale on the amygdaloidal basalt near Red 86), it Will be seen that the red shale 
Spring (locality a, fig.l3}. b, basalt; l, shale; here has outcrops in the shape of 
stippled area, cover. 

an acute triangle or wedge, the 
apex of which is exposed in the streatn bed. The belt of amygdaloid, 
which is in contact with the shale upon~the north, like that forming 
the cliff wall to the southeast, can be shown to be separated fron1 the 
shale by a fault, as will be fully explained in the sequel (p. 86). The 
northern belt of basalt continues, however, to outcrop to the east
ward in the stream bed, and it is specimens of this basalt which will 
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now be considered. They were taken in the bed of the stream only a 
few feet above the apex of the wedge of shale. In them we find the 
usual characters of the anterior basalt sheet, there being numerous 
amygdules filled with calcite and chlorite, although the rock is less 
decomposed than the normal rock. The special feature which distin
guishes these specimens from all others which I have observed is that 
near their upper surface (the uppermost inch or so of rock in the 
exposure) the coarse vesicles are filled not with infiltrated minerals, 
as is usual, but with the shale itself, ·which it would seem must have 
here been deposited or washed into them ·while in the state of fine 
sand or mud (see fig. 15). In the larger vesicles the shale may be 
seen to be made up of the same kind of particles as the shale exposed 
a. few feet below in the strean1. The shale inclosed in the vesicles of 
the basalt gives no evidence of any considerable induration, such as 
was observed at the lower contact of the amygdaloid, a.nd the basalt in 
which it is inclosed is less compact than the 
normal portions of the rock, as shown in other 
parts of the same specimen, and it has, more
over, a more yellow-green color, due to the 
development of weathering products. It· is, 
however, only in a thin layer, hardly m01:e 
than an inch in depth, that the shale is found 
occupying the amygdules of the basalt. Be
neath this apparently original surface layer Fm. 15.-Shale deposited in 

the amvgdules, although filled for the most vesicles of the anterior ba-
J salt near the origimil up-

part with calcite and the other characteristic per surface of the sheet. 

minerals, are nevertheless, f,or a short distance, (Spec. 4139b, u. 8· Geoi .. 
Survey.) 

strongly stained by iron oxide, which has ap-
parently been washed down from the shale above. It would seem, 
therefore, that this layer of basalt with intervesicular shale repre
sents the original upper surface of the basalt sheet on which the .shale 
was deposited, to be subsequently in large part removed by degrada
tion so as to bring the original upper surface of the basalt at the 
present surface of the outcropping. 

Contact of the 1nain basalt slwet witlil the posterior shales.-No con
tact of the anterior shales with the main basalt sheet, and no actual 
contact of the main basalt with the overlying shales, has been observed, 
though shale is exposed on the west of the highway only a few feet 
east of the ''oil well" on the Wheeler place, and the amygdaloidal 
upper surface of the main basalt is indicated at many places west of 
the well. All accounts of the rocks pierced by this boring agree in 
stating that, after first passing through shales, two layers of trap sepa
rated by shales or sandstones were encountered, but beyond these facts 
nothing is known regarding the contact of the main basalt with the 
shales overlying it. 

' 
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SECTION 4.-SOURCE OF THE SEDIMENTS OF THE POMPERAUG 
VALLEY NEWARK. 

In a former paragraph (p. 42) it has been pointed out that the peb
bles of the South Britain arkose conglomerate are for the most part 
angular cleavage fragments of feldspar and subangular fragments of 
vein quartz, with occasional pebbles of graphic granite, muscovitic 
mica, and both coarse and fine granite. Pebbles of gneiss or mica
schist are present in comparatively small numbers. There can be no 
question that this material is largely the debris derived from the dis
integration of pegmatite and granite, but prinqipally the former, since 
the feldspar fragments are not infrequently of dimensions exceeding 
au inch, and their average size is far beyond that of feldspar crystals 
in a normal granite. 

In the associated arkose and in the shaly beds feldspar fragments 
form with quartz the principal constituents, scattered among whose 
grains are a few glistening scales of muscovite. The material being 
essentially the same in the difl'erent layers of the conglomerate forma
tion, it is assumed that all have a common origin, and that the differ
ences in the size and in the relative proportions of the constituents are 
explained by the peculiar conditions of the assorting process which 
attended their deposition. 

The crystalline rocks of the western upland of Connecticut contain 
large bosses of igneous granite, and pegn1atization has occurred on a 
grand scale in some sections of the upland. An area which is in 
many ways remarkable because of the degree to which this process 
has been carried ~ies northeast of the Pomperaug Basin, and includes 
portions of the townships of "\V oodbury, Bethlehem, "\Vatertown, 
Thomaston, 'Vaterbury, and Middlebury. 'Vithin this area coarse 
pegtnatites are common, and the stock granite, which with the pegma
tite occupies aln1ost the entire area, becomes in places so coarsely 
Cr)ystalline as in specimens to b~ easily confused with the true vein 
pegmatite. 

South of this intensely pegmatized area and some distance east of 
the Pomperaug Basin heavy veins of pegmatite are only rarely seen, 
but the gneiss and granite, which are there the prevailing rocks, seem 
to have been thoroughly and intimately impregnated by extremely 
acid granitic material. Between this area and the Pomperaug Basin 
there intervenes a belt in which such evidences of acid injection are 
but rarely to be seen, and for a considerable distance west of the 
same area feldspathic pegmatites are not found in abundance, although 
the silica veins of Roxbury indicate that the region has not been 
exempt from acid injections. To the south of the basin also, for a 
considerable distance, pegn1atization has not been de,~eloped to any 
such marked degree, although igneous bosses occur. 
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Unless, therefore, a very distant source is assumed, there is strong 
probability that the coarse feldspathic and other pegmatitic material 
incorporated in the South Britain conglomerate was derived from the 
intense pegmatized area lying to the northeast. This assumption 
requires that heavy rock debris shall huve been transported a distance 
of 12 to 15 miles, but the roundeQ. surfaces of the quartz and granite 
pebbles in the conglomerate indicate that they have been subjected to 
some wear. Either stream torrents or strong tidal currents might be 
competent to convey the material for this or even greater distances. 

Both hypotheses require that there be, about the area of deposition, 
high walls possessed of considerable declivity. The hypothesis of 
transportation by torrents in particular assumes that the wall which 
supplied the torrents with their debris must have been comparatively 
near to the present Newark area. 

SECTION 5.-FOSSILS IN THE NEWARK SEDIMENTS. 

It has been known that the Newark rocks of the Pomperaug Valley 
contain the remains of both anin1al and vegetable life, the fish impres
sions in the shale having been incidentally mentioned by all persons 
who have written upon the area, yet except for the examination of a 
piece of fossil wood by Hitchcock 1 and the identification by Redfield 2 

of Oatopterus g1·acilis and Paleoniscus nothing is on record, so far as I 
am aware, concerning the fossils found in the basin. The undoubted 
equivalence in age of the rocks of this valley with those occupying the 
Connecticut Valley; where several localities have furnished abundant 
fossil remains, has n1inimized the importance of the Pomperaug Valley 
area in this respect. Considerable interest attaches, however, to the 
rather abundant remains of silicified wood· which are strewn over the 
northern slope of Horse Hill and which have now become incorporated 
in the stone fences. The finest specimen that has been found, a section 
of tree trunk about 2 feet in diameter and over 2 feet in length, now 
stands on the lawn in front of the Curtiss place at the eastern foot of 
Horse Hill. A study of three specimens of wood collected on Horse 
Hill by Rev. D. F. Pierce, of South Britain, has been made by Prof. 
F. H. Knowlton, of the United States National Museum, and the results 
of his study appear in an appendix to this report. While found loose 
upon the land surface, the distribution of these fossil woods leaves no 
doubt that they have been derived from the South :aritain conglom
erate and probably from its lower layers. They are, so far as I know, 
the only fossil remains from that horizon. 

The impressions of fossil fishes reported from the Pomperaug Basin 
have probably come either from the old coal pit (long since filled) 

lRept. Am. Assoc. Geol. Nat., 184:3, pp. 294-296. 
liAm. Jour. Sci., 1st series, Vol. XLI, 1841, p. 27; also, Proc. Am. Assoc.Adv. Sci., Vol, X,l857, Pt. II, 

pp. 180-lSS. 
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in the gully below the "spring house" east of South Britain, or from 
the "Red Spring" 1 locality south of the Poverty district. Bright, 
glistening ganoid fi::;h scales were found without difficulty by splitting 
open the gray limestone fragments at the latter locality, but no good 
specimens have, I understand, been found since the limestone was 
quarried and burned for water lime. According to Rev. D. F. Pierce, 
who has given considerable attention to the local geology and who has 
visited and collected from the Durham locality in Connecticut, several 
specimens belonging to two distinct species were found at that time. 
A specimen minus the head, but otherwise nearly perfect, and almost 
6 inches in length, wa.s found by him and sold to a mineralogist named 
Seymour. An even larger specimen was found by Dr. Crane, of 
Southbury. These and most other specimens found at the locality 
seem to have been lost. A fairly perfeot specimen, alleged to have 
been found at the Red Spring locality, was, however, given me by 
Mr. Henry l\1. Canfield. This specimen has been examined by Dr. 
C. R. Eastman, who is inclined to regard it as an immature example 
of Smnionotus tenuicep8 Agassiz.· This specimen is shown in Pl. IV, 
A. Another specimen has been sent me by n1r. Pierce, regarding 
which he says: 

I would not like to say certainly about this fish. It was found among some speci
mens I gave my son several years ago. The shale and the fish are like that I found 
here-evidently the same genus, from form of fin and scales. It is the only specimen 
I have or know of likely to be from this locality. · 

This specimen is somewhat less perfect than the one obtained from 
Mr. Canfield, but it is regarded by Dr. Eastman as probably Semi
onotusfultu8 Agassiz (Pl. IV, B). 

VVhile unco,reri11g· the co11tact · of limestone with the undc1·lying 
amygdaloid my assistant discovered a small specimen of a cycad which 
has been determined by Prof. F. H. Knowlton as Pachyphyllwn brevi
folium Newb. 2 I am not aware that any fossils have as yet been 
found in the shale superior to the main sheet of basalt. 

SECTION 6.-0RIGIN OF THE BASALT SHEETS. 

Both the anterior and the main sheets are, from their structure and 
composition, igneous rocks, which are believed to represent outflows 
of lava contemporaneous with the deposition of the Newark sediments; 
they are extrusive rather than intrusive in their origin. "\Vhether 
poured out upon the sediments when above sea level or spread upon 
the bottom of the ocean shallows in which the :Newark deposits were 
laid down it would be difficult to say, but it is not unlikely, from the 
inferred conditions of the :Newark deposition, that these usually some-

1 An ice-cold, constantly flowing spring which oozes out of a red mud formed from puh·erized !'hale. 
2 This form has been described and figured by :Newberry in :Uonograph XIV, U. S. Geological 

Survey, lSSS, p. 89, Pl. XXII, fig. 3. 
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what distinct phenomena .. were here merged in each other, the Newark 
sea bottom for considerable areas at least being periodically laid bare 
during low water, although covered at high water. 

There are several reasons for assuming that the basalt sheets are 
surface flows rather than sills, and these may be summarized for each 
sheet individually, since some additional data are .available in the one 

. case which are not present in the other. 
Ante'rior basalt sheet.-Observations which indicate that this sheet 

was extrusive in its origin are: (1) The prevalence in it of coarsely vesic
ular structures; (2) the absence of metamorphism at Hs upper contact, 
although this is a marked feature of its lower contact; (3) ~he deposi
tion of fine sandstone within the vesicles of its (presumably) uppermost 
layer; (4) the .greater abundance of vesicles near its upper surface, as 
indicated at the only locality where both upper and lower contacts are 
exposed near each other (D. lVI. :Mitchell brook, near road crossing); (5) 
the irregularities of its upper surface, which seem to be best explained 
as the natural irregular surface of lava on which the later sediments 
were laid down: it being observed that intrusive rocks generally follow 
either a preexistent fissure plane or the structure plane of a formation. 

J.rlain basalt sheet.-For this sheet, as well as the anterior one, the 
almost perfect parallelism with the associated sediments indicates that, 
if intrusive, it must be a sill, and not a dike. This parallelism is in 
the present instance shown by its areal distribution, combined with its 
topography, as will be apparent to anyone who studies the general map 
of the vicinity of South Britain (Pl. VIII), noting the dips of the con~ 
glomerate, in comparison with Pl. V, A, which shows the profiles of 
the trap ridges as observed from the southern wall of the basin. 
_ The observations which· indicate an extrusive origin for this sheet 

are: (1) The large size and the abundance of the vesicles in its upper 
zone, in contrast with the dense nonvesicular nature of its lower por
tions; (2) the development of columnar jointing in the lower portions, 1 

and (3) the development of spheroidal parting in the upper portions 
of the sheet. 

It should perhaps be noted that on the surface of the low ridge of 
basalt south of the "oil well," which apparently represents the upper 
portions of the basalt sheet, are fltrewn fragments of basalt, some of 
which are not unlike the projectiles or "bombs" which have been 
found in well-known and recent volcanic regions. In them an arrange
ment of elongated, balloon-shaped vesicles, radiating from a center 
and surrounded by more compact material, is at least suggestive of 
some such origin as this. 

The determination of the extrusive origin of the trap sheets of the 
P?mperaug Valley adds one more to the list of Newark areas in which 

1 Cf. The columnar structure in the igneous rock on Orange )fountain, New Jersey, by J. P. 
Iddings: Am. Jour. Sci., 3d series, Vol. XXXI,1886, p. 325. 
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such contemporaneous sheets have been studied. Emerson and Davis 
in the Connecticut Valle)~ and Darton in the New Jersey area have 
clearly proved, as it seems to me, the existence of important extrusive 
sheets. 

No evidence has been secured to locate the fissures out of which the 
niolten material was poured to produce sheets which are now so 
marked a feature in the landscape. It may be that the lower contact 
of t4e amygdaloidal sheet in D. M. Mitchell's brook section is near such 
a feeder. for the contact plane there cuts rather sharply across the 
bedding of the eonglomerate, as already remarked, and the. rock is 
moreover unusually firm and dense for that bed. 

SECTION 7.-THICKNESS OF THE SERIES. 

In view of the complex deformation to which the area has as a whole 
been subjected (see Chapter IV), any atten1pt to determine the thick
ness of the series on the basis of width of exposure and inclination of 
beds would yield untrustworthy results. So far as I am aware, the 
only basis for an estimate of the thickness of the series is afforded by 
the shaft of the oil well opened on the Truman Wheeler place, about 
1 mile northwest of the railway station. This shaft was opened 
near the site of an ancient "coal pit," and was sunk by means of the 
plunger drill used in the Pennsylvania oil regions. For this reason 
no cores were obtained. The history of the enterprise, which was 
given up when a depth of 1,535 feet had been reached, has been given 
by Dr. E. 0. Hovey,t who visited the locality shortly after the last 
work was done on the boring. According to his statements, black 
bituminous and red shales, red sandstones and conglomerates, and two 
trap sheets were penetrated, and at a depth of 1, 235 feet the drill 
passed fron1 the Newark beds into the crystalline gneisses and mica
schists. My own conversations with persons who were on the ground 
at the time the well was sunk, in the. main confirm these statements of 
Dr. Hovey, who has informed me in a personal letter that he 'vas 
shown the material from near the bottom of the shaft and identified 
it as belonging to the gneiss basement. As he states in the article 
quoted, "free-milling gold and silYer ore was encountered in a zone 
near the 1,250-foot level." My own inquiries of persons living in 
the vicinity· have elicited the information that the two basalt sheets 
mentioned by Dr. Hovey were encountered' near the top of the shaft. 
It is probable, therefore, that they were the main and the anterior 
basalt sheets. As has already been pointed out, shale occurs as an 
outcrop within a few feet of the shaft, on the east, and amygdaloidal 
basalt (main sheet) a short distance to the west. The discovery in the 
dump of large specimens of reibungsbreccia composed entirely of 

1 The oil well at Southbury, Connecticut, by E. 0. HoYey: Sci. Am., May 3,1890, Vol. LXII, p. 275. 
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basalt and calcitic cement (doubtless from the ancient coal shaft) is 
in harmony with the observation that several faults intersect at' or 
very near to the oil shaft (see map, Pl. VIII). 

On the basis of these observations, it seems to me to be probable that 
the thickness of the Newark to the top of the main basalt ~beet is here 
not far from 1,200 feet, the average dip being reckoned as 15°. 

SECTION 8.-ECONOMIC RESOURCES. 

In view of the fractured condition of the Newark rocks it is not to 
·be expected that oil will ever be obtained from them. The attempts 
to sink shafts for coal-and there have been several-have ended in 
failure, and from what is known of the northern areas of Newark rocks 
there is not the slightest reason to believe that other attempts would 
be n1ore successful. 

In the vicinity of South Britain the sandstone and conglomerate 
have been utilized to a smdll extent for the foundations of houses, but 
the material used has· been obtained largely from the loose blocks 
strewn over the surface of Horse Hill. 

The most valuable material in the district would seem to be the 
dense basalt of the main sheet, which is adapted to the preparation 
of the very best grade of road metal. vVithin a half mile of the rail
road station, and at numerous other localities, this material could be 
obtained in almost any amount desired. The sandy roads of the 
valley, over which the road scraper is annually dragged in a futile 
attempt at improvement, might, by a. proper use of this materiaJ, and 
with an outlay but little greater in the end, be made to rank with the 
best in the State: . 



CHAPTER III. 

PETROGRAPHY. 

SECTION I.-SOUTH BRITAIN ARKOSE CONGLOMERATE. 

The conglomeratic phase of this formation is composed of pebbles 
of feld~par, quai·tz, graphic granite, both fine and coarse granite, 
gnei~s, mica-schist, etc., in a matrix of finer fragments, all more or 
less reddened by iron and cemented by calcite. Sections prepared 
frmn the granite, gneiss, and schist pebbles indicate that they are not 
unlike the crystalline rocks of the surrounding upland. The finer
textured rocks of the formation, both red sandstones and red shales, 
are, in their normal condition, not suited for section cutting, and it is 
necessary to study them in sections prepared from the slightly indu
rated specimens. A specimen from the fault localit)r near the Oliver 
l\'Iitchell spring (4140) indicates only a moderate amount of baking, 
the t:olor being a pale brown, although indicating some variation in 
this respect. Thi:; rock is composed mainly of quartz and feldspar
in angular fragments, the former, which is the more abundant, being 
ofteit of a deeiJ red-1)rOWi1 color. 

Under the micro~cope the fragments of quartz and- feldspar are 
seen to be very angular and to ,·ary considerably in size. The quartz 
shows undulatory extinction and occasional banding. The feld:;par is 
in part microcline and in part albite. The interstitial cementing 
material is very largely calcite, which is not twinned to any marked 
degree. An occasional fragment of fi~1e crystalline limestone was 
observed in this section. Among the minerals present in less abun
dance are muscovite, greenish biotite, garnet, tourmaline, staurolite, 
and 1nagnetite, all of which are apparently fragmental. 

In tN{form_atz'onal81wle conglomemte.-The intraformational con glom
erate of Horse Hill is composed of much flattened, brown, angular 
pebble:; of shale somewhat sparsely distributed through arkose beds of 
notably even grain. The pebbles have extreme dimensions of 2 em. 
or more, and the base is finely speckled with 'vhite feldspar grain:; 
standing out sharply from the light brown of the mass, which in addi
tion to this constituent shows quartz and 1nica. The examination of 
the slide reveals, further, that the feldspar is slightly more abundant 
than the quartz, and i:; in part microcline and orthoclase and in part 
acid plagioclase. The mica is both muscovite and a greenish biotite. 
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PLATE VI. 

PHOTOl\fiCROGRAPHS OJ!.., ROCK SECTIONS. 

A.-Indurated arkose conglomerate from near contact with overlying sheet of 
anterior basalt. Southwestern shoulder of Pine Hill, South Britain. (No. 4113a.) 
Ordinary light. Magnified 25 diameters. 

The most striking evidence of the induration is found in the enlargement of the 
quartz fragments. 

B.-Fragmental bituminous limestone from Red Spring. Ordinary light. · )1a~
nificcl 25 diameters. 

62 



U. S. GEOLOGICAL SURVEY TWENTY-FIRST ANNUAL REPORT PART Ill PL. VI 

{ .4} 

(B) 

(A) INDURATED ARKOSE CONGLOMERATE. 

(B) FRAGMENTAL BITUMINOUS LIMESTONE. 

THE HELIOTYPE: PRINTING CO. BOSTON. 



HOBBS.) SOUTH BRITAIN ARKOSE CONGLOMERATE. 63 

Garnet and tourmaline are abundant, in generally broken crystals, 
except when they are entirely inclosed within quartz grains. The 
rock is notably free from cementing material, the grains interlocking 
together to produce in the hand specimen a somewhat miarolitic struc
ture. By reason of their deep-brown color the shale pebbles are 
prominent features in the slide .. Some are so fine in grain as to reveal 
little save their uniform brown color. In a few others which have a 
coarser texture angular fragments of quartz, feldspar, muscovite, and 
biotite are made out, showing that they are, as regards their composi
tion, practically identical with the mass of the rock. As regards their 
shape, they are angular, showing no evidence of abrasion of edges and 
angles. 

Contact dfects in this formation.-vVhile the arkose described from 
the fault near Oliver lVIitchell's has clearly been hardened and to some 
extent whitened by the heat of the overlying sheet of basalt, it does 
not show the full effect of 
that indurating process. A 
specimen (4113a) from a 
point but a short distance 
north of the road southwest 
of Pine Hill, although taken 
from a point distant anum
ber of feet from an actual 
exposure of basalt, was 
probably very near to the 
original contact plane. It 

D·a .. 
. .z ,i ··::, __ ,"--·· ... '-'•··· .. 0\ ) 

''r'•"'- ""· ··-'" 

is mainly COmposed of FIG. 16.-Secondarily enlarged quartz grains in the South 

quartz and pink feldspar Britain arkose conglomerate. l\Iagnified about 50 
diameters. 

fragments, the latter alone 
imparting to the rock its pale salmon color, since the quartz grains are 
colorless. The lens reveals, in addition to the quartz and feldspar, 
scattered scales of muscovite and a few minute ones of biotite. The 
average grain of the rock is smaller than a pin head, but occasional 
feldspar fragments reach dimensions of one-eighth of an inch or more. 
The latter are angular, although the quartzes are found to be con
siderably rounded. 

vVhen this rock is examined under the microscope it is seen that the 
quartzes are almost uniformly enlarged by secondary accretions of sil
ica, the newly formed quartz being orientated like the core on which it 
forms, the somewhat worn and weathered surface of the nucleal quartz 
grains being preserved only in a thick line of dark material. (See fig. 
16 for form of individual grains, and Pl. VI, A, for general char
acters of the rock.) The quartzes generally contain some cloudy 
material as inclusions, and frequently also capillary needles of rutile. 
Feldspar is for the most part very fresh and finely twinned microcline, 

21 GEOL, PT 3-01--5 
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with occasional grains of acid plagioclase and untwinned feldspar. The 
cementing material is calcite, but in comparison with that of the h~ss 
intensely metamo1~phosed rock it is present in smaller amount and is 
to a larger extent twinned polysynthetically. In addition to the acces
sory n1inerals observed in the specimens, the slide reveals a little ura
litic hornblende, garnet, black tourmaline, sphene, zircon, and mag
netite. In one instance sphene appeared to surround the garnet in a 
halo. 

It is believed that the evidences of strong deformation which are 
found in the wavy extinction and in the banding of the quartz grains 
in all phases of this rock date from a period when these grains were 
constituents of the crystalline rocks of the region, and hence they are in 
no way to be connected with the metamorphism of the conglomerate. 

SECTION 2.-ANTERIOR BASALT fOLIVINE-BASALT). 

This rock has not been found in perfectly fresh condition, its open 
vesicular texture and the small thickness of the horizon making it ea:::;y 
to explain its generally decomposed condition. The body of the rock 
in the fresher specimens is dull gray, with a purplish or greenish tone, 
in which are recognized, in many instances at least, fine red specks 
similar to those characteristic of the navite type of diabases. The 
vesicles are sometimes roughly spherical and a half inch or more in 
diameter, but more generally they are extended and may be even 
vermiform. In a 1najority of instances they are filled with calcite, 
less frequently, however, with a green chloritic mineral, which is 
doubtless identical with the diabantite described by Hawes fron1 the 
basalt of the Connecticut Valley. 1 

In the slide the long laths of feldspar piercing the other constitu
ents and entirely lacking in any uniformity of orientation produce 
the t)rpical ophitic or diabasic texture. \Vith a length averaging per
haps ten times their thickness, these feldspar laths are twinned accord
ing to the albite law, so as to produce a few wide stripes only in each 
lath. Carlsbad twins are rare, while pericline twins were not observed. 
::Nleasurements of extinction angles against the twinning line indicate 
that there is probably but a single feldspar present, and this is either 
a basic oligoclase or au acid andesine. In the fresher specimens the 
feldspars have been but little altered, but in others a pale-pink stain
ing and a lack of definiteness in the twinning bands indicate incipie~1t 
alteration. 

The principal nonfeldspathic constituent of this basalt is a secondary 
mineral aggregate distributed in little areas which the feldspar laths 
penetrate and from which they project. These areas ha,'e a faint 

1 On diabantite, a chlorite occurring in the trap of the Connecticut Valley, by Geo. W. Hawes: Am. 
Jour. 3ci., 3d series, Yol. IX, 1875, p. 454. 
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pleochroism in lighter and darker tones of chlorophyl gTeen. Exam
ined between crossed nicols, this material is seen to be made up largely 
of fine fibers and to have interference colors as high as red of the first 
spectrum. The extinction is inclined, the ang-les sometimes being as 
high as 15°. The fibers are positive, the longer axes corresponding 
with the lesser axis of elasticity. These properties are those of a 
uralitic hornblende, which is believed to be present in association with 
some chloritic material. That this material has been derived f1~om 
pyroxene there can be little doubt, since the shape of the areas is often 
strikingly like that of pyroxene grains in basalts, and, further, the tex
ture of the rock and its relationships to other basalts of the Newark 
system raise this probability almost to a certainty. Scattered patches 
of a darker, and in the slide nearly opaque, material are made out to be 
in large part composed of feather-like growth-forms of magnetite, such 
as are common in the basalts (fig. 17). The base in which the arbores
cent magnetite growths are em bedded is in part 
uralite and in part calcite, but in places it seems to. 
be a nearly isotropic substance colored by ferrite. 
It is not unlikely that these patches represent 
devitrified rock glass, into which the calcite and 
uralite were subsequently introduced. 

In addition to the patches just described there 
are large and small areas of a more finely :fibrous 
green alteration product of low double refraction. 
Stains of iron cross these areas irregularly in 
some sections and probably correspond to the red 
specks which are noted when the rock is exam
ined under the lens. This material is probably FIG. 17.-Arborescent forms 

serpentine stained by iron, and both its .irregular 
mesh texture and the outlines of some of its larger 

of magnetite in basalt 
(magnified). 

areas favor the view that it is derived fron1 the serpentinization of 
idiomorphic grains of olivine. There is much calcite in the slides, and 
the amygdules are also filled chiefly with this mineral, though prehnite 
is also recognized in some of the latter. In some' of the amygdules 
filled with calcite the central portions are stained brown, leaving a 
white rim of nearl}T uniform width. 
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A specimen taken from this basalt sheet southwest of Pine Hill has 
been analyzed by Dr. ,V, F. Hillebrand, with the following results: 

Analysis of specimenj1·orn anterior ba.salt sheet near Pine liill, Connecticut. 
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The above analysis indicates large amounts of water and carbon 
dioxide, which have been introduced in the process of weathering. A 

FIG. 18.-Brogger diagram to show the compos1tion of the anterior basalt. 

better idea of the unaltered rock will be obtained if the analysis is recal
culated neglecting the water and carbon dioxide, as has been done in 
Table II, column 1, on p. 78. The analyses of two weathered varie
ties of the Connecticut Valley basalt from the n1ain flow are placed in 

FIG. 19.-Broggerdiagram to show the composition of the anterior basalt. Corrected for weathering. 

column 2 of Table I (on p. 77), beside the South Britain rock. Recal
culated, neglecting the water and carbon dioxide, they are printed 
in column 2, Table II, beside the recalculated analysis of the South 
Britan rock. LeYy-Brogger diagrams made from the corrected and 

a Xot corrected for pyrrhotite nor for V20 3, if present. 
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PLATE VII. 

PHOTOl\IICROGRAPHS OF ROCK SECTIOXS. 

A. "Upper surface of anterior sheet of basalt, showing amygdaloidal cavities filled 
in part with brown arkose and shale and in part with calcite, the latter filling the 
spaces left by the former. Bed of brook in the "spring house" section, South 
Britain. (Xo. 4139b.) Ordinary light. :VIagnified 25 diameters. 

The arkose and shale is but poorly outlined from the surrounding altered basalt of 
the somewhat thick section. The calcite has a somewhat fibrous outer zone, but is 
granular within. 

B. Fault rock ( reibungsbreccia) near contact of anterior basalt and arkose conglom
erate, D. :\I. )Iitchell's brook, above bend, South Britain. (No. 4137b.) Ordinary 
light. :\Iagnified 25 diameters. 

The fragments of the breccia are of arkose conglomerate, anterior basalt, and ante
rior shale and limestone, cemented by calcite. 
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tincorrected analyses of the South Britain rock are shown in figs. 18 
and 19, the second being from the recalculated analysis. 

The surface laym· of the basalt sheet.-Reasons have been given (p. 
53) for supposing that specimens collected from the bed of the brook 
in the ''spring house" section represent the orig·inal upper layer of the 
basalt sheet. These specimens on their upper side have exceptionally 
large vesicles (an inch or more in length) filled with sandstone, whereas 
lower down the rock is fresher, the vesicles are smaller, more nearly 
spherical, and filled with calcite, in part stained with iron. 

In the section of this rock the feldspar is in laths so fine and so 
numerous as to produce a felty texture, although some tendency is 
noticed for the feld~pars to group themselves in sheaves. Uralite 
occupies a few large scattered areas, sometimes having the outline 
of lJasal sections of pyroxene. A large amount of disseminated gray 
material, probably lencoxene, renders the feldspar lath1::1 and the rock 
section as a whole very diffietilt to study. The magnetite fronds which 
were observed in the normal 
rock are here unusually fine, 
and the texture of the rock 
throughout is finer than in 
the normal specimens and the 
decomposition is noticeably 
greater. 

The slide shows amygdules 
partially occupied by sand
stone, with calcite filling the 
remaining portion of the cav
ity, and possessing a structure 

FIG. 20.-Arkose, shale (S), and calcite (C) together fill
ing vesicular cavities in the upper surface of the 
anterior basalt (magnified). The calcite is bladed 
in a zone lining that portion of the cavity not al
ready filled by the arkose, but within this zone the 
bladed character is wanting. 

which indicates that it formed after the sandstone was deposited 
(See fig. 20; also Pl. VII, A). The sandstone shows no evidence that 
it has been baked, but is brown and nearly opaque, except for the frag
ments of feldspar which it contains. One very large vesicle in the 
section contains fragments of the rock itself, as well as grains of the 
sandstone, all in a cement of calcite. · 

Sb;CTION 3.-ANTERIOR SHALES AND LIMESTONES. 

The shales of the anterior horizon are red, friable masses generally 
but poorly cemented. The material of which they are composed is 
finely comminuted, and under the lens it is possible to make out only 
the fine pink fragments of feldspar and thin white scales of muscovite. 
In specimens from the spring-house section, near the contact with the 
amygqaloid, the shaly structure is less marked than is usually the case, 
and irregular greenish sandy patches appear in the rock. A slicken
sided surface forms one side of the specimen, and these unusual char-
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acteristics are doubtless to be ascribed to the fracturing of the roc"k 
and slipping along a fault plane, as will be fully explained later. 

The limestones of this formation are either gray or black, according 
as they contain little or much bituminous 1natter. The gray speci
mens in sections are seen to be composed almoHt entirely of calcite 
grains, among which are disseminated a few grains of quartz. 

The bituminous limestone from near Red Spring is an almost 
black shaly limestone in which is found an occasional well-preserved 
ganoid scale. On the weathered edge of the specimen siliceons layers 
project with almost knife-edge sharpness. The rock can be split with 
some difficulty along the plane of bedding, giving off a sh·ong bitumi
nous odor as it is being broken. It is attacked with vigor and in great 
part dissolved by cold hydrochloric acid. 

Under the microscope the coarser layers of the rock are seen to be 
composed of angular fragments of limestone with an occasional grain 
of quartz, all surrounded by the dark-brown seams of bitumen. The 
thinner layers contain 111uch larger proportions of silica and the frag
ments of limestone are smaller. Irregular cracks traverse the rock in 
a direction transverse to its bedding, and these are filled by the dark 
bituminous matter. In general the limestone fragments which compose 
the mass of the rock may be described as subangular to angular, and it is 
probable that organic matter was deposited an1ong them, in part frag
ments of coal plants and in part fish remains, and when the overlying 
sheet of basalt was poured out upon the shales and limestone the organic 
matter thus imprisoned between sheets of basalt was distilled by the 
heat conununicated and the bituminous product resulting permeat~d 
all the interstitial portions of the rock. In the southern areas of the 
Newark system coal plants have been locally distilled, with the pro
duction of coke residues, by the heat comn1unicated by intruded basalt. 1 

The granular texture of this limestone, which would hardly have been 
detected but for the bitumen present, is full of suggestion regarding the 
origin of this structure. There are at least four hypotheses which 
might be ad-vanced to account for it: First, it might be assun1ed that the 
structure is secondary to the formation of the rock, or, in other words, 
it is a cataclastic effect of dynamometa1norphic action; second, the 
limestone may have been formed in the sa1ne n1anner as the shales and 
sandstones in association with it, with the single exception that its 
material has been derived from the crystalline limestones instead Gf 
from the gneisses and acid intrusives; third, the material out of which 
the Tock was formed 1nay have been derived from some area of lime
stones belonging to a higher horizon than the Cambro-Silurian, a view 
requiring the assumption of a wide area of deposition for the Newark 
systen1 of rocks; and, fourth, it may be assumed that the material wag 
derh~ed from a reef or reefs. 

1 Cf. Shaler and Woodworth, op. cit. 
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The first hypothesis may, I think, be safely dismissed from consid
eration, inasmuch as the deformation of the area has not been of the 
kind to produce schistosity. This is clearly shown by the tectonic 
structure .of the area (to be presently discussed), as well as by the 
intimate texture of the associated beds in the comformable series. 
The second hypothesis is a simple and natural one, although the more 
extensive areas of limestone in the crystalline uplands are somewhat 
distant from the present basin. Against this hypothesis is the obser
vation that the fragments of limestone in the rock do not have the 
coarse crystalline texture of the crystalline limestones of the uplands. 
The third hypothesis, which assumes that the source of the material 
is a later bed of limestone, is one that seems to the writer to have 
much in its favor. It assumes a large area of deposition for the New
ark rocks, but, as will be shown later, there are other facts which 
point in .this direction. The freedom of this limestone bed from any 
considerable admixture of arkose material may be explained by such 
a wide extension of the anterior basalt flow as to cov-er all the near
lying areas of crystallines. As regards the fourth h}rpothesis, it is 
hardly reasonable to assume the formation of local reefs, since the 
conditions of Newark deposition, as inferred from the associated sedi
ments and from remnants of life forms, are not the ones suited to the· 
formation of coral reefs. If the material was supplied from reefs, it 
must be assumed that it was brought into the areas of deposition 
through the agency of tidal currents. 

SECTION 4.-REIBUNGSBRECCIAS. 

Specimens of reibungsbreccia have been collected at four localities, 
viz: In the south wall of D. M. Mitchell's brook at the principal bend 
above the road bridge; on the hill slope to the northeastward of this 
locality; near Oliver Mitchell's spring (discovered b)r digging); and at 
the oil well on the 'Vheeler place, where the specimens were collected 
fron1 material removed from the shaft. All specimens, save the one 
last mentioned, were found between walls of anterior basalt, South 
Britain arkose conglomerate, or anterior shale. Specimens from the 
oil well show one wall of amygdaloidal basalt which with much proba
bility is from the upper portion of the main sheet. This is assumed 
not alone from the petrographical characteristics of the rock but from 
its occurrence in the immediate vicinity of the wall. From the size of 
the fragments found it is evident that they came from near the surface 
of the shaft, before the main drill hole was begun. The fragments in 
this breccia are all of the wall rock itself. 

At the locality in the wall of D. ~I. ~fitchell's brook, the southern 
wall of the fault in which the reibungsbreccia was formed shows a con
tact of conglomerate with overlying amygdaloid, and it is therefore not 
surprising that some of the specimens of the breccia haYe a wall of 
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conglomerate and some a wall of basalt. The angular rock fragments 
in the breccia are of these two rocks (the former apparently in all cases 
baked) and, perhaps in greater abundance than either, the overlyin.g 
shale. This latter rock, fronr its friable nature, was easily detached 
during the dislocation and dropped down in the fissure. The frag
ments of all these rocks are cemented by a zone of bladed or almost 
fibrous calcite, and calcite of a n1ore granular texture fills in most of 
the remaining space so as to heal the fissures. \Vhen not completely 
healed, the calcite projects into the cavity in dog-tooth crystals (2131), 
some of which are modified by the one-half rhombohedron (0112). 
These crystals are sometimes three-fourths of an inch or more in 
length. Occasional CITStals of white fluorite are found projecting 
into the cavity, and are easily recognized by their cubic form and 
their perfect octahedral clea-vage. The largest crystals I have found 
here are about one-fourth-inch cubes, but .Mr. Canfield reports finding 
inch cubes in the bed of the brook. Tabular pink or white crystals of 
barite are present in some ca-vities, but only in subordinate quantity. 
In one specimen a deep-purple fluorite was found. In a breccia speci
men from near the Oliver ~fitchell spring calcite crystals are coated 
with a very thin film of a mineral having a brilliant metallic luster 
and a copper color. Enough of this was obtained to color a borax 
bead with the yellow-green color of iron. The substance is doubtless 
hematite. 

Sections of the reibungsbreccia are chiefly interesting in showing, 
in addition to what is observed in hand specimens, that limestone frag
ments are included, a single slide showing fragments of amygdaloid 
and baked conglomerate (in contact), red E>hale, aud limestone, thus 
furnishing representatives of the three lower members of the :Newark 
system. (Pl. VII, B.) The calcite which has formed the cement 
.is in its coarser facies plumose, with curving planes which under the 
n1icroscope are found to be twinned polys,ynthetically in curving 
lamellre of microscopic fineness. 

SECTION 5.-MAIN BASALT. 

Two rather distinct types of this rock are recognized in the field-:. 
the dense black rock of the lower zone, found chiefly in the western 
ridges, and the n1ore open-textured and weathered type of the upper 
zone, found in the eastern areas and in occasional exposures in the 
southwestern portion of the region. Additional distinguishing charac
teristics are made out for each of these zones by microscopical exam
ination. 

By a microscopical examination the fresher rock from the 10wer zone 
shows some variation in coarseness of texttu·e, the extreme western 
ridges of Pine. Rattlesnake, and East hills showing the coarsest textures. 
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In the coarser varieties the naked eye detects stout white feldspar laths 
in single individuals or in kriots, each a few millimeters in length, 
embedded in a green base in which the lens reveals fine felt-like laths 
of a second generation of the feldspar. A little higher up in the sheet 
of basalt elongated cavities with a rusty-brown appearance are noted 
in these feldspars. In the northwestern portion of the Pine Hill ridge 
spherical masses the size of a small pea, possessed of a more or less 
pearly and superficial luster, are found scattered through the rock. 
These cut glass readily and are cler..rly agates. 

Under the microscope the rock is found to have an ophitic texture, 
similar to that observed in the anterior basalt. The feldspars of the 
first generation are stout crystals with a zonal structure, representing 
an extreme -variation of about 5° in extinction angles. They are fre
quently in knot-like aggregate~ of a few individuals, and are generally 
Carlsbad twins with a few albite lamellre in one of the individuals. 
Pericline twinning is .not uncommonly combined with this. Particu
larly in the rock from Rattlesnake Hill these pheno
crysts contain large and irregular cavities, whose 
principal extension is related to the crystallographic 
axes, such cavities as frequently result from rapid 
growth (see fig. 21). The feldspars of the second gen
eration are laths twinned according to the albite law 
(in few stripes), and not infrequently according to the 
Carlsbad law as well. They are, like the crystals of 
the first generation, quite generally fresh, and it was Fw. 21.-Formof cavi-

found possible to determine both by the methods of ties in feldspar of 
,r· ' 1 d'ff the main basalt NJ.Ichel Levy .1 There seems to Je but little 1 erence (magnifiea). 

between the composition of the feldspars of the two 
generations, measurement of extinction of albite twins in the sym
metrical zone giving for both varieties double angles as high as 70°. 
Examination of the Carlsbad twins which showed also albite lamellre in 
one of the individuals furnished the following measurements: 

Extinction angles near the symmetrical zone of feldspars. 

1. I 2. 3. 4. 

Albite 1 ______ . ____ . ____ . ____ 19° 20° 39° 39° 

(Av. 20.5) (Av. 23) (Av. 3i) Av. 36.5) 
A.l bite 1' _ •••. _ • _ .... __ ....... 22° 26° 35° 34° 

(Diff. 16.5) (Diff. 14 (Diff. 23) (Diff. 24.5 
Carlsbad 2' ____ . __ . ____ .. __ .. 3i 0 37° 14° 12° 

1 Etude sur la determination des feldspaths clans les plaques minces, etc., by A. :Michel Levy, Paris, 
1894, p. 29 et seq. 
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Nos. 1 and 2 of the above table represent the more acid labradorite, 
of composition near Ab1 An0 and Nos. 3 and 4 the n1ore ba~ic ones, 
with composition near Ab3 An4 • 

Although usually moderately fresh, the feldspars in some specimens 
contain fine green uralitic and chloritic fibers in fine lines crossing the 

Cr)7Stal. These lines have a common 
direction for the entire section, and 
since the green material can hardly 
have originated fron1 the feldspar itself, 
but was in all probability introduced 

FIG. 22.-l\ficroscopic slipping planes from the alteration of other constitu-
.(quetschzonen) in the main basalt ents, it seems likelv that these lines 
(magnified). J 

represent microscopic slipping planes 
(quetschzonen) located in the vicinity of and parallel to a larger dis
location (see fig. 22). 

The principal nonfeldspathic. constituent of the rock is a colorless, 
or at most a faint pink, nonpleochroic pyroxene. The indications of 
crystal boundaries are here present, although the feldspar laths pierce 
the grains. Cleavage is perfect parallel to the 
prism, with imperfect parting parallel to one or 
both of the vertical pinacoids. The double re
fraction appears to be a little lower than in the 
normal diabase-pyroxene. Like the feldspar, the 
pyroxene is almost entirely unaltered except when 
found in the upper zone of the basalt sheet. 
The serpentinized areas observed in the anterior 
basalt, and Slr1T!)osed io rerwesent olivine '' rests,jj 
are not found here, and although small areas 
stained with iron are found in some sections, oli
vine, if present at all, must be in very insignifi
cant quantity. 1\'Iore opaque areas, in whi~h Inag
netite (or ilmenite) fronds of skeleton-growth 
forms are generally present, are supposed to rep
resent the rock base-with n1uch probability a 

FIG. 23.-Diabantite, ore 
material, and agate in 
vesicle of main basalt. 
The radial mass oc-
cupying the center is 
diabantite, the opaque 
material surrounding it 
is magnetite or ilme
nite, and the outer rim 
is agate. (.:\Iagnified.) 

glass in its :first solid condition. Some of the few scattered amyg
dules (not present in all sections) are spherical, others irregular, 
and both are generally :filled either b)'" uralite, by a deep blue-green 
chlorite (diabantite ~), or by calcite. The uralite and chlorite are 
in radial :fibrous aggregates, which not infrequently are surrounded 
by a zone of opaque ore material, about which is a zone of agate 
(:fig. 23). The spherules obseiTed in the hand specimens from the 
northern portion of the Pine Hill ridge, and supposed to be agates, 
are here seen to have a radial :fibrous structure, with the low negative 
double refraction of that mineral. 
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The dense rock from the summit of the cliff of Pine Hill, east of 
D. ~1. ~1itchell's, has been analyzed by Dr. \Y. F. Hillebrand, with 
the following results: 

Analysis of 1·ock from summit of Pine Hill, near South Britain, Connecticut. 

Per cent. Per cent. 
Si0

2 
____ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 52.40 :\IgO _____________________ -- 5. 53 

.873 

Ti02 ---------------- _-- -- _-- 1. OS 
Al 20a - - - - -- - - - - - - - - - - - - - - - - - 13. 55 

.133 

Fe20 3 - --- _________ - 2. 73 l 
· 002 a12. 52 FeO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9. 79 
.013 

NiO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Tr. 
l\in 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 26 
CaO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10. 01 

.179 
SrO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ None. 
BaO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Tr. (?) 

.138 

K 20 - - - - - - - . - - - - - - - ______ - - - . 40 
.000 

N a
2
0 .. ___________________ - - 2. 32 

Li20 ________ ·--- ------ ___ - --
H20 (below 105°) -----------
H20 (above 105°) ___________ _ 

P205---- --- ~-- ----- - - - --- ---
C02 ------------------------

~=~sJ b- - - - - - - - - - - - - - - -- - - - -

.004 

None. 
. 62 

1. 05 
. 12 
None. 

.13 

Total _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 99. 99 

The Levy-Brogger diagran1 of this analysis is shown in fig. 24. 
The roek of the upper layers of this sheet of basalt is not only more 

open textured and n1ore weathered than that which has just been 
described from the lower zone, but other differences are detected. 

FIG. 24.-Brogger diagram to show the composition of the ·main basalt. 

Blebs of black rock glass or tachylite several millimeters in diameter 
may be observed in the rock fron1 some localities, as, for example, at 
the road corner southwest of the Oak Tree House at Southbury, and 
in the road southeast of the Ragland area. These g·lassy blebs turn 
brown and gray on strong ignition, but do not fuse. 

On examination in n1icroscopic sections the texture of this rock is 
seen to be generally finer and the feldspar laths of the second genera
tion more numerous and more acicular than in the rock from the lower 
zone, a felty texture being the result. The feldspars of the first gener 
ation are much altered, in many a central core having the shape of the 
entire crystal being occupied by green uralitic and chloritic material. 

a Not corrected for pyrrhotite nor for V20 3, if present. b Pyrrhotite calculated as pyrite. 
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The peripheral zone of these phenocrysts, and the feldspar laths of the 
groundmass as well, are filled with cloudy particles, indicating an incip
ient stage of alteration. The indications are that the more basic 
core of the phenocrysts was altered to calcite, and this being sub
sequently dissolved and remo-ved, left spaces into which the uralite 
and chlorite were conducted from the alteration of the pyroxene constit
uent. The latter mineral has, however, suffered only a slight altera
tion of this kind. The fronds of ore material are generally localized 
in areas, but are associated in n1ost cases with considerable leucoxene. 
The specimens fron1 the road ~:;outheast of Ragland do not eontain these 
ftonds, but the ore material (probably ilmenite) is in large crystals 
with outlines of the rhon1bohedron. The many small am.ygdules of 
irregular outline are generally filled with a yellowish material which 
was not more definitely determined. One of the largest spherical 
blebs of glass was included in a slide, and ·w·hile nearly isotropic, it 
shows the presence of small fronds of opaque ore material. 

From the foregoing it is probable that the anterior basalt differs in 
its original composition, and to some extent also in its structure, from 
the basalt of the main sheet. Instead of a labradorite, its prevailing 
feldspar is a basic oligoclase or an acid andesine. The older rock con
tains also a considerable quantity of serpentinized olivine, which is 
nearly or quite absent from the n1ain sheet. The analyses recalculated 
so as to exclude water and carbon dioxide indicate this difference in 
the higher magnesia and lower calcite percentages of the anterior 
basalt, although the smaller quantity of the latter constituent may per
haps be in part explained by its solution and removal from the rock. 

SECTION 6.-RELATION OF THE BASALTS OF THE POMPERAUG 
VALLEY TO THOSE OF OTHER AREAS OF THE NEWARK SYSTEM. 

The quite remarkable uniformit.r in density and in composition 
observed to characterize the Newark basalts of the Atlantic borde!' 
was first emphasized by the late Prof. James D. Dana, 1 and very natu
rally ascribed by hin1 to a unity of origin. . Everyone who has since 
studied the Newark rocks seems to have been impressed in the same 
manner. Yet recent investigations have shown that the basalt of these 
areas is in part intrusive and in part extrusive; that the latter not only 
displays some variety of texture, but was poured out at different geo
logical epochs, and that the intrusive material is in part in heavy sills 
and in part in dikes. 

In order to ascertain whether any chemical differences could be 
detected between the basalt of the extrusive and of the intrusive 
masses, as well as to show the average composition of the Newark 
basalts, the n1ost reliable analyses of each type collected from the 

I On some results of the earth's contraction from cooling, by Jas. D. Dana; Pt. IY, Igneous ejections, 
volcanoes: Am.Jour.Sci., 3d series, Yol. YI, 1873,p.l06. 
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northern and central portions of the province were brought together 
and a composite 1 of each was produced (see columns 4 and 5 of Table I). 

TABLE I. 

Analyses of basalt. 

4 

Si0
2 

_______________________________ - 47.52 47.91 52.40 52.02 52.25 
Ti02 ____________________ -·---- ------ 1. 19 1. 08 . 80 
A1

2
0

3 
___________________ - - - - - - - - - - - - 13. 9L 15:41 13.55 15.19 14. 79 

Fe
2
0

3
• ___________ • _______ --- __ - _--- _: 7.06 2.72 2.73 2.05 3.39 

FeO ________________________________ 3.76 10.01 9.79 9.01 7.31 

MnO I .18 . 36 . 26 .26 . 25 - ------ ---- ... - - .. --- --- ----- ... -...... 
MgO 

I 
6.84 5.42 5.53 7.18 7.19 ----···-------------- ----------

CaO ____________________ ------------ 5. 71 7.69 10.01 9.82 10.32 

Na20 I 3.06 2.91 2.32 2.05 2.09 ------------------· ------------
K20-- ------------------------------ .77 . 66 .40 . 96 .71 
H 20 ________________ ,--------------- 6.30 4.21 1. 67 1. 46 . 82 

C02 -·-·-----------------------·---- 3.68 2. 74 .. --- .......... ---- ----
Otilers ----------------------------- .15 .25 .03 . 08 

Total _________________________ 100.13 100.04 99.99 100.03 100.00 

1. Anterior basalt (weathered) from South Britain, Connecticut. Analyst, W. F. 
Hillebrand. 

2. Composite of two altered basalts from the Connecticut VaHey (Lake Saltonstall 
Ridge and South Durham l\lountain.) 2 

3. Basalt from main flow, Pine Hi11, South Britain, Connecticut. 
4. Composite of two nearly fresh extrusive basalts from the 'Vatchung :Mountain, 

New Jersey, 3 and l\lount Holyoke, Massachusetts.4 

5. Composite of six intrusive basalts (either dikes or si1ls) from the Connecticut 
Valley and NeW York-Virginia areas of the K ewark system. ·west Rock, Connecticut 
(sill); 5 "Wintergreen Lake, Connecticut (dike); 6 Palisades, Jersey City, New Jersey 
(sill); 7 Rocky Ridge, Mary land; 8 Point Pleasant and Gulf Mills, Pennsy 1 vania 
(dikes). 9 

These composites only confirm the impression that, regardless of 
their manner of occurrence in the field, these rocks are remarkably 
uniform in their occurrence. If we disregard the state of oxidation 
of the iron and consider its total amount only, there is but a single 
analysis in the list (that of tbe dike af Gulf :Mills, Pennsylvania) which 
varies jn any marked degree from the composites. The greatest 

1 Suggestions regarding the classification of the igneous rocks, by Wm. H. Hobbs: Jour. Geol., Vol. 
VIII, 1900, p.ll et seq. 

2Am. Jour. Sci., 3d series, Vol. IX, 1875, pp. 190-191. 
3Bull. U.S. Geol. Survey No. 148, 1897, p. 80. 
4Am. Jour. Sci., 3d series, Vol. IX, p. 191. 
5 Proc. U.S. Nat. l\Ius., Vol. IV, p. 132. 
GAm. Jour. Sci., 3d series, Vol. IX, p. 189. 

i Bull. U.S. Geol. Survey No. 150, 1898, p. 255. 
s Bull. u. S. Geol. Survey No. 148, 1897, p. 90. 
o Proc. Am. Philos. Soc., Vol. XXII, p. 454. 
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differences noted are in the alumina and magnesia (and this is in but 
one or two instances), and it is at least possible that this variation may 
be in part explained by imperfect separation. 1 This variation was in 
one case 2 and in the other 3 per cent from the composite, but in other 
constituents the differences were generally less than J per cent. 

Hawes has shown the weathered basalt from the Connecticut Valley 
to agree closely in composition with the fresh specimens from other 
portions of the same area, provided allowance is made for the water 
and carbon dioxide which have been introduced by the weathering 
process. Recalculating our composite analysis of these altered basalts 
and comparing with the composite analyses of extrusive and intrusive 
Newark basalts (after correction in the same manner), this close agree
ment is set forth (see Table II). 

TABLE II. 

Analyses of basalt recalculated with 1vater and carbon dioxide neglected. 

5 

SiO, ................. 
1 

52.73 15L4S- , 53.29 ~ 52.80 ; 52.69 

:~:: : : ~: ~ ~ _ l::t:

1 

1

1

;: a:
1 

...... · ;

1

1: ~:1 1{;: 2'

1 

-- -1{
1J1:

1 1 
I . 004 12. 00 '· . 001 13. 67 . ooz 12. 74 i • 001 11. 21 I . ooz 10. 79 

FcO ................. 
1 

4.17 . 010; 10. 75 . 016, 9. 97 . 016, 9.13 . 015, 7. 37 . 01Z 

:\InO ................. I :~~6 I :~~5 :~~4 1: :~~4 ,. :~~0 
:\Ig-0 ................. 

1 

i.59 5.82 5.62 7.28 7.24 

I 
.019 .018 .014 .014 .018 

CaO.................. 6. 33 10. 41 8.25 10.19 9.96 

. 011 

Na,p ................ 3.40 

KeO ................. . 

Others .............. . 

Total .......... ! 

.005 

.8-! 

.001 

.16 

100.00 I 
I 

.015 .018 

3.13 2.36 

.005 .004 

.il .41 

.001 .000 

-------------· .26 

100.00 100.00 

1. Anterior basalt (weathered) of South Britain. 

.018 

2.08 

.oos 

. 97 

.001 

.03 

i 100.00 
I I 

2. Composite of weathered basalts from the Connecticut Valley. 
3. ::\lain ( extrusiYe) basalt of Pine Hill, South Britain. 

.019 

2.10 

.003 

. i1 

.001 

.08 

100.00 

· 4. Composite of extrusiYe basalts from Connecticut Valley and New.Jersey. 

52.70 

.878 

.66 
14.92 

.146 

3.06 

.ooz 
8.06 

.011 

.26 

7.08 

.018 

10.30 

.019 

2.13 

.003 

.74 

.001 

.09 

100.00 

5. Composite of intrusiye basalts from northern and central areas of the Xewark 
system. 

6. Composite of the X ewark basalt of the northern and central portions of the 
proYince. 

In the weathered specimens, howeyer, it is noted that the lime is less 
in amount (8.25 as against about 10 per cent), and if allowance is made 

1 Cf. Washington, Am. Jour. Sci., 4th series, Yol. IX, 1900, p. 44. 
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b 

c 

e 
FIG. 25.-Composite diagrams to show the composition of Xewark basalts. a, Composite diagram 

of two weathered extrusive basalts from the Connecticut Valley (Table II, :No. 2); b, Brogger 
diagram of the basalt of the main extrusive sheet, Pine Hill, Pomperaug Valley (Table II~ :No. 3); 
c, Composite diagmm of two unaltered extrusive basalts from the Connecticut Valley and New 
Jer.•ey (Table II,Xo.4); d, Composite diagram of six unaltered intrusive basalts from the Con
necticut Valley and from the area between New York and :\Iaryland (Table II, No. 5); e, 
Composite diagram of nine unaltered basalts (both intrusive and extrusive) from the northern and 
central Newark areas (Table II, No.6). 

:31 OEOL, PT 3-01--6 
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for the lime which is in cmnbination with the carbon dioxide, only 
5.55 per cent of this constituent is found to be present in the rock, 
exclush-e of the secondary c-alcite. This calcite, however, 1vhich is 
present in part in the ,-esicles and in part in the groundmass of the 
rock, is without doubt deriYed from the rock itself, largely through 
alteration of the lime-rich and colorless pyroxene, and hence it is not 
only not to be deducted fron1 the analysis, but it is eYen possible that 
a quantity an1ounting to several per cent of this constituent has been 
carried away b~y solution. In the weathered olivine-basalt, studied by 
'Vatson, analyses indicate removal of the lin1e in this way. 1 

The weathered basalt from South Britain differentiates itself from 
the other basalts shown in the analyses in the greater oxidation of the 
iron, the total amount of iron, however, remaining normal. The 
water present in. this rock enters largely into the serpentine and 
chlorite, formed through the alteration of the olivine and pyroxene. 

'Vhile the basalts considered from the northern and central por
tions of the Newark belt within the United States show such uniform
ity in chemical composition, the microscopic studies have proved that 
there is, nevertheless, son1e considerable variation in mineralogical 
composition. The basalts of the Connecticut Valley ha,-e been found 
to contain either a colorless pyroxene or a colorless pyroxene with a 
brown one;2 the basalt of the Palisades along the Hudson contains a 
diallage-like pyroxene and hypersthene in about equal quantities;3 the 
basalt of 'Vatchung J\1ount~in, New Jersey, like that of the Connecti
cut Valley, has colorless pyroxene or malacolite as the principal non
feldspathic constituent. 4 In the southern areas of the Newark, par
ticularly those of Virginia, Campbell and Brown 5 have shown that 
there are important variations in the Newark basalt not only in Inin
eral but in chemjcal composition, rocks so rich in hypersthene as to 
deserve the nan1e " hypersthene-diabase " and " olivine-hypersthene
diabase" being found. Chemically these quite fresh rocks differ from 
the normal type of Newark basalt by containing almost double the 
usual amount of n1agnesia. \Vatson has also described basalts of 
abnormal composition frmn Culpeper County, Virginia, and although 
he does not mention the occurrence of hypersthene in them, it is 
probable from the analyses and from his petrographical descrip-

1 Weathering of diabase n0ar Chatham, Yirginia, by Thos. L. Watson: Am. Geologist, Yol. XXII, 
1898, p. ~i. 

2 Dana, Am. Jour. Sci., 3d series, Yol. YIII, 18i4, p. 371. Proc. Am. Assoc. Ad r. Sci., twen ty-thiril meet
ing, 1Si5, p. 44. Hawes, Am. Jour. Sci., 3d series,18i5, Yol. IX, pp.185-192. Pirsson, Bull. e. S. Geol. Sur
vey No.150,189S, p. 268. 

a Tiefencontacte an den intrusiven Diabasen >On Xew Jersey, by A. Andreae and A. Osanll" \ er
bandl. des naturbist.-med. Yereins zu Heidelberg, X. F., Yol. Y, 1892, p. 3. Also, Some contact ph~
nomena of the Palisade diabase, by John Duer In·ing: School of ~lines Quart., Yol. XX, p. 21-l. 

4J. P. Iddings, Bull. r. S. Gcol. Surrey Xo.150, 1898, p. 254. 
&Composition of certain :\Iesozoic igneous rocks of Yirginia, by H. D. Campbell and W. G. Brown: 

Bull. Geol. Soc. Am., Yol. II, 1891, pp. 339-348. 
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tions that this mineral is pres~nt with the diallage. 1 In the Con
necticut Valley area .also two dikes of abnormal composition have 
been discovered, one Yery acid, a keratophyre or bostonite from 
near New Haven, 2 and the other basic and described as a fourchite, 3 

though it is not quite clear that it belongs in that class. These 
abnormal basalt analyses are printed in Table III. 

TABLE III. 

Analyses of exceptiowtl types of 1Yewark basalts. 

1. ! 2. 
I 

3. 4. 5. G. 
I 
i 

Si02 ---------- 52.06 I 45.73 51.31 50.88 46.86 60.13 
.868 I . 7!>2 .855 .MS . 781 1.002 

Al
2
0

3
• ________ 13.67 i 13.48 13.64 13. 17 13.96 20.47 

. 134 l .n2l .134 .n9 .137 . 200 

. 52 1.11 5.23 1.04 
FezOa---------

} a15. 97 a11.60 { 
.000 .000 .003 .001 

FeO __________ 8.49 9.66 4.67 . 72 
.010 .0071 

.on .013 .006 .000 

l\igO - - - - - - - - - 5.01 15.40 12.73 13.05 7.69 1.15 
.012 .0:~9 .03'2 

I 
.032 . 019 .003 

CaO. _________ 8. 15 9.92 12.41 
i 

10. 19 9.42 2.59 

I .015 .018 .02'2 .018 . 017 .005 

Na20---- .. -- 3.36 3.24 1. 40 ! 1. 17 ]. 85 H.60 
.005 .005 .002 . .00'2 .003 .015 

K
2
0 _________ .86 . 47 . 32 : . 31 2.02 1. 06 

.001 .000 .000 .000 .002 .001 
I H2o __________ . 1.o5 . 94 4.72 b3. 44 ----------I .14 

Others _______ I ____________ 3.50 ......................... ---------- ........................... -·--------
I I 

Total. __ 100.13 100. 78 100.82 I 99.67 99.92 I 100.20 ! ! 

bWith C02• 

1. Quartz-basalt ("quartz-diabase"), Chatham, Virginia. 4 

2. Olivine-basalt ("olivine-diabase"), Chatham, Yirginia. 5 

3. Hypersthene-basalt ( ''hypersthene-diabase '' ) , Culpeper County, Y irginia. 6 

4. Olivine- hypersthene- basalt (''olivine- hypersthene- diabase''), Culpeper 
County, Virginia. 7 

5. Tachylite-basalt ("basic pitchstone"), Meriden, Connecticut. 8 

6. Keratophyre or bostonite, nearNew Haven, Connecticut. 9 

1 "The pleochroism of some sections is fairly strong. a =reddish-brown, b =pale greenish-yellow, 
c =blue-green." Op. cit., p. 88. 
~A relatively acid dike in the Connecticut Triassic area, by E. 0. Hovey: Am: Jour. Sci., 4th series, 

Yol. III, 1897, p. 291. 
a A basic dike in the Connecticut Triassic, by L. S. Griswold: Bull.l\Ius. Comp. Zoo!., Yol. XYI, p. 239. 
4 Am. Geologist, Vol. XXII, p. 346. 7 Ibid. 
5Ibid. s Bull. Geol. Soc. Am., Vol. VIII, p. 77. 
6 Bull. Geol. Soc. Am., Vol. II, p. 346. 9 Am. Jour. Sci., 4th series, Vol. III, 1897, p. 291. 
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Since the only occurrences of the basalt in the southern areas are 
apparently dikes, and since the only abnormal rocks of the northern 
areas have also this manner of occurrence, it is not improbable that 
they represent rock which was intruded at a somewhat different period, 
and in this way their divergence from the normal rock of the province 
may be accounted for, rock of the main flow and of the sills being 
throughout the province remarkably unifonn in composition. 

The tachylite-basalt ("basic pitchstone") described by Emerson 
frmn the ~Ieriden ash bed, Connecticut, 1 is somewhat abnormal in its 
composition, but this seems to be due less to differences in its original 
composition than to sand, lime, and other materials which it has taken 
up. (See Table Ill, column 5.) It is obtained, however, from the 
lower or anterior extrusive sheet of basalt, and it has been here shown 
that in the Pomperaug Valley area this sheet differs somewhat, both in 
mineral and in chemical composition, from the main sheet. 

To obtain the average composition of the unaltered basalt of the 
north-central Newark province, analyses of the extrusive basalts of 
Mount Holyoke, )Iassachusetts; Pine J?:ill, Connecticut; and vV atchung 
l\1ountain, New Jersey, were combined with those of the intrusive 
basalts of vVest Rock and 'Vintergreen Lake, Connecticut; the Pali
sades, New Jersey; Point Pleasant and Gulf :Hills, Pennsylvania; and 
Rocky Ridge, )larylancl. All have been corrected so far as possible to 
exclude the effects of weathering. This composite analysis appears 
in Table II; column 6, and the composite diagrams of it, as well as of 
other analyses represented in the same table, are given in fig. 25 (p. 79). 

1 Diabase pitchstone and mud inclosures of the Tria!isic trap of New England, by B. K. Emerson: 
Bull. Geol. Soc. Am., Vol. VIII, 1897, p. 77. 



CHAPTER IV. 

DEFORl\iA'l'ION. 

SECTION I.-ELEVATION AND TILTING OF THE AREA SUBSEQUENT 
TO THE DEPOSITION OF THE NEWARK BEDS. 

The sedimentary rocks of the Pomperaug VaJiey do not lie hori
zontal, but have dips of 15° to about 60° E., the average clip being 
about 20C. As these sediments are confined in their occurrence almost 
exclusively to the southwestern portion of th~ province, near the village 
of South Britain, the details of this structure may be studied in the spe
cial map, Pl. VIII. Exceptions to the prevailing eastern dip are noted 
only in the area immediately surrounding the "Triangle." That the 
dip of the basalt sheets conforms to that of the sediments is apparent 
from the profile of the ridges when observed from the south wall of 
the basin (Pl. V, A), the gently clipping eastern slopes of the main 
ridges conforming roughly to the a\Terage dips of the sandstones and 
conglomerates. 

The petrographical study of the area has shown that the ba~:;alt which 
is at the surface near the eastern margin of the area of exposures rep
resents the upper portion of the flow, whereas that occupying the 
summits of the higher ridges on the west has textures indicating a 
lower zone of the sheet. Since the first-mentioned upper layer is 
loose textured and of a kind easily removed by the forces of ~ubaerial 
erosion, whereas the material of the western ridges is, as regards the 
same forces, resistant in the extreme, it is evident that there has been 
a decapitation of the western ridges due to some mor~ favorable condi
tions of degradation than have obtained on the eastern slopes. 'Ve 
need not concern ourselves at the present moment with these condi
tions, but the decapitation can be safely predicated from the facts 
given, and, further, it is indicated also in the peculiar cuiTes of the 
present profiles. The a ,~m·age eastern slope of the basalt ridges would 
now represent, then, son1ething less than the actual dip of the sheet. 
There is, however, a compensation for this in the nature of the extensive 
dislocation to which the a1:ea has been, as a whole, subjected, and the 
profiles of the eastern slopes of· the main ridges may be regarded as 
fairly representing the dips of the sheets. 

The saddle-like fault structure of the northern areas has preserved 
but the skeleton of the easterly-sloping monocline, but the same differ· 
ences in texture of the eastern and western belts are noted. 

83 
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The similar easterly dipping monocline which is characteristic of 
the Connecticut Valley was in the earlier studies of that area accounted 
for by obliquity of original deposition; but no geologist of the present 
period would for a moment consider this hypothesis adequate to 
explain the facts. To account for the present n1onocline, we n1ust 
assume that the heels of the ~ ewark system of rocks were rah;ed 
above sea level and that either at this time or subsequently they were 

s· 
~so· 

N 

tilted gently to the southeastward 
. so as to assume their present at

titude. 
The variations in strike and dip 

of the sedimentary beds as re
corded upon the map are often 
considerable, but they can not be 
ascribed to any notable arching 
or folding of the strata. The 
merest glance at the map reveals 
the fact that for circumscribed 
areas there is almost perfect 
agreement in both the ::;trike and 
the dip of the beds, but that one 
or both of these change with 
great suddenness at certain points, 
so that the area could be easily 
divided into a number of fields in 
each of which the dips and strikes 

yalue. (Fig. 26.) 
An es::;ential characteristic of 

every region of folded strata is 
that gradational values should 

5

~~ be obtained to correspond with 
every important change of dip 

FIG. 26.-Strikc and dip observations character
istic of a dislocated area. (From-the vicinity 
of South Britain.) 'Yithin areas roughly out
lined by dotted margin, both the strike and the 
dip of the beds have nearly constant values. 

or of strike, owing to the fact 
that folds appear as curves in 
practically all of their sections. 
The continuation of the out
crops of any given horizon 

along a broken line, or zigzag, is characteristic of a dislocated, not 
of a folded, region. It is believed, therefore, that the deforma
tion of the area which brought about the yariations of dip and of 
strike occurred under a moderate load only and in the earth's upper 
zone of fracture. 1 

1 Cf. C. R. Yan Rise, Sixteenth Ann. Rept. 'C. S. Geol. Survey, Pt. I, p. 589. 
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This deforllltttion of the area was accomplished subsequent to the 
colllpletion of the deposition, and of the lava extrusion as well, since 
all n1embers of the Newark system are affected in like manner. It is 
probable also, from the nearly vertical hade of faults, that the deforma
tion occu1-red subsequent both to the elevation and to the tilting of the 
beds. Evidence drawn mainly, though not exclusively, fron1 physio
graphic and stratigraphic observations in other areas of the Newark 
favors the view that this deformation had been accomplished in Creta
ceous time; hence it is belie-ved to have occurred either in post-Newark 
and pre-CTetaceous (Jurassic~) or in early Cretaceous time. It was in 
all probability accolllplished when the great plain of erosion of south
ern New England w~ts formed. 

SECTION 2.-NATURE OF THE EVIDENCE FOR THE EXISTENCE 
OF FAULTS. 

From the very nature of faults the actual planes of faulting are only 
in rare instances found exposed at the surface in such a way that the 
juxtapositio~ of beds known to have been formed at different times 
along planes transverse to their bedding can be exhibited as indisput
able evidence of dislocation. Save, then, where conditions have been 
exceptionally fortuitous, it has been necessary to assume the existence 
of faults, because other kinds of deformation which can be shown to 
have taken place within any province under exalllination are incompe
tent to explain the observed facts. It is no surprise to :find, there
fore, that the fault has often been the cloak of ignorance, more espe
cially where in regions of colllplicated deformation the structure has 
been for a:ty reason interpreted on a wrong theory. By assuming a 
suffieiently large number of dislocations almost any arrangelllent of 
beds can be accounted for, provided too dose attention is not given 
to actual exposures, and the fault becomes the last resort of geologists, 
when, if it had been less competent to explain the facts, further ~tudy 
might have revealed the correct structure. 

In the reconnaissance survey of the Pomperaug Valley a consider
able number of faults seemed to be indicated by the unusual topographic 
development of the area, by the areal distribution of the severalinem
bers of the systelll, and by sudden changes in the dip and strike of the 
sedimentary members. To secure, if possible, adequate evidence for 
the existence of the faults the vicinity of South Britain was chosen as 
a favorable one for detailed study, because the presence there of the 
four lower members of the system offered the possibility of :finding 
the planes of actual dislocations. For this region a map was pre
pared on a scale of 4 inches to the n1ile, on which it was attempted to 
locate every outcrop. In order to separate, so far as possible, fact and 
theory on this map, the actual exposures have been indicated ]n deep 
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colors, and the supposed extension of the member to which the exposure 
belongs by lighter tints of the san1e hue. 

The principal faults of the area lm\e been determined by some one 
of the following methods: A, the offsetting of formations in outcrop; 
B, sudden changes of strike or dip, or of both strike and dip; 0, the 
occurrence of scarps in the harder rocks; .D, the local development of 
fault rock (reibungsbreccia); and, E, the develop1nent of slickensides. 
In locating additional faults after the nature of the structure had been 
largely read, the following observations were also utilized: F, sudden 
disappearance of outcrops along a rectilinear boundary; and, G, the 
rectilinear arrangement of surface springs. To illustrate these 
methods, as well as to aid geologists who may in the future visit the 
Pomperaug Valley, there will be described below localities where each 

of these methods has been applied 
in determining a dislocation . 

.A. TAe o.ff.-'letMng of fonnations in 
N outtrOJJ.-The shoulder near the 
1 western and southwestern base of 
I Pine Hill is produced by a series of 

exposures of indurated arkose and 
conglomerate, with the overlying 
decomposed anterior basalt. The 
metamorphosed conglomerate has 
proved very resistant to the disinte
grating forces of the atmosphere, 
and its eA.t>Osures usually project 
above the general level as ridges a 
few feet in height. A gentle swell 
of barren soil lies east of each ridge, 

FIG. 27.-Sketch map of the spring-house sec-
tion. Areas of shale exposure are stippled. and a little scratching with the 
Outcrops of anterior basalt are shown in hammer shows that the material of 
black with white spots. 

these low n1otmds is decompm:ied 
basalt of the anterior flow. The conglomerate ridges are each a few 
hundred feet long and end abruptly, the indiYiduals in the :;eries being 
arranged en echelon with parallel axes. Together they produce a 
crescentic series similar to that which has been so often described in 
the Connecticut Valle}T. Dads has obse1Ted the structure at this 
locality, 1 although he has mapped but fiTe ridges, while sm·en can be 
made out without difficulty. 

B. Sudden clwnges of stdke OJ' diJJ, or of botA strike ancl dljJ.-As 
good an illustration of this as could be given is to be found in the 
spring-house section, east of Sage's creamery, South Britain (see fig. 27). 
A cart road fron1 South Britain ·dllage to the PoYerty district follows 
the north bank of a small stream between Rattlesnake and Sherman 

1 Op. cit., p. 470. 
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hills. On the north of the cart road shale is found in a steep wall, the 
beds dipping southerly at a high angle. A short distance from where 
the outcrops begin on the west the strike suddenly changes from N. 
80° ,~r. toN. 55° E., and the dip from 35° 8,1. to 55° SE. The junc
tion between these different sloping beds is seen in the sharp prow of 
the exposure at tf:te bend of the road. 

0. Occu'rrence of sca'I1JS in the hm'de1' 'J'ocks.-These are preserved 
both in the basalt and in the crystalline rocks forming the walls of the 
basin. In the fm:!ller they are shown to perhaps best advantage in 
Orenaug Hill (Pl. X), where nearly every boundary of exposure is a 
bold cliff, exceptions being found only along the southern base of the 
eastern twin (Pl. XIII, B). Few geologists would doubt, however, that 
the bold scarps in the other areas of the basin have also been formed 

· by dislocations. In the schists and gneisses almost the entire ·western 
and northern walls of the basin are formed in this way. One cliff 
having a rectilinear face extends 
nearly a mile along the western wall. 
The evidence to show that these cliff 
·faces are fault walls is not deduced 
solely from their plane surfaces and 
their steep inclinations, for quite as 
·important is the observation that 
there are many parallel cliffs, all the 
scarps of the region falling into a 
comparatively small number of paral
lel series. It is rare to find cun·ing 
cliff scarps, although a cliff composed 

f b f 11 l ] d :FrG. 28.-Details of a portion of the western 
0 a nun1 er 0 para e e en1ents an basin wall. gr, granite; sch, schist. 

trending in a zigzag would, on a map 
of small scale, produce this effect. The scale of the general map, Pl. 
I, is too small to indicate all the details of the faulting, and a scarp 
represented on the general map by a straight line (as ab in :fig. 28) may 
in the exposure show a surface which is represented by a broken line 
(cd in fig. 28) . 

.D. Local development of.fault rock.-At the contact of amygdaloid 
and anterior shale in the spring-house section (p. 52) the shale is 
found broken into great blocks (near contact northwest of road and 
brook), some of which have dimensions of several feet. True 
reibungsbreccias ha,·e also been discussed in the preceding section. Of 
the localities there enumerated for the occurrence of this rock, the' 
most instructive is perhaps that near the Olh·er lVIitchell spring, 
where the contact of the three lower me1nbers of the series was laid 
open by a few feet of digging. The dislocation at this locality was 
clearly indicated as well by the sudden change in the strikes of the 
indurated north-trending conglomerate ridge as by its offsetting and 
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that of the amygdaloid to the east of it. Examination of the locality 
further indicated that the fault which had produced these irregularities 
should trend northeasterly and would probabl_y coincide with the 
northwestern face of the n1ain basalt ridge lying to the southwest of 
Red Spring. The line connecting the latter with the former would, 
moreover, mark an abrupt change in the character of the country, 
an even slope of pa~ture land lying to the north of thi~ marked 
line. The evidence was here s~ conclu:-5ive that at tho first spot 
selected for digging reibungsbreccia wa:-5 found in a band varying 
fron1 a few inches to a foot in width, with a1nygdaloidal basalt in the 
south wall and sanely :-5hale in the north wall. The band was uncov
ered for a distance of several feet and found to trend, as nearly as 
could he mea13ured fron1 this short distance, ~. 50° E. A straight 

.··.\ 
.. : ::::· .... ' 

•.·:·. H~,ei(.~·.; .. ;·;.:;_/.>_: ... :.·~.·-
... · ... ··· amygdaloid 
::::. ·::· :·:·: .. : :.:::·:;:·.- ·:·· .. :.·:::· .I·~·:H:-~:;;·:·0.. 

z·~Lii:ii{{~k.b~~L~~::·:~.:.:.g: .. M·· .. ~]~~f~~~~~1~iflrt~~~ 
amygdaloid 

FIG. 29.-Diagram of the contact along fault near Oliver ~Iitchell's spring. A, amygdaloid; B, 
breccia between fault walls; C, arkose conglomerate; S, shale; c, cover. 

line bearing about N. 55° E. extended from this point would coincide 
closely with the north face of the basalt exposures south of the 
Poverty district a!1d west of Red Spring. Extended westward a few 
feet this band of breccia meets conglomerate so as to bring the three 
lower me1nbers of the Newark system into juxtaposition (fig. 29). 

The reibungsbreccias of the Pomperaug Valley seen1 generally to be 
developed along fault planes near the junction of a harder with a 
softer layer, and the fragmental material inclosed in the rock indicates 
that n1aterial has dropped downward in the fissure; but no evidence 
has been discovered of any considerable upward movement of material 
along the fault planes (see p. 72). 

E. Da·dopment of slicken.~ides.-This method of determining the 
presence of faults is only of secondaiT importance in the area under 
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consideration. Slickensides haye been obserYed in the anterior shales 
of the spring-house section. In the main basalt sheet they may be 
seen to the best advantage in the cliff which is just west of Bacon Pond, 
at the eastern foot of the eastern twin of Orenaug Hill. Here the 
basalt rises with nearly Yertical walls like a tower, having an almost 
square base. The vertical walls are covered with longitudinal fluting, 
the grooves of which are of a finger's width. 

F. Sttdden cli8ctppearance o.f mttcrop8 along (t ~rectilinea1' bmtnda1·y.
This might seem at first thought to offer but slight evidence of a dis
location, and in certain districts of folded rocks it might not; but in a 
district like the one under consideration, in which no folds have been 
observed and wpich from other observations is shown to have suffered 
many dislocations, this method of observing comes to have yery great 
importance. To make this clear, let us consider a series of localities 
which will illustrate the sudden disappearance of outcrops of each of 
the members of the system along a rectilinear boundary. 

a. Below the road bridge over the Pomperaug River at South Brit
ain are extensive exposures of the South Britain arkose conglomerate 
with acc01npanying beds of shale and sandstone. The entire bed of 
the stream seems to be .occupied with the· formation, the strike and 
dip of which is everywhere nearly the same (strike N. 5° E., dip 35° 
E). Some distance below the bridge these outcrops die out abruptly 
along a straight line which crosses the stream obliquely in a direction 
N.±80° ,V., the arkose projecting above the water at the m.argins of 
the exposures, but being immediately replaced by sand or mud, which 
fonns the river bed for a few miles below. 

The upper (southeastern) boundary of the same exposure of the 
South Britain conglomerate is even more interesting. The outcrops 
cease just below the road bridge in a natural dam with a fall of 6 or 8 
feet. The arkose con1posing thi:; dam and that occupying the river 
bed for some distance below is abnormal in that it is rather hard, giv
ing forth a ringing sound when struck with a hammer, and altogether 
very difficult to break. It is also paler in color than the normal rock, 
but in all its characters it is li.ke the indurated yariety of conglomerate 
which is found near the contact with the anterior basalt, and it is 
believed to owe its peculiar properties to a baking process brought 
about through contact with that member. No basalt is now in out
crop near it, although it has been observed that the latter rock is, other 
things being equal, n10st likely to be preserved under these conditions, 
the hardened arkose supporting the less resistant basalt. The sharp 
boundary of the exposure suggests that the basalt which produced the 
induration has been dropped down by a fault, and the continuation of 
the boundary northeastward coincides at the spring house with a 
fault, to the southeast of which the same rocks (anterior basalt and 
indurated conglomerate) are found. Farther northeastward, along 
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the same direction and near Red Spring, the anterior basalt is again 
encountered on the right of this line. These facts, taken in connec
tion with one another, point to a probable deprPssion of a block 
along the supposed fault referred to, which would be quite competent 
to. explain the induration of the conglomerate in the natural dam and 
the absence now of basalt from the vicinity. 

b. The anterior basalt is of such small thickness (where measured, 
only about 25 feet) that it would seem to offer small opportunity for. 
the observation of faulting by the termination of its exposures, but,its 
protection by the indurated arkose and the readiness with which its 
exposures may be followed, taken in connection with its uniformity 
of thickness wherever observed, 1nakes any sudden termination of its 
exposures a 1natter of considerable significance. Ea~t of the Spring 
House (south of Rattlesnake Hill) its exposures may b~ followed 
northward a few hundred feet in a low swell of decomposed rock to a 
point ·where they offset to the westward, and continue an equal dis
tance before ceasing entirely. 'Vest of the S'pring House one may 
start northward on the low swell of basalt and walk three-fourths of a 
mile, always on the basalt and with the conglomerate ridge almost 
within touch on the west, before both suddenly cease in a little branch 
of the Oliver l\1itchell Brook. Beyond this point a broad slope of 
pasture land extends to the northward for. n1ore than 2 miles without 
an exposure of any kind. I think the eyidence is her6 sufficient for 
assuming the existence of a fn.nlt where the e~po:sures end. 

c. In the Yicinity of Red Spring, limestone and red shale of the 
anterior shale formation outcrop, together with anterior basalt, with 
which they are sometimes found in contact. On e\-ery side but the 
northwest this rock is surrounded at no great distance by massive 
exposures of the n1ain basalt, and to the northwestward stretches the 
eyen slope of the Poyerty district, barren, at least so far as outcrops 
are concerned. The rectilinear boundaries of the shale exposures 
here seem clearly to indicate the location of fault planes. The Red 
Spring, so called from the deep brick-red mud from which it oozes, is 
on the horder of the area of red soil, dark soils being fmind immedi
ately to the south of it, and it is inferred that the hounding fault is 
located at this line. 

d. The western wall of the basalt of East Hill is, near its southern 
end, a bold cliff as much as 30 feet in heigLt. As we proceed north
ward this cliff fall~ away rapidly, but the outcrop~ by which it is con
tinued and which project but a few feet aho,Te the ground terminate 
on the west along a rectilinear boundary which adheres with ren1ark-: 
able fidelity to the direction of the cliff at the south. At a point about 
one-third of a mile north of the Ponrty road this western boundary 
of basalt turns sharply to the northwest on a straight line, after which 
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oft'set it resumes by a sharp turn its original direction (fig. 30). The 
northern stretch of the Ragland Ridge is another c~se in point, and it 
would be easy to mult.lply examples. 

e. In the crystalline rocks composing the walls of the Pomperaug 
Basin observations similar to those just given have been made. Two 
localities, however, will suffice for illustration. About lt miles clue 
west of the town of \Y oodbury a small area of granite outcrops fr01n 
the e~panse of drift, like an island fr01n the sea. In the southeastern 
portion of this island the granite, by its regular serrated profiles, 
shows the clearest evidence of several parallel dislocations. The 
whole area is bounded by straight lines of variable extent, forming 
a polygon with one reentrant angle. 
Another particularly clear instance of 
the termination of gneiss exposures by 
a fault is found in the Pomperaug 
River above the railroad bridge. The 
continuous outcrops extend 600 feet 
from the bridge, with strikes about 
N. 40° \V., and terminate as suddenly 
as ·does the conglomerate below the 
dam in South Britain, but here along 
a plane trending N. ± 90° E. 

G. The 1·ectilinear an·ange1nent oj' 
surface springs.-In contrast with the 
region of crystalline rocks by which it 
is surrounded, the basin of the Pom
peraug River possesses an exceptional 
number of surface springs. These 
springs are for the most part constant 
in their flow, and many of therr1 are of 

N 

Y4Mile 

icy coldness, two fact::; which taken in FIG. 30.-Western boundary of East Hill. 
Stippled area is basalt; S, sandstone. 

connection with one another would Dot-and-dash lines are fnults. 

seem to i·equire for their explanation 
a moderately deep-seated source of supply. Early in this investiga
tion it was noticed that these springs were arranged, at least in anum· 
ber of instances, along straight lines, and hence careful mapping of 
them was undertaken. The larger number are located in the arkose
basalt-shale district of the vicinity of South Britain. One of the more 
rema1~kable series is that which is arranged along the main fault line 
of fig. 6 (p. 41). This fault, which trends a little west of north, passes 
through the icy spring on the Oliver :Vlitchell place. Continuing 
northward from this spring, three springs are encountered within a 
distance of one-third of a mile, and to the southward along the same 
direction is the spring which supplies the public watering trough 
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located south of the road bridge at South Britain. (See Pls. VIII 
and XV.) 

On the south slope of Sherman Hill is found a series ·of springs 
causing an elongated swampy zone. 'Vest of the Curtiss place, which 
is located one-half n1ile southeast of South Britain village, is found a 
linear series of at least seyen surface springs, whose course is nearly 
parallel with the road to Bennett's bridge. Parallel with them also 
and but a few feet farther west runs an interrupted series of gneiss 
exposures, doubtless representing the upthrown limb of the fault 
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along which the springs have 
reached the surface (fig. 31). 
One of the springs in this series, 
which is u~ilized to supply water 
to the Curtiss place, is reported 
to have been for a period cov
ering many years remarkably 
regular in its flow and appar
ently independent of conditions 
of precipitation. The season 
of 1899 was an exceptionally 
dry one in Connecticut, but all 
springs which have been located 
on the map were flowing in 
August and September of that 
year. 

It will be noted on exan1ining 
the mHp (Pl. VIII) that a con
siderable nmnber of springs are 
located at points from which a 
number of faults radiate, and 
it has been observed that these 
springs are, as a rule, both the 

FIG. 31.-Sketch map of the vicinity of the William colder and the more persistent 
Curtiss place, South Britain. A is the locality in their flow. Of their number 
where by trenching arkose was discovered in hol· are the Olh~er :Mitchell spring, 

- lows below the glaciated surface of the gneiss. 
Red Spring, the spring north of 

the Pine Hill ridge, the spring in the spring house east of Sage's 
creamery, D. :nr. :n1itchell's spring, and the one at the watering trough 
near the· South Britain bridge. These springs seem, therefore, to be 
natural artesian wells, the shafts of which are the widening of fault 
planes at their junctions. 

Since the time of Daubeny and Forbes the location of springs has 
been connected with fissures. Particularly throughout the ''est has 
a rectilinear arrangement of springs been interpreted to indicate 
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their location along fault planes. Russell, in his interesting descrip
tion of the faulted blocks of southern Oregon, says :1 

Conyersely, when we find hot springs at a distance from volcanic centers, espe
cially if they occur in a linear series, we may presume that they mark a line of recent 
faulting. 

In his excellent report on the n1ineral waters of the United States, 2 

Peale cites a nnn1ber of regions in which the arrangement of mineral 
springs is along fault planes. Among these are the cold Saratoga 
springs of New York and the warm springs of Virginia. , Referring 
to the area described by Russell, he says: "A map of the hot springs 
of the Great Basin would be, to a great extent, a map of its displace
ments." 

Hill describes the Rio Grande Plain '~fissure springs," which are 
ranged along lines of displacement. 3 

Russell mentions in the Surprise Valley, Oregon, the occurrence of 
springs at points from which faults radiate in the manner which has 
here been reported from the Pomperaug Valley. }:Ie says, referring 
to a displacement:"' 

This in its turn throws off several smaller faults which radiate, like the rays of a 
partially opened fan, from a point on the eastern shore of l\Iiddle Lake. Near where 
these fault lines diverge there are copious springs haYing a temperature of 180° F., 
that rise through the fissures produced by the displacement. 

."The n'iangle."-East of Sherman Hill is a triangular area of 
swampy meadow inclosed on all sides by dense woods, and known 
throughout the region as "The Triangle." (Pl. VIII.) It is, as 
regards its outlines, a neai·ly perfect triangle, and so sharp is its 
boundary that one could, if he chose, walk all about its three sides, 
keeping one foot ever on the firm ground and the other in the swamp. 
It is apparently bounded on all sides by faults, between which the 
block has been depressed; it may be regarded as the "triangle of 
error" occurring at the junction of three faults. 

SECTION 3.-CHARACTERISTICS OF THE FAULTS OF THE POM
PERAUG BASIN. 

There are many characteristics other than the strike of the individual 
faults of the Pomperaug Basin systen1 which need to be considered. 
Chief among these are the inclination of the walls (hade), the displace
ment by elevation or depression along the fault plane (throw, or vertical 

1 A geological reconnais~ance in southern Oregon, by I. C. Russell: Fourth Ann. Rept. U.S. Geol. 
Survey, 1R84, p. 452. 

2~Iineral waters of the l"nited States, by A. C. Peale: Fourteenth Ann. Rept. L S. Geol. Sun·ey, 
1894, Pt. II, pp. 63-64. 

a Geology of the Edwards Plateau and Rio Grande Plain adjacent to Austin and San Antonio, 
Texas, with reference to the occurrence of underground waters, by Robert T. Hill and T. Wayland 
Vaughan, Eighteenth Ann. Rept. U.S. Geol. Survey, Pt. II, 1898, Pl. XLVI. 

4 Op. cit., p. 450. 
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throw), the horizontal displacement along the surface (lateral displace
ment), and the differential uplift or downthrow (tilt). 

HADE. 

The fault walls throughout the area seem to have a very steep inclina
tion-wherever observed steeper than '75°, and generally near the 
vertical. The bold cliffs of basalt in the Orenaug and Ragland dis
tricts furnish perhapl:l the most satisfactory opportunities for observ
ing this ch~racteristic. The slickensides with which the cliff walls 

FIG. 32.-Ioealized profile to show the supposed structure in the rampart slope of the basin to the 
west of Ragland. 

west of Bacon Pond are fluted bear testimony to the fact that these 
faces are the original fault walls along which displacement occurred. 
In the more easily weathered gneisses and schists which compose the 
walls of the basin the scarps in many cases still present their bold, 
almost vertical, faces to one approaehing from the vnllP.y. 

THROW. 

The throw of the faults of the Pomperaug area can not be accurately 
estimated, owing to the fact that the thickness of the :Newark series 
has not been determined with accuracy. It is, however, safe to assume, 
in the instances where scarps have been preserved, that the throw has 
been as great as, and usually greater than, the altitude of the cliff 
exposed. :No throw of more than 100 feet would be proved in this 
wa}T· That there have been throws of n1uch larger dimensions is, 
however, clearly demonstrated by the fact that at one locality in the 
eastern valley (east of,Orenaug Hill), and at one locality in the southern 
,·alley (south of Pine Hill), exposures of the main basalt sheet approach 
within a few hundred feet of the outcrops of gneiss. .At these localities 
the displacement between the exposures of the two rock masses must 
htlve been equal to the entire thickness of the Newark senes below the 
top of the main basalt (at least 1,200 feet), plus that thickness of the 
gneiss which has been remo,·ed by the forces of degradation. The 
first mentioned of the two localities, that east of Orenaug Hill, Is the 
more instructive, since there 1s ample evidence that the nearest 
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exposures of basalt constitute au upper layer of this sheet, and, further, 
topographic peculiarities speak for the removal of a considerable thick
ness of' gneiss by erosion. It is, perhaps, significant that just here, 
where observations point to the greatest displacetnent within the basin, 
should be found the only locality where vertical flutings (slickensides) 
have been observed to characterize the basalt scarps. 

Distribution of throw over ct zone of JXtrallel. faults.-.A.lthough the 
evidence points to a large throw in the case of one or two dislocations, 
yet it seems true that fo1· the area as a whole throw along fault planes 
has been small in comparison with the figures usually given for throw 
along faults in other areas. As the number of dislocations has been 
la~·ge, the displacement along each has been small, although the com
bined effect in any particular zone n1ay be considerable. This is doubt
less explained by a distribution of throw over a series of near-lying 

FIG. 33.-Diagram to illustrate crescentic offsetting of outcrops due to progressively increasing tilt 
ing of orographic blocks. 

parallel fault planes. Such distribution of throw may be seen perhaps 
to the best advantage in th~e western wall of the basin at about the lati
tude of Pomperaug village. Here the wall of granite and gneiss rises 
in a series of steps like the ramparts of a fort (idealized in fig. 32). 
The nearly vertical cliffs which produce these steps trencl a little west 
of n~rth, m~e having been followed for nearly a n1ile. The two lower 
steps of the series are of granite and the upper ones of gneiss, the 
contact of the two rocks near the surface being evidently the fault 
plane itself. The profile of the slope suggests that the throw has been 
distributed not uniformly over the entire slope, nor yet exclusively 
along the planes which form the largest scarps, but rather in a series 
of narrow zones of parallel faults located near the larger of the present 
cliffs. 

21 GEOL, PT 3-01--7 
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Another excellent example of rampart structure due to a distribu
tion of throw seems to be afforded by the slope which Tises into Castle 
Rock on the weRt of the Pomperaug River north of Pomperaug vil
lage. Here the larger steps are indicated in the topography, though 
too small to appear upon the topographic n1ap (cf. fig. 41, p. 111). 

LATERAL DISPLACEl\'lENT. 

The lateral displacement of the faults of the Pomperaug Basin is, 
as would be expected in the case of faults hading near the vertical, 
practically inappreciable. Apparent lateral displacement is, however, 
to be noted in the offsetting of. beds in outcrop, as has already been 
described from near South Britain. This kind of lateral displacement 
is a well-known feature of vertically faulted regions where the beds are 

FIG. 34.-Diagram to illustrate crescentic offsetting of outcrops due to progressively increasing throw 
of orographic blocks. 

not too steeply inclined. The lower the angle of dip of the beds the 
greater will be the apparent displacement due to upthrow or down
throw. 

Crescentic offsetting of beds.-The successh~e offsetting of beds in 
outcrop so as to produce a crescent-shaped outline to exposures, as 
has been observed in the South Britain district, can be produced by 
parallel vertical faults in one or more of three ways. These are: 
First; by regular increase in the dip of the beds, due to differential 
tilting of the included orographic blocks (fig. 33); second, by progres
sive increase of the throw without differential tilting (fig. 3±); and, 
third, by progressive decrease of the fault interval (fig. 35). The 
first of these processes would result in a decrease in the width of 
exposure to correspond with increase of dip. This not having been 
detected in the special case which we are considering, and the dips 
being, moreover, measurable and approximately identical. it is evi-
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dent that differential tilting has had little part in producing the struc
ture in question. Both the other processes, however, appear to have 
contributed to produce the general result, the increase in offset, indi
cating an increase in the throw, being especially noticeable. 

TILTING. 

For the Pomperaug area asa whole it is probable that the upthrow 
or downthrow along a fault plane has been within an individual block 
comparatively uniform-blocks have generally been elevated or 
depressed as a whole, not tilted differentially. In the small triangular 
area about Rattlesnake Hill, however, and especially in the portion 
of that area in which the "Triangle" is located, the areal relations 
indicate that faulting of an extremely complex nature has occurred. 
Mere uplift or downthrow of orographic blocks would not seen1 to be 

FIG. 35.-Diagram to illustrate crescentie offsetting of outcrops due to progressive decrease in width 
of orographic blocks. 

competent to explain these relations. It L'3 necessary to assume, I 
think, that in this area at least there has been a considerable tilting of 
the orographic blocks due to differential upthrow or downthrow. The 
course of the bed of anterior basalt would alone seem to require such 
an explanation. An attempt 'to set forth the supposed structure at 
this locality is n1ade in fig. 36. The course of the two bands of ante
rior basalt near the right and rear of the block figured eArpresses the 
prevailing strike of the sedimentary rocks of the district. The broken 
belt of the same rock which extends diagonally across the figure, it is 
inferred,. has been tilted about an axis nearly horizontal and nearly 
normal to its original strike, depression h~ving occurred on the southern 
and elevation on the northern side of this axis. 

If such a differential throw occurred along vertical walls it must 
involve a considerable amount of complex minor faulting and crushing 
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near the important dislocations. \Vhile there is in this vicinity a lack 
of evidence that any considerable proportion of the fault planes stand 
vertical, there is no lack of evidence of the minor faulting and crush
ing. In the brook near the spring house the different n1embers of the 
Newark series have been infaulted in a 1nanner which can he best illus
trated by the arrangen1ent of the parts in a Chinese puzzle. The apex 
of a triangular block of shale infaulted in basalt is exposed in the bed 
of the brook. Following the northern side of thi::; shale triangle across 
the road and digging to expose the contact, the shale is found crushed 

·into a number of blocks, the principal dimensions of which vai-y from 

FIG. 36.-Diagram to illustrate the inferred structure iii the vicinity of the "Triangle." Arkose 
conglomerate is represented by lines and ellipses, anterior basalt by the black areas, anterior shale 
by parallel lines, and main basalt by cross-hachure areas. The finer hachuring (and hence the 
deeper shade) corresponds to the higher blocks of the basalt. The area of the "Triangle" is 
shown by stippling. 

a foot to a yard. The ''Triangle" itself also bears testimony to. the 
fact that the dislocations in its vicinity have been of a very complex 
nature. 

SECTION 4.-THE FAULT SYSTEM OF THE POMPERAUG VALLEY. 

APPLICATION OF PRINCIPLI<~S. 

By an application of the principles set forth in section 1 more than 
250 dislocations haye been mapped, and from the nature of things there 
n1u::;t be a large number of such dislocations which have not been dis
coyered. As regards their direction, these faults fall into no fewer than 
eleYen series of parallel or nearly parallel dislocations, five-sixths of 
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the entire nmnber of dislocations belonging, howe.Yer, in five series, 
represent!ltives of four of which are to be found almost throughout the 
area of the basin. 

1\IEASURElVIENT O:E' THE STRIKE OF :E'AULTS. 

In the preliminary study of the Pomperaug Basin the directions of 
faults were estimated as nearly a::; possible from observations at indi
vidual exposures, a n1ethod the accuracy of which would depend very 
naturally upon the way in which the dislocation had been revealed. If 
by a long· cliff face or by a long i·ectilinear boundary of exposures, the 
result might well be correct within a very few degrees; but if based 
on the offsetting of outcrops or on the discovery of a band of reibungs
breccia, only a very rough approximation to correctness would be 
reached. It was soon learned, however, that faults observed at one 
locality would be encountered at others, owing to their persistence 
across the basin, or at least so far as outcrops extend. So many of 
the observed faults were thus found to persist t_hat on the maps it has 
been assumed, in the absence of evidence to the contrary, that every 
fault observed at one locality persists across the basin or across the 
area of exposures. 

It is possible, and even probable, that the fault encountered at one 
point may not represent absolutely the same surface as that encoun
tered at another and located on the maps as its extension, inasn1uch 
as observations seem to show that the major displacements are each 
distributed over a zone of near-lying planes. It is believed, however, 
that on the scale of the n1ap the erl'ors in location are moderate in 
amount. Although observations of direction were all taken with a 
4-inch dial compass corrected to the meridian, the determinations of 
fault strikes have been made in many cases independent of con1pass 
readings through the location upon the map of a chain of points along 
the same fault plane (as defined above). vVhile the precision of this. 
method.is great, its accuracy is no greater than the map upon which 
it is based, and in fact it is somewhat less, due to errors of location. 
\Vhile not desiring to ascribe a greater degree of accuracy to the 
determinations of this report than the observations upon which they 
are based would warrant, it is proper to say that the delineation of 
topographic features upon the atlas she~ts here employed is consid
erably better than the average of such work, and, further, that the 
roads and the topographic breaks of sufficient relief to appear upon 
the map furnish numerous readily accessible bases fron1 which to 
make location of most of those points where the structure can be best 
interpreted. 

The strikes of the four series of faults which are found throughout 
the area of the valley have probably been determined within a limit 
of error of about 2°, whereas some of the less common series occurring 
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in the southern part of the basin can hardly be assumed to be correct 
within double that number of degrees. 

The extension of faults across the basin or across the area of out
crops is inference, based on the general observation that a considerable 
nun1ber clearly do persist, and on the supposition that the area has been 
dislocated as the result of a strained condition to which it has been as 
a whole subjected and from whieh it has been released. To indicate 
that the extensions have been based on inferences, the faults are through
out represented upon the n1ap by dotted lines. Ample justification 
for the extension of observed faults seems, in a latge number of cases, 
to be afforded by the coincidence of the extended faults with topo
graphic breaks and with the courses of the important drainage lines. 

The four principal series of dislocations having representatives 
throughout the area of the basin and a fifth having a rather wide dis
tribution have been determined to strike as follows: N. ±54? E., 
N. ±5° W., N. ± 3±0 vV., N. ± 15° E., N. ± 90° E. A sixth senes, 
found only in the southern portion of the basin (the Pine Hill district}, 
but there the prevailing one, strikes in the direction N. ± 33° E. The 
other :five series which have been observed are practically restricted in 
their occurrence to a narrow triangular area· in the vicinity of Rattle
snake Hill, and only a few representatives of each have been made 
out. For this reason their strikes have been less accurately determined. 
There are, of course, special localities where strike directions may be 
fixed to better advantage than elsewhere, and in view of their value 
in indicating the structure of the basin a few well-marked localities 
for each series will be described as briefly as possible. 

XOTATION OF FAULTS. 

In order that the faults of the Pomperaug Basin system may be 
intelligently discussed it is necessary that some notation be adopted 
for each se~·ies composing the system, so that an individual fault may 
be referred to by symbol and quickly found upon the n1ap. The nota
tion adopted makes use of a particular numeration for each system. 
It is sin1pli:tied by counting in each series only important faults, which 
are located at nearly regular intervals, the reference to intermediate 
dislocations being n1ade by use of the symbol of the last faults thus 
favored, after which is placed·a small arabic numeral to indicate which 
one of the intennediate faults is referred to. This method will be 
clear from the scheme of Pl. IX and from the following explanation: 

A, B, C, etc., are faults trending X-±54° E. 
1, 2, 3, etc., are faults trending X.±5° W. 
a, b, c, etc., are faults trending X.±34° W'". 
I, II, III, etc., are faults trending X. ±15 ° E. 
J</ 8?JJ ~ etc., are faults trending X.± 90° W. 
a, jJ, y, etc., are faults trending X.±33° E. 
a, LT, x::, etc., are faults trending X.±61° W. 
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To illustrate the use of this scheme, the fault which forms the 
southwestern wall of the Hotchkissville Valley is in the series trending 
N. ± 34° vV. and is the third in the diagram to the west of the one 
designated b, hence it is referred to as b3 • 

DETERMINATION OF THE PRINCIPAL SERIES. 

The 1V. ± 54° E. series.-The ·strike of this series may perhaps be 
best determined by the fault (F) which, beginning wihh the cliff in the 
basin wall (Squaw Rock), can be followed in the band of reibungs
breccia uncovered near the Oliver ~1itchell spring and in the northern· 
boundary of the areas of the main basalt lying both to the west 
and to the east of Red Spring. Another fault of this series which 
affords some opportunity for accurate measurement is that bounding 
the exposures of South Orenaug Hill upon the south and continuing 
to the dam at Pompe-
raug village (D). A 
third and well-marked 
fault (D6 ) forms a 
series of low scarps 
which are the north
western boundary of 
the basalt in the south
m~n portion of the 
Ragland district (fig. 
37). 

Tl~e 1V. ± 5° TV. 
series. -This series 
may be easily deter
mined from the cliff of 
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East Hill and its con- FIG. 3i.-Northwestern boundary of basalt in southern Ragland. 

tinuation to the south-
. ward, from the long cliff of gneiss which extends along the western 

border of the basin for a distance of nearly a mile in about the lati
tude of Pomperaug village (91), or from the intermontane valle)r of 
Orenaug Hill, where one may walk a full mile along cliffs that are 
interrupted for but short intervals (see map, Pl. X). 

The 1V. ± 34° W. series.-A very good opportunity to measure the 
strike of this series is afforded by one of the scarps (a6) which are so 
prominent on the eastern slope of the eastern Orenaug twin (Pl. V, 
B). Other excellent opportunities are afforded by the boundaries of 
exposures which line the Hotchkissville Valley on the northeast (b) 
and southwest (b3), and by the fault (n) which is indicated in a line 
of low cliffs following the right bank of the biX>ok entering Transyl
vania Brook from the west a short distance below the cascade. 

The .LV. ± 15° E. series.-The direction of this series of faults may 
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be determined from the southeastern margins of the exposures in both 
twins of Orenaug Hill (I, II), by the cliff bounding the eastern Ragland 
Ridge on the west (II3), or by the western boundary of the exposures 
in the western ridge of the same district (IV). 

Tlw N. ± 90° E. se1·~·es.-This series has been determined with less 
accurac:y than most others, its direction being measured from a num
ber of cliff faces which are each a rod or less in length. These faces 
seem to be subm·dinate to those formed by the faults of the four most 
prevalent series. At each fault of this series which has been indicated 

N 

'/z MILE 

FIG. 38.-Sketch map to show the course of the master· 
fault (N. 33° E.) which bounds Horse and Pine 
hills upon the southeast. bb, areas of basalt; g, 
gneiss of Horse Hill; broken line, ff, course of the 
fault. 

upon the map, some cliff 
trending roughly east and 
west has been observed. That 
the direction given is approx
imately correct may be· indi
cated by the fact that in some 
instances lines continuing- in 
this direction from a point of 
obseryation correspond with 
topo g ra phi c or geologic 
breaks, but this may be for
tuitous. Thus the fault (F) 
which marks the southern 
extension of East Hill con·e
sponds farther west with the 
northern limit of the expo
stues of South Britain con
glomerate and with the gneiss 
scarp north of Spruce Brook 
in the western wall of the 
basin. On the eastward, too, 
its extension passes through 
the oil well, where is the 
only exposure of shale on the 
east of the basalt ridge-s. 
Similarly the parallel fault 
(G2), starting from the scarp 

of Squaw Rock in the western basin wall, corresponds with the 
boundaries of exposures in the area to the east of South Britain. 

TAe _LT: ± 33° E. se1·ies.-It is this series of faults which has brought 
about ths crescentic arrangement of outcrops on the southwest flank 
of Pine Hill. The direction of the series is obtained easily and with 
considerable accuracy from the fault ( o) which forms an extended 
cliff of gneiss southeast of Horse Hill, a cliff in places ±0 or more feet 
in height. The strike of this cliff extended northeasterly (see fig. 38) 
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corresponds closely with the southern margin of the basalt exposures 
of Pine Hill (whose direction has fixed that of the highway) and with 
the low cliffs of th~ same rock lying to the south of the Pomperaug 
River and northwest of the rail way station. These -latter cliffs mark 
the northwesterly limit of basalt in the vicinity as sharply as do those 
of Pine Hill the southeasterly limit in their -vicinity. 

THE FAULT WALLS BOUNDING THE BASIN. 

On the map (Pl. I) have been entered the exposures of granite and 
gneiss which lie nearest to the basin of Newark rocks. On the north 
and west of the basin these exposures form an almost contiinwus wall 
of rock which is much indented and which generally rises sharply from 
the valley. The excellent representation of the topography, particu
larly in the northern wall, has nmde the location of the principal faults 
of the margin of the basin a comparatively easy task. 

'Vest of 'Voodbury the gneiss wall rises directly ont of the plain, 
but the rocks are ex
posed for only a short 
distance from the nlar
gin. The slope, how
ever, continues to as
cend gradually, until 
after more than a 1nile 

·::·.:·::::.:·····. ·?·f·:-: 
I 
I 

Of COVered ground a FIG. 39.-Profile (idealized) of the eastern basin wall. 

second wall of gneiss 
rises like the inner defenses of a fortification. A somewhat similar 
but much less marked double wall is found west of Bates Hill. 

At only one point do the exposures of schist and gneiss cross the 
valley surrounding the basalt ridges. vV est of Bates Rock the crystal
lines throw an arm across the valley and well up upon the flanks of the 
Bates Rock ridge. TransyhTania Brook, which here occupies the ''al
ley, falls over this schist in a series of low cascades, the entire fall of 
which i::; about 60 feet. As will be pointed out in the following section, 
this block of schist is responsible for important modifications in the 
drainage history of the basin. 

In contrast with the western wall of the basin, the eastern wall is 
formed by gentle slopes, although these meet the alhwial plain of the 
eastern valley in a -line marked by straight stretches of considerable 
length. Except in a narrow zone east of Orenaug Hill the granite 
and gneiss exposures do not approach the valley bottom, but are first 
encountered at distances of a half mile to a mile up the slope. Near 
where they begin the slope generally assumes a steeper gradient; and 
no observant person who ascends this wall of the valley can fail to note 
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that after the first rise there is a nearly level plain or bench a quarter 
to a half 1nile or more in width, which extends to the next rise, begin-

. ning with the outcrops of the crystallines. An idealized profile which 
fairly rel)resents these topographic breaks in the eastern wall of the basin 
is given in fig. 39. By mapping a series of the nearest exposures, as 
has been done upon the map, they are found to be arranged en echelon 
in a series of ranks, which, as one goes north ward, appear to retreat 
from the basin in regular fashion, so as to give the gneiss area a serrated 
margin with but few indentations. 

The contrast between the rounded contours of the eastern and south
ern walls and the bold cliffs of the western and northern walls finds 
its explanation in ice moven1ent during the Glacial period. Glacial 
scratches in the vicinity show that the ice here moved in a direction 
averaging about S. 30° E., hence it overrode the northwestern margin 
of the basin so as to abrade the higher points of the southeastern mar
gin at the same time that it filled depressions, thus greatly reducing 
the inequalitiei:l of surface. 

SECTION 5.-THE OROGRAPHIC BLOCKS. 

THE FAULT INTERVALS. 

The map (Pl. I) i·eveals a marked tendency to a regular spacing of 
the faults of each series, though this tendency is less marked in those 
series con1posing the second group-the faults observed in the vicinity 
of Rattlesnake Hill near South Britain. If we consider the total 
number of faults in any series~ as, for example, theN. ± 15° E. series~ 
we find that the interval is remarkably uniform, or if one interval 
greatly exceeds the average interval, it is by so large an amount as to 
suggest that it is the equivalent of two or three normal intervals, and 
that intervening faults exist which for some reason have not been 
discovered. 

If, now, we compare the fault intervals of each of the four principal 
series we discover that, within any given series, they also in a remark
able degree approximate to uniformity. The N. ± 33° E .. series, 
restricted to the southern portion of the area, has a smaller fault 
interval, but one which is approximately uniform. It is not believed, 
however, that the faults represented upon the map are the only ones 
which exist in each series. They are faults of an order large enough 
to be discovered over the greater part of the territory by a survey 
carried out in the manner here described. In parts of the basin where 
the conditions for ohseiTation are most favorable, as, for example, the 
Orenaug Hill district, faults of a lower order (with a smaller interYal 
and eorrespondingly smaller throw) have been studied. 
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PLATE X. 

GEOLOGICAL MAP 01!, ORENAUG HILL. 

The plan of construction of this map is the same as that of Pls. I and VIII, the 
dotted lines showing the inferred position of faults (locally joints) and the tints of 
color the inferred relative altitudes of orographic blocks. The deepest shade of each 
color indicates the positions of actual exposures, and in the basalt elevated exposures, 
since there are some low-lying exposures included in the area shown upon the map 
by the medium tint of that formation. 
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THE UXIT BLOCKS OF ORENAUG HILL. 

The first incontrovertible evidence of the presence of fault~ within 
the area of the basin was obtained from the vicinity of South Britain, 
where the presence of several members of the Newark series afforded 
exceptional advantages for observation. In the Orenaug district near 
\Voodbury village, which was next studied, the conditions were quite 
different, but with the knowledge already acquired perhaps not more 
difficult. The Orenaug district consists of twin hills and a southern 
outlier, which I have called the South Orenaug Hill. These. hills are" 
composed of basalt, and have roughly rhombic boundaries. They are 
flanked upon the north by a few exposures of South Britain conglom-
8l'ate, which does not, however, n1eet the basalt at the surface. The 
basalt belongs to the upper layer of the main basalt sheet. Separating 
the twins and cutting the South Hill in two is an intermontane valley, 
trending N. ±5° \V., and for a portion of its length a narrow canyon. 
The hard rock of the hills not only rises in steep cliffs sometimes 30 or . 
40 feet high at the margins of its exposures, but within these margins 
it is divided by bold scarps into blocks which stand at different altitudes 
and present a sul'face n1ore like that of a jam of floating ice cakes than 
anything else with which I an1 familiar. (See map, Pl. X, and Pl. XI.) 

Though on a scale greatly inferior, the structure of these hills recalls 
the descriptions by Russell of the faulted lava blocks of southern Ore
gon. Speaking of the region of the \Varner Lakes, he says: 1 

In this narrow zone the orographic blocks of dark volcanic rock are literally tossed 
about like the cakes in an ice floe, their upturned edges forming bold palisades that 
render the region all but impassable. 

In crossing the west twin of Orenaug Hill in a direction from west 
to east, one encounters cliffs nearly at right angles to the course which 
are too ~teep to be scaled. From the top of these cliffs the rock surface, 
with its thin layer of mold, inclines gently to the eastward to the foot 
of a similar cliff, to which succeeds a gently sloping summit and a new 
cliff, as hefore. Approaching the eastern margin, cliffs appear upon 
the east, and these soon become the most important ones. If next a 
start be made at the northernmost point of the basalt in the same hill, 
where it terminates in a sharp prow between steep cliffs on both the 
east and west (shown in Pl. XI), and a course be taken southward 
through the intermontane valley, the nearly vertical eastern cliff face, 
which trends S. ±5° E., can be followed on the right over a quarter of 
a n1ile, for a portion ·of the distance in a narrow canyon. After emer
ging from the canyon the cliff recedes on the right, but its direction is 
continued in a chff on the left. After crossing the highway the path 

1 A geological reconnaissance in southern Oregon, by I. C. Russell: Fourth Ann. Rept. U. S. Geol. 
Survey, 1884, p. 445. 



108 NEWARK SYSTEM 01!' POMPERAUG VALLEY, CONN. 

again enters a narrow canyon in the Sou~h Orenaug Hill between par
allel cliffs to the east and west. For the greater part of the distance 
that this fault is thus followed, the cliffs are seen to be broken across 
by faults (N. ± 54° E.) transverse to the one which is being followed 
(N. ±5° ,V.). At such points, -which occur with great regularity at 
distances of about 100 paces (about 300 feet), the cliff, which has been 
dwindling rapidly in altitude, rises again to near its former height, 
from which it again falls away before the next cross fault is reached. 
It is also noted that alternate faults exhibit a larger throw, determined 

·by the difference in cliff altitudes, and that minor faults are generally 
to be observed at 50-pace intenrals (see Pl. XI). Where the path 
enters the canyon between the Twin Hills the same structure is dis
played in the cliff facing west, but it is here noted that when the cliff 
is high on the west it is frequently low on the east, and vice versa-in 
other words, there is a· tendency for the orographic blocks to be 
upthrown in alternate order, corresponding to the black and white 
sq nares in a checkerboard. This is certainl}r more than a local feature, 
for it can be observed in the main western cliff of the same hill, and 
elsewhere, and the Park drive, which ascends the west twin by a very 
uniform grade from the low southern end, does so by keeping north 
on the edge of one block until its northern end is reached, then turn
ing sharply across a fault to the block diagonally to the left, and after 
following this to its end, utilizing the block diagonally to the right, 
and so on (see traverse of this drive on the map, Pl. XI). 

SHAPE AND SIZE OF THE OROGRAPHIC BLOCKS. 

The wicH.h of the individmtl orographic. blocks in the west twin of 
Orenaug Hill was determined by pacing the width of the gently 
sloping summits from cliff to cliff. The average of a number of 
measurementi:i, which were in close agreement, gave 43 paces, or about 
129 feet. As these measurements are made at right angles to the long 
side of the block (N. ±5° W.), the distance along the shorter side 
(N. ± 54° E.) would be almost exactly 50 paces, or 150 feet. Confirma
tions of these values and of the fault directions are obtained by trav
ersing the cliffs which .for1n the margin of this and the eastern hills, 
as well as by n1easuring the peculiar pedestal-like blocks upthrown in 
the area of Cannon Hill. The orographic blocks within this district 
are thus found to be rhomboidal prisms formed of two rhombic prisms 
in contact along one of their vertical faces. They measure ± 300 feet 
along the longer side and ± 150 feet along the shorter side. The dis
locations of a lower order which were frequently observed at 50-pace 
intervals in the cliffs of the intermontane valley would indicate that 
the area 1s 1·eally broken into rhombic prisms, and that the rhom
bOidal prisms formed by faults of the same order of displacement are 
double rhombic blocks. Such rhomboidal blocks may be des1gnated 
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The view is taken from the top of a cliff in the eastern twin hill . 



HOBBS.] SHAPE AND SIZE OF BLOCKS. 109 

the unit blocks of the district, although it must not be assmued that 
they are the smallest of their kind. 

The dislocations which trend N.±5° \V. and N.±54° E. seem 
therefore to be here the predominant ones, not only in number but in 
throw, and therefore the ones whieh determine the shape and size of 
the unit orographic blocks. 'Vith them, however, oecur disloeations 
trending N.±34° vV. and N.±15° E., and in a few instances also 
faults have been observed which bear N.± 90° E., and one N.± 65° vV. 
Careful search on a cliff angle formed at the junction of faults of the 
two prevailing series of this district will generally reveal one or the 
other of the two remaining and prevalent series of faults by a bevel
ment of the angle for a short distance or by a eli vision of it. For 
considerable distances, however, as will be seen by an examination of 
the map, the N. ± 15° E. series, and less frequently the N. ± 34° W. 
series, forms the boundary wall of the hills. 

OTHER QUADRANGULAH. BLOCKS. 

The unit bloeks which have served as a basis for measurements in 
the Orenaug district are bounded by faults of the N. ± 54° E. and 
N.± 5° Vl. series, the series which control the major bloeks of the 
basin .. This is doubtless due to the fact that the throw has more fre.: 
quently been the greatest along these planes. Elsewhere in the basin, 
however, the throw has locally been more marked along individual 
faults of other series, and in such areas unit blocks of a different sort 
have been formed. Two striking illustrations of this are afforded by 
areas of granite, the one east of the main village street of Hotchkiss1 
ville, the other on the southern margin of the island of granite due 
west of 'V ooclbury village. 

In the first-mentioned iocality the faults which determine the 
boundaries trend N. ± 34° '""· and N. ± 54° E., and the nearly 
rectangular blocks produced checker the slope east of the principal 
street in the vicinity of and also some distance north of the knife 
works. A locality beside the road is represented in Pl. XII~ where 
blocks roughly measured were 50 paces (150 feet) long and 23 paces 
(69 feet) in width. In the foreground of this view is a block of the 
granite rising but a few feet above the general level. Beyond this 
block is a recessed area, occupied by ramshackle farm buildings (not 
shown in the plate), which marks the position of a depressed block of 
the same kind. Beyond this down thrown block are seen two upthrown 
blocks in line with those just described. There is found at this locality 
a series of nearly rectangular blocks, four blocks in length and t~ree in 
width, with indications of others in the woods farther up the slope. It 
should be noted that these nearly rectangular blocks are only a little 
more than twice as long as wide, and they show indications of separa
timil. into shorter, nearly square blocks, the proportion of whose sides 
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would be approximately 23 : 25. In the northwestern part of the basin 
(see Pl. I) the observed faults of the same two series (N.±34°"\Y. and 
N. ± 54° E.) produce blocks which are likewise nearly square, the 
average of measurements deduced fr61n the map being 480 feet in 
length and 406 feet in breadth. This would correspond to a ratio of 
about 22 : 26. The diagonals of the unit blocks of Orenaug Hill would 
produce blocks of this shape, the proportions of whose sides would be 
21: 2±, so that there is a rather close correspondence in shape between 
the unit blocks of the Hotchkissville region, the larger blocks here 
described, and smaller blocks indicated in the Orenaug region. The 
regularity of these blocks in the northwestern part of the region is 
well brought out by the basalt exposures in Ragland (see fig. 37, 
which is drawn to scale). 

At the other locality mentioned (west of \Voodhury village) the 
blocks are likewise of granite, but are bounded by faults on but three 
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sides, the faulh; trending N. ± 15° E. 
and N. ± 61° vV. They occur on the 
southeast border of the island of 
granite and are three in number. 
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1 Their breadth was roughly deter-
rzCI cl d ·~ mined as 40 paces (120 feet) along -I 
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I 
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FIG. 40.-Section of unit blocks in granite 

west of the Woodbury plain. The princi
pal fault scarps trend N.± 15° E. Out
crops near are also locally bounded by 
faults trending N.± 54° E., N.± 61° W., 
and N.± 90° W. 

the N. ± 61° vV. boundary; but their 
length along theN.± 15° E. boundary 
could not be determined. They haye 
their long sides in contact with uni
form upthrow of about 15 feet in the 
northwestern limb. This, and the dip 

of their upper surface (about 15° westward) have produced a serrated 
profile (see :fig. 40). 

POLYGONAL BLOCKS. 

The prevalence of quadrangular blocks rather than those having a 
larger number of sides is doubtless explained by the regularity in 
spacing in the system of faults within any given district. Some occur
rences of polygonal blocks of a larger number of sides have, however, 
been noted. Perhaps the best illustration is the well-named Castle 
Rock, an octagonal prisn1 con1posed of dense basalt which rears its 
sturdy form to the northwest of Pomperaug village (fig. 41). On the 
northern side of this block there is a sheer cliff nearly 100 feet in 
height, the highest that bas been observed within the area of the basin. 

GROT;PING OF OROGRAPHIC BLOCKS INTO COMPORITE BLOCKS. 

'Vhile all orographic blocks have in some degree been either elevated 
or depressed with reference to all of their neighbors of the same order, 
yet, since the amount of the vertical displacement is different along 
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different fault planes of the same series, with larger throws at regular 
intervals, it follo_ws that blocks will group themselves into composite 
blocks of a higher order. Such composite blocks will genera.Uy be 
outlined upon the map, either geologically by the boundaries of expo
stues of a ghren formation or in the elevated boundaries of a Yery 
resistant formation; or topographically by sudden changes in the 
profiles of physiographic features. These composite blocks may be of 
several orders, some of the larger in the Pomperaug Valley being. 
indicated in the serrated eastern boundary. These latter blocks are 
bounded by faults of the N. ± 54° E. and N. ±5° \V. series, which 
extend practically across the basin in their projected directions. They 
therefore divide the Pomperarig Basin-a convenient division for refer
ence-into the \V oodbury 
plain, Orenaug Hill, Rag
land, East Hill, and Pine 
Hill blocks, districts each of 
which has some peculiarities 

I 

I 

of structure (Pl. IX), but \ 
which, as is to be expected \ 
from their composite char- \ 1 

acter, are not perfectly ' 
1 

regular in their outlines. \ 
Composite blocks of a lower -- \ 

I ' \ order are clearly indicated 1 ' ' 

within the Orenaug Hill 
block . (Pl. X) by the ele
vated basalt. areas of the 
west twin, east twin, and 
south hill, the lower area 
of Cannon Hill, and the 
lowest triangular area bare 
of outcrops between the 
three Orenaug hills. In 

I ' ' 

FIG. 41.-8ketch map of Castle Rock, near Pomperaug vil
lage. The bounding faults trend N. ±5° W. on the 
west and east, N.± 90° W. on the north and south, 
N.±15° E. on the southeast, N.± 34° W. on the north
east and southwest, and N.± 54° E. on the northwest. 
Southeast of the hill, which is largely wooded, an 
open slope descends in a series of steps to the canal
like basin of the Pomperaug River. While the direc
tions of the boundaries have been taken, their lengths 
have not been measured, but only sketched. 

the block of the western twin the southeastern slope ·has an average 
plane surface, which is, however, marked by a regular grouping of 
hummocks produced by the smaller intermediate faults. The inclina
tion of this hummocky but approximately plane surface is gently to 
the southeast, and one may start from the Park gate to climb on a 
nearly even slope along the undulating drive to the high northern 
points of the ridge. Toward the north, however, the throws become 
larger and the unity of the composite-block is less apparent. 

The eastern twin also, which is nearly treeless· in its southern por
tion, shows its unity as a composite block of the district in a yery 
striking manner (see Pl. XIII). 

The double basin walls which have been mapped west of the vVood-
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bury plain clearly indicate that between them lies a composite block 
bounded mainly by N.±54° E. and N.±34° \V. faults, and occupy
ing an altitude intermediate between that of the high walls of schist 
and gneiss on the north and west and that of the low -lying sandstone 
to the east and south. This intern1ediate position adequately explains 
its n1antle of drift, which has left only the eastern and southern margins 
uncovered. A study of the southern margin of this block has shown 
the existence there of composite blocks of a lower order, an observa
tion which finds confirmation in an examination of the topographic 
features of the slope above. In other localities which, like the one 
just described, are barren of outcrops, the physiographic features yet 
allow a delimitation of orographic blocks to be made with some degree 
of confidence in its correctness. The parallelism of almost straight 
lines of topographic continuit3r with the boundaries of exposures or 
with the strikes of prevailing fault series finds a perfectly simple and 
natural explanation if they are reg-arded as the boundaries of oro
graphic blocks. The sharp western and northern boundaries of the 
Ragland Hill are interesting from this point of view. Likewise 
the sharp rise of the eastern wall of the basin from a broken line, the 
straight elements of which are strikingly displayed in the contour lines 
of the topographic map, finds a natural explanation in the termination 
at that margin of large composite orographic blocks. It would be 
easy to show that these blocks, and others to be noted, have influenced 
in a marked degree by their modifications of topographic features the 
courses of highways and of the railroads as welL 

RRLATTYF~ AT.TITUDES OF OROGRAPHIC BLOCKS. 

In view of the somewhat novel features of the observations within 
the Pomperaug Valley, new methods of coloring have been introduced 
in all the maps which accompany this report. It was thought desir
able to indicate so far as possible not only the positions of the observed 
dislocations, but also, to a rough approximation~ the altitude of the 
orographic blocks which they have conditioned. In order so far as 
possible to differentiate fact and theor3r, a definite color was assigned 
to each 1nember of the Ngwark series, and to the granite and gneiss as 
weH, the deepest shade of each color being reserved for actual expo
sures. The supposed extension of each form!ltion beneath the present 
surface of the· ground has been indicated by a tint or by two or more 
tints of the same color. If more than one tint has been used for any 
formation, the darkest one (exclusive of that reserved for exposures) 
is intended to represent by its extension the area of a composite oro
graphic block which stands at as high an altitude as any block in the 
district the cap of which is of the same formation. To illustrate, 
areas colored in the deepest tints of the crystallines (except that 
reserved for actual exposures) represent the blocks of highest altitude 
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Fault scarps bound the hummocky surface of the block on the northeast and west; the cou rses of the scarps follow the fringes of trees. 
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within the area of the map. The areas hearing the color of the poste
rior shale represent the blocks capped by posterior shale, which are the 
lowest of all, because capped by the uppermost formation and because 
lying lower in the valley than any except those capped by the South 
Britain conglomerate. The areas colored in tints corresponding to 
intermediate formations represent, by their order from the posterior 
shales, blocks having successively increasing altitude up to the darke~t 
shade assigned to the crystallines. The total difference in altitude 
represented in the basin is about 800 feet plus the thickness of the 
four lower members of the Newark series (±1,200 feet) and the 
thickness of the crystallines which has been removed by degradation. 
Generalization and inference have of course been necessary in this 
representation, but inference of the same kind that is ordinarily used 
in geological mapping to determine the boundaries of formations, and 
the areas colored with a single tint represent a range of average alti
tude of composite blocks and of individual unit blocks; but it is 
believed that the general order of altitude has been fairly represented. 

In the case of the main basalt sheet, whose exposures frequently 
stand above the general level in such a manner as to define clearly the 
areas of the highest blocks which are capped by basalt, it has been 
unnecessary to reserve any other tint for the actual exposures. Con
siderably lower areas, which are indicated in the next lighter tint of 
green, may, and in most cases do, include numerous exposures of 
basalt; these, however, can not be indicated by the scheme suggested. 
The difficulty is not a very serious ·one, since the basalt areas are 
easily determined, and the essential continuity of the horizon may be 
safely predicated from the characteristics of the country. The larger 
rugged areas of basalt, such as those of Pine Hill and central Ragland, 
on the other hand, offer great difficulties when the mapping of their 
dislocations is attempted, because accurate location is here possible 
.only by elaborate and time-consuming methods, owing to the jumble 
of orographic blocks standing at slightly different altitudes, and to the 
absence of any near determined base from which to measure. For 
this reason the central portion of Pine Hill has been left uncolored 
upon the detailed map (Pl. VIII), though the area in question has been 
e-x:amined and found to consist of basalt throughout. The difficulty 
here is the indicating of the relative altitudes of the different oro
graphic blocks of basalt. Likewise, only the larger features of the 
north-central area of Raglatid have been entered upon the map. The 
name of this district calls attention to the striking peculiarities 
presented by its topography, which might be better described, how
ever, by comparison with the surface of :floating blocks that have 
been closely jammed together, accompanied by slipping upon one 
another. 

The vertical displacements along the walls of individual blocks, as 



114 NEWARK SYSTEM: OF PO:\fPER.A.UG VALLEY, CONN. 

has already been pointed out, may be either large or small; but in gen
eral they n1ay be said to be very much smaller than the figures which 
are usually estimated. Along the walls of the unit blocks of Orenaug 
Hill they are in most cases of but a few feet (10 to 30 or 40). Those 
represented by the dislocations bounding the hummocky areas of the 
same hills must be smaller than this, and, as we have seen, by a reduc
tion in the throw these faults pass into joints. 

There is no reason to expect that, because a particular limb of a 
given fault, say the eastern, is at one point downthrown, this limb wHl 
be downthrown throughout the exterit of the dislocation. It may be 
the upthrown limb for some distance, or the plane of rupture may for 
considerable distances even have caused no appreciable dislocation, 
the blocks on either side standing at essentially the same altitude. 
Thus a fault might appear to die out though really persistent. It is 
interesting to note, however, the persistence of throws of a given kind, 
either up or down, in any limb of a fault whenever this throw has 
been considerable. 

l\IINOR FAULTS AND MI~OR BLOCKS. 

The orographic blocks whose shape and size were the basii::i of meas
uren1ent in the Orenaug district were designated the unit blocks of 
that district, because they were the smallest blocks which could be con
veniently examined in that way. But while these blocks are units 
only in the sense that. they are the smallest which can be used as a sat
isfactory basis of measurement, there are found in some portions of 
the basin evidences that the complex system <?f faulting does not stop 
with these unit blocks. The southern slope of the east Orenaug twin 
is a surface of coarsely amygdaloidal basalt representing a superficial 
layer of the main sheet. By the action of frost in expanding the water 
which by percolation has filled the vesicles, the surface of this rock has 
been covered with decomposed chips of its own material. The hum
n1ocks which are uniforml}r diRtributed over the surface in question are 
of this material, and since the}r have doubtless originated from natural 
causes they point to an average surface which was characterized by 
alternate projections and depressions, arranged in a general way like 
the black and white squares of a checkerboard, though probably much 
less regularly (Pl. Xlli). Such a surface, formed from blocks of a 
larger order, has already been described from the walls of the inter
n1ontane canyon of these hills and fron1 the southern slope of the 
western twin. 

GRADATION OF FAULTS I~TO PRIS::\IATIC JOINTS. 

At the northern end of the eastern Orenaug twin even smaller dis
"locations than those just described may be observed. In fact, the dis
locations here appear in such ntunbers and are apparently of such 
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small displacement that they may be properly designated joints. 
The fracture planes, which are distant only a foot or two from one 
another, have strikes corresponding with the faults observed elsewhere 
in the region. -There seems, therefore, to be every gradation from 
faults whose displacement measutes hundreds, and perhaps a few thou
sands, of feet-the major faults of the basin-through the faults of only 
moderate displacement which bound the unit blocks· of the western, 
Orenaug Hill (estimated to be from 10 to 50 feet), and the small dis
placements which produce hummocks on the southern slope of the 
eastern twin, to, finally, the prismatic joints which have just been 
described from the northern end of the same twin. 

RELATION BETWEEN THE SHAPE OF THE OROGRAPHIC BLOCKS AND THE 

FAULT SYSTEl\1. 

The size and the shape of the unit orographic blocks have be.en n1ost 
satisfactorily determined in the area of the west Orenaug twin, where, 
as already described, the bounding planes of 
the rhomboidal blocks trend N. ±5° lvV. and 
N. ± 54° E., and the dimensions along the 
longer and shorter sides are very nearly 300 
feet and 150 feet, respectively. A cross sec
tion of these rhomboidal blocks would give 
for the angles of the rhomboid nearly 60° 
and 30°. The faults which bound these 
blocks have about the same order of impor
tance, but if we were to have regard to the 
less important faults, which can generally be 
found to divide them in half in the direction 
of their length, we should consider them as 
double rhombic prisms instead of rhomboidal 
prisms. 

It is pertinent next to inquire whether any 
relations can be found to obtain between the 
size and shape of these unit blocks and the 
strikes of the other faults, which, with the 
two bounding the blocks, comprise the fault 
S)7Stem of the basin. It could hardly escape 
observation that the long and short diago
nals of the block correspond closely in direc
tion with the remaining series of faults 
which prevail in the valley (see fig. 42). 
As determined from the measurement of 
the block shown in the cut, these directions 
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FIG. 42.-Diagram showing the 
shape of the unit blocks of 
Orenaug Hill outlined by faults 
trendingN. ±5°W.andN.±54° 
E. The diagonals of the blocks 
are approximately parallel to 
the two remaining series of the 
prevailing system (N. ± 15° E. 
and N. ± 34° W. ). 

are N.14° E. and N. 35° vV., whereas the observed values are N. ± 15° 
E. and N. ± 34° "\V. 
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It is natural next to inquire if the less common series of faults may 
not correspond in direction with the diagonals of composite block~ 
made up of a number of unit blocks. By assuming blocks composed 

A 
FIG. 43.-Diagram to show the relation between the shape of the unit blocks of Oren aug Hill and the 

fault system. The stippled area outlines the shape of a unit block bounded by X.± 5° W. and N. ± 
54°E. faults. TheN.± 15° E. fault lines correspond closely in direction with the long diagonal 
of these blocks, and theN. ± 34° W. to the short diagonal. The less common fault directions 
are the diagonals of composite blocks made up of a number of unit blocks. The figures printed 
at the end of each diagonal are the directions of the diagonal as obtained (graphically) from the dia
gram, and the figures in parentheses which follow are the actual directions of fault series (as deter
mined in the field) with which these diagonals closelr correspond in direction. Thus theN. ::!= 33° E. 
fault series corresponds closely in direction with the longer diagonal of a composite block one unit 
long by three units wide. The N. ± 20° E. direction, like the last-mentioned characteristic of the 
southern zone of the Pomperaug Basin, corresponds closely with the direction of the diagonal of a 
co:mposite block two units long by three units wide, etc. 

of a sufficiently large number of unit blocks, it would, of course, be 
easy to find a diagonal which would correspond to any desired fault 
direction, and such a stud)~ would be without special significance. If, 
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however, the number· of unit blocks composing the composite block 
be small, the .. correspondence of its diagonal with the fault series of 
the basin is a matter of some interest. The series of faults trending 
N. ± 33° E. is found to correspond closely in direction with the long 
diagonal of a composite block made up of three units placed side by 
side (block IL ab, fig. 43); the series trending N. ± 20° E. coiTe
sponds with the long diagonal of a block composed of three unit 
blocks in width and two in length (IL ac); the several westerly trend
ing series characteristic of the zorie of accommodation in the Rattle
snake Hill district require larger composite blocks in order to show 
correspondence with the diagonals, and the correspondence has, on 
the theory of chances, less significance. Thus the strike N. 25° '\V. 
is near the diagonal of a composite block three units long and two 
wide (IG ad); the strike N. 44° vV., similarly of a block four units 

·long and five wide (ID ae); the strike N. 61° '\V., of a block four 
units long and seven wide (IB ae); the strike N. 90° "\V., of a block 
two units long and seven wide (IB ac). 

1\'Iore instructive than this, however, is a study of the composite 
blocks themselves within the area of the basin. There are many 
composite blocks shaped like those of the west Orenaug twin which 
have as their diagonals faults trending N. ± 15° E. and N. ± 34° vV. 
In fact, it may be said to be characteristic of the region that these 
faults trend along the diagonals of composite blocks whose shape is 
the same as the unit blocks of Orenaug Hill. In the southern por
tion of the area certain large composite blocks are deserving of spe
cial study. To the east of the great block outlined by crystallines, 
which includes Pine Hill and Rattlesnake Hill, is indicated a block of 
crystallines (E) along the short diagonal of which runs aN.± 34° W. 
fault (i). Boundaries of exposures within the Pine Hill block itself 
indicate that it is composed of three large blocks, two of which are 
clearly of the type of the block E, with whose shape they are identi
cal, but from whose size they show slight variations. These blocks 
can best be seen in fig. 44, which is a diagram reproduced from a 
portion of the general map, with, however, many of the details omit
ted. Both these blocks have diagonal faults, the eastern one (South
bury block) the faults k, Iu and the western one the faults m0 III. 
The extreme western block (South Britain block) has a different 
shape, the ratio of its sides being 19:30 (or 2:3) instead of 15:30 (or 
1: 2), as were the two others, and also the block of E (13t: 26). To 
corre$porid with these different proportions, we find different fault 
directions represented within the South Britain block. In place of 
the N. ± 15° E. and the N. ± 34° vV. directions, which are charac
teristic of the other blocks, we here find new directions, N. ± 44° 
vV. and N. ± 20° E., for the strike of the prevalent faults. Two of 
these faults, moreover; correspond quite closely in position, as well 
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as in direction, with the diagonal~ of the block. The larger block, of 
which this abnormal and the two normal blocks with ratio of sides 

N 

34" 

44" ' ·· .. ' 
··· ... ', 

ex 

FIG. 44.-l\Iap of the southern part of the Pomperaug Basin showing the larger composite blocks. A, 
eastern end of the Woodbury Plain block. B, eastern end of the Orenaug Hill block. C, eastern end 
of the East Hill block. E, block capped by the crystallines, in shape like the unit blocks of Orenaug 
Hill. To the west of the block E are two blocks of the same shape, but of larger size (Southbury 
and Pine Hill blocks). F (South Britain block) is a block bounded by faults of the same series as the 
last, but one of larger size and of different shape, the ratio of its sides being 2:3 instead of 1:2. The 
stippled area is the triangular zone of accommodation of Rattlesnake Hill; the black areas are the 
principal areas of the main basalt, and the haehured areas represent the borders of the crystallines. 
The areas hachured in full lines are occupied by exposures, whereas those hachured in dotted lines 
are, from topographic peculiarities, determined as lower blocks capped by cr~~stallines. Compare 
with Pl. I, on which the geological coloring brings out the composite blocks. 

1: 2 are parts (Pine Hill block), has for its longer and ~horter diago
nals faults N. 33° E. (y) and N. 90° w·. (~), respectively. The most 
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complex zone of faulting. within the basin, the triangular area which 
I have called the zone of accommodation of Rattlesnake Hill (F, 
stippled), occupie~ the northwestern part of this block. 

The arm of the crystallines which crosses Transylvania Brook at the 
Cascade (D5) and the eastward bend of the Ragland Ridge (D6) outlines 
with the walls of the large Pine Hill block, a b!ock of still larger order 
than any of those thus far described, arid of this a fault (a) of theN. ± 
61° YV. series coincides with its short diagonal. Thus less common 
direction~ of faulting are found to correspond to the diagonals of 
unusual composite blocks in the same way that the prevailing faults 
correspond to the diagonals of the unit blocks, and, as it has here been 
shown; of composite blocks as well. 

Some relation between the directions of 
the different fault series might have been 
brought out if we had started from the unit 
blocks of the Hotchkissville district instead . 
of from.the units of Orenaug Hill; but the 
latter are the ones which have furnished the 
most reliable mea<surements, and the way in 
which the crystalline walls of the basin con
form in their outlines to those shapes ~ould 
seem to indicate that they are the ones along 
which the ·largest displacements have oc
curred. 

In the Orenaug Hill district it seems 
FIG. 45.-Smallest observed orograph-

clearly to be indicated that the interval on icblocksoftheN. ± 34°W.-N. ± 54° 

theN. ± 34° Vv. series of faults is greater 
than that of the other series which prevail 
in the district (Pl. X). Their relations to 
the latter are brought out in fig. 45, from 
which it is seen that theN.± 34°W. and the 
N. ± 54° E. faults produce nearly rectangu

E. type in the Oemaug district in 
comparison with the unit "blocks 
of that territory. These blocks are 
nearly rectangular (angles ± 88° 
and ±92°), with sides in the ratio 
of about 21:24. They each inclose 
one whole and two half blocks of 
the unit size and shape. 

lar blocks, with the ratio of their sides about 21: 24. These blocks, 
which are the units of their kind, as heretofore defined, within the area 
in question, are divided by the N. ± 15° E. faults in the direction of 
the longer diagonal of the block, while the N. ±5° W. faults form 
in a similar manner the longer diagonal of -a composite block made up 
of two units whose longer sides are in contact; or, expressed in a dif
ferent way, the N. ±5° vV. faults divide diagonally the half of the 
unit block. Each unit block of the N. ± 34° W.-N. ± 54° E. type 
incloses one whole and two half blocks of the N. ±5° vV .-N. ± 54° E .. 
series, as is indicated by fig. 45. The blocks of the former type cor
respond in shape to those of smaller dimensions which were measured 
in the Hotchkissville district (p. 110), and they are both in shape and in 
size identical with those which are indicated on the map (Pl. I) as occur
ring over practically the entire area of the basin. It should be noted, 
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however, that, except to a limited extent, particularly in the north
western portion of the basin, these blocks have not determined the 
outlines of the larger composite blocks of the basin~ whose boundaries, 
as already shown, are formed by faults belonging to the N. ±5° ,V, 
and N. ± 54° E. series. Owing to the difference in the amount of 
throw within a given fault series, the displacen1ents along the bounda
ries of the composite blocks are of a higher order than those bound 
ing its component individuals, and hence the larger composite blocks 
appear to have moved essentially like individuals. 
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FIG. 46.-Diagram showing the shapes of composite orographic blocks in the southern part of the 

Pomperaug Basin. a, South Britain-Pine Hill-Southbury block; b, South Britain block; c, South
bury block; d, East Hill-Pine Hill block; e, smaller S011thbury block. The larger figures on the 
sides of each block are the measurements of each as read from the map in sixteenths of an inch 
(one-sixteenth of a mile). The sm~ller figures on the opposite sides give the approximate simple 
proportional lengths of the same sides. The diagonals of the blocks correspond closely indirection, 
as they do also in position, with observed faults having the directions indicated. 

The study of the composite blocks of the southern district bas 
brought out strongly the fact that composite blocks approximate to a 
definiteness of shape rather than of size. The unit blocks of Orenaug 
Hill bounded by N. ±5° ,V. and N. ± 54° E. faults have the ratio of 
their sides approxitnately 1: 2. The composite block of gneiss (E, fig. 45 
and e, fig. 46) has the ratio of its sides about 13t: 26, the South bury block 
(c in fig. 46) 15: 30, so that each of these approximates to the shape 
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of the unit block. The South Britain-Pine Hill-Southbury block (a 
in fig. 46), which is apparently unique in the district, has the ratio of 
its sides 30:49, or about 3: 5. The large East Hill-Pine Hill block (d 
in fig. 46) has a ratio of its sides of 53: 46, or about 6: 5. It is thus 
seen that this block is the double of the Pine Hill block, although this 
was not at once apparent from the map, owing to the lack of a simple 
ratio connecting the sides of the two. This observation is a valuable 
one, since it shows that the faults trending N. ± 61° ,V. correspond 
to the short diagonal of a block composed of two Pine Hill blocks in 
contact along their longer side. . 

It is not believed to be entirely exceptional that the characteristic 
shapes of orographic blocks are thus found to bear such simple ratios 
to the unit form. It is much more likely that it is to be explained by 
the anisotropic condition of the rocks induced by the stresses which 
immediately preceded their dislocation. The analogy with the elastic 
properties of an anisometric crystal or with a piece of glass which has 
been consolidated under unequal compression from different directions 
is certainly a striking one. 

SECTION 6.-0RIGIN OF THE FAULT SYSTEM. 

Any theory which is to explain satisfactorily the faults of the Pom
peraug Basin must take account of a large number of observed facts. 
It must explain the great number of dislocations, their steep and nearly 
vertical hades, their grouping into parallel series, the relations which 
exist between the strikes of the four prevalent series and the shapes 
of the unit orographic blocks. It must further take into consideration 
the distribution of throw over a zone of parallel faults, in which zone 
there are throws of a higher order separated by fairly uniforn1 fault 
intervals, and others of a lower order along faults included within the 
intervals. Locally, at least, these minor faults must pass into joints. 
The composite blocks included between the faults of larger throw 
must be elevated or depressed, with reference to the neighboring com
posite blocks, essentially as though they were units, although within 
each the compe>site blocks.of a lower order (or perhaps the unit blocks) 
must be elevated or depressed in a similar manner with reference to 
their neighbors. In fact, the theory must be made to explain the 
origin of a composite system of orographic blocks, of which the largest 
are composed of stnaller blocks which have component blocks of a 
lower order, and they of a still lower order, etc. The correct theory 
will account for this structure (or certain features of it) not only within 
the area of Newark rocks, but in the crystalline walls of the basin as 
well. 

Thus far in the present study no evidence has been pre.sented either 
for or ag·ainst the presence of faults in the crystalline area, except in 
the walls of the Pomperaug Basin; but the theory must be framed to 

21 GEOL, J>T :3-01--9 
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explain, in a general way, the structural characteristics common to all 
the areas of Newark rocks. In the introductory chapter to this report 
I have called attention to the prevalence of faulting in all the areas of 
Newark rocks that have been carefully studied. As Russell has shown, 
fault walls largely surround many of the Newark basins. Davis, too, 
has etnphasized the comn1on structural features of the different areas. 
It seems fairly clear that a systen1 of faulting possessing certain, at 
least, of the features observed in the different Newark basins obtain::! 
also in the areas connecting them. There is, however, a lack of evi
dence that great areas have been bodily depressed, except where the 
Newark rocks are to-day preserved. 'Ve are therefore called upon, as 
it seems to me~ to explain by adequate forces the systematic deforma
tion of a large area of crystalline rocks, together with whatever super
incumbent beds they support, and in special regions (the present areas 
of Newark rocks) to explain in addition the depression, by some thou
sands of feet, of considerable areas of the earth's crust-depressions 
which have quite likely been attended by dislocations of their own. 

THE DAVIS THEORY. 

The theory proposed by Professor Davis to explain the faulting in 
the Pomperaug Valley and the Connecticut Valley regions 1 supposes 
the underlying crystallines to be separated into slabs by a series of 
parallel planes (whether original bedding or secondary structure 
planes), which slabs strike northeast and southwest and incline steeply 
to the eastward throughout the areas. The upper zone of the crust, 
and hence the upper ends of these slabs, is supposed to have been 
moved to the eastward or southeastward with reference to the lower 
zones, and hence to the lower ends of the same slabs, through the action 
of a couple (lateral compression), and release from these strains is 
obtained by faulting along· the structure planes separating the slabs 
frmn one another. This faulting produces a serration in the surface 
for1n of the upper edges of the slabs, slices the overlying Newark 
deposits, and tilts each slice so that (with slabs of uniform thickness) 
it is upthrown as 1nuch with reference to its neighbor on the west as 
it is downthrown with reference to its neighbor on the east. Varia
tions from this uniform upthrow on the east are explained by the exist
ence of certain curving lenticular slabs, which, on being straightened 
out under the lateral compression, project be}~ond the straighter slabs. 

The name of the distinguished founder of this theory and the inge
nuity of its conception, but even more the lack of adequate data on 
which to found a rival theory, n1ust, I think, be responsible for the 
ready acceptance which it has found, for there is much which the 
theory fails to explain in the areas to which it was originally fitted. 
Some of these defecti,·e elements in the theory I will briefly mention. 

1 Seventh Ann. Rept. r. S. Geol. Survey, 1888, pp. 481-!90. 
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1. It explains the occurrence of a single series of .faults only, although 
Professor Davis'~ map shows at least two series, which make large 
angles with each other. In the eastern wall of the Connecticut Valley 
Professor Davis's map shows a clear indication of a structure similar 

tMIL.E 
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FIG. 47.-l\:Iap showing the strike and dip observations of the prevailing laminated structure (not 
necessarily bedding) in the exposures of crystalline rocks nearest to the Newark basin. 

to that which has been determined to characterize the eastern wall of 
the Pomperaug Valley. 1 

2. While explaining the regular upthrows of blocks in the eastern 
limb of each fault-and it is this special feature which the theory 
seems framed to explain-it fails to take account of the depression of 
the entire areas below the level of the crystalline rocks by which they 

I Eighteenth Ann. Rept. U. S. Geol. Survey, Pt. II, 1898, p. 123, fig. 25. 
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are :-:;urrounded, and hence an additional ~upplementary theory is made 
necessary-the •• local basin" theory for the sediments of the ~ewark. 
These theories are thus intimately connected and supplementary to 
each other in the areas under consideration. 

3. The Davis theory requires a "ready-made" geology for the great 
uplands of Connecticut, since it is only fair to assume that the struc
ture of the crystallines beneath the Connecticut and Pomperaug val
leys is not unlike that of the uplands which surround them. At the 
time the theory was promulgated nothing definite was known of the 

.geological structure within these uplands. A.s the result of some ten 
years' study devoted to the western upland, during which time the 
larger portion of it has been examined with some regard for detail, I 
may say that there is not found to be such a regularity of structure as 
seems to be demanded by the Davis theory. The structure planes of 
the region change th~ir strikes and dips with remarkable frequency, 
and great batholiths of granite and of other igneous rock occur in 
such forms as to interfere with the regularity and the continuity of 
the supposed slabs of gneiss. 

The Pomperaug Valley affords, however, the best opportunity for 
testing the hypothesis, since the strikes and dips of the prevailing struc
ture have been recorded in the nearest exposures to the valley. This 
strike is not necessarily that of bedding, but that (if I correctly inter
pret the theory) is not intended by Professor Davis. His theory 
requires simply that there be planes of separation, or even of little 
cohesion, in the positions which he has indicated. An examination o·f 
the figure (fig. 47) will show that the average strike of the prevailing 
structure in the zone of crystallines surrounding the Pomperaug Val
ley is northwest and southeast, instead of northeast and southwest, as 
required by the theory, and that, moreover, it changes locally with 
great frequency. 

But if the Davis theory is incompetent to explain the facts observed 
in the Pomperaug Valley a decade since, it is even more unsatisfactory 
if fitted to the larger knowledge of toctay. 

THE :PROPOSJ<JD THEOUY. 

A.s already pointed out, the fact::; seem to indicate that a large area 
of the earth's crust, in which the ::;everal Newark areas are included, 
has been throughout .systematically dislocated by external forces, and 
that, further, in special regions-the ~ewark areas themselves-areas 
of considerable size haye been downthrown along these dislocations 
by an an1ount measuring some thousands of feet. To account for the 
downthrow of the special areas, the surrounding rocks being es~en
tially the same, we may assume that, for some reason, in these areas 
the support was less or the load greater (perhaps both) than in the sur
rounding territory. The down throw of these great orographic blocks 
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by such an amount may well have been attended by local dislocations 
secondary to the primary dislocations of the area as a whole. These 
latter dislocations are not described as ''primary" with the intention 
of conveying the idea that they occurred in an earlier period, but as to 
some extent at least controlling the secondary dislocations and pre
ceding their formation by at least an infinitesimal interval of time. 
These secondary dislocations may be of more than one kind, and may 
be traced to difl'erent causes. 'V e must :first seek, therefore, a systen1 of stresses competent to 
produce the primary dislocations of the Pomperaug Valley; and, sec
ond, the primary dislocations being formed, a force must be sought 
which will account for the depression of portions of the area in the 
form of great composite blocks below the level of the crystalline rocks, 
and probably, also, for the formation of secondary dislocations. 

A. Discussion of tl~e conditions necessm·y to tlw fm·mation of a net
rwork of vertical joints m· .faults.-The perfection of the systen1 of 

·faults within the Pomperaug Valley indicates that the deformation 
took place under light load, well up in the e~trth's upper zone of frac
ture.1 The resemblance of the primary fault systeni to a systmn of 
joints, and, in fact, its gradation into such a system, has already been 
pointed out. According to the accepted definition, joints differ from 
faults in their greater number (smaller interval)' and in their inconsid
m·able throw. 2 

Joints have been brought about by Daubree and Tresca, 3 both by a 
torsional stress anJ by unequal compression of a very elastic and brittle 
medium (glass), and the theory has been promulgated that rock joints 
h}tve been formed by similar forces, jointing being supposed to occur 
where the system of stresses induces shears so great as to pass the ulti
mate strength ot tne rock. Crosby has supplemeuteu tL~ tL~vif h1 uii 
important way 4 by showing it to be unnecessary to assume . that the 
rock is continuously strained to near the point of rupture, a temporary 
shock, if communicated to the medium and adding its stresses to those 
already existing, being competent to release the stresses by dislocation. 

· He has modified Daubree's experiments by straining glass plates to a 
point well below that of rupture, and through a shock communicated 
to the end of the plate by the blow of a hammer brought about frac
tures identical with those obtained by Daubree. If the expression may 
be used, the shock transmitted acts as a fulminate to set off the charged 
SJrstem. Becker 5 has treated the subject of the compression of an 

1 Principles of :North American pre-Cambrian geology, by C. R. Van Rise; Sixteenth Ann. Rept. 
U. S. Geol. Survey, Pt. I, 1896, p. 589. 

2 Etudes synthetiques de geologie experimentale, by A. Daubree; Pt. 1, Paris, 1879, pp. 300-301. 
See, also, Finite homogeneous strain, flow, and rupture of rocks, by Geo. F. Becker: Bull. Geol. Soc. 
Am., Vol. IV, 1893, p. 73; and Van Rise, op. cit., p. 672. 

a Op. cit., pp. 300-374. 
4The origin of parallel and intersecting joints, by W. 0. Crosby: Am. Geologist, Vol. XII, 1893, 

pp. 368-375. 
oOp. cit., pp. 13-90. 
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elastic brittle n1edium from a mathematical standpoint, analyzing the 
stresses within the strained mass previow; to rupture, when, it is worth 
pointing out, it presents the anisotropic condition of a nonisometric 
crystal. He has shown that if an elastic brittle mediun1 like a sec
tion of the earth's cru~t under light load be subjected to direct hori
zontal pressure coming from a sing-le direction, rupture will ta!'"e 
place along those directions subject to the greatest tangential stt'e::;~. 
If the resistance offered to compression is for any reason unequally 
distributed in the plane perpendicular to the line of pressure, the strain 
ellipsoid will be triaxial, and rupture will occur in the plane of the 
greatest and least axes. In the case of the compressed portion of 
the earth\, crust which we are considering, gravity aids in preventing 
the elongation of the vertical axes. In this case, therefore, the greatest 
and the least axes of the strain ellipsoid would lie in the horizontal 
plane, and the rupture planes produced would be vertical. The effect 
would, therefore, be to produce a systen1 of vertical prisms. 1 Accord
ing to Becker, the directions of these rupture planes in a mass having 
infinite resistance would make 45° with the direction of pressure, but 
otherwise the angles would generally be greater. He states, how
ever, that whether the acute or the obtuse angle formed by the rup
ture planes is bisected by the direction of the compressive force will 
depend on whether finite deformation has occurred previous to rup
ture; in other words, upon the plasticity of the rock mass under the 
conditions of compression. vVith pressures rapidly applied he believes 
that rocks behave like highly elastic bodies, .and that the range in the 
angles of rupture is small. 

I 

Hoskins, 2 howe,Tei·, quotes the ex1Je1·imc:1ts of Hodg·kit1SOI1 011 tl1e 
rupture of cast-iron cylinders under compression, in which the planes of 
rupture made on the average an angle of 35° with the axis of pressure, 
and states that if this principle holds for rocks under compressicn, 
"rupture by shearing would be expected to occur along planes oblique 
to the axes of greatest and least intensity of compressive stress, but 
(if the material is isotropic) inclined ~tt angles of less than 4:5° to the 
axis of greatest stress." 

Bouton 3 also, in investigating the rupture of cast iron, limestone, 
asphalt, and )filwaukee brick under compression, bas assumed that the 
departure of the planes of rupture from angles of 4:5° with the axis 
of pressure depends upon the coefficient of friction of the substance, 
and that the angle of rupture is 45'.) plus one-half the angle of repo:::e. 
His experimental results seem to be in close harmony with this assump
tion, the angles of rupture varying fron1 29° to 3'7') with the different 

1 Op. cit., p. 50. 
2 Flow and fracture of rocks as related to structure, by Leander :\Iiller Hoskins: Sixteenth Ann. 

Rept. U.S. Geol. SurYey, 1896, Pt. I, p. 873. 
a Summary of a thesis for the degree of )faster of Science at Washington eniversity (1891), entitled, 

Theory and experiments on the laws of crushing strength ot short prisms. Published in J. B. 
Johnson's The )faterials of Construction, Xew York, 1900, pp. 24-28. 
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substances, while the variations :from the theoretical values rarely exceed 
a degree. 

However interesting these results of test block8 may be, the condi
tions of the experiments are, after all, so different from those assumed 
in this discussion and :from those which may be supposed to obtain in 
a crustal block under compressive stress, that they must be applied 
with great allowances, if applied at alL This would seem to be shown 
by the fact that vertical joint planes by obset;vation generally differ 
but little from rectang·ularity, whereas in experiments test pieces 
broken ·by compression have average angles of about 55° and 125°, 
whHe those broken by tension are found to be nearly as oblique. 

To summarize, then: It seems fairly clear that 1·elief from the sim
ple compression of a crustal block in a horizontal direction would 

FIG. 48.-Diagram showing the probable direction of the force which produced the nearly rectangular 
faulting of the Pomperaug Valley and its vicinity. 

result in a system of vertical prisms whose angles would approxin1ate 
90°; and, further, that it is not yet known whether in any given case 
the acute or the obtuse angle of the prisms (if not perfectly r~ctangu
lar) would be bisected by the direction of pressure. 

The fault system of the Pomperaug Basin would seem to furnish an 
illustration of such a compression of a crustal area as has been dir:;
cussed, though with modifications, which will be pointed out. The 
area in question is found to be subdivided by four series of parallel 
fault planes into a system of vertical prisms. Two of these fault 
series (striking, respectively, N. ± 34° vV. and N. ± 54° E.) are very 
nearly at right angles to each other (88°). These directions are not 
the ones along which the greatest displacements have occurred, but 
that 'may be explained on other grounds. If, then, it he true that 
these nearly rectangular :faults have been formed in the same manner 
as rectangular joints, it follows that the compression (the resultant 
force) acted in a direction either N. ± 80° vV. or N. ± 10° E. (fig. 48). 
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The extensive cmnpres~ion of the area, as a whole during an earlier age 
having been such as to produce folds whose a ,~erage strike in the ·New 
England region has been not far from N. 10° E. (corresponding to a 
con1pression along the direetion N. ±80° ,V.), it is most probable that 
the direct compression of the Newark rocks acted approximately along 
the same direction, which is one of the two directions suggested by the 
theory. Even if it were known whether the acute or the obtuse angle 
of the rupture planes is the one bisected by the initial direction of the 
pressure, no certain conclusion could here be drawn from the angle 
included between the rupture planes, since this is so near to 90° that 
the difference from that value falls within the possible limit of error 
in the determination of the fault directions. 

Accompanying the relief of strain by dislocation, there would occur 
a readjustment of stresses, accompanied by a fall in the potential 
energy of the system. The two series of prevailing dislocations which 
remain to be considered, and which trend N. ±5°'"· and N. ± 15° E., 
would seem to have beP.n produced by a stress system seeondary in 
regard to time to that which produced the primary dislocations, since 
these faults reveal in their strike directions the closest relations to the 
nearly rectangular system (see p. 119). So far as the dislocations them
selves are concerned, they might have been formed al-5 the result of a 
compression of the area either immediately following or long subse
quent to that which produced the primary systmu of dislocations. The 
study of the area has shown, however, that the principal downthrows 
have taken place along theN. ±5° V\..,.. and N. ± 54° E. fault planes, and 
hence it is certain that both these dislocations occurred previous to 
the general depression of the aren. 'rhe simpler explanation for the 
depression of the basin is one which connects it with the dislocation of 
the area, because by that dislocation a condition is set up which favors 
local depression. A compression of the already dislocated area by a 
force acting in the same horizontal plane as the first would bring about 
a resolution of the force of compression along directions parallel and 
perpendicular to the planes of dislocation, the former producing a shear 
along the planes themselves and the latter a shear along the diagonals 
of the block formed by the prin1ary system of dislocations. "\iVhether 
these shears would result in rupture along one or both of the diagonals 
of the blocks would be dependent primarily upon the amount and the 
direction of the pressure before resolution. Torsional foi·ces also 
would doubtless be set up, the effect of which would be to produce 
fracturing at the edges of the prisms, and these torsional stresses would 
be greater the greater the deviation in direction of the new force of 
compression from that which produced the earlier set of joint planes. 
The fault series which trends N. ± 15c E. em-responds in direction to 
the long diagonal of the nearly rectangular block formed by the pri
mary syst-em of di::~locations, and the N. ±5° vV. series corresponds 
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similarly in direction with the long diagonal of a group of two such 
blocks in contact along their longer sides. Such a double block, it will 
be remembered, was the type encountered as the unit of the primary 
system in the Hotchkissville area (seep. 109 and Pl. XII), which affords 
·an indication that the alternate faults in theN. ± 54° E. series are char
acterized by larger throws. As no faults have been found in the area 
which correspond in direction with the shorter diagonal of the rectan
gular blocks (N. ± 85° W.), and as only one or two rather doubtful 
faults have been found to correspond with the shorter diagonal of the 
double blocks (about N. 65° \V.), it would perhaps indicate that the 
second compression of the area was, like the first, along a direction a 
little to the north of west and to the south of east. Such an adhesion 
of the later compression to the direction of the earlier one would also 
result in a minimun1 of .crushing, brought about by torsional stresses 
at the edges of the block, and would help to explain the small develop
ment of fault breccias within the area of the basin. The assumption, 
moreover, that the second compression of the area followed the same 
general direction as the first, is at the same time the simpler and more 
patural assumption, provided the one compression followed closely 
atller the other. 

B. Disc?.tssion of the conditions attendant upon the local derression 
f?f a crustal block.-Wherever depression of a circumscribed area of 
the earth's crust has occurred it may be assumed that within that area 
support from below has been less or the load greater, perhaps both, than . 
within the surrounding territory. The area of depression was there
fore characterized by a stress component which acted vertically down
ward. If we choose to assume that the surrounding area is acted 
upon by vertical components of stress, the direction of which is 
upward, the result is the same. At points distant from the area, 
where on the first assumption the support has been adequate for the 
load, the downward-acting stress difference has not at the same time 
existed. Somewhere between the local area and its surrounding terri
tory, then, there must be a closed line along which and without which 
there has been no vertical stress component. This line 1uay be desig
nated the margin of the a1·ea of no vertical st1·ess, or, for brevity, 
line of no vm·tical stress. This line is a fulcrum line from which the 
moments Qf the load upon the included section of crust must be 
reckoned. If the section of the crust has an extent not too small 
when compared with its thickness, it fulfills, before depression, the 
conditions of a nearly uniformly loaded girder supported at the ends
at the line of no vertical stress. The capacity of this girder for sus
taining its load will be dependent upon its rigidity and upon the 
distance between supports-its rigidity, size, and shape. If the sec
tion of crust is under lateral compression it will receive support from 
its strut condition, as does a block firmly held in a vise. If the lateral 
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compression be eq~al fron1 all directions (hydrostatic) and the block 
be homogeneous and without ready-formed structure planes, it should 
tend to rupture under the moments of its load along a line uniformJy 
distant from and within the line of no vertical stress. If, however, 
the lateral compression be different in different directions the section 
of crust will fulfill the anisotropic conditions of an anisometric crys
tal-its strain ellipsoid will be either an ellipsoid of rotation with 
horizontal axis, or a triaxial ellipsoid with its greatest and least axes 
in the horizontal plane. Under these conditions there would arise, 
supposing the force of compression to be sufficient, directional planes 
of weakness normal to the directions of minimum cohesion and corre
sponding to the cleavage within a crystal. These planes are not frac
ture planes, but directions along which, other things being equal, 
rupture will first take place under stress. 

If vertical structure planes like those of a prima1;y system of disloca
tions already exist in a section of crust the lateral stress (compression) 
will be decomposed along the planes of dislocation into a component 
acting horizontally as a shear along the surface of the plane and a 
component acting normal to its surface. The effect of the normal 
components would be to produce a shear along the diagonals of the 
blocks inclosed by the structure planes. 

So soon as a system of dislocations (properly joints) has removed the 
supporting capacity of the section of crust regarded as a girder, there 
is opposed to the downward component of stress any resistance which 
as a strut may result from the compression. There is further to be 
taken into account the fact that so-called vertical phnes converge 
downward and impose a restraint upon the depres:::;ion of a crustal 
block. This restraint is applied along the walls only, so that the cen
tral portions of the block tend to nwve downward faster. Differential 
stresses are thus induced within the block itself, the moments of the 
force at any point in the block being the downward component of the 
vertical stress into its distance fron1 the nearest wall. Thus the block, 
if sufficiently large in comparison with its thickness, reproduces the 
conditions of a girder supported at the ends and uniformly loaded, and 
rupture, if it occurs, should take place along the diagonals of the 
block. The effect, therefore, of the restraint exerted vertically upon 
the walls, like the compression which acts laterally upon the block, 
tends to produce fracture planes along the block diagonals. 

The theory that the crustal block behaves like a girder is based upon 
the assumption that its thickness is not too great in comparison with 
its area. The ratio of thickness to lateral dimensions which is required 
to induce rupture of the block under the conditions stated will depend 
primarily upon the ultimate .strength of the rock or rocks composing 
the crustal block. The strength of soft shale is very small, and a com-
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paratively thick crustal block composed largely of this material might 
be ruptured under the conditions stated. Some indication of the thick
ness of crustal block which is required in the present problem is per
haps to be found in the estimates which have been made regarding the 
depth beneath the earth's surface at which cavities in rocks would close 
under the weight of superincumbent loads. If this depth be regarded 
as that of potential fluidity or of rock flowage, it may perhaps be con
sidered as the bottom of the crustal block which is here under consid
eration. According to Heim, 1 the depth at which cavities must close 
is less than 5,000 meters. VanHise and Hoskins,2 on better data; have 
estimated this depth for an area under strong lateral compression as 
something over 6,000 meters (case 1), or a little less than 4 miles. The 
sizes of the composite blocks of the Pomperaug Basin, in which the 
girder condition would be invoked to explain diagonal fault planes, 
have lateral dimensions of about 1 by 2 miles, 2 by 3 miles, and 3 by 
3t miles, respectively; so that, provided no exceptional and local influ
ences were present tending to raise the upper surface of the zone of 
flowage, the blocks in question would by these estimates be each some
what thicker than their lateral dimensions. It is highly probable, 
however, that special local conditions did exist tending to raise the 
level of rock flowage. In fact, some such condition must be invoked in 
order to explain the local depression. One probable cause of the local 
elevation of the zone of flowage may be found in an elevation of the 
isogeotherms due to the propinquity of the reservoir of lava which 
supplied the basalt for the outflows within the basin. 

In order to estimate even roughly the strength of the rock girders 
here under discussion, it would be necessary not only to know their 
thickness, but to know what proportion of this thickness was composed 
of the weak Newark sediments. As already pointed out, the thickness 
of the Newark beds is unknown. In the Pomperaug Basin the thick
ness of the four lower members of the series has been determined from 
a well boring to be probably not far from 1,200 feet. The Northamp
ton well boring, which at a depth of 3, 700 feet failed to pierce the 
system, would seem to indicate that at that point the entire series is 
not less than three-fourths of a mile in thickness, and probably much 
greater. Of this thickness all but a few hundred feet is of weak shales, 
sandstones, and conglomerates, the residue being compact basalt. The 
lower portion of the crustal blocks must have been composed of the 
crystalline schists and gneisses, since they compose the walls of the 
basin. The most that can be said, perhaps, regarding the strength of 

1 Untersuchungen tiber den ~Iechanisomus der Gebirgsbildung, etc., by Albert Heim, Vol. II, Basel, 
1878, p. 110. 

2Principles of North American pre-Cambrian Geology, by Charles Richard Van Hise, with an Appen
dix on flow and fracture of rocks as related to structure, by Leander Miller Hoskins: Sixteenth Ann. 
Rept. U. S. Geol. Survey, Part I, 1896, pp.l-874. 
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the crustal blocks would be that it was certainly much inferior to the 
strength of blocks of similar size composed entirely of crystalline 
rocks. 

It is in the southern zone of the Pomperaug Basin, where the large 
composite blocks have been carefully studied, that they are found to 
be fractured by fault planes along their diagonals, although these 
fault directions are not gener~lly developed in other parts of the area. 
The division of the area into composite blocks of a particular shape 
can perhaps be explained by the compression of ·the area both before 
and during its depression and the anisotropic condition which is 
thereby induced-a condition which, as has already been pointed out, 
calls for directional planes uorn1al to the lines of minimum cohesion, 
like the cleavage planes of the crystal. The 1:2 ratio which throughout 
the area seems to have controlled the shape of the individual and many 
of the composite blocks, and the simple ratios cbserved between the 
sides of particular large composite blocks bounded by the same serie8 
of fault planes, have a possible explanation in this condition. 

To summarize the above discussion, the facts observed in the Pom
peraug Basin seem to be best explained by assuming a compression 
of the New England area by a force which acted in a direction about 
N. 80° '"., or in the same direction as that which produced the Appa
lachian folding. The zone of the earth's crust now exposed at the 
surface was at the time of the compression under extremely. light 
load, such that it-:; elastic limit and its ultimate strength were nearly 
identical. In certain areas, such as the Pomperaug Valley, conditions 
of inadequate vertical support existed, tending toward a local depres
sion of the crust. This imuleq uate support of the crust was supple
mented by the rigidity of the rocks themselves, but an augmentation 
of the force of compression, or perhaps an earthquake shock, com
municated to the charged syRtem, carried the tangential stresses which 
existed in consequence of the compression beyond the limit of strength 
of the rocks. The rupture planes (joints) which resulted formed a 
nearly rectangular system of vertical prisms, one set of angles of which 
were bisected by the initial direction of the force. By a renewal of 
the compression along essentially the same 'direction a new system of 
dislocations was produced along those diagonals of the existing prisms 
(single and double) which are n1ost nearly at right angles to its direc
tion. vVhile still under compression, probably from the same direction, 
depression of the area occurred, owing to the loss of rigiditJr brought 
about by the rupture planes, with the formation of composite blocks 
which together were bounded bJr fault planes of the existing systems 
of joints. The shape of the individual and composite blocks was pos
sibly determined as a result of the anisotropic condition of the medium 
due to compression but modified by the preexistent fault planes. 
The depressed blocks, owing to the restraint imposed upon them in 
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the form of vertical stress along their walls and of lateral stress 
decomposed parallel and normal to their walls, were fractured a:long 
their diagonal planes. Depression of the area continued until a stable 
eondition was secured as the result of a decrease in the vertical stress 
component within the area. 

SECTION 7.-SYSTEMS OF FAULTS IN OTHER REGIONS. 

While it is perhaps only rarely that areas of dislocated strata have 
been examined with the amount of detail of the present study, indica
tions are not altogether lacking that the complexity of the dislocations 
is in the area under discussion no greater than in some other areas, in 
most of which, however, the conditions are not so favorable for study. 
The complete isolation of the relatively small area within inclosing 
walls of crystalline rock, the alternation of markedly different beds in 
the Newark system, the ice denudation and the preservation of struc
tures due to the resistant quality. of the heavier basalt sheet, the nearly 
vertical position of the fault planes, but, more than all, the light loads 
under which dislocation was accomplished (as shown by the absence of 
folding in the Newark beds), must be accounted conditions greatly 
favoring a determination of the system of dislocations. 

Some indications, however, of a conjugate system of dislocations is 
afforded by the Cretaceous rocks of the vicinity of Banon, in central 
France, though these dislocations are believed by Kilian 1 to be purely 
local. He says: 

To summarize, we see that there exists in the region of fractures of Banon two 
conjugate systems of faults sensibly parallel, and directed the one N. 10° to 35° E., 
the other N. toN. 25° W. These accidents are purely local and disappear promptly 
in becoming prugre~~iveJ.y u~~~iJ.ua.tG\! tv tb.c ~::;~t"!:::.·:.T~-~d. !!!'!Q ~0'-'-!h\17 !'1l'il 

These fractures recall the networks obtained by MM. Daubree and Tresca, by sub
mitting glass plates to a strong torsional force. 

Only after the manuscript of this paper had been completed did 
I learn of the very interesting n1onograph by Prof. W. C. Bragger 
upon the system of faults of the Langesund-Skien region of Nor
way, 2 which area in a somewhat remarkable way furnishes a par
allel to that of the Pomperaug Valley. As this important paper seems 
to have been so generally everlooked by structural geologists, and 
since it is somewhat :inaccessible to readers, I shall consider its con
tents rather fully and translate below certain portions of the paper 
which describe features similar to those herein described from the 
Pomperaug Valley. The interpretation put upon the observed facts, 
I have been pleased to see, corresponds closely, in so far as the facts 

1 Description geologique de la montagne de Lure (basses-alpes), by W. Kilian, Paris, 1889, p. 366, 
Pl. B. 

! Spaltenverwerfungen in der Gegend Langesund-S;kien, by W. C. Brogger: Nyt Magazin for Naturvi
denskaberne, Vol. XXVIII, 1884, pp. 253-419. 



134 NEWARK SYSTEM OF POl\IPERAUG VALLEY, CONN. 

are the same, with that which has been made from the faets observed 
in the Pomperaug Valley. · 

The region is one of Paleozoic sediments surrounded on three sides 
by upland areas of the crystalline complex and of igneous rocks, while 
to the south is the sea, which enters the low-lying region itself in a 
system of fjords. The Paleozoic beds are everywhere intersected 
by an elaborate systetu of joints which fall always into at least two 
parallel series nearly normal to each other. These two series are 
described as striking the one N. 5° to 10° ,V. and the nearly normal 
series east-northeast. In addition to the prevailing joint series diag
onal series are locally developed, as are also in some localities radial fan
like systems. That one of the prevailing series of joints which strikes 
nearly east-west hades near the vertical, whereas the conjugate series 
is inclined 55° to 75° to the westwaTd. Since the northerly striking 
fault series coincides closely in direction with the strike of the Paleo
zoic strata, and since the average dip of these beds is fom 20° to 25° 
to the eastward, these joint series are both nearly perpendicular to 
the bedding plane. Regarding the relation of the observed faults 
to the principal joint series (Hauptzerkliiftungssystemen), the author 
says: 1 

The observations have shown that the dislocations at each locality follow the prin
cipal joint systems, and that, exceptionally, larger or smaller dislocations are present 
parallel to less common joint systems. * * * 

Less common are the dislocations parallel to the diagonal joint systems. * * * 
In seeking a cause for the elaborate s3rstem of joints and faults 

observed in the Langesund-Skien region Brogger accounts first for the 
joints, and cites DaubreP.'.-. P-xperiments to show that rectangular sys
tems of dislocations may be produced either by a torsional force or by 
con1pression. Accepting, as he does, the probable cause of the joints 
to be in part horizontal compression of the strata, it follows that the 
direction of the compression must be one of the two directions which 
bisect the network of prevailing joints and their parallel faults. Of 
these two directions, the one trending N. 30° E. corresponds closely 
in direction with the axes of the mountain chains of Scandinavia, of 
the Paleozoic flexures of the Christiania region east of the area 
studied, and also with the direction of the fissures through which 
the great masses of igneous rocks of the region have been extruded; 
hence he has assumed that the pressure which resulted in the forma
tion of the joints actBd in a direction normal to this, or N. 60° ,Y. 
Against an assumption that compression is alone adequate to explain 
the S}Tsten1 of joints aml faults, Brogger points out that in widely 
separated parts of the area important differences in the direction of 
the fissure planes are noted, and, further, that joints are found parallel 

tOp. cit., p. 240. 
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to open fissm:es, which he would therefore ascribe to tension. The 
· bending down of the Paleozoic ~trata near the igneous extrusions on 

the eastern border is invoked to aid in accounting for those joints 
which are not vertical. Since the joint fissures are so frequently filled 
by dikes of igneous rock, Brogger is inclined to connect the formation 
of the main series of joints with earthquakes. 

To explain the formation of the faults. which, as stated, follow the 
direction of the joint planes, or, in other words, to explain the displace
ments along planes parallel to the jointing, a relative sinking of crustal 
blocks due to gravity is assumed. Under this head three cases are 
distinguished: 

(1) The dislocations can occur either through simple depression along vertical 
joint planes of a sufficiently heavy rnass of strata which is not hindered by its attach
ment (Befestigung). 

(2) Or, when the joint planes are inclined a slipping down of the hanging wall can 
occur; or when a block slipped down between two· parallel joint planes a gliding of 
the foot wall can occasionally occur. 

(3) Or, simultaneously with the depression or gliding down of a mass of strata a 
rotation of the same may occur, which may take place in two ways. Either (a) the 
axis of rotation can lie more or less perpendicular to the fault plane, in which case 
the throw of the dislocation would not be the same in the entire extension along the 
fault plane; or (b) the axis of rotation may lie approximately within the fanlt plane, 
in which case the formation of open fissures along the fault plane must occvr. 

Since the formation of dislocations can not go on along a single fault plane, but 
natura1ly along a number of intersecting planes, so, naturally, a sinking may occur 
along one, a gliding along a second, a sinking or gliding combined with rotation along 
a third plane, etc. 

Sometin1es we find that between two approximately parallel joint planes a strip of 
crust is relatively more depressed than the portions of land on either side. Thus a 
gutter (Rinne) is formed [examples given]. These can naturally be evened off by 
later erosions. Conversely, a ridge (Rii.cken) can remain between two deeper 

· ~-~"!r'?n_ hlnr>kl'l on PithPr !';ii!P._ 

When between four joint planes which cross in pairs, or, to be more general, 
between three or more intersecting joint planes, a block of crust is sunk relatively 
deeper than its entire surroundings, a deep ( Tiefe) is formed [examples given]. 

Conversely, a block of crust surrounded by faults ca:p_ remain relatively behind 
while the surrounding land has been depressed. Such crustal blocks (Landstucke) 
can be designated islands or towers (Thurme) [examples given]. 1 

Regarding the elaborate development of the fault system Brogger 
says: 

In the little strip of Paleozoic formations between Langesund and the Skiensthal 
we have before us, then, a section of country which is penetrated through and 
through by faults along already formed joint planes. 'V e have seen that the lines 
of landscape are given by the principal joint systems. These have reduced in part 
the work of erosion, in part they have allowed numberless dislocations to form which 
offered new points of attack to the erosion. * * * 

The dislocations, that is to say, the faults, have in fact cut the landscape through 
and through and not alone parallel to one system of lines, but first chiefly parallel to 

1 Op. cit., pp. 392-393. 
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two principal systems (Hauptsystemen), and then also parallel to other less preva
lent directions. * * * 

If we consider how thickly the rocks are penetrated by very small faults, it follows 
in fact that a portion of crust cut up in this fashion is built up like separate blocks of 
masonry (Quadern). 1 

In a later paper describing the formation of the Christiania fjord, 
Professor Bragger 2 describes structures sin1ilar to those reviewed 
above from his paper on the Langeiiund fjord, which is but a short 
distance farther to the westward. 

1 Ibid., p. 401. 
2 Ueber die Bildungsgeschichte des Kristianiafjords, by W. C. Brugger: Nyt M.agaziu for Naturviden

skaberne, Vol. XXX, 1886, pp. 99, 231. 



CHAPTER V. 

DEGRADA~l'ION. 

SECTION 1.-THE DRAINAGE SYSTEM OF THE POMPERAUG 
·VALLEY AND ITS VICINITY. 

THFJ CRETACEOUS PLAIN 01!, J<~ROSION. 

The Pomperaug- Basin lies within the area of the great Cretaceous 
plain of erosion of southern New Eng-land which has been so fully 
described by Professor Davis. 1 This plain of erosion has here an alti
tude of something less than 1,000 feet and an inclination of a, few 
degrees to the south. The view from any of the hills in the vicinity 
exhibits in the even sky line the position of this plain. The highest 
point of the basalt ridges within the basin is Bates Rock, whose altitude 
is 700. feet; whereas the hills surrounding the valley rise to altitudes of 
900 to 1,000 feet. This fact points to a more rapid degradation within 
the basin since the time when the erosion plain was elevated and tilted. 
During this period subaerial erosion has plainly degraded the soft sedi
mentary formations of the basin at a more rapid rate than it has the 
surrounding crystalline rocks, but the dense prisms of basalt seem com
petent to withstand in an exceptional manner the action of atn1ospheric 
agencies. Their narrow mural and tower-like masses are not, how
ever, so well adapted to withstand a mechanical force exerted horizontally 
against their vertical surfaces. In the ice mantle of the Glacial epoch 
they have been subjected to a force of this nature, and in the succeed
ing section I shall introduce evidence to show that at least a portion 
of this reduction in their height has been brought about by the break
ing off of portions of their summits in the form of huge blocks, which 
have been transported to considerable distances. The horizon line of 
the basalt is, however, notably regular, which, in view of the consider
able irregularities which it must have presented before its degradation, 
is an observation of much significance. The view of the ridges from 
the railroad statio·n is sufficiently striking- in this respect. This plana
tion I am inclined to ascribe, therefore, more largely to ice action than 
to the ordinary type of subaerial erosion. 

_The development of the new geologico-geographical science of physi
ography, which treats of the sculpture of land forms under atl'nos-

1 Nat. Geog. Monographs, Vol. I, No.9, pp. 269-::104. See, also, Eighteenth Ann. Rept. U.S. Geol. Survey, 
Pt. II, 1898, p.157 et seq. 

21 GEOL, PT 3-01--10 137 
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ph eric influences, has focused the attention of geologists upon a series 
of geographic cycles n1arked off by epeirogenic movements of the 
earth's crust. In the contemplation of the striking results which 
have flowed from these studies, obseiTations have, I believe, too often 
been withdrawn from the geological structure of the areas examined 
and the influence which this exerts upon the sculpturing of the physi
ographic features. In the Pomperaug Valley it is easy to see that the 
geological structure has exerted a profound influence upon the topo
graphic developmentof t.he region. This appears in the peculiar out
lines of topographic forms and in the drainage systep1, where 

geological structure has largely con
trolled the form of stream channels 
and the direction of the stream 
courses. 

CANAL-LIKE CHANNELS OF STREAMS. 

FIG. 49.-Canal-like channel of ;;trealllS, type A. \\T ith the exception of the 'V ood-
bury plain and the other wide val-

leys in which there has been some meandering of streams, the charac
teristic form of strean1 channels within the area of the Pomperaug Basin 
is that of an artificial canal characterized by a nearly level floor of uni
fornl width and by straight margins from which the banks rise. When 
in rare instances the strean1s cross an elevated area of basalt, as does 
the Pomperaug River at Pon1peraug village, the banks of the river may 
rise from the ri\'er bed in steep cliff's (fig. 49). In other cases, where 
the banks are sloping~ the foot of the slope, by its rectilinear extension 
parallel to a similar line at the foot of the opposite bank, affords indi
cations of the graben strudure 
(fig. 50). Instances of this lat
ter kind are furnished by the 
Pon1peraug River east and 
Routheast of Castle Rock (see 
£g. 41). 'Vhen streams haye 
flowed in sandstones or con
glomerate, the ready erosion of 

FIG. 50.-Canal-like channel of streams, type B. 

the soft beds and the large deposits of glacial material in the widened 
channels have destroyed or covered the original graben walls. In the 
crystalline rock::; surrounding the valley, however, canal-like channels 
are often very strikingly shown. Particularly is this true of the north
ern wall of the basin, where the topographic map, Pl. XIV, reyeals long 
rectilinear stretches of stream of uniformly low grade, which suddenly 
come to an end in an abrupt change in decliYity and usuall)r by change 
in stream direction as well. By the broad cun'es of the contour lines 
where they intersect the streams, the topographer has correctly por
tl·ayed the floor-like bottoms of the stream channels, which are here so 
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characteristic a feature. The fonn of these channels is probably in 
many cases explained by the presence of faults at the nmrgin of the 
river bottom, and by the down throw of the included orc~Tat->hic block, 
or, which would amount to the same thing, the upthrow of its walls. 
In the Pomperaug Basin the channel margins in rnany cases coincide 
in position with the faults which have already been described in the 
last section. It should not, however, be forgotten that revived drain
age is characterized by sharply cut channels. 

ZIGZAG STREAM COURSES. 

In some places the streams of the Pomperaug Basin have long 
stretches, approximating· to a uniform direction, as, for example, Nona
waug Brook, near Mino:rtown, or the Pomperaug itself, near Pomperaug 
village. Represented upon the map of the basin, these river stretcher
appear usually as nearly straight lines. Examined at the loca1~· ~ , 
however, it is found that this general direction is very frequently 
maintained through a s~ries of zigzags, first to the right and then to 
the left, or perhaps for short distances along the general direction 
itself. This zigzaging of the stream course differs from the ordinary 
meandering of streams in alluvial bottoms in its greater regula,i'ity, 
but chiefly in the dear indication which it affords in many cases that 
the course is a broken line slightly rounded at the angles, and not an 
undulating line, as is the course of strean1 meanders. In other words, 
the stream course makes sudden changes in direction to produce elbows 
like those of an eaves gutter, instead of sinuOtlS turns like the bends 
in a flexil)le hose. A good illustration of the structure is furnished 
by the canyon of the Pomperaug River below Pomperaug village. 
Similar elbows, but of a higher order, appear upon the map (Pl. XV). 

RELATION OF DRAINAGE TO PREEXISTING 1!-,AULT J'LANES. 

If now the drainage system of the entire valley is studied as regards 
stream direction, it is found that this is in harmony with the fault 
system of the region. Not only do the stream courses have long 
stretches which coincide in direction with the direction· of some one 
of the prevailing fault series, but in many instances one or more indi
vidual faults of this series have been observed in immediate proximity 
to the stream. Pl. XV has been prepared by tracing the drainage sys
tem from the topographic atlas sheets of the United States Geological 
Survey, and then locating from the geological map the position of 
observed faults whieh are in proximity to water courses. The same 
data are to be found on the geological map of the region (Pl. I), 
although they are there much obscured by the details of geological 
coloring and by the numerous fault lines. 

As a whole the river courses of the basin show the ~ame subdi-
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visions as the geological map. For the greater portion of the area 
the streams follow in a rough way mainly the directions of the four 
prominent series of faults, viz: N. ±5° vY., N. ±54° E., N. ±15° E.,. 
and N. ± 34° \V. l~1 the southern portion the streams follow the 
N. ±44° \V. and N. ±61° \V. and to a small extent theN. ±33° E: 
directions, as well as the prevailing ones of the region. The Sprain 
Brook Valley, northwest of Hotchkissville, and the sti·eams by which 
its strike is continued to the southeast furnish the only important 
instance within the basin in which these abnormal fault directions 
appear to have influenced n1aterially the drainage outside of the 
southern zone. 

The main trunk of the Pomperaug- and Transylvania Brook, its 
principal tributary within the area of Newark rocks, for the greater 
part of their courses flowN.± 5° \\T. (or S. ±5° E.) and N. ± 15° E. (or 
S. ± 15° vV. ). The tributaries whieh enter them from the crystalline 
walls of the basin flow in the western wall along directions approxi
mating to S. ± 3±0 E., in the northern wall along S. ±5° E. faults, 
while in the northeastern wall they follow more frequently the direction 
of the dislocations trending N. ± 54° E., in each case directions nearly 
normal to the trunk streams into which they empty. In the south
eastern wall of the basin less uniformity of direction is observed, the 
peculiar fault directions of that zone apparently in large part control
ling the drainage. The only important tributary of the Pomperaug 
which rises in the inclosed elevated Newark area is Poverty Brook 
(see also Pl. VIII), which for n1ore than a mile flows with almost 
mathematical accuracy in the direction S. 34° E. 

The large regular elbows of the Housatonic River above the mouth 
of the Pomperaug correspond in position to the extension of important 
dislocations observed in the Pomperaug Basin, and it is likely that the 
course of the river has here been directed by the same structural 
conditions. 

The general harmony of the stream courses with the series of dislo
cations already mapped having been determined, the question may 
well be asked whether such an adjustment of the drainage system to 
the fault system can be accidental-whether the parallelism observed 
is a mere coincidence. \Vith a sufficient number of fault directions 
and the assumption of sufficiently short elements of the stream courses, 
it would, of course, be possible to find at least a partial parallelisn1 of 
any two systems whatsoeyer. The establishment of a causal relation
ship of the one system to the other will be the more certain the smaller 
the number of fault directions employed and the longer the stretches 
of stream course within which essential parallelism to any of the fault 
directions obtains. 

'Vithin the Pomperaug Basin, and except in its southern zone, where 
other and special directions of faulting are discovered, we find prac-
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PLATE XVI. 

HYPOTHETICAL GEOLOGICAL STRUCTURE (DIAGRAl\IMATIC) WITHIN THE 

BASIN OF THE SHEPAUG RIVER, TO ACCOUNT FOR ITS DRAINAGE 

PECULIARITIES. 

The region is assumed to have been dislocated by a system of faults similar to that 
observed within the Pomperaug Basin. Upthrow and downthrow of individual 
blocks and grouping of these on the basis of throw into composite blocks has also 
been assumed to have occurred in a similar manner. Individual faults are repre
sented on the map by lines trending, like those of the Pomperaug Valley, N. ±5°W., 
N. ± 54° E., N. ± 15° E., N. ± 34° W., and N. ± 90° E. The altitude of individual 
blocks is indicated by the depth of the shades, the deepest shades representing 
blocks standing at the highest altitudes. The nearly white areas are the blocks at 
the lowest altitudes, and the areas colored in intermediate shades are blocks ranging 
in altitude between these extremes. The lighter bands upon the map represent, 
therefore, canal-like trenches (formed by graben) which the river discovered and 
utilized for its channel. No attempt has been made to explain the deflecting of 
streams from one canal to another. An individual block at a higher altitude than 
its neighbors may have caused the deflection, but other causes might be suggested. 
The map is intended to suggest a cause of the directing of courses in correspondence 
with the general fault system which is indicated. The river itself has been traced 
from the New Milford and Danb1,1ry topographic atlas sheets of the United States 
Geological Survey. 
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tically four prevalent series of parallel faults, which diverge from. one 
another (their nearest neighbors in the system) at angles of about 39°, 
20°, 29°, and 92°. A difference in angle between a fault direction and. 
any element in ·a stream course of '7°, or about one-third of the small
est of the angular intervals in the fault system, would produce in the 
distance of a mile a divergence of the two directions of an eighth of a 
mile, or one in eight, a divergence which platted upon the general 
map (Pl. XV) would hardly be accepted by the eye as an indication of 
causal relationship of the one direction tc> the other. The instances 
where streams adhere with great fidelity to one of the four fault direc
tions for considerably longer distances are, however, not rare, and, 
considered as a whole, the relationship of the two systems is too close 
to be accounted for solely on the theory of coincidences. This subject 
will be further elaborated under the next heading, where the drainage 
system of the Shepaug River, whose basin adjoins that of the Pompe
raug upon the west, is treate~. 

There must have been many conditions which have brought about the 
minor irregularities of stream courses other than the one which has 
just been discussed. Though the crystalline rocks of the upland, 
regarded as a whole, present as great uniformity of hardness as almost 
any _area of gneisses that could be selected, yet there are minor differ
ences which can hardly have been without effect in shaping the courses 
of streams. More important, perhaps, than these have been the accunlu
lations of the Glacial epoch, which in the form of harriers have pro~ 
foundly affected the drainage of the region. In a few known instances, 
and in a large number of inferred examples, within the g·eneral area 
here under consideration, the waters of one stream have been diverted 
to another, or the course of a stream has been reversed so that it is 
compelled to flow in the opposite direction. Important as such changes 
have been, they have yet, in the majority of instances, affected but 
little or for but short distances the orientation of stream channels. 
This would indicate that the streams had become firmly intrenched in 
the tilted Cretaceous plain of erosion prior to the glacial invasion, and 
that the present drainage, moreover, is probably adjusted to older 
channels. 

EVIDENCE THAT FAULTS HAVE CONTROLLED THE DRAINAGE IN THE AREA 

OF CRYSTALLINES SURROUNDI~G THE POl\IPERAUG BASIN. 

The detailed examination of the crystalline walls surrounding the 
Newark area has revealed the position of faults belonging to the sys
tem which obtains in that area itself, and it bas just been shown that 
these have controlled the directions of the water courses of the vicinity. 
It is but natural to inquire whether any evidence has been discovered 

. which indicates that this system of dislocations extends beyond the imme
diate borders of the basin into the great area of the crystalline uplands. 
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The Newark rocks being there lacking, the discovery of actual faults 
within the crystalline territory is attended with great difficulty and 
uncertainty. A relation having, however, been established between the 
drainage and the geological structure within the Pomperaug region, a 
possible tnethod is suggested for inferring the structure of the sur
rounding territory through its system of drainage. It is easy to deter
mine whether a drainage system like that of the Pomperaug is of the 
same type as that of the surrounding territory, or, if this proves not 
to be the case, whether by a persistence of streams along certain direc
tions any indication is afforded that their courses were subjected to a 
directing influence through the presence of preexisting troughs or 
channels. 

Adjoining the drainage basin of the Pomperaug on the west is the 
bt~sin of the Shepaug River, both rivers alike flowing southwest and 
emptying into the master stre-am, the Housatonic. A portion of the 
Shepaug River s.ystem is represented in Pl. XVI, the distant head
waters not being, however, included in the plate. This course of 
the river is here traced from the New Milford and Danbury topographic 
atlas sheets of the United States Geological Surve,y. In the system 
of this river the alignment of streams in correspondence with the 
prevailing fault directions of the Pomperaug region is not less strik
ingly shown than is the case in the original area. Starting. at a 
point about 12 miles above its mouth, the course of the river is nearly 
S. ± 34° E.; then for about 4 miles S. ±5° E.; after which it again 
turns 8.±34° E., and, reenforced by the waters of Jack Brook, it 
pursues a course 8. 15° W. nearly 3 miles before beginning its final 
reach of a mile in a direction 8. ± 34:0 E. and entering the Housatonic. 
Jack Brook for nearly 3 miles flows 8.±5° E., and after turning 
westward a·t nearly right angles to this direction it receives a tribu
tary which faithfully adheres to the direction of its own initial course. 
It is worth noting that the general course of this tributary of the 
upper part of Jack Brook, the course of Jack Brook itself, and the 
middle reach of the Shepaug River, not only run parallel to one 
another in the direction 8. ±5° E., but are also separated frop1 one 
another by nearl.r equal intervals of about li miles. Other tributa
ries of the 8hepaug Ri\rer follow roughly the directions N.± 34° 'V. 
and X.± 54° E., and the same orientation of stream courses extends 
to the smaller as well as the larger tributaries. This is apparent par
ticularly in the course of the main eastern branch of Jack Brook and 
of Roxbury Brook. 

The drainage of a larger area, of which the Pomperaug Valley is 
the center, has also been studied from the atlas sheets. From this it 
will appear that the Pomperaug system of dislocations, which was 
shown to haYe inflt1enced so largely the course of the 8hepaug River. 
may be deduced throughout the territory studied. It is unnecessary 
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here to call attention to more than two points in connection with this. 
These are, first, the way in which the n1aster ~;tream, the Housatonic, 
seems to have been controlled by the system; 
formity of the smallest tributaries to the same 
controlling system. 

The Housatonic, after flowing S. ±5° E. for a 
distance of about 3 miles, by a series of sharp 
elbows takes the directionS. ±61 ° E., to which 
it adheres with great fidelity for a distance of 
3!- miles, and then in a series of remarkably 
regular zigzags the same average directiotl is 
maintained for '7 miles more. The north-south 
limbs of the larger zigzags correspond, more
over, somewhat closely in position with the 
extension of the S. ±5° E. reaches of Jack 
Brook and its principal tributary. 

Almost as instructive is a study of the minor 

and, second: the con-

FIG. 51.- Normal twig-like 
branching of streamlets-the 
type produced in homogene· 
ous rock material when unin· 
flu.enced by geological struc· 
ture planes. 

~treamlets within the region. A normal stream etching· its way into 
a ti1ted erosion plain which was formed in an earlier geographical 
cycle, if working upon uniform rock 1naterial, and further if unin
fluenced by geo1ogical structure planes, has produced when its mature 

F~G. 52.-Streamlet branchings of the abnormal type found in the area in and about the Pomperaug 
Valley. a and i, streamlets controlled by two sets or pairs of fault planes. band c, streamlets 
preponderantly con trolled by a single series of parallel planes; cl,j, and h, by a nearly rectangular 
system of fault planes. e and g, streamlets indicating that neighboring streamlet branchings have 
been controlled by the same fault plane. The side streamlets of g indicate control by a second 
series of faults. 

stage is reached a ramifying ~;y~;tem of branching tributaries, the 
arms of which in the prie:ary, secondary, tertiary, or higher orders 
meet their respectiYe trunk streams at acute angles, which are 
determined by the gradient of the original erosion plane and by the 
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. -

resistance of the rock material to erosion. The streamlets at the 
headwaters of a stream by their junction with one another will 
therefore under nornutl conditions produce a twig-like structure, 
which n1ay be fairly represented by fig. 51. Variations from this 
normal type are the rule rather than the exception in the region we 
are studying, variations which can in many cases at least be shown 
to be unrelated to the underlying rock. Moreover, these tw.igs dis
play in their peculiarities directing influences along two or more 
rectilinear directions (see :fig. 52). In some instances they indicate 

a simple network formed of two sets 
of parallel intersecting lines (cl, g, A); 
at other times a third set of intersect
ing lines is apparent in the network 
(f). Not infrequently a majority of 
the minor twigs have their tips turned 
all in a single direction (b), a straight 
twig may meet its trunk in the abnor
mal (backward-pointed) position oppo
site a similar twig in the normal posi
tion (c), or, further, a twig may branch 
at its tip in directions nearly normal 
to its stem (e). One of the best indi
cations that geological structure planes 
have influenced the direction of a 
stream is afforded when, having de
parted from an originally straight 
course, the stream returns to pursue it 

Fw. 53.-Drainage which has been influ-
enced by joints. (After Daubree.) again (as may be noted of the Shepaug 

River), or when the streamlet twigs of 
different branches n,i·e arranged along a single straight line (g, e of 
:fig. 52). Very peeuliar forms result when different parts of a single 
twig have been influenced to take directions corresponding to the 
different networks (a, i). 

XETWORKS OF WATER COURSES IN OTHER AXD DISTANT REGIOXS. 

Daubree 1 has called attention to the orientation of water courses in 
perfectly analogous networks in a number of districts, but particularly 
those of France. One sueh locality is described in the en·drons of 
Joigny (Yonne), representing the plateau of Charny. This is repro
duced after Daubree in :fig. 53. He has explained this network of water 
courses as due to the existence of a number of sets of intersecting 
joint planes (reseaux reguliers de cassures), whose strikes are parallel 
to the individual straight elements in the water courses. "\Vhere the 

1 Op. cit., p. 361, Pl. III. 
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streams have followed the joint planes, he has assumed that the joint 
plane was gaping, its wandering from the plane being explained by 
local closure of the fissures. 

The dells of the vVisconsin River near IGlbo~rn City are tributary 
streams, with zigzag courses, the straight elements of which follow 

. two nearly rectangular and one or more, though less common, diago
nal directions. Van Hise 1 has explained this by assuming the exist
ence of a regional set of joints, produced by the slight fold~ng of the 
Paleozoic formations of vViscon~in. Buckley bas noted 2 the joint 
strikes at several hundred localities within the State of Wisconsin, 
and finds that in the. sedimentary rocks they fall mainly in two rec
tangular sets of pairs, which strike approximately in the directions 
northeast to southwest, northwest to fOUtheast, north to south, and 
east to west .. 

The most important papers known to me which bear upon this 
question of oriented drainage lines are those of Brogger, 3 which 
have already been discussed as regards their revelations of geological 
structure (see pp. 133~ 136). 

The observations and deductions of the distinguished Norwegian 
geologist are in many respects strikingly similar to those here 
described, though the Norwegian area has been partially drowned by 
the submergence of its deeper valleys. So far as the fact~? are the 
same the interpretations have in the main followed the same direction 
for the two widely separated areas. R!3ferring to the Langesundfjord
Skien district, Brogger says: 

It is impossible to deny the great significance of the joint 4 system for the snrfaee of 
the region in question. 

As a general rule it holds for the entire extent of territory that the steep rocky 
walls, like the narrow fissure valleys and clefts, are bounded and their courses deter
mineq by the joint planes, while the gentle slope of the N.-S. to N,V.-SE. 
striking ridges is dependent upon the dip of the beds. 

While the cutting of the rocks into steep walls is, in the :first place, dependent 
upon the joint planes, the faults enter as decidedly the most important factor in the 
formation of the valleys for the entire extent of the area. It is not exaggerated 
when, to my own astonishment, I must state, as the final result of my observations 
in this region, that almost every valley, every canyon is formed along a fault cleft. 
It is here superfluous to recount as examples all the observed faults. 5 In fact, the 
observations on the most southern stretch between Rognstrand and Lango show that 
each deep embayment, each valley or canyon ascending from the same, follows a 
larger or smaller, and, in the majority of cases, absolutely determined, fault paral1el 
to the nearly N.-S. striking fault series; likewise that in the Brevik-Porsgund 

! Origin of the dells of the Wiscomdn, by C._ R. VanHise: Trans. Wisconsin Acad. Sci., Vol. X, 1895, 
pp. 556--560. 

20n the building and ornamental stones of Wisconsin, by E. R. Buckley: Bull. Geol. and Nat. 
Hist. Surv. Wis., No.4, 1898, pp. 450-460, Pl. XLIX. 

3Spaltenverwerfungen in der Gegend Langesund-Skien, by W. C. Bri:igger: Nyt :Magazin for Natur
Vldenskaberne, Vol. XXVIII, 1884, pp. 253-419, with map. Ueber die Bildungsgeschichte des Kris
tianiafjords, by W. C. Bri:igger: ibid., Vol. XXX, 1886, pp. 99-231. 

40p. cit., p. 341. &Given in detail in earlier sections of the paper. W. H. H. 
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stretch almost every (perhaps every) canyon and each canyon-like valley, which 
near Friorfjord indents the continuous rock wall, follows a fault :fissure parallel to 
the nearly \Y.-E. striking fault planes. Even the clefts (topographic fonns known as 
"Kloven ") so characteristic of Lango and Langesundstangen are formed after fault 
clefts; and the straits, ·which raised above the sea would appear as valleys, are 
formed along the fault clefts. * * * 

The significance of the faults for the formation of the valley straits is thus as pro
found as possible within the stretch of land described, since almost every cleft, eyery 
vale, every bay, has been formed upon a line of dislocation; indeed, the presence of 
clefts was for me, at the last, the surest index for the discovery of dislocations. 1 

The explanation offered by Professor Bragger for the observed 
relationship of the drainage system to the joint and fault systems is as 
follows: 

It is now common to all these canyons or canyon valleys that the bottoms of the 
same are always so covered over that rocks are nowhere exposed in place-a contrast 
to the steep plane walls, which appear as though cut out with a knife. This condition 
appears to me to indicate that these canyons and canyon valleys are often split very 
deep. Their formation can naturally be explained in different ways-either (1) in 
great part through simple gaping of the :fissure (this has above been assumed as a 
partial explanation of the original formation of the sound of Brevig); or (2) through 
gliding down of the sunken mass of strata along a fault plane, which had a somewhat 
different inclination than that according to which the clefts· are cut out; or (3) a 
generally wedge-shaped block may have been sunk between two parallel or down
ward converging joint planes by the masses of strata (on either side) separating a 
little from one another. That such sinking in has actually occurred in some 
instances is proved by the sunken block between Tangevaldkleven and Fjeldstadkle
ven, etc. Finally ( 4), a narrow block made by the faulting has been crushed 
(zerquetscht oder zerstiickelt) into fragments between two or more parallel joint 
planes ·in such a manner as to be subsequently easily removed by erosion, and thus 
through it the loom of the valley be formed. Such strongly crushed intervening 
blocks I haye observed as a by no means rare phenomenon. 

In one of the above-mentioned ways I believe that the narrow canyons and cross 
valleys have been originally formed; nearly all, if not all, are related to faults (stehen 
mit Yerwerfungen in Verbindung) and are true fault clefts. Naturally it is not my 
intention by this to deny that erosion also has in general gradually worked along 
the clefts opened in any ·of the mentioned ways, but erosion alone has not opened 
the clefts, for otherwise it would be inexplicable why faults should always occur 
together with them. 

In most of the cross valleys we :find, however, although the faults are present, the 
cleft formed is either no longer present or is only locally to be' seen. In most cases 
we must then assume that erosion has erased (ausgewischt) the characteristic fault 
cleft. This holds also for the longitudinal valleys which occur along dislocation 
lines; * * * the characteristic cleft formation is only locally preserved, and 
indeed chiefly along the coast line. In the interior of the country, for example, 
between Tangvald and Langesund, one can easily walk over the faults without the 
landscape revealing anything of them. Only the exact knowledge of sedimentation 
can here serve for orientation. Thus the fault lines are in part quite generally erased 
in spite of the fact that they had the most profound original significance in the 
sculpturing of the landscape, now for the most part to be detected only by careful 
observation, although in many places most striking and in general so persistent that 
almost every valley and every depression corresponds to a line of dislocation. 2 

tOp. cit .. pp. 341-342. ~op. cit., pp. 39.h39i. 
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The former head of the geological survey of :Xorway, Prof. Th. 
Kjerulf, from study of the topographic maps of :Norway, was led to 
believe that the bounding lines of the valleys, lakes, and fjords of 
Norway were, almost throughout, the courses of lines of dislocation. 
Except in a few small districts such as those described by Brogger this 
has not, so far as I know, been confirmed by actual study in the field. 

ORIGIN OF THE RIVER NETWORKS IN THE POl\IPERAUG REGION. 

There are obviously a number of ways in 1v:hich the dislocations of 
this region might be made to account for the orientation of stream 
courses. The direction of streams by the joint or fault planes them
selves may be ·competent to explain the network indicated, more par
ticularly if the streams began their cutting in the soft Newark sedi
ments, which easily sustain secondary fractures near fault planes. 
That some voids occur along the fault planes of the Pomperaug Valley 
would seem to be indicated by the fact that these planes have con-. 
ducted the underground waters to the surface at so many places within 
the area of the Newark rocks. · Tension joints should, however, be 
more effective than compression joints in the orienting of drainage 
lines, if it be assumed that the gaping fis.sure planes have directed 
the streams in their courses. The presumptive evidence, however, is 
here in.favor of the former development of the Newark rocks over a 
considerably larger territory than that which they now occupy. 

It is an· observation of much interest that the minor twig-like 
branches of the streams, which -in the deeply eroded mass of crystal
lines must have been adjusted after the capping of sandstones had 
been removed, show an equally strong tendency with the master 
streams to follow the special directions indicated by the system as a 
whole, and this may perhaps indicate that they were adjusted to the 
earlier drainage lines in the deeply eroded mass of crystallines after 
the capping of sandstones had been removed. 

The study of the fault system of the Pomperaug Basin offers, how
ever, another rational and .natural explanation of the network of 
streams, provided the assumption is made that the drainage is adjusted 
to that formed in the geographic cycle which succeeded the deforma
tion of the area. The system of parallel faults has divided the area 
into vertical, triangular, rhombic, or rhomboidal prisms, which stand 

. at different relative altitudes. These prisms are found to be grouped 
into composite blocks ·of increasingly higher orders, the peculiar prop- .. 
erty of each of which is that the average altitude of its component 
prisms approximates (however roughly) to a fixed value-the com
posite blocks have an average level surface, although alternate prisms 
or alternate suboi·dinate blocks project above or stand below the gen
eral level. The initial surface formed by these prisms would be 
marked by canal-like structure trenches (graben) which follow the 
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direction of fault planes and which have stronger directive power as 
regards streams at the junction of the trenches !1nd at the crossings 
with the smaller branches of other series. This will be illustrated by 
Pl. XVI, which, so far as its tinting and the actual location of fault 
lines are eoncerned, is hypothetical. This map is constructed on the 

. plan of some contour maps, in so far as the areas of highest altitude 
are marked by the deepest shades and those of lower altitude by 

· inereasingly lighter tints. The nearly white bands on this map, and in 
a less degree those of n1edium tints, we will suppose to n1ark, then, the 
more or less persistent depressions of the initial post-deformation sur
face, which had been adopted by the streams before base-leveling had 
occurred. This plate then repi·esents in a very diagrammatic manner 
the supposed structure and the original surface of the territory into 
which the Shepaug River has intrenched itself, and in a general way 
also a structure which would account for the drainage of the adjacent 
territory. 

SECTION 2.-PHYSIOGRAPHIC FEATURES OF THE POMPERAUG 
BASIN. 

'I'he geological structure of the Pomperaug region may be read not 
in the water courses alone by their canal-like channels, their "eaves

N 

gutter" zigzags, and the directing of 
their courses, but also in topographic 
relief forms. 

Oheclcerboard topography.-At many 
localities in the Pomperaug Basin, 
even where cliffs have not been de
veloped and where outcroppings of 
rock may be few or even lacking, the 
modeling of the topography to the 

' 7 Aoos form of a checkered system is so strik
ing as to arrest the attention of any 
one accustomed to observe topo
graphic peculiarities. Perhaps no bet-
ter illustration of this could be given 
than the wide eastward slope rising 
from the cascade in Transylvania 
Brook, a slope bare of outcrops save 
for a single probable exposure of the 
schist, but a slope on which mound
like elevations bounded by zigzags of 

FIG. 54.-Topograph); of ridges near the oil straight elements produce at a distance 
well on the Truman Wheeler place, theimpressionofartifi.cial earthworks. 
Southbury. 

This is seen to special advantage from 
almost any point on the opposite slope of the valley, although it exhibits 
too small relief to appear upon the topographic map. A modification 
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of this structure is exhibited by the ridg·e of vesicular (main) basalt 
northwest of the oil well on the Wheeler place. So marked is the 
structure in this vicinity that 
the positionl-3 and directions 
of faults may be roughly de
termined (fig. 54). 

vVhere developed on a larger 
scale such structures may be 
read directly from the map. 
In the northern wall of the 
basin, particularly to the north 
of \Voodbury and in a larger 
way in tho north,vestern wall, 
such a chepkered topography 
is apparent. 'Vest of Ragland 
a deep indentation of the basin 
wall reveals like characters in 
the relief. 

I have already called at ten
tion to the strikine: tor)o- Fm. 55.-Typical inglenook of Squaw Rock, near south 

"" Britain. Scale,3 inches equals one mile. 
graphic peculiarifief:! of the 
Orenaug district, in which a great number_ of tilted prismatic· blocks 
produce the effect of tilted floating blocks. This topography, which 

may be referred to as the ''float
ing block: topography," except 
for its small ~c~-tle, il-3 ·similar 
to that described by Gilbert in 
the Great Basin under the name 
of Basin structure. On a still 
smaller scale the same kind of 
structure produces hummocky 
plane surfaces, such a:s have 
been described from the east
ern twin of Orenaug Hill (see 
Pl. XIII). 

Rampart slopes.-Part i c u
larly in the crystalline basin 
walls, where large displace
ments have occurred with dis
tribution of throw over a com
paratively wide zone, the effect 
produced is that of a series of 

Fm. 56.-Very ueep inglenook of the Hotchkissville steps, or better, in view of the· 
Valley. Scale, 3 inches equals one mile. talus slopes, of the ramparts of 

a fortification. The best illustration of this type of slope is furnished 
by the long northward-trending wall 'west of Ragland. 
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Inqlenooks.-The peculiar indentations of the basin walls cau~ed by 
the downthrow of orographic blocks furnish a type of physiographic 
feature which has not, I believe, been recognized hitherto. The pecul
iarities of these indentations in ·the basin wall, for which I propose 
the name ''inglenook," are their approach to a prismatic form, their 
steep walls, their wide and nearly )eye} floors, and the inadequacy of 
their present drainage to explain their formation. In some of them 
there are minor streams flowing, but in others streams are entirely 
lacking, the run off from their small drai1,1age areas being distributed 
over steep slopes and passing into the loose talus or gr!:tvel of their 
floors. Figs. 55-57 represent three inglenooks from the Pomperaug 
Basin, the one at Squaw Rock near South Britain serving as the type. 
The deep inglenook '\~lhich forms the Hotchkissville Valley has remark
ably regular outlines, and it indicates that the downthrown block 
which has produced it is bounded by theN.± 5° ,V, and N. ± 90° E. 

FIG. 57.-0blique inglenook near South Britain. Scale, 3 inches equals one mile. 

faults. It is prolonged southward and connected with the basin by 
the Sprain Brook gorge, which is for1ned in a similar manner by the 
downthrow of a block of schist having nearly the same width and 
bounded by N. ± 3±0 vV. and N. ± 54° E. faults. (See general topo
graphic map, Pl. XIV.) It is on the east of this block that the unit 
blocks of similar shape which have been described (p. 109) are found. 
A third and oblique type of inglenook is that which indents the western 
basin wall about 2 miles south of South Britain (fig. 57). The fourth 
well-marked inglenook indents the southern wall of the basin 1! miles 
southeast of South Britain. This inglenook is bounded on the east and 
west by faults trending~. ± 44° ,V, and connecting with the bounda
ries of the Squaw Rock inglenook west of South Britain. 

SECTION 3.-EROSION HISTORY OF THE POMPERAUG RIVER. 

The erosion history of the Pomperaug River has been an interesting 
one, marked in a late stage by a complete reversal of the drainage in 
a portion of its basin. The peculiar conditions which seem to have 
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PLATE XVII. 

MAP TO IL-LUSTRATE THE SUPPOSED STAGES IN THE EROSION HISTORY 

01!, THE PO~iPERAUG BASIN IN THE CYCLE WHICH WAS INITIATED BY 

THE ELEVATION AND TILTING OF THE CRETACEOUS PLAIN OF EROSION. 

Infantile stage. The course of the rh·er is down the slope of the Cretaceous plain 
of erosion, modified by the valley of the master stream (Housatonic) to which it is 
tributary, and probably also by the existent drainage lines of the tilted erosion plain. 

Youthful stage. The dh·ide has become intrenched in the soft beds of shale and 
sandstone. Tributaries enter in the normal manner, but along fault trenches. 

Lake stage. By the deepening of its bed the river discovered the underlying gneiEs 
and schist in an upthrown block, and began to develop above it a new plain of ero
sion. Above this obstruction a lake has been formed either by subsequent elevation 
of the block or by the formation of a dam of glacial drift after a migration of the 
divide between the youthful Pomperaug and its main eastern tributary and the 
upthrown schist block. 

Mature (present) stage. The main eastern tributary in the lower reach of the 
river haYing acquired an a<hantage in decliYity of its headwater~, has pushed back its 
divide along the sandstone of the eastern valley so as completely to circumscribe the 
area of basalt, capture the headwaters of the river, and partially drain the lake. 
-where it has been compelled to cross the basalt (as elsewhere) the river has chosen 
its course over downthrown blocks lined by upthrown blocks (graben), in doing 
which it has discovered the upper surface of basalt in the bottom of its channel at 
Pomperaug village, and thus formed a new plain of erosion. 
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been mainly responsible for this are: (1) The Cretaceous plain of ero
oion, whooe former drainage and whose gentle southeastern slope 1 

conditioned the direction of the initial drainage of the cycle; (2) the 
down throw of the orographic blocks of the valley below the surround
ing wall~; of crystallines, which, in a rough way, has in the subsequent 
ero:::ion determined the size of the basin; (3) the presence of soft sand
otones, which fixed the general position of the trunk stream, as the 
caual-like trenches did it::; more exact direction; (±)the upthrown block 
of schist which projected into the basin from its western walland brought 
about a new temporary base-level and ultimately the reversal of thedrain
ag·e, and (5) the altitudes of the basalt block in the canyon in Pomperaug 
village, of the baked conglomerate blocks at South Britain village, 
and of the schist block which has just been n1entioned, for these 
obstructions have determined the altitude of temporary erosion plains 
in the present comparatively stable stage of the river's evolution. 

In Pl. XVII the features of the present river may be read. It is 
noted, first, that the trunk stream of the Pomperaug River with its 
tributary, TransylYania Brook, follows in the main the borders of the 
sandstone area, so as to inclose the masses of harder basalt. In the 
next place it is noted that the upper reaches of the river are a contin
uation of the valley which is occupied by Transylvania Brook, and 
observation on the ground shows, further, that this valley is much too 
large to have been caused by the brook which now flows in it. It could, 
moreover, hardly escape observation that the tributaries of this north
ward-flowing portion of the Pomperaug enter it in the reverse (back
ward-pointing) order, and that they are quite parallel with the 
tributaries of Transylvania Brook, though the latter enter in the 
normal way. The divide between the Pomperaug and this tributary 
is located in the arm of l:lchist which projects into the basin west of 
East Hill, in which Transylvania Brook has formed a series of low cas
cades representing in the aggregate a fall of about 60 feet. 

The northward-flowing portion of the Pomperaug is apparently a par
tially drained lake with a triangular lake nestled a little higher up in 
the nook formed by the sudden bend in the ridges of the central area. 
It is worthy of note that the central mass is, except in the southeastern 
portion, without any streams large enough to be represented upon the 
map. This is explained in part by its small area and in part by the 
extreme resistance to the agencies of subaerial erosion offered by 
the basalt of which it is largely composed. Although the Pomperaug 
has crossed the area of basalt in two instances, it has done so in ready
formed structure canyons (graben), within which it probably worked in 
an overlying cap of sandstone; for at but one of the localities, Pompe
raug village, is basalt to be found in the river bed, and here it has only 
recently been discoyerecl by the riyer. 

I Cf. Davis, Xat. Geog. ::\Ionogmphs, Yol. I, Xo. 9, pp. 269-304. Also, Eighteenth Ann. Rept. C. S. 
Geol. Sun·ey, Pt. II, 1898, p.15i. 
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With the above-mentioned considerations in mind, and with the map 
of the river before one, the erosion history of the river during the 
post-Cretaceous cycle is interpreted to have been probably about as 
represented in Pl. XVII. 

INFANTILJ<J STAGE. 

The initial or infantile course of the Pomperaug River during the 
post-Cretaceous cycles a:; a tributary to its trunk stream, the Housa
tonic, would be in accordance with the slope of the erosion plain on 
which it flowed, modified by the slope of the walls of the trench in 
which the Housatonic itself was then flowing, and directed also by any 
preexistent channel of the uplifted plain which had been formed in 
the previous cycles. The combined effect of these inclinations may 
be assmned to have been to give to the stream a southerly direction. A 
downthrown block in the crystallines between higher blocks is clearly 
indicated along the course of the Pomperaug River at Bennett's 
bridge, and it was probably this which fixed the present outlet of the 
river to the Housatonic. Owing to this canyon the river probably 
worked in sandstone fron1 the outset, and steadily intrenched itself in 
this rock along a canal-like valley which follows the western Inargin 
of the present basin, and which was very likely present in the drainage 
of the preceding cycle. 

YOUTHFUL STAG E. 

The youthful stage of the river was characterized by a pushing back 
of its headwaters as the rise of the land increased, following in this the 
areas of 8andstone into which it ever the more deeply intrenched itself. 
As it thus deepened its channel the modified inclination· of its banks 
resti.lted in the formation of tributary streams, particularly from the 
west, which, ·while entering in the normal fashion, were yet, it is 
believed, largely controlled in their ·direction by the ready-formed 
trenches in the crystallines due to the depressed blocks outlined by 
the faults of the X. ± 34:0 "\V. series. At the northern end of what is 
now Ragland the rivei.· found two diverg-ing belts of sandstone, and a 
branch was extended in either direction. At South Britain, also nearer 
its outlet, a branch of the ri \Ter found a sandstone belt, through which 
it sank its channel and acquired advantag-e by increased declivity of its 
headwaters. 

The deeper intrenchment of the n1ain river must have been accom
panied by a progressive migration of its channel to the eastward, due 
both to the eastward dip of the sandstone and arkose beds and to the 
distributive character of the displacement along the western wall. As 
it discovered the floors of the successire walls the river's bed would 
be steadily pushed eastward in the direction of the foot of the steps. 
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LAKE STAGE. 

As already pointed out, the upper reaches of the present river (the 
northerly flowing portion) appear to be the basin of a partially drained 
lake. The course of the tributaries in the western wall clearly incli.
cates that the drainage has in the northern portion been reversed, and 
the upthrown block of schist projecting into the basin from its western 
wall forms the present eli vide between the reversed stream and Tran
sylvania Brook, which still occupies the southern portion of the old 
valley. 

A new stage in the history of the river was inaugurated in the local 
discovery by the river of the schist block beneath its cover of sand
stone. The many times greater resistance which this schist block 
offered to degradation by the river had the effect of starting the forma
tion of a new plain of erosion near the level of its upper surface. 
The stage thus inaugurated was devoted to the grading of the river in 
two plains, one above and the other below the obstruCtion of the schist. 
As this proceeded the block· itself developed a cascade, the fall of 
which steadity increased. The main eastern tributary of the Pompe
raug, which was cuttirig its channel in the southern and eastern belt of 
sediments, thus secured an advantage over the western stream in the 
greater declivity of its headwaters, but either in this period or shortly 
thm:eafter it in a similar manner discovered the block of baked con
glomerate at South Britain, which was so resistant as to form at its 
level a new erosion plain in the eastern valley. 

The occasion of the damming up of the upper waters of the Pom
peraug to form the lake, assuming that this occurred, may have been 
an uplifting of the obstruction of schist so as to form a natural clam. 
This could occur either through a secondary adjustment by relief of 
stresses not entirely released when the main dislocation of the area 
occurred, or it could equally well be ascribed to the action of stresses 
which had since developed. Another possible cause may have been the 
migration of the divide bt-.tween the Pomperaug and its strong eastern 
tributary which now possessed an advantage in the greater declivity of 
its headwaters and subsequent damming of the course by glacial drift 
at some point near Pomperaug village. 

:)lATURE (PRJ<::SE~T) STAGE. 

The later stages of the river would lJe marked by the more thorough 
investment of the basin and the reduction of the general level; there 
would be a multiplication of minor streamlets. If it be assumed that 
the elevation of the schist block of the cascade has cau~;ed the forma
tion of the lake, the most revolutionary change as regards the river's 
history during the latter period was probably the more rapid exten
sion of the eastern arm of the Pomperaug in compari~;on with the 



158 NEWARK SYSTEM OF POMPERAUG VALLEY, CONN. 

western branch, owing to its advantage in the greater declivity of its 
headwaters. The result was a steady pushing back of its divide and 
the occupancy of an increasing t_erritory formerly drained by the 
headwaters of the western stream, a process which would have been 
continued until the site of Pomperaug villag·e was reached and the 
drainage of the lake was begun. Thus the reversal of the upper 
Pomperaug would haye been inaugurated, the original lower Pom
peraug becoming thi~ present Transylvania Brook, and the obstructing 
schist block becoming the divide separating the two streams. 

SECTION 4.-GLACIATION OF THE BASIN. 
' 

Comparatively little attention has been given to this chapter in the 
geological history of the Pomperaug Basin, although there can be 

little doubt that it would 

FIG. 58.-Idealized ~cction across the northwestern wall of the 
Pomperang Basin to show the drift cover. 

well repay a careful 
~tudy. 

THE DRIFT 31ANTLE. 

A mantle of drift cov
ers large portions of the 
rocky slopes. On the 
western and northern 
borders of the basin it 

has thinly mantled the higher areas, so as to leave exposed chiefly the 
cliffs and a small margin at their summits. It has accumulated, how
e,·er, on the broader sheh·es formed by blocks at lower levels, leav
ing- exposed, howeyer, in like fashion their frontal cliffs and a portion 
of their summits (fig. 58). In 
the southeastern wall the effect 
has been different. The crystal
lines haYe here been planed away 
so that no cliffs now renmin, and 
only flat or gently sloping sur
faees of OUtCrOpS ate to be Seen. FIG. 59.-Idealized section across the southeastern 

Blocks of schist standing· at alti- wall of the Pomperaug Basin to show the 
drift cover. 

tudes intermediate between the 
high walls and the yalle}~ floor are entirely concealed under the clnft 
mantle (fig. 59; also map, Pl. I). 

DEGRADATIOXAL ACTION OE; ICE OX BASALT. 

In an early ehapter I haYe referred to the fact that the highest ridge 
in the basalt of the yalleY is 200 to 300 feet lower than the high 
points of the crystallines in the walls surrounding the basin. This 
might be in part explained by the known depression of the entire 
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area and the rapid erosion of the posterior shales which in all proba
bility once co,·ered the main basalt sheet. However, as the structure 
of the basalt in the summit of this ridge shows that it belongs to 
a zone located some distance below the original surface, it is assumed 
that a considerable thickness of the basalt has also been here removed. 
The extreme resif'tance of the basalt to weathering, its separation by 
·faulting into prisms which stand at relatively different altitudes, and 
the small drainage area, in "'iVhich it lies, are all conditions which tend 
to produce a pinnacle structure; but the flattened profiles of the 
summits of th~ ridges when viewed from the southern basin wall 
(Pl. V, A.), and their very even skylines when viewed from the east or 
west, indicate that some planation of the summits has here occurred. 
Under the circumstances the n1ost competent agent to accomplish such 
a planation would be the glacial ice cap, which, overriding the resist
ant crystalline walls, would sag into the valley formed from the erosion 
of the soft arkoses surrounding the basalt ridges. The higher prisn1s 
of basalt which project above the sandstone would oppose their yerti-
. cal walls to the great lateral pressure of the moving ice, so that any 

· unsupported pinnacles would be likely to be broken and carried away. 

BOWLDEH TRAI:KS OF HATTLESXAKE HILL AND CASTLE H.00K. 

The evi.dence of ice action in transporting blocks of the basalt is 
found in the two bowlder trains of basalt which have been noted in the 
basin. The n10re noteworthy of these is the one which can be traced 
to Rattlesnake Hill. This train begins as a collection of great, irreg
ular basalt blocks strewn south-southeast in roughly linear arrange
ment on the southern slope of Rattlesnake Hill. At the botton1 of the 
slope the train ends at the le,·el of the well-preserved river terrace, 
and no more blocks are encountered until the direction has been fol
lowed for nearly a mile and entirely across the valley to where the 
slope again rises in the principal inglenook of the southern wall. Here 
are found very large blocks, some having din1ensions of 15 or more 
feet. They are six to eight in number, ranged near one another 
in the direction of glacial mm·ernent. · Four or five of ~he· largest 
would be included within a radius of 50 feet. Their direction from 
Rattlesnake Hill is determined to be about S. 29° E., the average direc
tion of jce movement in the vicinity, which from the observation of 
the strike of gneiss scorings is ± N. 30° 'V. 

The other indication of a bowlder train within the area of the basin 
is found on the slope of the eastern wall to the east and southeast of 
the village of vVhite Oaks. The larger and smaller basalt blocks are 
found at two places, so located as to indicate that if they belong to a 
single narrow train its direction was about S. 13° E., and its source 
the high pinnacle of Castle Rock, the octagonal prism of basalt which 
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rises to the northwest of Pon1peraug village. If this is true-and it is 
by no means certain-it would indicate that local undercurrents within 
the ice n1ass were made to conform to the extension of the valley, a 
fact quite in harmony with observations which have been elsewhere 
made. 

TERRACE FOR:\IATIO.XS. 

The wider portions of the valleys surrounding the central basalt 
area are occupied by a glacial terrace formation. Its floor-like surface 
is well displayed in the vV oodbury plain along the southern base of the 
basalt area (see Pl. V, A).· Perhaps the best section through it is 
to be found on the Poverty road near the corner one nlile north of 
South Britain Yillage. Its characteristic cross bedding is here seen to 
special advantage. 



APPENDIX. 

REPORT ON FOSSIL vVOOD FRO}l THE ~EvVARK ~,ORJIATIO~ OF 
SOUTH BRITAIN, CONNECTICUT. 

By F. H. KNOWLTON. 

In January, 1900, I received a request from Prof. 'Villiam H. 
Hobbs, of the University of 'Visconsin, to examine a number of pieces 
of fossil wood found in the lowest member of the ~ewark formation 
of South Britain, Connecticut. The specimens, three in number, were 
soon placed in my hands, and have furnished the basis for the following 
brief report: 

According to Professor Hobbs this wood, which is more or less per
fectly silicified, occurs in considerable abundance in these beds, usually 
in the form of fragments, although he has sent me a photograph of a 
trunk preserved at one of the farm houses in the vicinity which 
appears to be about 3 feet in length and nearly or quite 2 feet in cliam
eter. The specimens submitted to me are mere fragments, evidently 
of large trunks, the largest specimen being only about 15 em. long and 
7 em. square. Even to the naked eye it appears that the structure of 
the wood has not been well _preserved, and when the thin sections are 
viewed under the microscope Jt is seen that considerable distortion 
has taken place, but by a careful study points were found in nearly 
all of the sections that afforded a fairly satisfactory idea of the wood. 
The three· specimens all possess a simihtr structure, as well as can be 
made out, and are referred to the following species: 

ARA'GCARIOXYLO.N VIRGI:XIAXU31 K.nowlton. 

Bull. U. S. Geol. Survey Xo. 56, p. 50, Pl. VII, :figs. 2-5, 1889. 
Nineteenth Ann. Rept. U.S. Geol. Suney, Pt. II, p. 516, Pl. LII, figs. i-10, 1899. 
Twentieth ..Ann. Rept. U.S. Geol. Survey, Pt. II, p. 2i4, Pl. XXXVII, figs. 1-6, 1900. 

This species was first described from the Tria:5sic of Virginia and was 
later detected in the Richmond Basin, Virginia, and the well-known 
Triassic area of ~orth Carolina. It is of interest to know that it is 
also found in the Triassic of Connecticut. 

161 
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The material fron1 Connecticut, although not very well preserved, 
agrees in all essential particulars with the Virginia and North Carolina 
material. The tranverse section shows the ~tbsence of rings of growth, 
and the wood cells are large and thick-walled, as shown in the above
quoted figures. The radial section, in exceptionally well-preserved 
areas, shmvs the bordered pits to be in two rows which nearly cover 
the ·wall. They are also made out to be hexagonal, but are nvt well 
enough preserved to-permit of satisfactory measurements. The medul
lary rays as shown in this section are seen to be composed of relatively 
short cells. In tangential section the wood cells are seen to be without 
pits or other markings and the medullary rays are in a single series 
of frOJn three to eight or nine cells. 

In conclusion it may be stated that the characters as made out leave 
no doubt as to the identity of the Connecticut material \Yith Araucari
oxylon 1.:iJ'ginian wn of Virginia and North Carolina. 
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THE LACCOLITHS OF THE BLACK HILLS. 

By T. A. JAGGAR, Jr. 

INTRODUCTION. 

The description of igneous intrusions of the northern Black Hills in 
South Dakota and "\Vyoming contained in the following pages is the 
result of two field seasons' work in the mining district, spent in mapping 
the area comprised in the Sturgis and Spearfish quadrangles. This 
work was accomplished in the summers of 1898 and 1899 under the 
direction of Mr. S. F. Emmons, and in the fall of 1898 a reconnaissance 
was made by.the writer to the northwest in order to study the outly
ing igneous bodies, more especially the group associated with the 
Bearlodge Range. Valuable field assistance was rendered by Messrs. 
J. JVI. Boutwell, J. D. Irving, and P. S. Smith. As a result of field 
observations, experimental studies were suggested. These were car
ried out in the laboratory of experimental geology at Harvard U niver
sity by Mr. Ernest Howe, under the instruction of the writer, during 
the winter of 1898-99. Mr. Howe's results, which have proved inter
esting in comparison with field occurrences, are recorded in Chapter V. 

It is not proposed to discuss the petrography of the intrusive rocks, 
but rather the structure and the origin of the intrusions. The region 
is remarkable chiefly for the systematic recurrence of certain distinct 
types of intrusive bodies so exposed by favorable uplift and erosion 
th~t many gradations from dike to sheet and from sheet to lens are 
revealed. In other words, there is here an opportunity for the study 
of dikes, stocks, sills, laccoliths, and irregular modifications of each 
of these, and exceptionally good exposures permit conclusions concern
ing dynamic conditions of intrusion which are supported by abundant 
field evidence. As the distribution and form of the igneous bodies are 
of great importance in connection with the occurrence of ores, and the 
history of intrusion is in some sense associated with that of minerali
zation, it seems well to describe in some detail these masses of igneous 
rock from the standpoint of dynamic geology. 
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DEFINITION OF TERMS. 

The terms dike, stock, sill, and laccolith, as here used, need some 
definition. These definitions are not intended to be didactic, but are 
presented only to render intelligible the use of the words when applied 
to a region where many gradations occur between different kinds of 
igneous bodies. · 

A dike is an elongate intrusive igneous body occupying a fissure in 
any sort of rock, the walls of which at the time of intrusion were 
vertical or, if inclined, at angles nearer the vertical than the horizontal. 
A dike must have longitudinal extension much greater than its breadth, 
but may vary in thickness from an inch to several hundred feet. A 
dike may be irregular or may follow a sinuous course; it may be 
intruded between the beds of Yertical or steeply inclined sediments; it 
frequently follows joint surfaces and has smooth and plane bounding 
walls. It must be noted that a flat igneous mass intruded between 
horizontal or nearly horizontal strata and subsequently upturned with 
them to a vertical position is not a dike, but a sill. 

A stock is an intrusive mass of irregular ground plan, with bounding 
walls more or less upright at the time of intrusion; it differs from a 
dike in having no considerable longitudinal extension and in the 
absence of plane bounding walls. A stock occupies an irregular rent 
or cavity in the country rock, produced by disruption or fusion, or 
both, and if it occurs in sediments the fissure filled by the intrusion 
bears no definite relation to the stratigraphy or joints. The word 
stock is usually limited to bodies of considerable size, amounting in 
diameter to at least several hundred feet. Irregular intrusions 
intermediate in form between dike and stoc~ may occui·. 

A sill is an intrusive sheet forced between strata which are hori
zontal or which, if tilted, lie at angles more nearly horizontal than 
vertical. The ideal sill splits strata apart on a single bedding plane 
and maintains a constant thickness. Sills in nature commonly break 
obliquely across bedding planes and may vary in thickness, though 
in the short distance in which they are exposed they need not show 
these characteristics. A sill may thin out to its border, or it may 
break upward along a joint plane to form a dike, or it may end 
against a fault surface. Transitions between dike and sill occur when 
a sill breaks upward at an angle of 45° or when a dike follows the bed
ding planes of strata inclined at that angle. The conduit that feeds a 
sill may be a vertical dike or an oblique, irregular, upward-breaking 
extension from another sill at a lower .horizon. 

A laccolith (formerly written laccolite) is a ·dome-shaped intrusion 
in horizontal strata or in strata more nearly horizontal than yertical. 
The ideal laccolith, like the ideal sill, splits strata on a single bedding 
plane; in nature laccoliths may break obliquely across bedding while 
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still being guided in a general way by the sedimentary parting planes. 
The ideal laccolith is a radially symmetrical plano-convex lens with the 
convexity upward. Laccoliths in nature may be very unsymn1etrical 
in ground plan and cross section and doubly convex. A laccolith 
may be a thickened extension of a sill; its conduit may be a stock, 
dike, inclined sill, or a combination of these, and it n1ay fault and other
wise deform the strata about it. Transitions of the same sort as those 
described between dike and sill may occur between dike and laccolith. 
Transitions between sill and ]accolit4 are of course comn1on, the lac
colith being a sill thickened locally or centrally and arching the strata 
lying in juxtaposition. 

Commonly the intrusive magma which forms a laccolith bas been 
believed capable of "lifting the load" above it. Such might be the 
case in strata of uniform flexibility, free from orogenic stress, subject 
to intrusion through ready-made conduits. vVhen, however, those 
conduits are fault fissures and ruptures produced by strains incident 
to movements of mountain growth' and so are permissive of igneous 
injection from below, the eruptive liquids must be conceived to spread 
upward and outward chiefly along lines of weakness. The pressure 
_exerted by a single igneous body among strata in such a case is but a 
minor feature, the path chosen by the lava marking the site of inherent 
tendencies to warp and buckle under greater orogenic stresses. Thrust
ing and swelling among shales, the laccolith arches beds "competent" 
to transmit pressure without stretching or flowing, but the dome once 
initiated, horizontal components producing lateral deformation become 
more and more efficient with increased flexure in the dome itself. The 
motion of uplift may be absorbed a short distance above the laccolith. 
in lateral crumpling and faulting of the supe-rjacent beds about the 
flanks of the dome, and if these are shales they are to a certain extent 
stretched on the crest and squeezed into the sags. Thus the laccolith 
below a great thickness of soft strata no more lifts the load than does 
a cube of pyrite or a calcite concretion1 when crystallizing to deform 
the surrounding laminre. 

The term porphyry is used in the same sense with reference to an 
intrusive rock of porphyritic structure as "lava," applied to an extru
sive. This use is prevalent in '"estern mining districts. The wide 
variation in mineralogical and chemical composition of Black Hills 
porphyries would make continual reference to specific types confusing 
to the reader, where the subject in hand deals purely with dynamic 
phenomena. 

1 C11,lcareous concretions of Kettle Point, Ontario, by R. A. Daly: Jour. Geol., Vol. VIII, No. 2, 1900, 
fig. 3, p. 138. 



CHAPTER I. 

GEOT_.OGY OF TI-IE NORTIIERN BT.JACK 1-IIT ... T_.s. 

GENERAL STRUCTURE. 

The Black Hills are well known to constitute the type of dome 
structure. The3r rise like an island in the midst of the Great Plains, 
with culminating peaks of pre-Cambrian granite intrusive in Algon
kian schists, and these same schists and granite may be followed out
ward from the center of the Hills to an encircling escarpment of 
Paleozoic rocks dipping away on the northern, southern, and eastern 
sides, and mantling oyer the schists to forn1 an extensive forested 
limestone plateau on the west. The center of activity of the younger 
porphyry intrusions is Terry Peak, a summit rising 7,069 feet above 
the sea, in the northern portion of the schist area exposed on the 
eastern side of the uplift. Northwest, north, and northeast of Terry 
Peak occur a large number of intrusive bodies in beds ranging from 
Algonkian to Benton Cretaceous. The structure and forms of these 
igneous bodies vary chiefly with the horizon of intrusion. 

TOPOGRAPHY AND DRAINAGE. 

The drainage of the northern Hills follows in general radial courses 
consequent upon the original slopes of the uplift as a whole. Where 
erosion has gone deepest this drainage has become modified by the 
development of valleys along the softer rocks, and, in consequence, 
subsequent valleys having courses concentric to the dome tend to fol
low along the strike of the Paleozoic and Mesozoic beds. The most 
conspicuous of these vaJleys is the well-known Red Valley, which 
forms a continuous depression around the Black Hills uplift. 

DRAINAGE OF TERRY PEAK DISTRICT. 

Four streams drain the Terry Peak eruptive center, flowing east, 
northeast, and north; these are Elk, Bear Butte, "'\Vhitewood, and 
Spearfish creeks. The drainage system of each of these has eroded 
away strata which capped igneous intrusives; and the porphyries, 
by reason of their more resistant quality, usually form prominent 
eminences above the general level. 

The westernmost of the streams mentioned, Spearfish Creek, forms 
for 20 miles an impressive canyon in the limestone plateau, from wh1eh 
the stream emerges into the Red Valley at Spearfish. For a portion of 
its course this stream, which is to-day one of the most powerful in the 
Hills, flows along the contact of the Algonkian schists with the basal 
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beds of the Cambrian; above the mouth of Annie Creek the stream 
leaves the last outcrop of schist, and from here to the mouth of Robi
son Gulch, under Spearfish Peak, flows on Cambrian beds, cutting 
into porphyry n1asses at Annie, Squaw, and Rubicon gulches; then 
entering the zone of dipping Paleozoics, it progressively cuts its way 
across Silurian, Carboniferous, and Permian beds before emerging on 
the Triassic lowland of the Red Valley. (See Pis. XVIII and XIX.) 

Whitewood and Bear Butte cr8eks, which flow to the northeast, 
traverse a more varied topography before they emerge from the Hills. 
They take their rise among Cambrian strata and porphyries, and their 
headwater branches have assisted in carving out the northern portion 
of the exposed Algonkian core of the Black Hills uplift. Through por
tions of their courses deep V -shaped gulches have been cut in the schist, 
and wall canyons in the Carboniferous limestone. Each formation in 
turn has its characteristic erosion form, which varies little throughout 
the northern Hills, and is usually directiy dependent upon its relative 
capacity for resisting erosion. Indeed, the drainage as a whole, while 
retaining consequent courses in general for the master strean1s, shows 
many modifications by adjustment, n1ore especially in the tributary 
branches, and occasionally striking instances of capture are evident. 

Elk Creek, flowing east, drains on the south the high Algonkian 
plateau land which marks a portion of the area of maximum uplift. 
The upper portions of its course are characterized by broad meadow 
bottoms and gentle slopes from upland "flats" consisting of Cambrian 
or porphyry caps over schist. Where the stream enters the lime
stone, which is here of extraordinary thickness, a magnificent canyon 
with vertical walls rising sheer from 200 to 400 feet has been cut. 
Through this canyon the engineers of the Black Hills and Fort Pierre 
Railroad have built one of the most picturesque routes of travel in 
the country. Steaming through this impressive gorge the traveler 
moving eastward finds it difficult for some time to discover any con
siderable dip in the massive limestones, which retain for several miles 
the appearance of uniform thickness in the precipitous cliffs that wall 
in the torrent. Eventually, however, the canyon widens out and the 
limestone cliffs are replaced by bright-colored beds of the Minnelusa 
"alternate series," and then suddenly the ~haracteristic gateway of 
Minnekahta limestone is passed and the train emerges into the broad 
lowland with its red marls and tilled fields. 

TOPOGRAPHIC TYPES. 

The Algonkian schists form flat uplands, and when they occur as 
massive upturned quai'tzites frequently jut out in colossal walls. Near 
Elk Creek one of these quartzite walls may be traced for miles, strongly 
resembling a dike. Elsewhere the Algonkian forms the bottoms of 
streams that have cut through the softer Cambrian beds, or it forms, 
with its characteristic steeply inclined banding, the slopes of steep 
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gulches, like vVhitewood Creek along the line of the Burlington Rail
road. The many branches of the railway systems afford excellent sec
tions of the Algonkian as they wind in and out along gullies and 
spurs to maintain their grade, and these railway branches and lo.ops 
are now so numerous in the mining district as to form a conspicuous 
artificial feature in the topography; the same may be said of the innu
merable tunnels and prospect holes with their dumps jutting out from 
the steep gulch slopes, the size of the dump an index of the depth of 
the digging. Thanks to this artificial" honeycomb" underground and 
the clean railway cuts above, n1uch ~s now exposed to the geologi8t 
that was con1pletely masked twenty years ago. 

The Can1brian section where exposed beneath a protecting cover of 
limestone frequently forms wall cliffs of red and brown color, striped 
parallel to .the stratification, one notable red band in the upper part of 
the formation being conspicuous in many places. The type locality 
occurs on the west side of 'Vhitewood Creek just below Deadwood. 
vVhere its protecting limestone cover has been eroded away the Cam
brian is likely to weather into rounded forest-covered hills of incon
spicuous outcrop, like those occurring south of Elk Creek in the 
vicinity of Meadow Creek. Immediately beneath the Silurian lime
stone the Cambrian usually forms a bench, occasioned by the hard and 
salient "worn1-eaten" (Scolithus) quartzite jutting out from beneath 
thick, soft, green shales (see fig. 60). 

The Silurian lin1estone, in consequence of this relation and of another 
shale band above it, is frequently masked by talus, but, where its thick
ness is sufficient, forms a yellow bench, well shown in vVhitewood Can
yon on the route of the Fremont, Elkhorn and Missouri Valley Railroad. 
This bench is rarely seen west of Deadwood, and the Silurian is diffi
cult to identify in Upper Spearfish Canyon. It occurs north of Annie 
Creek at several points in the canyon, at Crown Hill, and at Carbonate. 

The Carboniferous, equivalent to the Madison limestone of the Rocky 
Mountains, is naturally the principal cliff maker, and its escarpment 
forms a conspicuous feature in the landscape everywhere. A more 
irregular and variegated cliff, colored purple, red, and white, and pre
senting one of the most picturesque color effects, is n1ade by the 
Minnelusa sandstone, forming the "sand hills" encountered in driving 
out fr01u the Hills just before reaching the Red Valley. The sandy 
soil of the Minnelusa frequently produces holes and sand in the roads 
which traverse this zone. 

The Minnekahta limestone of the Permian forms one of the most 
conspicuous topographic features of the Hills. Dipping away with 
wonderful uniformity from the uplifted dome, the outflowing streams 
invariably cut through it a V -shaped gateway, making in the inter
stream spaces crescent-shaped scarps of the 30-foot limestone oyer the 
soft red sandstone that underlies it. The outer slope of the jointed 
limestone is usually washed bare and on the inner side of the Red 



U. S. GEOLOGICAL SURVEY TWENTY·FIAST ANNUAL REPORT PART Ill PL. XIX 

MAP SHOWING DISTRIBUTION OF DIKES, SILLS, AND LACCOLITHS, NORTHERN BLACK HILLS, SOUTH DAKOTA. 

LEGEND 

~ ' ' 
(.OVf:"'[ D I..J'CCOU'TH 

00,_.!:5 

1111 
PDAPHVAY (U'CC.OLITHIC) .. 

1"0"'-YAV STOC.ICS. 

CJ 
.JU"'A-CA!:TAC.t::OUS 

~ 
Pt:AMO- Tf'IA~SIC. 

LIMES TONIE -'"'0 RIEOMARL~ 

~. 
SILURO-C.AR~II"IE:A'OUS 

L\MI:STOI'It::BtSA"'OSTONES 

1111 
CAM BAlAN wrrH POI'tPHYRV 

SILLS 

(.Aiw'I8RIAH SANOSTON[$ 
fl..AC">$.1'\HO SHAL£5 

illliiiliilll 
ALC:.ONWIAN 'NrTHPORHYA;Y 

OIK(S 

A.LbONHIAN 501\STS 

SECTION 

a- SILUAO-CARBONIFtR
OUS LIMESTONE 

b - CAMBRIAN 

C- ALGONKIAN 



JAGGAR.) STRATIGRAPHY. 177 

Valley forms what has be.en aptly called a tessellated pavement. The 
Red Beds themselves rarely present good exposures, though occasion
ally the streams which meander through the valley cut them into sn1all 
buttes or n1esas, capped by gypsum, which exhibit a bedded cross sec
tion. Such a section may be seen east of "\Vhitewood. 

Continuing outward from the Hills, the Jurassic beds outcrop on the 
inface of the Cretaceous escarpment that makes the outer wall of the 
Red Valley, and a conspicuous feature of these beds in the Sturgis 
district is a hard quartzite which forms angular blocks upon the slope. 
The crest of this slope is usually a rock face of coffee-colored or yel
lowish sandstone of Lower Cretaceous age. This sandstone slopes 
away toward irregular hills formed of other members of this series. 
The Dakota.sandstone is the last hard, salient bed, and this in turn dips 
gently beneath a wide, arid tract of Benton black shale, the monotony 
of which is broken only by distant buttes of Niobrara limestone that 
appear upon the sky line far out across the plains. 

STRATIGRAPHY. 

DYNAMIC SIGNIFICANCE OF STRATIGE,APHY. 

In the columnar section, fig. 60, are shown the average thickness and 
lithologic character of Paleozoic and Mesozoic rocks. In connection 
with the interpretation of dynamics of intrusion the distribution of 
thin-bedded and thick·bedded strata in the column is of great impor
tance. Irving has shown the importance of shale beds as favorite 
horizons of intrusion; they are the readiest to yield to a viscous 
wedge of igneous matter. The accompanying columnar section 
shows three thick beds of soft material, the one at the top of the 
Cambrian, the Permo-Triassic red beds, and the Benton shales. The 
first underlies the most n1assive "competent" 1 member of the whole 
series-i. e. the great limestone, including both Silurian and Carbon
iferous. The lower red bed underlies the massive layer known as 
Minnekahta or purple l~mestone, which is overlain by easily deformed 
thick beds of red marl, while the soft, black Benton shales underlie the 
Niobrara limestone. · 

In addition to these three conspicuous shale horizons, other strati
graphic relations which would tend to influence intrusion are as follows; 
The .Algonkian lamination abuts abruptly upward against the hard basal 
Cambrian quartzite or conglomerate, and this same lamination, while 
fairly uniform in its strike (NNvV.), varies in its inclination east and 
west of the vertical, though it is prevailingly westerly in the Terry Peak 
region. An example of change in dip of the schists occurs at Central, 
in Deadwood Gulch, nearly opposite the De Smet open cut. Through-

1 The mechanics of Appalachian structure, by Bailey Willis: Thirteenth Ann. Rept. U.S. Geol. Survey, 
'Part II,l892. "A thrusting layer firm enough to transmit the effective force" in strata folding under 
lateral compression is called a "competent" stratum. The same word may be applied to a stratUlll 
resistant to the upward progress of an intrusive magma, and thus competent to dome upward rather 
than split and mash like shale. 
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out the Cambrian, thin-bedded paper shales alternate with tlags and 
sandstones, forming innumerable thin parting planes. Thin shales 
occur also above the Silurian and in the Minnelusa, Jura, and Lower 
Cretaceous. 

VARIATIONS IN THICKNESS. 

The columnar section (fig. 60) shows average thickness for the north
eastern part of the Black Hills. These figures are generalized from sec
tions measured in Spearfish, 'Vhitewood, Bear Butte, and Elk canyons. 

Minnelusa 
~alf'ernaf'e• 
series .3oo ,.....---- Mlnn~/1./S-' 

F"-'-~~=~=---- ~~·~ron"e 1oo 

The progressive variation 
in this series of measure
ments, which is most sig
nificant in connection with 
the intrusives, is shown in 
the diagrammatic strike 
section (vertical exagger
ation X 2. 5) from north
west to southeast inserted 
on the map, Pl. XIX. 
From a thickness at Bea
ver C1~eek just we~t of the 
mapped area (Pl. XIX) of 
probably not more than 
400 feet the Siluro-Carbon
iferous massive limestone, 
grouped as a single com
petent member, thickens 
to more than 700 feet 
in Spearfi~h Canyon. The 
Cambrian beds maintain 
throughout this region a 
rather uniform thickness, 
but probably diminish 
where the limestone is 

FIG. 60.-Generalized columnar section, northern Black Hills. thickest. There is ~orne 

evidence that the present course of Spearfish Canyon marks the axial 
region of a gentle syncline of deposition under the great limestone. For 
this reason the thicknesses in the section have been referred to an upper 
datum level, namely the top of the gray (Carboniferous) limestone. 

The Algonkian surface thus sectioned is seen to be warped into undu
lations. That some such undulations occur, and of much more pro
nounced relief than that represented in the section, is amply proved 
at several points. One of these is between Englewood and Nevada 
Gulch, whet·e there is a rise in the Algonkian-Cambrian contact of 
400 feet in a northwest direction-that is, tangent to the cuiTature 
of the elliptical area of the Black Hills uplift. Similarly the schist 
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surface beneath the Cambrian at Brownville on upper Elk Creek shows 
a very rapid rise westward toward 'Voodville. Coarse Cambrian con
glomerate fills hollows between ancient Algonkian quartzite reefs on the 
upland 4 miles southeast of Virginia on Bear Butte Creek, so that irregu
lar relief in the original Algonkian surface, as well as irregularities in
duced by deformation, 1nay be safely postulated. 'Varping of the schist 
surface in post-Paleozoic time probably proceeded largely by small slip
pings on lamination planes. These movements, when communicated to 
the flat-lying Cambrian beds above, produced innumm;able small frac
tures-the " verticals" of the mines. The coincidence in trend between 
verticals and Algonkian lamination planes (NN,V.) is remarkable. The 
thickness of the Algonkian is unknown, but there is good reason for sup
posing that its nearly vertical structure marks a series of isoclinal folds 
in which eventually some Tecurrent horizons may be identifiable .. As 
is to be expected in the isoclinal structure, the schistosity usually con
forms to the original bedding, but in places where the axial region of 
a fold is exposed, the lamination is· seen to be distinctly tTansverse to 
the bedding, as in Deadwood Gulch near the town of Central. 

East from Spearfish Canyon the great limestone shows a remarkable 
thinning, from 700 feet to a total thickness of probably not more than 
100 feet on the flanks of Polo Mountain, a distance of 6 miles. The Cam
brian thickens, but not in the same proportion; at Deadwood it has a 
thickness of between 400 and 500 feet. From Polo Peak, where the 
limestone stratigraphically overlies the greater porphyry masses of the 
Terry Peak complex, this massive member steadily thickens southeast
ward, reaching 300 feet at 'Vhitewood Canyon, about 500 feet in Bear 
Butte Canyon, and probably more than 800 feet in Elk Creek Canyon. 
The Cambrian beds thicken at Bear Butte Creek, and then thin away 
to between 100 and 200 feet south of Elk Creek; and farther south, on 
the flanks of the Harney Range, the Cambrian almost disappears. 

Summarizing this section from Beaver Creek to Elk Creek, the thick 
limestone in Spearfish Canyon separates two areas of igneous irrup
tion and Algonkian elevation, namely, the Bald Mountain and Nigger 
Hill mining districts. The Terry Peak center of irruption underlies 
the thinnest portion of the limestone. The Two Bit region of maxi
mum development of sills is where the Cambrian is thickest, and the 
Runkel region of large porphyry masses in and above the limestone is 
where the Cambrian thins and the limestone becomes thickest. A 
study of the map will show these relations. The Nigger Hill Algon
kian area lies outside of the mapped area, on the west (see Pl. XIX). 

COLU:.\IXAR SECTION. 

The paleontologic, lithologic, and topographic characters of the geo
logic column are best expressed in tabular form. Local formation 
names are avoided except where already in the literature of the Black 
Hills. 
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TABI.E oF GEoLoGrc FoRMATIONS IN NoRTHERN BLACK HILLS-Continued. 

PERIOD. 

--~-

EPOCH. FORJI[ATION. LITHOLOGIC CHARACTER. 

Permian ...... I Minne]\ahta limestone ..... 1 Uniform purplish banded limestone, weathers 
white; strong bituminous odor when 
crushed. 

TOPOGRAPHIC CHARACTElL 

Tessellated pavement on in
ner slope of Red Valley, 
escarpment and "gate
ways" of streams. 

Lower red bed .............. 1 Red sandstone, soft and marly .. , Inner slope of Minnekahta 
escarpment. 

Minnelusa .................. I Alternate limestones and thicker sandstones, 
Carboniferous ..... somewhat colored. 

Gray limestone, equivalent I l\Iassivc limestone, gray, pink, or buff, some-
to Madison. I times cherty. 

Eocarboniferous, eq ui va· 
lent to Lowest Mississip· 
pian (Chouteau or Kin
derhook). 

Silurian ........... ! ................ 1 Equivalent to Upper Tren-
ton. 

Cambrian ......... ! ................ ! EquivalenttoMiddleCam· 
brian of the Rocky Moun
tains. 

Algonkian ......... , ................ , •... 

Pink or purplish thin-bedded limestone with 
red iron-stained fossil mollusks. Purple or 
green shales below. 

Peculiar spotted massive limestone, usually 
buff with brown or reddish spots, sandy. 
Very large fossils. 

Conglomerate, quartzite, ferruginous sand
stones, many alternations· of green shale, 
limestone breccias, fucoidallimestone flags; 
at the top Scolithus sandstone or quartzite, 
and thick green shales. 

Mica, graphite, and hornblende schists, .qteta
morphic quartzite and conglomerate, and 
some pre-Cambrian intrusives. 

Variegated striped cliffs and 
stmdy hills. 

Massive cliffs, the greater 
escarpment. 

Frequently concealed be
neath talus. Shows an 
npparent unconformity of 
erosion between it and the 
gray limestone above, 
though dip is accordant. 

Bench usually masked by 
talus. 

Walls of recent canyons or 
old graded slopes; usually 
a pronounced bench. 

Flat-topped plateaus and 
head water valley bottoms. 

FOSSILS. 

Bukewellia, Yoldia?, 
mondiao 

Ed-

Spirifer, Syringoporn, Pro
ductus, Seminula, Za· 
phrentis, etc. 

Feneste11n, Orthothctes lep
trena, Spirifcr, Chonetes 
logani, Reticularin pecn
linris, Syringothyris enr
teri, crinoids. 

Endoccras; Maclurea, Recep
taculites, Hnlysites, Strcp
telasmn, Lituites, Orthis, 
nnnelid tmih;, Bnthotre
phis, Murchisonin. 

Obolul', Hyolithes, Dicello
mus, Asaphi~cus, Ole
noides, Ptychoparia~ Acro
treta. 
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The Pleistocene and Tertiary formations have an indefinite thick
ness, occurring, as they do, only in the form of eroded remnants. Ter
tiary occurs as white clay in the basin where Lead has been built and 
in the saddles between neighboring hills. This clay contains fossil 
vertebrates, and also fragments of porphyry, hence is the product of 
erosion after the porphyries were intruded. This is further proved 
by the fact that the elays are deposited in a topography eroded 
far below the present porphyry sumn1its. The material here called 
Pleistocene consists of rounded stream bowlders and gi·avel occurring 
in masses sometimes 50 to 100 feet thick, usually filling divides 
between the present streams. These remnants show the location of 
more considerable deposits of the same sort along ancient stream 
channels. The courses of these ancient streams in several cases 
show a significant relation to elbows of capture and valley trends 
which m~rk the changes the drainage has undergone. (See Pl. XX.) 

INTRUSIVE PORPHYRIES. 

J..~ITHOLOGY. 

The porphyries vary in kind from rhyolite, diorite-porphyry, and 
syenite-porphyry to more alkaline rocks which may be classed as 
phonolites and grorudites. Irving has described many of the types, 
and there is here a remarkable series of gradations which renders the 
region exceptionally favorable for study of magmatic differentiation. 
He has distinguished the following fan1ilies: 

GrorucWe.-Highly alkaline rocks containing orthoclase, quartz, ~egirine-augite, and 
regirine. In some types accessory albite, mierodine, and biotite. Localities: Terry 
Peak, Bald Mountain, Elk Mountain, Lost Camp Creek, Annie Creek, sheet on the 
Burlington Railroad east of Terry Peak, and in the Sunset Mine. 

Phonolite.-Rocks rich in soda, forming the more basic phase of the grorudites. 
Composed of orthoclase, anorthodase, microcline, regirine-augite, regirine, nepheline, 
nosean with accessory haiiyne, biotite, magnetite, titanite, melanite garnet, and pos
sibly leucite. Localities: Ragged Top Mountain, Squaw and Annie creeks, Calamity 
Gulch, l\fato Teepee, Green Mountain (peak next west of Bald Mountain), "White
tail Gulch, east slope of Bald l\Iountain, and False Bottom stock. 

Rhyolite-porphyry and dacite . ......:....Phenocrysts of orthoclase, plagioclase, and quartz 
in a fine-grained groundmass of quartz and feldspar; hornblende and biotite in Yary
ing amounts. Localities: Head of Squaw Creek, Foley Peak, Texana, Custer Peak, 
Butcher Gulch, Deadman laccolith, north side of Vanocker laccolith, Two Bit, Pluma, 
Bear Butte, lower portions of Sheep ::\lountain, 'Yhitewood Canyon laccolith, dikes 
in many portions of Terry Peak district, Crow Peak, Inyankara, Sundance l\lountain, 
and 'V arren Peaks. 

Andesite-porphyry, diorite-porphyry, and diorite.-Porphyritic rocks containing phe
nocrysts of plagioclase, orthoclase, hornblende, and biotite in a fine-grained ground
mass of plagioclase, quartz, and chlorite. The rock shows transitions to traehytic 
forms which may be called syenite-porphyry. Localities: Sills in Squaw Creek and 
in Ruby Basin, at the Needles, and in the region of the Yanocker laccolith. 

Diorite forms the Deadwood Gulch stock above the town of Central. It i~ a gray 
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rock of granitoid texture, showing a tendency, however, to automorphism in the 
component minerals; it contains hornblende, plagioclase, quartz, biotite, and 
accessory orthoclase. 

Lamprophyre.-A basic rock in small dikes cutting the diorite-porphyry of the 
Needles, and again near the head of Iron Creek; it is composed of a fine automorphic 
aggregate of augite and feldspar, with accessory hornblende anrl magnetite. Irving 
considers it "the final and basic representative of the soda-rich magma that con
stitutes the principal Black Hills eruptiYe series." 

It will be seen from the above that the rocks represented are not 
unlike many others that have been described from laccolithic moun
tains of the Rocky ~Iountain region/ and it is not possible at present 
to state positively whether a sharp distinction, marking different 
eruption periods, may be drawn between the phonolite-grorudite and 
the rhyolite-andesite magmas. The evidence points rather to a gradual 
transition between the two. The terms rhyolite and phonolite are 
unfortunately associated with extrusion, and it might be less confus
ing to speak of these rocks as granite-porphyries and monzonite-por
phyries, but their structure would hardly warrant such a terminology. 
In distribution the dike region of the schist area contains both phono
litic and rhyolitic rocks; the sills of Two Bit and Squaw Creek districts 
are in general andesite-porphyry and diorite-porphyry; the outlying 
thick "plug-like" laccoliths, as well as a great portion of the greater 
Terry and Bearlodge complexes, are mostly rhyolite. But over the 
rhyolite on many hills, as Terry, Deer, Bald, and Sheep mountains, 
occur phonolitic· caps, and the mass of Ragged Top, the Spearfish 
Peak group of l;:wcoliths in the Carboniferous, and ~Iato Teepee are 
phonolite. The diorite magma is represented by a great stock in 
Deadwood Gulch, and its porphyry forms the n1ass of the Needles to 
the west and portions of the V anocker laccolith to the ea:-:;t (see Pl. 
XVIII). 

RELATIVE AGE OJ<, PORPHYRIES. 

Differences in relative age among the porphyries certainly occur if 
the transection of one dike by another may be considered conclusive 
evidence that the second is younger than the first. This evidence, 
however, has no conclusive value in a single instance, for one portion 
of a magma might readily crystallize and split up to receive, later, 
injections of differentiated material originally part of the same igneous 
fluid. Between the solidifying of No. 1 and the injection of No. 2 the 
time elapsed may not have been great enough to cover the whole period 
of solidification o£ the larger masses of No. 1. If this were true a 
later injection of No. 1 might elsewhere cut an already solidified body 
of No. 2, in which case the apparent relations· in age would be reversed. 

1 See The laccolitic mountain groups of Colorado, Utah, and Arizona, by Whitman Cross: Four
teenth Ann. Rept. U.S. Geol. Survey, Part II, 1893. Also, Judith Mountains of :Montana, by Weed 
and Pirsson: Eighteenth Ann. Rept. U.S. Geol. Survey, Part III, 1898. 
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The preponderance of evidence would seem to show that in the Black 
Hills the phonolite magma as a whole is younger than the rhyolite 
magma. Within each of these there is probably a gradation from 
basic to acid, but :fine distinctions are not warranted by the petro
graphic study hitherto given to these rocks. 

Many occurrences in the field of dikes of one kind of porphyry 
cutting another may be cited. In the Two Bit district the greater 
masses of syenite-porph}rry vary from a hornblende facies to one char
acterized chiefly by large orthoclase phenocrysts with poikilitic inter
growths of plagioclase and other minerals. Dikes which cut this rock 
are in general like the mass of Bear Den Mountain, which is an outly
ing subordinate laccolith. (See Pl. XX.) They are of trachytic, light
colored porphyry, showing pink microcline phenocrysts. They may 
bear some relation to the phonolites. A similar rock with am her-col
ored feldspar phenocrysts in a gray matrix cuts fine-grained white 

aphanitic rhyolLe in 
a small dike on the 
Terry branch of the 
Fremont, Elkhorn 
and n-fissouri valley 
Railroad, on the spur 
between Fantail and 
Nevada gulches (fig. 
61). Near Alkali 
Creek, on the divide 
from Vanocker 
Creek, numerous 
dikes cut the fine-FIG. 61.-Green phonolite cutting rhyolite-porphyry, Fremont rail

road, near Nevada Gulch. 
grained rhyolite 

mass. These are a purplish trachytic rock with glassy feldspar phe
nocrysts showing striation (probably oligoclase) and a decomposed 
bisilicate. Other cases of the rock wit.h phenocrystic pink (microcline) 
feldspar cutting the rocks of the rhyolite-andesite series occur on the 
spur south of "\Vhite Rock, just above Deadwood, and on the ridge west 
of the head of Spruce Gulch. Near the sawmill north of Kirk I-Iill 
a gray rock containing· much mica and yellow feldspars occurs as 
a dike cutting light-gray rhyolite which shows some hornblende. It 
is probable that these are n1ostly phonolitic rocks which cut rocks 
of the rhyolite-andesite n1agma. Irving has described four cases of 
phonolites cutting quartz-porphyries and diorite-porphyries. 

A very unusual case (fig. 62) is shown in a section near Aztec on 
the Burlington Railroad (Spearfish branch). Here a mass of green 
phonolitic porphyry is apparently cut by an irregular swelling intru
sion of white rhyolite of the fine-grained decomposed t~Tpe so common 
in the region. Both occur, as shown, at a sloping dike contact with 
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Cambrian shales. All the evidence in this case would show the rhyo
lite to be the younger, or contemporaneous with the phonolite. The 
second alternative is the more probable. The two magmas may grade 
into each other, and in this case perhaps the green ::egirine rock was 
still viscous when the strea111 of white rhyolite was injected through 
it. It is hoped that more extended study of the petrography of the 
region will throw light on these relations. 

GEOLOGICAL AGE OF PORPHYRIES. 

The geological ag·e of the porphyries may be stated in only the most 
general terms. The Bear Butte and Little ~1issouri Buttes laccoliths 
were intruded into Benton Cretaceous and were unquestionably cov
ered by Niobrara limestone. Jenney has found pebbles of Black Hills 
porphyries in the conglomerate at the base of the ':Vhite River beds 
to the southeast, and similar fragments occur in the Tertiary beds at 

FIG. 62.-Rhyolite cutting green porphyry near Aztec. 

Lead. The Lead Tertiary clays (Oligocene?) are deposited in an old 
topography 1,800 feet below the present porphyry summit of Terry 
Peak and on divides 300 feet above the adjacent gulches. As these clays 
were flood-plain or lake ( ?) deposits, of mature stage in the early Ter
tiary dissection of the region, an additional 200 feet may be consideTed 
a nwst conservative estimate ·of height for the original porphyry 
upper limit of the Terry Peak ~fountains. This porphyry at the time 
of its intrusion was covered by a thickness of strata not less than that 
of all the formations below the highest beds invaded; a minimum esti
mate would make this not less than 2,500 feet. This would imply a 
total thickness of rock eroded away abo\re the present Tertiary beds 
at Lead of 4,500 feet (2,000 erosion+ 2,500 thickness); accordingly, 
the later limital epoch of the intrusion period may be expressed as the 
beginning of a 4,500-foot erosion period prior to the Oligocene, while 
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the earlier limital epoch is the Niobrara. Between these there is the 
choice of Pierre, Fox Hills, Laramie, and Eocene times for the intrusion. 

By analogy with the Rocky l\1ountains the greater uplift in the Black 
Hills probabl:r took place after the close of the Laramie. The only 
evidence in the immediate vicinity of the Black Hills bearing on the 
question whether Laramie beds ever extended over the present site 
of the bills is the fact that they are tilted up by the Black Hills uplift 
on the west side; if they did so extend they may ha-v-e attained a thick
ness of several thousand feet. ·The thickness of the Jura-Cretaceous 
below the Laramie is 4,000 feet. 1 If the first uplift of importance was 
in Eocene time and Laramie beds were present the erosion depth at 
Lead may be increased by several thousand feet. There are analogous 
intrusions of Eocene age in the Rocky l\iountain district in sufficient 
number to render very probable the occurrence of igneous activity, 
concomitant with uplift, in the Black Hills at that time. That orogenic 
disturbances took place concomitant with intrusion is proved by the 
relation of the Algonkian-Can1brian contact to the porphyries at many 
places, the latter filling fault fissures. After the energetic erosion that 
led to deposition of Oligocene beds, and probably reduced the topog
raphy of the Hills to much lower relief than that of the present clay, 
"there was a further uplift, which has given a very strong tilt to the 
'Vhite River deposits." 2 No porphyry now revealed can have acconl
panied this last uplift, which may still be in progress. By this last 
movement the Oligocene beds at Lead have been lifted and the pres
ent gulches have since been carved below them. The following is a 
summary of the evidence for the Eocene age of the eruptive::-: 

\

Laccoliths in the Benton. 
Evidence from geology------- Deformation concomitant with intrusion. 

Porphyry pebbles in Oligocene sedimentfl. 
Evidence from analogy .. ____ -{Post-Laramie uplift of Rocky :\'fountains. 

Post-Laramie intrusions of Rocky :\Iountains. 
Evidence from physiography -{Probable erosion of 6,000 to 8,000 feet of strata from 

above level of present Tertiary clay at Lead. 

DISTRIBUTION 0}' IGXEOUS BODIES. 

The intrusive rocks occur as stocks and dikes in the Algonkian schist, 
sills in the Cambrian shales where that formation is thick, and lacco
liths, which in the Cambrian thin out into sills, but rise into thick domes 
of limited horizontal ext.ension where the magma has broken through 
the massive Carboniferous limestone and escaped to higper horizons. 
These relations will be best understood by reference to the map, Pl. 
XIX, where Custer Peak, the \Yoodville Hills, Deer )lountain, Dome 
~Iountain, and the Iron Creek mass represent laccoliths in the Cam-

1 The writer is indebted to :Mr. :X. H. Darton for data and discussion on this question. 
! Quoted from ")lr. Darton, letter to the writer. 
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brian associated with the broad sill district; this in turn surrounds 
the schist area of stocks and dikes. Outlying masses of steep domical 
form which have broken through the limestone are Ragged Top, 
Citadel Rock, Crow Peak, \Vhitewood Canyon laccolith, Pillar Peak, 
Bear Den lVIountain, Deadman laccolith, Tilford laccolith, and Bear 
Butte. The great mass of the Vanocker laccolith on the east is an 
exceptionally large body which in part has broken across the limestone. 
To the north Crook Mountain and Elkhorn Peak are domes of Min.ne
lusa sandstone, where erosion. has not yet revealed the porphyry. 

In the schist area many hundred dikes occur, trending usually about 
N. 30° \V., parallel to the Algonkian lamination, and this trend in a 
general way corresponds with that of some· of the larger laccolithic 
groups. 

Thus a line of porphyries may be drawn from Cus~er Peak to Crow 
Peak, from the Tilford laccolith to Elkhorn Peak, and from Two Bit 
to Polo Peak, possibly indicating an alignment of conduits beneath. 
At four points stocks have been indicated on the map, namely, at 
False Bottom Creek, Deadwood Gulch, Pluma, and a sm:;tll mass east 
of vVest Strawberry Gulch; there are i)l'obably others in the hills west 
of Lead. The mass at Pluma is a great dike for a portion of its course, 
but becmnes complicated with stocklike bodies, and is of such size as 
to warrant independent mapping. The area of sills in Cambrian shales 

·has its best exposures on Two Bit Creek, Spruce Gulch, on the ridge 
southeast of Deadwood, on False Bottom Creek at Garden, along 
Squaw Creek, and on Annie Creek. 

MECHANICS OF INTRUSION. 

RELATION OF INTRUSION '1'0 GREATER ~IOVE:\IEN'l'S. 

Many fresh cuts ~lcross contacts of porphyry with schist or Cambrian 
sediments afford instructive evidence with regard to the general rela
tion of the intrusions to orogenic deformation. There are also minia
ture phenomena which throw light on large questions, in the same way 
that a laboratory experiment may be used to illustrate a principle. 
It has already been suggested (p. 173) that the work of an igneous body 
doming strata above it may be complicated with inherent tendencies 
in the strata to buckle under orogenic stress, and that without some 
such stresses fractures could not readily forn1 to release the magma 
from the depths below. Throughout the Rocky Mountains igneous 
phenomena have accompanied colossal movements of uplift, folding, 
and faulting. Relative to these movements the igneous action was 
usually but an incident. It seems reasonable to suppose, then, that 
the first release of igneous matter among the Paleozoic sedirnents of 
the Black HiJls took place by permission rather than by aggression. 
After entering the sediments doubtless the magmas under pressure 
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acted locally as violent deforming agents. The schists, filled with 
dikes, were forced apart laterally, the Cambrian charged. with sheets 
and laccolithi:l was greatly expanded in thickness and deformed hori
zontally, and the great limestone was domed up over the Terry Peak 
district as a whole and was locally pimpled and punctured by the small 
outlying masses. Thus intrusive action in the scheme of geologic 
deforming forces is both effect and cause; irruption is an effect of 
orogenic fracturing, a cause of localized doming and faulting. The 
fault fissures and fractures through which igneous material flowed con
tained necessarily n1ore or less broken material, and the magma in its 
first uprush itself fractured and comminuted the rocks through which 
it passed. The result is a breccia, which is quite as much to be 
expected in association with an intrusive magma that hal:l never reached 

FIG. 63. -Contact of porphyry, Cambrian, a"d Algonkian, Nevada Gulch. 

the surface as are the ch!l.racteristic tuffs and breccias of volca~1ic 

eruption. Such breccias are not wanting. 

F.\l'LTIXG AXD BRECCL\TIOX. 

In a eut on the switch line of the Frmnont, Elkhorn and :Missouri 
Valley Railroad, on the north side of Nevada Gulch, is shown a section 
(fig. 63) that illustrates the faulting on a small scale so frequently ob
served in the Ruby Basin (a local name for the Bald :Mountain mining 
district). The sketch is made looking north. There has been slipping 
approximately on lamination planes of the schist to form steps with 
the upthrow on the west, and this movement has been communicated 
to the Cambrian quartzite above. Possibly the 2-footdike on the right 
follows one of the slipping planes. The principal fault plane in the 
schist is concealed by talus. The contact of a large dike on the western 
side of the exposure follows an oblique joint plane across both schist and 
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quartzite, and a small stringer from this dike penetrates the schist and 
spreads along the basal contact of the Cambrian. This occurrence is 
similar to many others in the Golden Reward mines immediately to 
the south, and it is in part by such step faults that the Algonkian 
1·ises so rapidly from Englewood to Nevada Gulch. 

Breccias are very abundant throughout the porphyry district, but 
by reason of their friable nature they are naturally concealed by 
talus. A breccia occurring under porphyry in Hidden Treasure Gulch, 
and again at the head of the Homestake open cut at Lead, contains 
angular or roundish fragments of a banded white substance which is 
probably largely whitened and silicified schist. There are also frag
ments of graphitic schists and quartz in a brown, muddy matrix. A 

FIG. 64..-Section of contact of Cambrian &'tndstone and porphyry breccia near Brownsville. 

similar breccia containing coarse angular fragments of hematitic schist 
and black graphite schist occu1·s near Garden. At the contact of a 
dike near Texana two varieties of breccia occur. One is very friable 
and is composed of a carbonaceous mud (evidently derived from the 
adjacent graphi~ic schist) filled with angular white fragments. The 
second variety ·contains closely crowded fragments of graphite and 
talc-schist and shows very little of a white chalky matrix. A speci
men collected on the eastern spur of Bald Mountain shows fine
grained, white, subangular fragments (rhyolite?) in a greenish-gray 
matrix. The rock is hard, but contains rusty vesicular cavities. 
Similar breccias have been collected in Squaw Creek, Gold Run, and 
under the columnar porphyry capping the hill at the head of the De 
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Srnet open eut. This relation of breccia to porph:yry occurring imme
diately under laccolithic masses is a common one. A similar breccia 
containing very large fragments occurs in the Hoodoo mine, under 
the Union Hilllaccolithic mass. 

In fig. 64 is shown the contact, looking north, of a porphyry breccia 
~ith Cambrian glauconitic sandstones and limestones. The locality 
is a prospect hole in the southeastern end of a hill lt miles northeast 
of Brownsville. On knolls south of this outcrop a peculiar porphyry 
breccia occurs in scattered outcrops for three-quarters of a mile. The 
breccia is probably at the base of an extension of the Custer Peak 
laccolith (see map, Pl. XIX), of which these outcrops are isolated 
remnants. A friction breccia occurs along the Cam brian contact, 
composed of reddish sandy material. The porphyry breccia is pink, 

Fm. t1:'l.-)Tiniature larrolith, Galena. 

made up of angular fragment:5 of banded white or pinkish rock that 
appears to be an altered sP<Hment. There are many small fragments 
of chalcedonic substance, quartz, and piecPs of dark porphyritic rocks 
in a hard dark-red matrix, of which very little is present. The matrix 
is crowded with small white angular fragments. The rock as a whole 
is hard and trnehytie. porous, and contains rusty cavities. 

That these breccias are actually contemporaneous with the igneous 
rock is proved by the frequent occurrence, in the matrix. of crystulline 
structure identieal with that of the porphyry. Such breccia:5 occur as 
a large dike west of upper Two Bit Creek, and on the west side of 
Pillar Peak. In the last case distinrt feldspar phenocrysts may be 
seen in the matrix of the breccia. A lime:5tone breccia from a porphyry 
contact on the north western spur of Riehmond Hill shows angular 
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fragments of gray limestone and some pieces of Cambrian sandstone 
in a hard, yello,,·ish-brown siliceous matrix; here the porphyry cuts 
Algonkian, Cambrian, and Carboniferous. In the Little :Nlissouri 
Buttes and Mato Teepee occurs a tuffaceous breccia containing frag
ments of many of the rocks below the horizon of intrusion, and 
similar fragments occur m the heart of the porphyry as well. All 
the breccias mentioned are occasioned by and contained in igneous 
rock; they must not be confused with the limestone breccias of the 
Cambrian, which occur as lenticular bodies among the shales and are 
the product of deformation quite independent of the intrusives. 

I~TRUSIO~ I~ MINIATURE. 

It will be seen that the essential features of the intrusion of sills and 
laccoliths are a molten mass impelled from below and strata variously 

FIG. 66.-Upper contact of sill, Galena. 

shaly and massive. These features may occur in miniature as well as 
on a large scale, where in thin-bedded series alternate bands of shale 
and limestone occur, as in the Cambrian, and where the intrusive is 
sufficiently liquid to penetrate among the individual beds: Instructive 
miniature phenomena occur along contact walls of sills and dikes, and 
it is interesting to compare these phenomena with those of larger 
masses, which can never be so completely observed in cross section. 
The upper contact of a sill, 12 feet of which is exposed under the Sit
ting Bull mine, opposite the smelter at Galena, shows a number of 
irregular offshoots, and these locally deform the Cambrian bedding. 
The most striking of these, shown in fig. 65, is a miniature lens or lac 
colith of phonolite injected obliquely through a split in the strata above 
the greater sill, arching up the limestone flags above and ben.ding down 
those below, so that they are fractured and gape open in contact with 
the greater ma::;s of porphyry, and have spread apart to re0eive the 
injection of a little sill ~mder the lenticular body. The greater mass 
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below was evidently liquid or viscous· at the time the smaller mass 
opened its :fissure. The latter, an offshoot of the greater mass, could 
not, by hydrostatic pressure alone, bend down the folia against the 
larger liquid body at a lower level. It seems probable that the down
bending was occa~ioned by differential contraction of the two masses 
while solidifying. Small faults and crumples at the side of these 
miniature domes are common along this contact, and frequently the 
cross section shows domelike projections from the greater sill (see 
:figs. 66 and. 67) which arch the beds above them and also cut across the 
flags, limestone breccias, and shales to a certain extent. The arching 
produced locally in this fashion is usually completely absorbed a foot 
or two above the eruptive, so that the higher beds are quite hori- · 
zontal. Flow lines parallel to the contact are common, and in the 
case of the small lenticular body (fig. 65) they show that solidification 

FIG. 67.-Upper contact of sill cutting limestone breccias, Galena. 

on the walls was succeeded by an intlow of more of the fluid in pro
gressively ~maHer cross section. 

PSEUDO-COXGLO)IERATES. 

Beside::; the dip away from the core of the Black Hills, which uni
formly on the rim of the uplift indicates deformation o£ once horizon
tal sediments by forces other than those irnmediately generated by the 
recent intrusives, there is interesting evidence presented by the lime
stone breccias which are so abundant in the Cambrian. These occur 
in lenticular n1asses, sometimes merging into unbroken limestone flags 
interspersed among beds of green shale, the flags carrying trilobite 
fragments. These fragments of trilobites may also be seen in the flat 
or rounded "pebbles" of the limestone breccias, and this bars the pos
sibility, suggested by Crosby/ that these breccias are conglomerates 
derived from an Algonkian limestone. The breccias in question were 

I Proc. Bost. Soc. ~at. Hist., Yol. XXIII, p. 497. 
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formed by crushing, accompanied in some eases by minute foldings of 
the limestone bands, the brittle laminre breaking on the most acute 
flexures, or else breaking into :flat pieces under the influence of pres
sure without any considerable flexure. 

Infiltration of waters which dissolved off the edges and corners of 
these broken fragments, later cemented the 1nass by depositing crys
talline d·olomite as a matrix for the pseudo-conglomerate. The.se 
'~intraformational breccias" are abundant in the Two Bit district, 
where are also many sills and dikes of porphyry, and the question fre
quently arises in the :field whether the deformation which fractured the 
limestone beds and the waters which cemented them were in any way · 
associated with the intrusives. A negative answer to this question 
wa~ clearly afforded by the upper contact of the sill figured (fig. 67). 
In the lenticular masses of limestone breccia here shown there are 
deYeloped locally distinct folds, which pass by gradations into a brec
cia, holding fragments tilted at all angles, frequently without order or 
arrangement. Careful examination shows that often these may be 
resolved into former folds by joining the adjacent "pebbles." The 
work of solution and recrystallization on the fractured bends has 
nearly obliterated the original crumpling. 

This locality, showing distinct crumpling occasioned by the por
phyry in some of the beds and the ancient crumpling associated with 
the development of the pseudo-conglomerates, offers an excellent 
opportunity to test the question whether the porphyry was immedi
ately the occasion of the brecciation. The contact shows distinctly 
that it was not. The limestone breccias are irregularly cut across by 
the porphyry both on the old folds and in places wher~ all trace of 
folding has disappeared. In other cases where fragments of the brec
cia still remain horizontal the porphyry cuts across fragments and 
matrix alike. The unbrecciated limestone bands are occasionally folded 
and fractured by the porphyry, and on the fractures there is evidence 
of some recrystallization, so that it is nbt impossible that in places a 
nev.r2r breccia may owe its origin to deformation by intrusion; but in 
most cases the limestone breccias of the Cambrian were formed before 
the intrusives. This i~ further evidenced by the fact that these breccias 
occur in many parts of the Hill:::; where the younger eruptives are 
absent, so that it is fair to conclude that the evidence indicates a period 
of deformation later than the Cambrian and earlier than the laccolithic 
intrusives. Similar limestone breccias occur less abundantly in the 
Carboniferous and Permian limestones. Weed has figured 1 a Cam
brian lilnestonc conglomerate from the ~T udith Mountains that in the 
photographic ·illustration is the exact counterpart of the Black Hills 

lJudith :Mountains of :Montana, by Weed and Pirsson: Eighteenth Ann. Rept. r. S. Geol. Survey, 
P1ut III, 1898, Pl. LXX. Also, Little Belt ~fountains: Twentieth Ann. Rept. L'. S. Geol. Survey, Part 
III, 1900. Pl. XXXIX. 
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Cambrian beds. He believes it to have been formed on a shingly 
beach. The writer would suggest that possibly many supposed con
glomerates may be intraformational breccias 1 composed of limestone 
fragments, formed by crushing and recrystallization of matrix, as 
described, rather than by uplift above sea level. 

TOPOGRAPHY OF PORPHYRIES. 

In general the topographic effect of the porphyries is to produce 
strong elevations, either by their own resistance to erosion or by con
comitant induration of the adjacent sediments. Dikes in schist some
times form conspicuous ledges, in other cases valleys, as in the case of 
the great dike at Pluma. Sills in the Cambrian may make slight 
benches on graded slopes or merely color bands in canyon walls. 
Laccoliths, according to the degree of their uncovering, n1ay form 
hollows, hills, or mountains. Their physiography is discussed n1ore 
fully in Chapter III. 

The weathering of the fine-grained rhyolite is frequently more con
spicuous than that of the phonolite, which in this district is notably 
"fresh. Often the rhyolite shows a remarkable red staining in spheri
cal shells throughout joint blocks; the large proportion of orthoclase 
accounts for the decomposition to kaolin. Frequently both quartz
porphyries and phonolites weather into spheres with concentric tlhells. 

IC. D. Walcott, Bull. Geol. Soc. America, Vol. V, pp. 191-198. 

'.' 



CHAPTEH II. 

T..JACCOT..J r.rHI() IN'l.'RUSIVES. 

LITERATURE. 

WARH.KN, !·lAYDEN, AND WINClH::LL. 

The earlie:::;t reference::; to eruptive porphyry in the Blat:k Hill:) occur 
in the reports of vVarren,t Hayden, 2 and 'Vinchell. 3 vVarren men
tioned Inyankara Peak, Bearlodge, the Little ~1i:::;souri buttes, and 
Bears Peak (Bear Butte) as "volcanic." Hayden described Bear Butte 
a::; an '' isolated protrusion" of igneous rock, surrounded by ''dis
turbed beds forming annular ridges." ''Vinchell visited Inyankara 
and Bear Butte; the former he described as a "single isolated out
burst," greatly tilting and shattering the Carboniferous limestone, and 
but little afl'ecting the Red Beds, which he believed unconformable 
abov:e the Carboniferous rocks. The Bear Butte igneous ·mass he con
sidered "thrust up after the deposition of the Carboniferous lime
stone. '~ * * As to the origin of this rock, it is undoubtedly 
eruptive." In the cases of both Bear Butte and Inyankara, Winchell 
notes the significant facts that "on the side toward the hills, in each 
case, the enci~·cling ridge [of sediments] is low or wanting." None of 
the earlier explorers defined clearly the intrusive nature of the eruptive 
rocks. 

NE)VTON AND .TENNEY. 

In Newton and .Jenney's n1ore complete report"' explicit de:::;criptions 
are given of the several eruptive peaks, and these will be referred to 
in the following pages. Newton and Jenney recognized the intrusive 
nature of the igneous bodies, though the word "extrusion," used pre
sumably in the unusual sense of irruption, or rushing in of igneous 
material, leads to some confusion in Newton's text. The following 
quotations will show the more general facts and theories developed by 
the Newton survey: 

The volcanic peaks are curiously limited within the region of survey by a parallel 
of latitude. The line of 44° 10' divides the uplifted area * * * into equal parts. 

1 Explorations in Nebraska and Dakota in1855, 18.56, 1857, by G. K. Warren, Engineer Department, 
U.S. A., Washington, 1875, p. 30. 

2 Geological Report of the Exploration of the Yellowstone and l\Iisso.uri rivers, 1859-60, by F. V. 
Hayden, Washington, 1.'169, p. 42. 

aaeological Report on the Black Hills, by N.H. Winchell; Reconnoissance of 1874, by Captain 
William Ludlow, Engineer Department, lJ. S. A., Washington, 1875, pp. 17, 37. 

4 Report on the Geology and Resources of the Black Hills of Dakota, by Henry Newton and Walter 
P. Jenney: U.S. Geog. and Geol. Surv·. Rocky Mountain region, Washington, 1880, pp. 189, 219, 28:3. 

21 ClE,OL, l'T 3-01--14: 195 
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South of the line there is no volcanic peak either in the Hills area or in the vicinity; 
north of it they dot the country in every direction. They do not seem to bear toward 
one another any relation of distribution or intensity of igneous action. * * * 

The main points of eruption are as follows: 'Vithin the area of the Hills proper, 
Custer, Terry, and Crow peaks, and Black Butte [Spearfish Peak]; northeast of the 
hills, on the edge of the plain, Bear Butte; in the Red Valley, on the northwest side 
of the Hills, Inyankara, Sundance Hills, a nameless peak [Black Buttes] northeast 
of Inyankara, and ·warren Peaks of the so-called Bear Lodge Range; on the Belle 
Fourche, Mato Teepee or Bear Lodge; and near the head of Little Missouri River, 
the Little Missouri buttes. 

Specimens from nearly all the prominent peaks have been critically examined by 
Mr. Caswell, who finds that they have a common facies, although some fall into the 
division of rhyolite and others into that of sanidin-trachyte [phonolite and regirine 
rocks]. 

In the structure of the peaks the first fact that strikes the observer is their uni
formly conical shape. To this rule Bear Lodge is the only exception, and this, with 
its symmetrical columnar shape, is the most remarkable of all. The peaks appear 
to be merely pointed or conical waves of igneous rock forced upward through the 
sedimentary strata which are found disturbed and turned up around them only in 
their immediate vicinity. The metamorphism of the upturned strata is limited in 
extent, reaching only a few feet from their contact with the igneous rocks. There 
was observed no evidence of any overflow of the igneous matter, but it is confined 
exclusively to the cores of the peaks. The view that they are the cores of extinct 
volcanoes or centers of igneous overflow is scarcely warranted by the observed facts. 
* * * It would appear that the igneous peaks, instead of being the product of 
violent volcanic action, are situated at a great distauce from the central and maxi
mum region of igneous action; and that instead of the material being ejected with 
great violence and at such a temperature as to cause it to overflow readily, it was 
forced forward through the sedimentary strata under great pressure and at such a 
temperature as to make it plastic rather than fluid. The occurrence of these trachytic 
peaks appears like a great pustular outbreak 1 on the surface of the northern end of the 
Hills, whereby the deep-seated igneous forces were relieved, or ~ike the appearance 
of bubbles on the surface of a kettle of boiling tar. 

The displacements associated with the igneous rocks modify the form and destroy 
the simplicity of the great displacement, but they have no discernible relation to it 
exeept the relation of superposition. Whether they were formed before or during 
or after the uprising of the great arch,. there is nothing in their distribution to sug
gest that they are in any wise dependent upon it or closely related. Some of them 
are near the crest of the arch, some are where the rocks are steeply inclined at the 
sides of the arch, many are on the gentle slopes of the northern prolongation, and at 
least one is entirely outside of the hills. They are so much smaller than the pro
tuberance on whieh they rest that they seem to be merely superficial phenomena-a 
sort of skin disease upon the surface of the tumor. 

In the above theoretical discussion by Newton the word "surface" 
and reference to a "skin disease" show clearly that he conceived the 
porphyries to haYe been covered by no very deep mantle of sediments; 
the suggestion is of viscous fluids blistering a thin superficial layer. 
That this was his idea is borne out by his reconstruction of the Black 
Hills dome with a minimum of only 600 feet of strata above the Dakota 
sandstone (p. 205). Newton indicated the period in which the por
phyries were intruded as lying between Benton Cretaceous, the strata 

I The italics here and below are the reviewer's. 
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invaded by Bear Butte, and "\i\Thite River Tertiary, where porphyry 
pebbles occur in a basal gravel deposit; but he states clearly that~· the 
date of igneous activity is very far from established, and its relation 
to the uplift of the hills is not even determined.~' 

CROSBY AND CARPENTER. 

Crosby, in 1888,1 mentioned the presence of true laccoliths in the 
Black Hills. Carpenter, 2 in the same year, speaks of Bear Butte·and 
Mato Teepee as "volcanic plugs." Of the others Carpenter writes a:-:; 
follows: "Some of these bodies appear to be true laccolites, among 
which may be mentioned Terry's Peak and Black Butte. Some upward 
bulges, like Little Sundance l\1ountain, resembling Gilbert's 'Pulpit 
Arch,' I formerly believed to mark the position of uncovered lacco
lites, but they probably marked only the position of plugs of volcanic 
matter like the Bear Lodge [lVIato Teepee], and present, possibly, the 
same appearance that it did before the removal of the Cretaceous from 
around it." 3 

• 

RUSSl<::!LL AND PIRSSON. 

Russell {1896) proposed for these intrusions the name "plutonic 
plugs," without, however. defining very precisely the di:-:;tinction 
between a plug and a laccolith. "They differ," he states, "from the 
laccolite:-:; described by G. IC. Gilbert 4 in the fad that the molten rock 
did not spread out horizontally among the stratified beds so as to form 
"stone cisterns," although some of the hills named, which had not 
been examined by the writer, may reveal thi::; structure when more 
thoroughly examined. * * * As they are composed of igneous 
matter forced into sedimentary strata and have a plug-like form, it 
will be convenient to call them pl-utonic plugs." :Mato Teepee and 
Little Sundance Dome {Green Mountains) are cited as the two extreme 
type:-; of plugs, the first an eroded remnant where '' the arch of strat· 
ified rock which once surmounted the summit of the plutonic plng has 
been completely removed and the surrounding strata eroded away," 
the second "an unbroken dome of stratified rock arching over the 
summit of a concealed mass of plutonic rock." 5 Russell's view has 
been somewhat the subject of controversy. Pir::;:-;ol}6 in commenting 
upon .it believes ''it is impossible to conceive that the tall, shaft-like 
mass of Mato Tepee, with a vertical columnar structure whose columns 
------------ -- ---- - ------------------

I Geology of the Black Hills of Dakota, by W. 0. Crosby: Proc. Boston Soc. Nat. Hist., Vol. XXIli, 188R, 
pp.488-517; VoLXXIV,p.lL 

2 Preliminary Report of the Dakota School of :\lines, Rapid City, 1888, by F. R. Carpenter. Notes on 
the Geology of the Black Hills. 

3lbid., p. 50. 
4Report on the Geology of the Henry Mountains, Washington, 1877. 
5Jgneous intrusions in the neighborhood of the Black Hills of Dakota, by L C. Russell: Jour. GeoL, 

Vol. IV, 1896, p. 23. . 
GGeology and mineral resources of the Judith Mountains of Montana, by \V. H. Weed a1ul L. V. 

Pirsson: Eighteenth An11. Rept. U.S. Geol. Survey, Part III, 18!l8, p. 582. 
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are several hundred feet long, can be a volcanic plug in a condition 
anywhere near approaching its original horizontal diameter. The 
mechanics o.f the jointing of igneous rocks forbids sueh a i::iuppo
sition, and we must believe that it represents only a still uneroded 
fragment whose vertical walls are produced by the columnar structure 
of a mass which formerly was of much greater lateral exten:-;ion and 
possibly of laccolit.hic form." · 

IRVING. 

A valuable paper by J. D. Irving 1 has recently been published, in 
which the conclusion is reached that the most .important influence on 
the form of an intrusive body il::l the character of the sedimentary rocks 
invaded. With the following conclusions by Dr. Irving, the present 
writer is heartily in accord: 

In the Algonkian areas, where the schists and slates are tilted on end, the lines of 
least resistance He in an approximately vertieal direction, and we have a great pro
fusion of rlikes, eonforming * * * to the strike and dip of the slates. So soon, 
however, as the eruptives reach the Cambrian formation * * * the lines of least 
resistance lie in a horizontal direction, and eruptives on encountering the heavier 
members of this formation have found it easier to insinuate themselves between the 
easily cleavable shales and sandstones than to break through the heavy oYerlying 
rocks. Therefore we find the predominant type of intrusion in the Cambrian forma
tion to be the intruded sheet. * * * If the intruded mass bas been large and the 
force of intrusion great, not only has the rock spread out between the sediments, but 
it has domed up those which overlay it, producing a laceolite. 

Irving notes, further, that higher intrusions, doming up and break
ing through the massive limestones of the Carboniferous, have "small 
thick-set" forms. He believes that P·rofessor Russell "would have 
modified hii::i views very much had he been able to see the eruptive 
region of Terry Peak." 

It will be seen by the foregoing brief i:lummary of what has been 
written on the younger igneous roeks of the Black Hills that there is 
some diversity of opinion concerning the form of the eruptive bodies 
and the dynamic conditions by which t~ey originated. They have been 
vanously dei::icribed as volcanic and plutonic plugs, extrusions, sheets, 
overflows, lacco~ites, pustular eruptions, protrusions, and outbursts. 
One writer, 2 who visited only outlying subordinate laccoliths, remarked 
on the absence of dikes, finding no evidence as to "how the stratified 
beds below the domes that covered the plugs were displaced, or _per
ltap:s fused, so as to furnish room for the passage of the intruded 
material." In the mining districts, one continually hears mention of 
flows and overflows-the error arising from reverse conditions to 
those of the outlying districts-the region being characterized by 

lA contribution to the geology of the northern Black Hills, by John Duer Irving: Ann. New York 
A cad. Sci., Vol. XII, No.9, p.l87 et seq. 

~I. C. Rus!'ell, Joe. cit. 
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dikes which bend into uncovered sills and by in:egular cross-cutting 
lower contacts of laccolithic bodies. The natural inference from 
narrow and localized experience here is that these rhyolites welled up 
and overflowed an eroded surface, no co,'er being now visible. 

All the intrusions hitherto described and a number of others not 
recorded have been visited with a view to the preparation of this 
paper, and in this chapter the facts of observation are presented. 
As far as possible the theoretical conclusions deduced from these 
observations are reserved for a later chapter. 

LACCOLITHIC INTRUSIVES OF DEADWOOD DISTRICT, 

ClEOJ~OGICAL l\IAI'. 

The accompanying geological map (Pl. XX) is of a portion of the 
Sturgis quadrangle (see Pl. XVIII) :-~bowing the Two Bit mining dis
trict in the region east of Deadwood and the intrusive masses northwest 
of the town of Runkel. These two districts are separated by a syn
clinal valley, the syncline being formed by the depression between the 
domical uplifts occasioned by the greater intrusions. Detailed study 
in the:-~e districts has thrown much light upon the dynamics of intrusion 
characteristic of the younger porphyries in the Black Hills, and it will 
be well to describe in some detail the laccoliths here as types from 
which may be drawn general conclusions that find confirmation in other 
localities. 

The southern part of the map (Pl. XX) shows, in Two Bit Valley and 
on the bills east and west of it, a complication of intru:-:;i \'e sills and 
dikes in Cambrian dolomitic flagstones and shales, which can not be 
adequately represented on a map of this i:imall scale: The most con
spicuous feature in the field is the large number of sills, varying in 
thickness from 2 to 30 feet or more, and at a number of localities these 
are cut across by dikes, or themselves break upward obliquely across 
the strata, merging into other masses at higher horizons (Section D-E, 
Pl. XXI). In Two Bit Canyon good sections are exposed, but in the 
upper part of the valley the rounded hills covered with debris fre
quently show these alternations of porphyry and shale only by lines 
of surface float or in artificial digging:-~. 

On the southwestern border of this map, and along Strawberry Creek 
on the extreme southern border, the Algonkian rocks are shown cut 
hy numerous dikes, which pass up into the Cambrian seri~s and form 
the conduits through which many of the higher sills and laccolithic 
ma~se:; were intruded. The base of the Cambrian, for a distance of 
about 5 miles south-southwest from Deadwood, forms a continuous 
escarpment, through which the porphyries have broken at many 
points, the quartzite dipping gently to the northeast, forming a wall 
along the cre~t of Strawberry Ridge, through whieh here an~ there a 
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deep cha~m mark~ the presence of a dike. On the northwestern dip 
slope of thi:; ridge is usually found a cap of porphyry, frequently 
eroded away from the immediate summit of the escarpment, but 
leaving trace:; of its lower contact with the quartzite in the ~hape of 
irregular nodule:; of white quartz, which are characteristic of the con
tact zone where the porphyry sill and quartzite are ~een together, 
as on the spur just south of Deadwood. At a higher point of the 
escarpment, ncar the head of \Vest Strawberry Creek, there i:; some 
appearance of faulting, the Cambrian strata being broken across 
obliquely hy the porphyry, and the basal beds. of the Cambrian lying 
at a much lower level on the southwestern side of the valley than on 
the northeastern, where they appear to have been pushed up by the 
porphyry. In this ea:::;e, as in others to be mentioned, the trend of 
the fault plane is N"\V.-SE., and the faulting appears to have been con
temporaneous with the intrusion. This trend conforms with the gen
eral ~trike of the sediments here on the northeastern side of the Black 
Hill~ uplift. Mention has been made of the northeast dip shown bJ7 

the quartzite. This dip is enhanced by the intru~ives at many points; 
but far to the southea~t, where intrusives are absent, a uniform dip 

FIG. 68.-Crooked dike in schist, Dead
wood. 

toward the east i::; observed on the Algon
kian slope, indicating that orogenic forces 
had produced the monoclinal structure as 
a whole, quite independently of the intru
sive forct~s. 

DIKES IN HCHIST. 

In the wall of Algonkian ~chi~t oppo
~ite the Btn·lington ~tation at Deadwood 

several small dikes, varying in thickness from 6 inches to 2 feet, follow 
very irregular fis~ures. In fig. 68 is ~hown orie of the~e that illus
trates the manner in which the rock gaped apart at the time of intru
sion. It will he ~een that the dike followed a erook or bend in a pair 
of 1natehed joint surfaces, and had the movement of gaping been 
normal to the course of the joint a1:l a, whole the thickness of the dike 
would have heen the same at the crook a~ el~ewhere. Instead, the dike 
is thinner between the bends, ~bowing that the rock moved apart to per
mit the injection (or wa.s foreed apart by it?) more readily in a horizontal 
than in a vertical direction. On the hill Hlope~ east and ~outhea~t of 
Dead wood are shown good examples of the transition from the zone of 
dikel::l to that of ~ills in the Cambrian, and in the~e places there il::l con
siderable faulting 011 a small scale~ which is one of the striking features 
of the mining district. In many places there is evidence of ~mall dis
location in the Lower Cambrian beds, caused by movements of slipping 
on the lamina~ or joints of the Algonkian schists beneath. 

In a l-'mall open cut on the west side of Whitewood Creek, on the 
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spur just south of Dead wood, occurs the curious mixture of beds, due 
largely to faulting, shown in the accompanying diagram (fig. 69). A 
sill of porphyry some 5 feet thick, similar to others that are conspicu
ous in the cliffs above, caps the spur in the section exposed, and both 
over and under this are a few feet of glauconitic Hhaly beds of the 
Cambrian carrying Obol1~-S. These dip northeasterly at a low angle, 
and rest directly upon the upturned edges of the Algonkian beds, 
which show some crumpling and confusion at the contact. This indi
cates that there has been movement directly along the base of the Cam
brian, and the entire absence of quartzitic or pebbly layers, elsewhere 
characteristic of this horizon, indicates that this contact is not the nor
mal unconformity. Such horizontal slipping parallel to the Cambrian 
contact is probably a result of moven1ents of lateral extension in the 
schists when they were invaded by dikes, which necessarily forced 

5 10 FEE."T' 

FIG. 69.-0ntcrop showing faults, spur south of Dearlwood. 

apart and thickened the whole Algonkian se~·ies. On the western side 
of the outcrop, separated from the shales and the Algonkian alike by 
a "vertical" 1 (here a small upright fault plane), is a huge triangular 
mass of white quartz some 12 feet in diameter, apparently faulted into 
place as a solid block. In this case the slipping plane does not con
form with the Algonkian laminre, but intersects these on a transverse 
joint. There is no evidence in this place that the fault dislocated the 
porphyry above; the latter would seem rather to be younger than, or 
contemporaneous with, the movements in the rocks below. 

Higher on this hill, to the eastward, other porphyry sills occur, 
and these sills may be differentiated megascopically by the occurrence 
or absence of large phenocrysts of quartz. In the lower sill these 
phenocrysts are absent, but in the sill next above they are visibl~. On 
following the hill along its south side, the lower sill, 5 feet thick at 

1 .\ lol'al mining term. 
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the point of the Hpur, was found thickening e~u.;tward, :W or 30 feet of 
the fine-grained roek being exposed under the Obolus shale horizon. 
The beds here dip to the northeast, but show a tendency to curve down
ward to the northwest along the general strike over the porphyry. 
This lends additional confirmation to the supposed identity of this sill 
and the one first mentioned, and the evidence show:-; that in a diHtance 
of a few hundred feet a 30-foot sill thins to one whose maximum thick
ness is not greater than 6 feet. In such a case a::; thi;:; the inspection 
of a single outcrop would give but slight evidence of thinning; many 
cases studied indicate that such thinning in short distances is very com
mon (cf. fig. 76). On the northern side of this spur the Obolus sand
stone is found resting on the Algonkian schist, without any porphyry 
visible, presenting evidence that the sill has completely thinned out 
to the northward. 

In an open cut opposite the Hoodoo shaft on Strawberry Creek a 
fault cutting- Algonkian aud porphyry alike i::; exposed (fig. 70). The 

northweHt wall of the 'eut 
shows a triangular mai':is o£ 
porphyry houndt>d on one 
side by an ohligue thrust 
plane that cuts aeross the 
schistosity. The latter here 
trends northwest and dips :)0; 

to the southwest. A ~Pconu 
lenticular tongue of porphyry 
is seen to thin out down
ward. The ie.·neouH contacts 

FIG. 70.-Faults and joints in schist, Strawberry Creek. ""' 
of both porphyry llUls~es con-

form to the schistosity, and in this re:-~ped are like the greater number 
of dikes in the Algonkian. Similar contacts arc exposed in the tunnel 
of the Dakota ~-laid, on the north side of Strawberry Gulch. These 
dikes are dired feeders of the large laccolithic mass of C nion Hill, 
hence the 50° "\Y. dip of their walls is significai1t (see Experiment 
IV, p. 298). The southern wall of this open eut show-, two sets of 
joints in the schists, crossing each other, each making an angle of 60° 
with the horizon, one trending N.-S., the other S. 30·) ,,.,., In the 
eastern end of the cut there is an upright lentieular ma;:;s of porphyry 
18 feet thick in the middle and tapering rapidly. with northerly trend 
across the schistosity. ThesP porphyries are of the oldPr rhyolite 
sel'les. 

TRANSITION FRO)I DIKES TO SILLS. 

The dikes filling fissures in the schist on planes of schistosity have 
in general a trend west of north, to correspond with the Algonkian 
strike. The inclination of the schistosity yaries at anglPs between 45° 
and the vertieal, being sometimes to the east and sometimes to the 
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west. Throug-hout the schist area west of Lead the Algonkian dip is 
westerly as a whole. Between Lead and Deadwood it is easterly, and 
a sharp fold, accompanied by fracture, is indicated hy the change in 
dip about the region of the Homestake ore body. · A dike in easterly 
dipping schist on the line of the Burlington Railroad near Dead wood 
is shown in Pl. XXII. This dike shows a slight tendency to deyelop 
short columns on the border, with a ·wide, massiYe medial portion. 
It will be readily understood that an igneous mass rising through an 
inclined fissure to the Cambrian unconformity would ::;pread, on reach
ing the thin-bedded shales, in the direction of its inclination from the 
vertical. Some such inclination of the conduits upward and eastward, 
in the region east of Deadwood, where there i:; a recurrence of west
dipping schi:;t (sections, Pl. XXI), accounts for the prentlent tendency 
of the porphyries to spread to the northeast (Experiment IV). In a 
railroad eut near the cemetery south of Lead, on the divide between 
Lead and 'Vhitetail Gulch, is an exposure of reddish schist under 

FIG. 71.-section near cemetery, :Lead. 

Cambrian beds (fig. 71). Looking south in the cut, the dip of schist 
lamina.• is seen to be eastward, and two dike:; of fine-grained white 
rhyolih', in general parallel to the :;chistosity, pa:-:;s up into the Cam
brian, where they merge into a sheet extending to the west, the upper 
portion of which is eroded away. As shown in the figure, some fault
ing of the schi:;t concomitant with intrusion is suggested by the pro
gr_essiye elevation of the uppet schist surface eastward from the dikes. 
This Inay, however, he due simply to the lifting effect of the intrusions 
on the side of the hanging- walls. On the east two dikes of dark green 
phonolite end in irregular bosses without reaching the Cambrian beds. 
These are lithologically identical with a sill and other dikes on the 
south side of the same hill (above vVhitetail Gulch), and with the 
tabular columnar cap of the spur across 'Vhitetail Gulch to the south. 
The rhyolite is the same as that which caps all the hills about the 
Homestake workings, and elsewhere on this same hill it is :-;een as a 
cap of some size. The structure is the same as that of the dikes in 
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the Homestake open cut, where, looking north, they are Been to bend 
into sills which spread to the west (Pl. XXIII and fig. 72). 

At the northwest end of Strawberry Ridge an interesting series of 
dikes passing directly fron1 the Algonkian into the Cambrian is 
exposed. A 40-foot dike trending north cut~ the quartzite obliquely 
across its strike. There is some slight Bugge~tion of faulting locally 
in the quartzite on opposite sides of these dike fissures, but it i:; slight. 
The downthrow i~ to the north. Farther along to the northwest a 
break of 250 feet occurs in the quartzite ledge, occupied by a complex 
of dikes, and still other~ are seen beyond. In thi:; case the composition 
of the rock yaries, after the fashion of a composite dike; for a thick
ness of 75 feet on either side the rock is rhyolitic, while the rniddlc lOO 
feet is coarser, showing large white feldspar laths. 

A remarkable feature of the sandstone in contact with these dikes, 
also characteristic of the upper :;urface of the quartzite escarpment, is 
the occurrence of milky quartz in the form of infiltrations of irregular 

outline, :-;ometimes filling 
cavities in the surface of the 
rock, but not in the form of 
veins. 

South of the main quartzite 
escarpment of Strawberry 
Ridge occurs a lower bench 
of massive white quattzite, 
forming eliffs 40 feet high 
capped by reddish :->halei:l 

Fw. 72.-Dike curving into r-;ill, Homestake open cut. which earry the usual white 
shell fragments ( Oholu:;); 

above thi~, on the slope between the two <Juartzite outcrops, porphyry 
occurs. The thickness of the Cambrian quartzite would be so abnor
mally great were this porphyry a sill, that it seems probable it is a 
ma~s filling a strike fault fissure and that the upper quartzite bench is 
faulted up by the porphyry. This is the more probable, as the base 
of the Cambrian occurs at much lower leYels across the valley on the 
south side of West Strawberry Creek. Under the lower bench of 
quartzite the mica-schist is found, and farther east an extremely com
plex structure of dikes and faults gives evidence that the conduit 
region at the time of intrusion was a zone of faulting and deformation, 
communieated from the schists to the hard beds at the base of the 
Cambrian. The schists here, al:l in the case described on page 201, con
tain large masses of white quartz. The hills a short distance '"·est
i. e., farther within the Algonkian area-consist of slate capped with 
porphyry. The porphyry extends down the schist. slopes in place~ and 
runs out into dikes in such fashion as to indicate that the~e seeming 
caps are in some cases stocks or conduits of irregular :-;hape (Pl. XIX). 
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SUM:\IARY OF DIKES IX Ht'HI:,iT. 

The exposed schist area southwest of Two Bit is a region of con
duits which fed sills and laccoliths whose remnants still persist in the 
eroded monoclinal structure to the northeast. The dikes have north
westerly trend and east or west dip, with the schist lamination. Sills 
fed by such inclined dikes spread in the direction of the dikes' inclina
tion from the vertical. Dikes in the Cambrian strata retain the nor_th
westerly trend imparted to them by the schist below (PL XX). 
Deformation of the schist by faulting accompanied intrusion,_ and was 
transmitted to the Cambrian quartzite. Other faulting of later date 
intersects schist and rhyolite alike. Faulting on the plane of contact 
between Cambrian-and Algonkian indicates movements of ~xtension in 
the latter. The quartzite escarpment of Strawberry Ridge, represent· 
ing the basal contact of Cambrian on schist, is faulted and broken 
through by 1nany feeding dikes. 

TWO JUT H.EOION O:E' SILLS AND J~ACCOLITHS. 

WHI'fEWOOD <-lULCH. 

The Two Bit sill district is limited on the southwest by the Straw
berry Ridge escarpment, and this escarpment il::! practically continuous 

FIG. 73.-Section of east slope of Whitewood Gul«"h, Deadwood. 

to the northwest as far as \Vhite Rock, above Deadwood. On the 
western slope of the ridge between " 7 hitewood Creek and Spruce 
Guleh above Deadwood the complex of dikes and sheets begins. Fig. 
73 shows diagramatically a section of the " 7 hite Rock slope above 
Deadwood. The shales and sandstones of the Cambrian here dip 22° 
north-northeast, and a large dike of quartz-porphyry apparently feeds 
sills in the Cambrian flagi:l and in the thick shale bed that lies immedi
ately under the Silurian lime~ tone at the base of White. Rock. In the 
southernmost spur figured il::! shown a 3-foot dike of phonolite, which 
is younger than the quartz-porphyry that caps the ridge. The sill 
shows distinctly its intru(')h'e character hy the :-~elvage at its upper 
contact, which is finer grained and of darker color than the rest of 
the mass. The upright contact, where the porphyry truncates the 
shale heds, showH in the jgneom; 1·ock a lamination parallel to the 
contact. 

TWO BIT CANYON. 

Fig. 7 4 shows the eastern wall of Two Bit Canyon formed by the 
northwest spur of Dome Mountain. This illustrates the trariHition 
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from large, irrPgular laccolithic masses to fingering sills about the1l· 
periphery~ anrl i~ {·lm•Plr ~imilar to the structure figured hy Holmes in 

? porphyry ledges 
and talus 

o 100 ZOO 300 400 FEET ·. 

FIG. 7-t.-East wall of Two Bit Cnnyon. 

the Carriso and La 
Plata mountains (fig. 
7.)). Two di:;;tinct 
varictie~ of crupti \'C 

an"' here present (fig. 
7±), and the lower 
hornblende - diorite
porphyry is probably 
the younger. The 
greater thickening of 
the laccolithic masses 
occurs at the base of 

the Silurian, where the porphyry in its upward progress met heavy resist
ant limestones, and the :-;oft, thick ~hale lwd at tlw top of the Cambrian 

FIG. 7;).-:"ertion of La Pinta )fountain~ (Holmes). 

offered an ea~iPr passage for spreading horizontally than was pos~ible 
hy eontinuing- upward. lTpwtn·d lnon'ment. or doming, r\·entunlly 

6 

Fi!.£.T 
tOO 

!!!!!!!coarse porphyry 50 
f-lags and sandstone 

E::~~:::::j red band ferruginous sandstone 

fine.grained porphyry 

FIG. 7;;,-se<"tions showing thi111.ing of Two Bit sm,_, a, Southeu~t "ide of Two Bit C;myon; h, Xort:il
\\'l'"t Firle of Two Bit Canyon. 

took place, when with e1-,ntinued inflow the ma~~ and Yiscosit}r of the por
phy1·y. a~ the resuH of ;atpra3 spread and eooling, ·were sufficient to flex 
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the thick limestones. In the figure the diorite-porphyry at the right 
is probably made up of a number of sills, though porphyry 
talus covers the whole hill slope, and if Cambrian beds occur 
there they are completely masked by the slide rock. In 
the uppermost bed, a, there are at least 250 feet of diorite
porphyry exposed, and apparently this mass lifted the sye
nite-porphyry above. That the upper laccolith ends rather 
abruptly to the northwest (Pl. XX) is proved by the fact 
that the walls of Two Bit Canyon opposite to the ::;lope 
figured in the section (fig. 7 4) show none of the upper por-
phyry, and only one diorite-porphyry bench conforming to 
the bench in the figure. At the contact b- the Silurian lime
stone is highly mineralized and silicified. At c the columns 
in the phonolite have a southerly inclination of 40°. At d 
they are nearly vertical. In each case, in other words, the 
columns are normal to the upper contact, and in a number 
of cases this variation in the inclination of columns was 
found to be a useful guide to the original curvature of a 
lt1Jccolithic mass where the covering strata had been eroded 
away. 

The two eolumnar sections in fig. 76, constructed from 
outcrops in Two Bit Valley, illustrate the thickening of por
phyry sills eastward across Two Bit Canyon, and show vari
ous members of the Cambrian, which may be used as horizon 
markers for identifying contiguous sills; (tis from an out
crop on the east side of the valley; b, from one on the west. 

In the lVIonarch shaft it is stated that the quartzite is 
faulted in steps, the ore occurring along the fault planes. 

Cros8-c1ttting sill.rs.-The cases cited show that laccoliths 
under the great limestone thin out into sills, that sills thin 
rapidly (fig. 76), and that the region of sills is one where the 
alternation of shales and thin-bedded limestones through 
unusually thick series (Pl. XIX) affords innumerable split-
ting planes. The earlier rhyolitic porphyry in general · 
spread through the Cambrian beds as sills, and the connec-
tion of one sill with the next at a higher horizon is usually 
an irregular dike or an oblique split corresponding to the 
more pronounced peripheral fractures ahout a laccolithic 
dome (Experiments III and IV; alE-~o p. 231). In a tunnel 
extending 375 feet eastward from the roadside in upper 
Two Bit Valley, Cambrian limestone flags and shales dip 6° 
N. 30° E. Three feet above the mouth of the tunnel a 6-
foot sill occurs, and just within the tunnel is a very ragged 
dike (fig. 77) .. Some 50 paces within, a porphyry mass 40 
feet thick, dipping 11° W., is seen to rise from the floor 
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of the tunnel and cro~~ the strata obliquely upward to the northeast. 
This may be taken as a type of the cross-cutting sill. The floor of the 
mass does not conform to the bedding, but is guided by it. The tend
ency of the porphyry to spread onward and resist the downward pull 
of dipping strata causes it to cut them transversely. This transverse 
cutting of heds is not confined to small sills. The rhyolite capping of 
the hill above the southern Terra open cut, probably a laccolith ren1-

Fw. 78.-Dike crossing spur west of Peerlee Gulch. 

nant, obliquely cuts across the Cambrian bedding only a few feet above 
the contact of the latter with the schists (Pl. XXIV). On the west side 
of Spearfish Canyon, high up on the summit of the limestone cliff below 
the mouth of Rubicon Gulch, a fine columnar sheet may be ~een lying 
obliquely across the bedding of the limestone. 

Dikes in Oantm'ian.-The later dikes probably found the Cambrian 

FIG. 79.-Abrupt termination of :<ill, ea~t wall of Benr Butte Canyon, 
near Galena. 'fhe hammer rests on Cambrian bedoo;. 

as a whole indurated 
by the earlier por
phyry and rigid, 
henee n1ore capable 
of breaking on smooth 
verticaljoints. These 
dikes cross the coun
try for miles in Two 
Bit, but are not very 
numerous. In fig. 78 
is shown a d .ke 16 
feet wide whiGh cuts 
gray limestone on the 
hill west of Peedee 

Gulch. The massive limestone is bent up on the eastern side of 
the dike, showing that there was considerable upward thrust exerted 
by the magma after its first solidification on the wall. The dike 
trends N. 30° \V., and hence is one of the numerous strike-fissure dikes 
which probably fed higher laccolithic bodies. If the magma which 
filled this fissure rose through west-dipping sehists below, as usual, it is 
natural that it should tend to produce maximum deformation on the east. 
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The transition from dike to sill is shown in a sill above the Hayes 
mine, on the east side of Bear Butte Creek, at Galena. The sheet is 
12 feet thick, columnar below, with an upper selvage of finer grain 
from 12 to 18 inches thick. This upper portion resembles a separate 
sill, showing a sharp contact bench made by its lower surface with the 
columnar porphyry. The contact of the upper portion with the Cam
brian limestones is irregular and comes to an abrupt angular tenni
nation, the contact bending to a vertical position, as shown in fig. 79. 
The sill apparently abuts against a srnooth upright joint plane, and 
probably a feeding dike follows this plane below the talus. 

DO:\IE ~IOUNTAIN AND SUBORDINATE LACCOLITHS. 

East of the Two Bit Valley complexities the marked simplicity of 
the laccolithic masses of Pillar 'Peak, Dome l\tlountain, and Bear Den 
l\tlountain is conspicuous. Concomitant with this change is a change 
in the horizon of intrusion, the lowest of the greater laccoliths, Dome 
l\tlountain, being intruded in ·soft green shales under the Silurian 
limestone and at the upper limit of the Cambrian. Pillar Peak and 
Bear Den l\tlountain are laccolithic masses that have broken up to still 
higher horizons, the former resting in part upon ,.the gray limestone 
(Carboniferous) and in part overlapping the lower sandstone member 
of the lYlinnelusa formation. Bear Den Mountain reaches a still higher 
horizon, the purple Minnekahta limestone. The northern spur of the 
mountain thus is intruded on the horizon of the thicker Red Beds of the 
Trias. In both Pillar Peak and Bear Den Mountain it will be seen 
that the laccolithic floor is not a single stratum, but rather represents 
a plane approximately horizontal, which cuts across the initial north
west dip of the beds and so permits the intrusion to penetrate progress
ively to higher horizons. It is this progressive truncation of dipping 
strata on a horizontal plane that has given to these masses the local 
name of "overflows" among the prospectors and miners. If no evi
dence were present other than this lower contact, an extrusive flow on 
an old topography might be suspected in these cases; but the presence 
of upper contacts, the coarse-grained character of the rock, and the 
entire absence of true extrusives in the region, combined with the evi
dence presented here and elsewhere of deep denudation and former 
extension of laccolithic masses, as indicated by present drainage and 
by similar intrusive masses, still partially covered by a sedimentary 
mantle-all of these data make it clear that these are remnants of 
unsymmetrical laccolithic intrusions. The Dome Mountain mass 
extended laterally on the soft shales and swelled vertically, its greater 
mass spreading on a single horizon. Its extension on this horizon in 
a northeast direction was impeded by the initial clip encountered, 
which compelled the intrusive to plunge downward if it would remain 
between the same ·stratigraphic planes. In other words, when the 

21 GEOL, PT 3-01--15 
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steeper northeast dips were encountered, the force of wedging apart 
horizontal rocks ·wa:::; converted into a thrust against upturned rocks. 
The result was n1ore Yiolent deformation of the initially dipping beds 
to form an unsymmetrical laccolith ·with steep northeasterly dip. In 
Chapter V it is shown by experiment that the fractures of a dome are 
radial on the crest, gaping upward and closed below; they are concen
tric on the periphery, gaping downward. These peripheral strike frac
tures open toward the porphyry core. If the dome is unsymmetrical, 
the rui)ture occurs first on the side of most intense flexure. In Dome 
Mountain, after the limit of flexure was reached on the northeast, the 
beds fractured and gaped open to admit the porphyry to higher hor-

N 
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FIG. SO. -Section of divide, head of Lost Gulch. 

izons. In Lost Gulch, on the eastern flanks of Dome Mountain, the 
upper contact of this laccolithic mass with Silurian limestone is well 
shown. Here the limestone is seen dipping at an angle of 40°, so 
violently strained and contorted at its contact with the porphyry tbat 
it is infolded in a small pinched syncline plunging northeast between 
two lobes of the laccolith. A few hundred paces to the north the 
porphyry may be followed continuously, crossing Silurian, Carbon
iferous, and Minnelusa beds; here the flexure bas passed into rupture. 
The phenomenon is the same as that represented by the cross-cutting 
sill in fig. 77, the only difference being that in this case large lacco-

FIG. 81.-Section of Carriso Mountains (Holmes). 

lithic masses are inYolved (Experiment IV, p. 298). A short distance 
farther northeast fron1 Pillar Peak deformation of the sediments on a 
grand scale, probably due in part to the porphyries, may be seen in 
the canyon of Bear Butte Creek and in the synclinal basin of Boulder 
Park, this spoon being inclosed between three laccolithic uplifts of 
flexed strata (Pl. XXI, section D-E). 

The southeastern border of the Dome Mountain mass shows less 
abrupt flank contacts, but is complicated with the conduits that fed 
the Bear Den .:\lountain laccolith. From the nature of the rock there 
is eyidence that the later dikes were the feeders for Bear Den. In 
fig. 80 is shown n X. -8. section on the road which crosses the dhide 
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between Bear Butte Creek and Lost Gulch. In the cliff aboYe the 
road on the north side shaly limestone overlies massive coarsi3 colum
nar porphyry, the columns being perpendicula1· to the limestone con-

. tact. The limestone dips to the north and the upper surface of the 
porphyry Rhows some slickenside~ or rough grooving, which indicates 
movement parallel to bedding planes, of later date than the intrusion. 
Possibly such movement may be correlated with the intrusion of the 
later dikes. A conspicuous dike ridge crosses the saddle for a dis
tance of one-quarter mile, trending variously from northeast to east. 
Above it to the north rises the talus slope of coarse porphyry, and 
similar float on either side of the trail of dike rock indicates that the 
larger igneous mass is cut by the dike. South of the dike occurs Silu-

FIG. 82.-Section in shaft, summit of Dome .Mountain. 

rian limestone over sills and Cambrian beds in the slope below to 
the south. The sequence here, then, is the usual one-sills in Cam
brian, thicker lenses at the base of the limestone, columns norn1al to 
the cooling surface, and porphyry of two ages. As shown on the map, 
Pl. XX, this section immediately north of Galena is a complication of 
dikes and irregular bodies, marking fractures in the limestone through 
which the Bear Den laccolith was intruded. This mass breaks north
eastward across the whole thickness of Carboniferous and Permian to 
the horizon of thick Red Beds, the wall of porphyry over Lost Gulch 
being underlain by a white bench of brecciated Minnekahta limestone. 

On the summit of Dome Mountain, in several places, occur isolated 
Cambrian outcrops completely surrounded by porphyry. These 
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appear to be large included bodies, mostly lying flat, carried up in the 
n1agma as a result of excessiye doming. The arched strata, unable to 
stretch, fractured in many places, and the fractures :filled with igneous 
matter; increased swelling separated the fractured pieces and erosion 
has revealed some of them. The same phenomenon is :figured by 
Holmes in the Carriso Mountains (fig. 81). In a shaft 30 feet deep, 
through one of these masses on the summit of Dome Mountain, 24 feet 
of Can1brian shale is shown above, and 6 feet of porphyry in the bot
tom of the shaft. The porphyry surface curves downward to the south, 
showing dome shape, conformable a.t the top to the overlying shales, 
but breaking across them on the slope of the dome. The shales abo-ve 
are crumpled and their bedding is interrupted by -very numerous small 
Y -shaped faults (:fig. 82). The shales dip to the northeast. PhenOin
ena like this are abundant, and illustrate the way in which stresses due 
to intrusion are absorbed upward in incompetent strata. 

SU:\IMARY OF TWO BIT REGIOX. 

The Two Bit district contains a progressive series of intrusive types 
fro1n southwest to northeast, this direction at the same time marking 
a progression from older to younger strata and a transition from 
approximate horizontality in the extreme southwest to pronounced 
dips and folds on the northeast. Dikes of trend mostly northerly, 
conformable to the lamination of the Algonkian, penetrate the base 
of the Cambrian, where a series of separation planes in thin-bedded 
limestones and shales offers the necessary conditions for the eruptive to 
spread horizontally in many thin sills. About the base of the massive 
limestones of the :l\'liddle Paleozoic, swelling en masse was easier than 
continued fracturing and horizontal splitting to form sills. At this 
horizon, where also a thick series of soft green shales under the great 
limestone offered easy material for crushing and opportunity for lateral 
extension, there followed a thickening of the uppermost sills into the 
irregular laccoliths of Dome Mountain and the adjacent n1asses which 
thin out across Two Bit Canyon to the northwest and across Bear Butte 
Canyon to the southeast. 

The tendency to spread northeast is indicated by more violent defor
mation of sediments whose initial dips oppose extension in that direc
tion, and by th~ igneous rock shown breaking across these sediments 
to produce at higher horizons the subordinate laccoliths of Pillar Peak 
and Bear Den :Jiountain. The whole series of eruptives of the Two 
Bit district may represent the peripheral intrusions of magmas that 
are most conspicuous in the more deeply eroded porphyry complex of 
Terry Peak (Pl. XIX). Evidence of strike faults in association with 
intrusion is well marked local1y, the down throw being on the southwest, 
the intrusiYe itself using the fault plane as a conduit and adding to 
the efl"ect of dislocation by arching up and intruding into the strata 
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on the northeast side of the fissure through which it came. Tyyes of 
these faults are seen at Strawberry Ridge and in the subordinate lacco
liths of Deadman and vVhitewood canyons (pp. 204, 217, 218). 

V ANOCKER LACCOLITH. 

East of Bear Butte Creek (Pl. XX) is shown a large igneous mass 
occupying as a whole only the upper horizons invaded by the Two Bit 
series of intrusions. Separated fron1 the latter by a synclinal valley, 
there is no evidence that the conduits which feed the V anocker mass 
were imn1ediately connected with those of the Two Bit district. Schists 
underlying tbe Cambrian escarpment south of Elk Creek show almost 
no dikes, and apparently the dip of the Paleozoic rocks is here the 
normal monocline of the Black Hills uplift. The lowest beds exposed 
in contact with porphyry in the Runkel district (see Pl. XIX) are the 
shales and sandstones of the Cambrian, and chiefly its upper members. 
These Cambrian beds cap the laccolith of Kirk Hill, which is separated 
by a synclinal sag on the southeast from a very large mass which 
extends noitheast to Vanacker Creek and forms a great irregular range 
of hills composed almost exclusively of igneous rocks. Perhaps it 
would be better to call the whole mass a single great laccolithic intru
sion with local irregularities of the upper surface. Here and there 
occur tabular cappings of stratified rock, the lower horizon, in contact 
with porphyry, being either the Silurian limestone or shales which are 
the uppermost' beds of the Cambrian. If any trace of conduits is 
present it is in the immediate vicinity of the town of Runkel~ where 
the gray limestone is irregularly fractured by the eruptive; and rising 
through an oblique fissure in the limestone a great dike is seen, inclined 
to the eastward on the hill slope north of the village. To the east 
a large sill follows a separation plane within the limestone series, 
which here has a thickness of from 600 to 700 feet, greatly in excess of 
the same formation north of the Two Bit region. The border of the 
laccolithic mass as a whole is marked by dips away from the hills of 
porphyry on all sides, and in t_his respect a southern extension of the 
intrusive from its conduit differs from the conditions observed in 
the Two Bit masses at the same horizon, where upper contacts on the 
southern side have in all cases been eroded away. This difference may 
be due in part to an easterly dip recurring in the Algonkian, ai1d hence 
in the conduits, under the V anocker laccolith. 

Except where the Cambrian occurs on the southwest the upper con
tact in the Vanacker mass is with the base of the Silunan limestone, 
as in the case of Dome Mountain. At several points this limestone or 
the subjacent shales could not be identified at the contact, and appar
ently the intrush'e had broken across and buried or else torn away 
this member, so that the contact appears to be directly with the gray 
limestone. On the north side of the V anocker mass dikes varying in 
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thickness trmn 30 to 80 feet cut both porphyry and sediments, and 
two big dikes may be seen upon the Fort ~1eade ReseiTation road 
northwest of Deadman Gulch. There is thus a tendency on this 
northern side to break across strata to higher horizons, and there is 
evidence of a younger porphyry which cuts the older and greater 

FIG. 83.-Section on west 1ank of Kirk Hill laccolith. 

n1ass. The northern border of the Vanocker porphyry mass between 
Alka1i Creek on the east and the eastern fork of Park Creek on the 
west, including the basin at the head of Deadman Gulch, is a different 
rock fron1 the rest of the mass, being a fine-grained rhyolite, while 
the greater portion is a coarse syenite-porphyry. The contact between 
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FIG. 84.-Southwc>'t border of Vanocker laccolith, Elk Creek, showing surrounding rock formations. 

these two rocks follows roughly the divide at the head of Deadman 
Gulch and the northern slopes of the Yalle:rs of the two creeks men
tioned, but a definite contact was nowhere found; possibl3y the finer
grained northeastern portion was more rapidly cooled against the sed
imentary cover, and is a diff~rentiated facies of thetlarger mass. 
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KIRK HILL DO~IE. 

·Kirk Hill, the western extremity of the Vanocker laccolith (Pl. 
XXI, section F -G.; Pl. XLI, iv), is remarkable chiefly for its com
plete cap of Cambrian limestones and sandstones. The porphyry is 
seen to plunge under the eastern limb of the syncline of Park Creek; 
and where the small radial streams have breached the Cambrian cover 
well-formed columns ar~ shown, normal to the contact. Immediately 
at the contact limestone breccias o"ccur with the usual green shales; 
and higher, in crescentic scarps that revet the base of the hill, the 
Scolithus quartzite, which is \Yhite near Deadwood, i~ here replaced 
by massive cross-bedded, rusty sandstones, showing some Scolitl~tts 
borings. Above are the uptiu·necl edges of Silurian and Carbonif
erous limestone (fig. 83). In places the Cambrian veneer may be 
followed frori1 crest to flank continuously in contact with the surface 
of the p011)hyry dome. On the walls of the little canyons the actual 
dome curvature at the contact may be seen in cross section. The old 
S}7 nclinal valley to the west still retains remnants of coarse Pleistocene 
graveb, which have their greatest development at the present head of 
the valley, where they form a portion of the divide between Park 
and Elk creeks. 

BORDER Ob' VAN OCKER LACCOLITH. 

An exposure of other portions of the extreme rim of the V anocker 
laccolith occurs three-fourths of a mile northeast of the town of Elk 
Creek, where a revet hill, flanked with gray limestone, exposes por
phyry on its northeastern face (Pl. XXV and fig. 84:), and debris in 
the slope above shows that the igneous rock was intruded on the usual --:. 
horizon of green shales under Silurian limestone. A section just above 
the railroad at the foot of the western slope exposes the limestone with 
its dip apparently reversed. At first sight this section suggests the 
miniature lens at Galena (fig. 65), with its inward-clipping basement 
beds. Obviously, however, the basement beds of this border of the 
Vanocker laccolith are Cambrian, so that the Carboniferous limestone 
could be thrown into this position only by faulting or by a cross
cutting tongue of porphyry not shown. A simpler explanation of 
the reversal in clip is that the reversal shown is not real but only 
apparent. In the landscape figured (Pl. XXV) the limestone scarp 
curves around toward the observer, and the section exposed is prob
ably an oblique truncation of beds clipping toward the foreground. 

SC~DIARY 0~' YAXOCKER' LACCOLITH. 

The Vanocker laccolith is intrusive about the horizon of the base 
of the Silurian and shows no conduits, but breaks across the gray 
limestone irregularly in the vicinity of Runkel. The laccolith uplifted 
the strata above it, and arched them so that they now dip away both 
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north and south, the southern dip produced being au inversion of the 
normalmonoclinal tilt to the northeast, and hence there was produced 
a syncline in which now :flows a portion of Elk Creek and one of its 
branches. Drainage from this great laccolithic mass follows in gen
eral radial courses in the case of the smaller streams, the larger ones 
encircling the mass to follow the contact zone on its periphery. The 
southwestern portion is still capped with sediments of Cambrian, Silu
rian, and Carboniferou.-; age. To the north dikes break through the 
sediments, and in one case a northern extension of the larger intrusive 
mass breaks upward to forn1 the subordinate Deadman laccolith at a 
higher horizon (Pl. XX). This laccolith is now largely uncovered by 
erosion, the only covered portion being the region above its conduit, 
which, however, is exposed in a canyon cross section. 

SUBORDINATE LACCOLITHS. 

Dome Mountain and the Vanoeker laccolith represent the thickest 
porphyry 1nasses of the two eruptive centers on opposite sides of the 
Park Creek syncline. Pillar Peak and Bear Den Mountain have been 
mentioned as offshoots from the thicker Two Bit complex, breaking 
to higher horizons. Somewhat more remote from the greater por
phyry mass is a small laceolith east of \Vhitewood Canyon below 
Deadwood, injected through a fault fissure and doming up Cambrian, 
Silurian, and Carboniferous beds on its northern side. This \Vhite
wo.od Canyon laccolith is rather a subordinate offshoot of the Polo 
Peak n1ass west of it (Pl. XIX). Remnants of a subordinate laccolith 
similar to Pillar Peak oecur Dn the east side of Peedee Guleh, and 
again on the opposite side of the wide Pleistoeene gravel area filling 
the bead of Boulder Creek, where a small porphyry body lies next. to 
a well-marked E.-''T· fault. These two small masses are of the same 
roek-a phonolite-and were probably onee eontinuous. As the north
ern 1nass rests on :Minnelusa and the southern one on gray limestone, 
the progressive truncation northward of dipping beds is the same as in 
Pillar Peak and Bear Den :Nlountain. The two 'Vhitewood Canyon 
faults (seetion A-B-C, Pl. XXI) have upthrow on the north in both 
cases and slight northerly bade. They fade out east and west, and are 
unquestionably occasioned by uplift due to the subterranean portion 
of the 'Vhitewood Canyon laccolith. There is therefore no necessity 
for supposing that the phonolite adjacent to the southern fault is in 
any way genetically assoeiated with it. 

Tilford and Dead 1lan laccoliths (Pl. XIX); and remotely Bear 
Butte, are subordinate to the Vanoeker mass, the last oceurring 8 miles 
to the northeast. Bear Butte shows structure that indicates a subter
ranean conduit from the direction of the hills, as in the case of the 
others. Crook ~fountain and Elkhorn Peak undoubtedly have similar 
structure, but erosion has not revealed the porphyry. 
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WHITEWOOD CAXYOX LACCOLITH. 

In \Vhitewoocl Canyon immediately west of \Vhitewood ~1ountain 
is shown a small laccolithic mass of rhyolite which in eross section 
resen1bles Black Butte ht the Judith :Niountains, described by '\7 eed 
and Pirsson. 1 The orifice of intrusion appears to haye been a fault 
with upthrow on the north, and a second fault of similar character 
appears 1 mile farther south, up the canyon. These faults die out 
within a short distance of the porphyries east and west, and thus 
appear to be genetically associated with the deformation occasioned 
by intrusion. The laccolith is quite unsymmetrical, the Silurian and 
Carboniferous limestones on the southern side showing no marked 
deformation except a sharp backward bend at the porphyry contact, 
while on the northern side the whole Paleozoic series from the lower 
beds of the Cambrian to the Upper Carboniferous inclusive are 
upturned at a high angle, overlie the porphyry, and are locally 
faulted. (Section B-C, Pl. XXI.) 

Topographically, \Vhitewood Canyon laccolith is inconspicuous. 
The traveler on the Fremont Railroad in vVhitewood Canyon. below 
Dead wood would not suspect its presence. In going down the canyon 
the most striking features seen are the brown Cam brian and white lime
stone cliffs that rise almost vertically 600 to 700 feet above the bed of 
the muddy torrent. At the bridge the line of the railway crosses the 
southern fault, marked in the cliffs by an abrupt transition from lime
stone on the south to steep walls of brown Cam brian flags, limestone 
breccias, and shales, which at the fault are indurated to a gray and 
black horny rock of chalcedonic aspect. Three-quarters of a mile 
below, a gulch is seen on the east side of the canyon that has been 
eroded out on the fault or conduit side of the laccolith. Curious 
revetting scarps of porphyry that at first sight resemble sediments 
curve up over the spur on the north side of the small gulch, while on 
the south side porphyry forms the lower portion of the slope, and 
above it the contact with dragged limestones forms a small bench. 
The summit of the porphyry hill on the north side is Cambrian Obolus 
sandstone, containing a small sill that outcrops in a ring about the 
crest. More conspicuous than this summit are the n1onoclinal ridges 
of Paleozoic limestone north and northeast, the second being \Vhite
wood Peak; at one place the broad yellow bench of Silurian spotted 
limestone shows a bare rock face with small faults displacing the beds. 
This escarpment is a conspicuous landmark from the summits about, 
and may be seen dipping off the eruptive from the bend of \Vhitewood 
Creek, where, at a sharp elbow of stream capture, the railway leaves 
the canyon by a tunnel through the Minnelusa ridge. The vVhite
wood Canyon laccolith differs from the Judith l\1ountains type of 

1 Loc. cit., p. 555. 
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unsynnnetrieal laccolith mountain, Black Butte, in that erosion, by 
Inonoclinal shifting, has not progressed far enough to gi,,e the por
phyry relief above the limestones which encompass it. 

CROOK ::IIOGX'l'AIN. 

Crook ~Iountain, adjacent to the \Yhitewoocllaccolith on the north
west and separated from it by the synclinal valley of Sandy Creek, 
i::; the type of a laccolithic don1e in which as yet the porphyry core has 
not been revealed by erosion. The :Minnelusa sandstone and limestone 
dip away from the·summit uniformly in all directions, and the purple 
Permian limestone is interrupted at only two points in its encircling 
escarpment. Through this escarpment the radial drainage cuts char
acteristic V -shaped gateways, the dips being steepest on the northeast 
side, where the Boulder Park syncline narro-ws to its region of maxi
mum appression, confined between a plunging anticline on the east and 
the abrupt dome of Crook :\Iountain. On the northwest flank of the 
mountain \Vhitewoocl Creek has cut a deep canyon, revealing the under
lying gray limestone, but not reaching the porphyry, which probably is 
intruded at the ba~e of the Silurian. (Pl. XLI, n, geologic map of 
Crook J\IIountain.) 

DEAD::IIAN LACCOLITH. 

The strata clipping to the north from the Vanocker laccolith form a 
syncline in Deadman :Yiountain (Pl. XXI, Section F -G), and in lower 
Deadman Gulch rhyolite again rises in a long, low dome which outcrops 
in the bottom of the deepest part of Deadman Canyon. At the point 
where this somber canyon opens on the north a cliff wall exposes the 
porphyry, filling a fault fissure which terminates this low dome on 
its northern side and permits the eruptive to break upward and out
ward to the northeast into the ~Iinnelusa beds. There is thus exposed 
in cross section, for a distance of a mile, the upper laccolith, its conduit, 
and its source in the lower mass. On the western side a dike follows 
the fault fissure for a short distance along the contact between the 
faulted gray limestone and Minnelusa sandstone; in the bottom of the 
canyon the dike breaks across Silurian lin1estone and underlying shales. 
This dike fissure marks the fading out of one of the concentric fractures 
made by the lower dmne in the limestones on its northern side, the 
middle portion of the fracture being occupied by the greater conduit. 
Four hundred feet higher, on the northeastern side of the canyon, the 
same Silurian limestone overl3'ing the porphyry recurs, forced upward 
by the n1agma as it broke across the strata, while far below, on the 
northern side qf the conduit, there are exposed, under the newer lacco
lith, beds of gray limestone that originally were continuous with those 
capping the uplifted mass shown on the same (eastern) side of the 
creek. (Pl. L"X.VI and fig. 85.) 
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.. A .. comparison of this Deadman laccolit_h with the one in Whitewood 
Canyon _shows similar structure, the cross section revealed by erosion 
in this case making visible the conduit. This occurrence, and the dikes 
breaking through the upper Paleozoic strata a few miles to the south-

. west, show a repetition of the same phenmnena that were observed in 
the cases of Bear Den :Mountain, Pillar Peak, Whitewood Canyon, 
and Crook J\'Iountain, where the greater eruptive masses show tendency 
to throw out offshoots northeast that mark the limits reached by intru
sion in each district. The photograph of Deadman laccolith (Pl. 
XXVI) ~hows an abrupt break in the sky line occasioned by .Bear 
Butte, another igneous intrusion far" out in the plains, almost in the 
line drawn through Deadman laccolith from the greater interior por
phyry mass of Custer Peak. Coincident with its greater ren1oteness 
from the seat of greatest igneous activity, the porphyry of Bear Butte 
has reached a higher horizon stratigraphically than that in contact 
with any of the other igneous masses of the northeast border of the 
Black Hills, and yet it shows the same structure. 

The section from southwest to northeast, shown in Pl. XXI (F-G), 
is, repeated in the sketch (fig. 85), ·but seen from the opposite side. 
Here is shown the eastern wall of Deadman Canyon, with the upraised 
limestones resting above the conduit and the laccolith extending to the 
northeast; the direction of 1its irruption seems to point toward distant 
Bear Butte as to another outbreak on the same line of igneous activity. 
Gray limestone occurs under the laccolith on the east side of the canyon, 
and a small remnant cap of limestone still rests upon the porphyry 

·flank at one point. 
Topographically in the Deadman as in the vVhitewood laccolith, 

the limestones above the conduit region dominate the porphyry and 
occupy the highest summits. Intrusion at a higher horizon, however 
(Minnelusa instead of Cambrian), has permitted erosion to go deeper 
into the laccolith on the east and west flanks, and in consequence the 
basement strata and conduit are revealed. The flanking sediments, 
while still forming an encircling escarpment, do not lap over the edge 
of the lens of igneous rock, which has been eroded almost bare. 

TIL],'QHD LACCOLITH. 

An eastern offshoot of the V anocker porphyry mass occurs 2 miles 
west of Tilford. In structure this is an unsymmetrical laccolith, essen
tially like the one at Deadman Gulch, intruded in the Minnelusa shales 
and sandstones. From a road in the· canyon west of Tilford the dome 
surface curving down to the east is seen to dip under a Minnelusa 
escarpment. Continuing westward, the road enters a narrow glen 
with vertical porphyry walls which sho·w a remarkable massive platy 
parting. Finally the western contact of porphyry and limestone is 
seen, showing the limestone bed with gentle dip eastward, cut across 
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by porphyry, which curves upward to the east and shows well-deyel
oped columns perpendicular to the contact.· The limestone here seems 
but little deformed (Pl. XXVII). This again illustrates the im~ariable 

relation of subordinate laccolith to main mass, the conduit of the 
former being a peripheral strike fracture in the sedimentary co,~er of 
the larger igneous body. 



U . S. C·EOLOGICAL SURVEY TWENTY·FIRST ANNUAL REPORT PART Ill PL. XXVI 

DEA DMAN LA CCO L IT H, L OOKING EAST AC ROS S DEADMAN G U L CH. 



JAGGAR.] SUBORDINATE LACCOLITHS OF DEAHWOOD DISTRICT. 221 

BEAR BuTTE. 

Bear Butte is an isolated, steep intrusive mass 6 miles northeast 
from Sturgis, a town situated in the Red Valley, on the northeastern 
border of the .Black Hills (Pl. XVIII). Bear Butte is about 5 1niles 
from the nearest hills of Cretaceous strata that represent the periphery 
of the Black Hills uplift, being thus wholly within the area of the 
Great Plains, which are here made up chiefly of dark shales of the 
Benton horizon. vVhile somewhat less abrupt than :Nlato Teepee, this 
lonely monolith in the midst of flat and arid land is quite as impres
sive, and for the geologist more interesting, on account of the expo
sures about its base of upturned strata that show clearly the manner 
of its intrusion. In a previous paragraph mention has been made of 
the fact that Bear Butte lies in a, direct line connecting the Deadman 
laccolith with Custer Peak, and the nature of the rock as well as the 
method of its intrusion indicates a laccolithic structure which differs 
from that of the Deadman laccolith only as it affects beds stratigraphi
cally higher, and has a greater thickness in proportion to its htteral 
extent (Pl. XXVI1I). . 

The accompanying sketch map and cross section show the structure 
of Bear Butte (Pl. XXX), the strata affected ranging from the 
base of the Carboniferous gray limestone to Benton shales, above 
which the eruptive mass now protrudes. In form the mountain is 
elliptical, its longer axis trending east and west, the greater mass 
forming an elongate western dome, which is separated on the east by 
deep chasms from a series of upturned eroded shells of Carboniferous 
limestone that now forms a steep pinnacled secondary mass from 
which extend spurs north and south. The summit of Bear Butte is 
4,422 feet above the sea, or about 1,300 feet above the surrounding 
plains. Upturned sediments occur at the western base of the moun
tain, these being J uratrias and Cretaceous, while at the eastern end is 
exposed a section from the gray limestone to the Benton, complicated 
with some faulting and imperfectly exposed. The gray limestone and 
Minnelusa beds are fractured and somewhat silicified, and there is 
evidence that the Minnelusa is all very calc.areous at this distance 
from the hills. The two formations are not clearly distinguish
able. The faults mapped are only approximate in ~heir position and 
trend. 

To one approaching the mountain from the west, a conspicuous fea
ture shown at the southwestern corner of the mass is a series of low 
escarpments extending from one-half to three-quarters of a mile from 
the base of the porphyry cliffs. These ridges are composed of dip
ping strata of limonitic Dakota sandstone and shales, having a dip 
which changes from the base of the mountain, where it is due east, to 
east-southeast, southeast, south-southeast, and south in a distance of 
half a mile to the southwest. In other words, the escarpmant shows 
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a curve along its strike, and when viewed from a higher point at the 
western base of the mountain this curve is seen to continue in an 
elliptical wall inclosing an area which shows inner escarpments of 
similar trend that indicate a doming up of the strata immediately 
east-southeast of the mountain. The central portion of the inclosure 
thus encircled with curving dip scarps, Circus Flats, is a basin eroded 
out of the soft red beds, and the diameters of that portion of the swell 
which affects the beds now exposed are about lt miles east and west 
by 1 mile north and south (Pl. XXX). The inclosing escarpments 
are less clearly shown on the northwest, where erosion by Spring 
Creek and its tributaries has destros ed them. The encircling escarp
ments, however, northeast, east, south, and west, are sufficiently pro-

Frol77 ~v. 

FIG. 86.-Profile sections of Bear Butte. 

nounced to leave no question that we have here a true quaquayersal, 
which differs from such domes as Elkhorn and Crook ~1ountain only 
by reason of the fact that erosion has not yet reached the resistant 
purple limestone and Minnelusa sandstone, but is still at work on the 
soft red beds, and accordingly produces a basin instead of a dome. 
The resemblance of this basin to a circus ring or race course is most 
remarkable, and on this account it has been named Circus Flats. Lying 
east-southeast of Bear Butte-that is, in a similar direction, relathTe to 
the greater mass, to that of the feeding resen7oirs of Deadman or 
vVhitewood laccolith-there is good reason for the assumption that 
this doming up of strata to the southeast indicates a subterranean lac
colithic swelling that marks the first effort of the Bear Butte magma 
prior to the production of the :fissure through which was forced 
upward the mass which now makes the mountain. 
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The deformation of the semments ttL the western base of the moun
tain indicates a sharp synclinal bend between the east-dipping mem
bers of the Circus Flat series and the beds upturned by the Bear Butte 
irtuption. The section here exposed is shown in Pl. XXX. Imme
diately at the base of the mountain, dipping 60° to the westward, is a 
dense gray quartzite overlain by reel and buff sandstones and white 
sandstone. Intercalated among these sandstone beds are sills of rhyo
lite 30 and 50 feet thick, representing that portion of the magma 
which breaks through the bends, as indicated in the original type 
sections in the Henry Mountains. 

The topographic expression of this section i:; shown in the several 
profiles (fig. 86) and in the sketches (Pis. XXXI, XXXII). Espe
cially striking is the drainage of Circus Flats, illustrating many fea
tures of stream capture, and the development of subsequent drainage, 
in a fashion that makes this locality a type and model for the study 
of physiography. The stream in the foreground (Pl. XXXII) is 
the master of the several radial streams that at one time flowed off 
the dome of Dakota sandstone. Outside of the Dakota rim these 
radial streams may still be seen, while Spring Creek circles around 
and avoids the dome on its western and northern sides. By reason of 
its advantage in fall, being the stream that enters Spring Creek at 
the lowest point, and the first to reach the soft Red Beds, the northward
flowing master radial strean1 has gradually reversed the drainagR of the 
central portion of Circus Flats from radiation outward to radiation 
inward. ' 

.A comparison of the cross sections of Bear Butte with those of 
Whitewood Canyon, Deadman Gulch, and Pillar Peak (Pl. XXI) will 
show the writer's reason for reconstruction of the subterranean con
duit on the western side of the butte. Erode away the section as 
figured (Pl. XXX) and remove the greater part of the eastern flanking 
sediments, and there will be left the Deadman laccolith section. There 
is some resemblance, too, to Black Butte in the Judith Mountains, but 
no surface indication of the subterranean feeding mass equivalent to 
the Circus Flats dome is there indicated. To this underground dome, 
which is probably much larger than the surface quaquaversal (see 
p. 268), Bear Butte is but a peripheral offshoot. In Oyster Mountain, 
north of Sturgis, there is a faint quaquaversal structure, and it IS very 
probable that in the buried Cambrian beds between Deadman Gulch 
on the west and Bear Butte on the east there are large masses of 
igneous rock. 

DEFOR:\IATIOX DCE TO IXTRCSIOX. 

In the "\Vhitewood Canyon intrusive body a cap of Cambrian sand
stone still remains, and the flankmg strata are shown in great complete
ness, the greater part of the porphyry dome being perhaps still masked 
by the mantling strata. In Crook ~fountain, recognizable as laccolithic 
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in character by it:; perfect dome ~trudure, the porphyry i:; still 
mu·e,·ealed and the drainage radiate~ on the Minnelu~a sandstone cover 
in all directions to supply the encircling greater streams which outline 
the periphery of the uplift. Finally, between tho~e masses who~e 
eapping strata still persi:;t, as between Crook lVIountain and the \Vhite
wood Can}'On laccolith, ~ynelinal dcpres::;ions are observed, and to the 
ea::;t of the Pillar Peak, Bear Den Mountain, and Dome 1\lountain 
laccoliths, occurs a similar syncline, separating these from the Van
oeker district. Inclosed by the whole group of intrusions is the Boul
der Park Basin, which is bounded on the northeast by a great anticline 
that originated oyer the elongate intrusions that extend from lower 
Deadman Creek many miles to the southeast. The intrusi,·es of thi::; 
region, therefore, may be in pai't considered as sources of deformation 
with reference to the sediments, capable of exerting lateral as \Yell as 
yertieal pressure, and the strata yielded to the stresses applied by 
this agent in the same fashion and following the same laws of compe
tent structure with reference to applied force that are observed in the 
greater plications of the Appalachians. 

OHOGEXH' DEFOIOIATIOX. 

It can not be asserted, however, that the Bear Butte Canyon anticline 
and the Boulder Park syncline were wholly induced by the intrusives. 
Similar folds occur along the eastern border of the Hills where por
phyry is absent, as at 1-lot Springs, where the lower JVIesozoic rocks 
are warped into ma:;siye folds of Appalachian type with axes follow
ing the general strike on the cutTe of the Black 1-Iills ellipse. Such 
fold:-; may be regarded a:; due to a settling back or overturning of the 
greater dome of the Hills, or to movements of actual extension, per
hap:-; accompanied by fnteture and faulting locally. Such greater 
movements gave passage to the eruptive::;; and the latter haye been 
~hown to produce great horizontal extension by filling the upturned 
Algonkian strata with dikes. ?'his extensional mo,·ement, transferred 
to the flat Paleozoic sediments resting across the Algonkian beds, was 
transmitted horizontally by the competent Siluro-Carhoniferom; lime
~tone, and was accommodated by folding. 

Coneomitantly the intrus]ye filled e\·ery weak place where the arches 
tended to open and where the incompetent Cambrian strata were thick
r:-:t. ayoiding the synclinal axial regions of appression; giyen impetus 
locally they wrinkled and ruptured the strata; in greater masses they 
transformed an initiated anticline into an irregular dome; they filled 
antielinal elevations and accentuated the interyening synclines, buck
ling and warping the folds and destroying any original tendeney to 
axml alignment. 'fhe Bear Butte Canyon anticline may be considered 
one of the original folds; it is distorted into the Vanocker-Deadman 
dome in its southeastern extremity, and it pitches northwest at 'Yhite
wood and flattens out. At Bear Butte Canyon it has the profile of a 
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step fold with it::~ ;,teeper limb toward the Algonkian region of conduits 
on the west-i.e., toward the applied force. 1 

The Boulder Park spoon is a remnant of the original ;,}Tncline. At 
the southeastern end it doubles, forming the synclines of Deadman 
:Mountain and Park Creek, both separating porphyry masses. At its 
nortll\vestern end it is divided in two by Crook l\1ountain dome, which 
pinches it on the northeast side again;,t the aforementioned anticline, 
and on the southwest side against the Whitewood Canyon laccolith. 
Beyond, to the northwest, the broad syncline continues, flattening out 
in the ~Turn-Cretaceous hills west of 'Vhitewood, where it is again inter
rupted by Elkhorn dome. The next fofd to the southwest was a great 
anticline over the whole Terry Peak di;,trict (Pl. XIX). Its crest is 
entirely eroded away; it \vas scalloped on its northern side into trans
verse folds of northerly and northeasterly pitch, with the anticline·s 
domed up by the Spearfish Peak, Polo Peak, and Dome l\1ountain lac
coliths. Along the synclines flowed the ancient Pleistocene streams 
(Pl. XX), and the history of the development from them of the pres
ent drainage forms one of the most interesting chapters in the evolut1on 
of the region. 

~U)L\IAHY OL<' ~CBORDIXATE LACCOLITHS. 

The 'Vhitewood Canyon laccolith ·was feel from a subterranean mass, 
whieh, in its first effort to dome the massive limestones, fractured 
them and arched them up north of the southern fault. Through a 
second fault gash the magnm swelled to the northward and arched the 
Paleozoic beds into an unsymmetrical dome. Prohably the fault 
died out upward, as it is seen to do laterally. In Crook lVlountain 
the dome is preserved, with no eonspienom; fttults shown. In the 
Deadman laccolith the southern fault is replaced by u. monoclinal 
fold~ the representative of the northern one persists, and, since the 
magma was intruded at a, higher horizon, erosion has removed most of 
the covering strata and revealed in cross section the conduit. Another 
stage is shown in the case of the Tilford laccolith, where the same kind 
of conduit section is revealed in part and the eastern upper flank con
tact i~ still pre~erved. All of these are un~ymmetrical laccoliths, pro
ducing maximum deformation of sediments on the side remote from 
the Blaek Hills, and feel from inclined conduits. 

Preci:;ely the ~;ame structure i~; indicated by the evidence at Bear 
Butte, where the backward flexure of the limestone on the side remote 
from the Hills is still more intense, and the eastern su hterranean dome 
indicate::; the direction from whieh the mass was feel. In all of these 
stages there are various siz~s of laccoliths at the same horizon, and 
laccolith:; of similar size at different horizons, though in no case can 
positiye measurements be gh'en, owing to the concealment in most 
eases of the extremC' rim or wedge at the border. rt may, however, 
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be stated with some assurance that the ratio of breadth to height dimin
ishes In the subordinate laccoliths, and that the higher the beds deformed 
by the porphyry the greater the steepness of the dome and the smaller 
the ground plan. All of these laccoliths are intruded among folds, 
through conduits which are in some cases demonstrably faults. Sim
ilar deformation occurring elsewhere, the preponderance of evidence 
shows that the intrusives were contemporaneous with or subsequent 
to orogenic deformation. 

LACCOLITHIC INTRUSIVES OF TERRY DISTRICT. 

The several groups of intrusive bodies may be individually described 
under the name "complex." Five such complexes are distinct, and 
show evidence of being separated from one another by what were 
originally synclinal depressions in the covering· strata. These are, 
from east to west, the Vanocker, Two Bit, Terry-Polo, Cement Ridge, 
and Bearlodge complexes. Of these the most conspicuous, by reason 
of its association with valuable ore in the 1nost populous district of the 
northern hills, is the Terry-Polo complex. 

The area of porphyries immediately associated with those which 
form the Deer Mountain Range, including Terry Peak, the highest 
point of the northern Black Hills, embraces about 80 square miles, 
naturally bounded by Spearfish Canyon on the west, that portion of 
the Red Valley known as Centennial Prairie on the north, and portions 
of 'Yhitewood Canyon and Bear Butte Valley on the east, while to the 
southward Custer Peak forms the last porphyry remnant of import
ance in the schist region of maximum corrasion of the Black Hills 
dome (Pl. XIX). Genetically it is not improbable that Citadel Rock 
and Ci·ow Peak, lying to the northwest, in the line connecting Custer 
Peak, the Woodville Hills, Terry Peak, and Ragged Top, may be 
related to this Terry group by reason of the fact that the greater 
number of known dikes in the Algonkian ha,re a trend parallel to this 
one, and hence it is probable that great laccolithic bodies lying in a 
contmuou~ line have a common conduit or group of conduits. Petro
graphically, however, they are compo~ed of a variety of different rocks. 
The area of the Terry complex may be divided into three belts. 
The Deer Mountain belt includes Custer, Deer, Terry, Ragged Top, 
and Spearfish peaks, lying in general to the east of the exposed 
Algonkian. The second belt includes dikes and stocks in schist extend
ing from False Bottom Creek southeastward to Bear Butte Creek. 
The third belt is made up of intrusives in dipping strata from Cam
brian to Carboniferous, and includes the sills and laccoliths between 
Tetro and vVhitewood creeks. The three belts are topographically 
distinct, the first being the edge of the great western limestone plateau, 
the second the Algonkian valley, and the third the Palreozoic escarp
ment, corresponding to the Two Bit and V anocker districts southeast. 



U. S. GEOLOGICAL SURVEY T WENT Y-FIRST ANNU AL REPORT PART Ill PL XXIX 

CROW PEAK, -FROM THE SOUTH EAST. 



JAGGAR.] STOCKS OF TERRY DISTRICT. 227 

STOCKS. 

FALSE BOTIO:\I CO~DUIT. 

On the east side of False Bottom Creek, 1 mile above Garden, 
occurs a mass of phonolite of irregular form immediately in contact 
with schists. Fron1 this mass dikes run out to the southeast, and 
probably in other directions, though no actual junction has been 
observed. The mass as a whole forms a hill rising 400 feet above the 
creek, and the eastern and northern crests form a peculiar curved 
escarpment, made up apparently of coarse sheaflike joints or eolumns 
projecting obliquely upward and outward. In the bottom of False 
Bottom Creek, a few yards below the falls and immediately under this 
hill, the porphyry is seen in contact with schists, the contact being in 
general that of a dike parallel with the schistosity. There is no 
appearance of horizontal contacts with Cambrian beds in the hill slope. 
It seems probable that this is a true stock which represented the con
duit of laccolithic bodies whose southern ends are now eroded away. 

Exactly the sam\3 rock occurs in Cambrian strata on the spurs to the 
north, on both east and west sides of False Bottom Creek. These 
masses are dipping· with the sediments, and form a series of lenticular 
bodies intruded in the northward-dipping Paleozoics on the several 
ridges between Spearfish and Miller creeks. On traversing any one 
of these ridges northward the edges of dipping strata and igneous 
lenses of va1;ying composition form a series of steps or small transverse 
ridges, and the igneous bodies thus show signs of having formerly 
continued southward. Such southern continuation of the phonolite 
mentioned would pass over the :False ·Bottom stock. 

DEADWOOD CREEK CONDUIT. 

A massive stock of diorite forms precipitous cliffs lt miles above 
Central, at a sharp bend in Deadwood Gulch, on the line of the Crown 
Hill branch of the Fremont Railway. This stock, as seen from the 
canyon, resembles more a huge dike, its contact walls being parallel 
with many other dikes exposed along this railroad between Central 
and Texana. The mass has, however, no considerable longitudinal 
extent, as it either forks into smaller dikes or thins out southward, 
and its northern continuation is obscure. This stock, as in the case 
of the False Bottom conduit, may be a feeder of laccolithic masses to 
the northeast, where, beginning along the eastern wall of Blacktail 
Gulch, a series of sills and laccoliths may be traced into the northeast
erly dipping Paleozoic sediments; these form the Polo Peak group 
of hills, one of the most .continuous and extensive porphyry masses 
in the region. In this is included the high porphyry hills between 
City Creek and Blacktail Gulch, and, fa1·ther north, the Miller Creek 
por·phyry, Sheep ~Iountain, and Polo Peak. This is the region of 
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greatest thinning in the Carboniferou~:; limestone, and consequently 
the place where it was the 1host flexible to bend upward under prP:-;
sure of porphyries below (see l:lection on Pl. XIX.) 

DIKE~. 

TEX.\XA DIKE lll:-iTHIC'T. 

The diorite l':ltock, 1,500 feet thick, is only one of ma·~y conduits in 
Deadwood Gulch. vVest of it, along the railroad, there is an 1,800-
foot section which shows chiefly porphyry dikes. Farther west two 
dikes, 630 and 10 feet thick respectively, cut the l':lchist. In the spur 
south of Texana ten dikes are shown, ranging in thickness from 2 to 
780 feet. Irving mentions twenty-two dikes from 10 to 100 feet in 
width between Texana and the great diorite mass. He states his 
belief that "were the whole of the Algonkian area carefully mapped, 
jt" is no exaggeration to say that at least one-third, if not more, would 
be igneous rock." 1 He refers to the diorite as a dike. The ma:-;:-:;es 
called stocks in this paper have usually an elongate trend parallel to 
the schistosity of the Algonkian, but their size and irregularity war
rant separate mapping. The False Bottom and Deadwood Gulch stocks 
may occupy a common fissure, a~ they lie in a line parallel to n1ost 
of the dikes. The dikes in Deadwood Gulch follow westward-dipping 
lamination planes and are very commonly associated with breccias on 
the walls, in zones from a few inches to a foot or more in thickness, 
made up of fragment:-; of schist embedded in a n1uddy, siliceon:-;, or 
carbonaceous n1atrix, the latter derived from graphitic fichist. S:m1e
times the porphyry is charged with a jumble of fragments. 

The n1ost conspicuous of these dikes is the great Texana dike, lOl·ally 
600 feet in thickness, which stands out on the wooded hill slope as a 
wall ledge, and may be seen as a prominent landmark from the high 
summits for miles around. This has been chosen as a type for naming 
a district which really involves all of the exposed -\.lgonkian area ca:-:;t 
of Spearfish Canjron containing any porphyry. All of the railway ~ec
tions in the Bald ~fountain mining district show dikes and irregular 
intru:-:;ions of many shapes and sizel:l cutting the schist. Several of 
these are cro:-:;sed by the branch railway in Gold Run Gulch, between 
Deadwood and Lead. A big dike forms the bottom of \Vhitewood 
Can~Ton just above Pluma and crops out on both sides of the canyon. 
This dike is so large and irregubr as to be worthy of separate n1apping 
as a stock (Pl. XIX). It is complicated with another crossi.ng it at 
right angles, and apparently forks to the southward in the :-;pur 
between \\lest Strawberry Creek and \Yhitcwoocl Creek. One of 
these forks may be seen in the elbow of Grizzly Guleh. the western 
branch of \Yest Strawberry Creek. Another dike, readily ob~erved 
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on the line of the Burlington Railway, i:-; ::;een across 
the creek near a sharp bend half a mile ahO\-e Dead
wood. This dike (Pl. XXII) is very uniform in width 
and parallel with the Algonkian bedding. 

110:\IE~TAKE HIKE~. 

A section from southwest to northeast through the 
Homestake and Caledonia open cuts (fig. 87) serves 
to illustrate the frequency and thickness of. dikes 
in the schist area that were conduits for westward
spreading sills and laccoliths. Here the ~chist clips to 
the east and contains much quartz, whieh in places is 
distinetly quartzite, elsewhere is massive quartz. The 
schist is reel and ferruginous in this region, but tal
cose, slaty, or graphitic where less altered. The dikes 
average 35 to 40 feet in thickness. Three dikes in 
the Homestake section are associated with breccias; 
in one case on the foot wall~ in another the fragments 
of schist are embedded in the igneous rock; and in 
the third case, a small 4-foot dike high up on the 
eastern slope of the main cut, a breccia 6 inches thick 
occurs on the hanging walL These breccias some
times contain fragments of both schist and porphyry, 
and therefore might be the product of faulting subse
quent to intrusion. ln other case::; they are unques
tionably the product of brecciation concomitant with 
intrusion. 

COLU.:IfNAR STRUCTURE. 

Two interesting dike::; are shown in Pl. XXXIII, 
occurring on the west side of 'Vhitetail Gulch. These 
are of fine-grained white rhyolitic porphyry cutting 
graphitic schist. In both cases the portion next to 
the walls is columnar, and a zone in the middle is 
massive and irregularly jointed. This arrangement 
of massive 1nedial portion and columnar borders, while 
not invariable, is very common. The explanation of 
the phenomenon bears on important questions of inter
pretation in the ca::;e of isolated erosion forms like 
:Mato Teepee, whose origin bas been the subject of 
controversy. It is commonly understood that colum
nar structure is the product of contraction in a solidi
fying mass, comparable to similar phenomena in dry
ing starch or mud. Polygonal cracking of a dried 
clay surface is clue to differential contraction, greater 
in the superficial sun-heated st~,;atum than in the moister 
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depths. The upper stratum, forced to diminish in area while attached 
below to a stratum retaining more nearly its original extent, cracks 
uniformly under the uniform tensions deyeloped. Polygonal parting is 
the form that results from a sort of natural economy of plane fractures. 

In the ca::;e of a :fis::;ure :filled with molten lava the walls act as cool
ing surfaces, and the first solidification takes place in that portion of 
the viscous mass which is in contact with those walls. This initial 
congelation is very rapid, producing a. glassy selvage of lower specific 
graYity and consequently less subject to contraction than the crystal
line forn1s of the rock; fron1 the border inward crystallization goeH 
on thereafter more slowly. Contraction will show its effects, as in 
the ease of mud cracks, only in those directions where linear short
ening is impeded b.r attachment to a. surface tending to maintain its 
original areal extent. Such a surface is furnished by the dike walls 
when finnly cemented to the magma by the selvage. In any direction 
parallel to the walls, contraction being impeded by the failure of the 
attached wall surface to shrink with the rest of the material, parting 
planes are developed as the magma solidifies, these planes naturally 
lying normal to the tension that acts parallel with the walls. Thus, 
polygonal bodies with faces at i·ight angles to the dike walls are 
formed from the walls inward as solidification proceeds. If a loose, 
porous, muddy breccia forms the walls, offering no rigid surface of 
attachment for the siliceous glass, contraction will not be impeded by 
the surface of attachn1ent and regular columns will not form. 

The size of polygonal columns is in SOEile way a function of the 
extent and thickness of the intrusive body as a whole. The thickness 
of a dike or a sill and the size of the conduit probably have some influ
ence on the length of the columns, for in some cases these will con
tinue across the body from wall to wall. In other cases they extend 
in to the dike for a foot or more, and are there replaced by a n1assi ve 
middle portion. The dynamic significance of this mas~:;ive medial zone 
is probably somewhat as follows: The columnar parting being depend
ent upon differential shrinking of crystallizing n1agma relative to 
glassy selvage, the tendency to produce parting normal to the walls 
becomes less in the interior portions of a dike. As actual shrinkage 
is equal in all directions, as soon as the rock has solidified to such a 
distance from the wall that the drag of_ the latter is less felt, those 
components which act crosswise, as well as the lengthwise ones, begin 
to take effect. The first result will be recorded by cunTature in the 
inner prolongations of columt~s already formed. Farther inward, in 
the heart of the dike, the drag ceases to ha,~e any effect and contrac
tion takes place equally in all directions, producing irregular joints. 
If in this last stage fluid magma is still present in the region of the 
conduit or the depths, contraction may be compensated by mm~ements 
in this magma, so that no parting is required. Good eolumns are seen 
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at the head of the northern open cut at Terra, in the gTeat headland 
capped by a laccolithic mass ·which projects from Dome ~fountain 
into Two Bit Valley, in the Xeedles, and in :\'Iato Teepee, hereafter to 
be described: 

FEEDIXU ll!KE:O:. 

The dikes of the Homestake open cut illustrate the great profusion 
of porphyry-filled crevice.s in the Algonkian (fig. 87). An interesting 
feature of the upper portion of the main open eut at Lead is the ('urva
ture of these dikes into sills in the Cambrian (fig. 72). ...t\. dike in the 
Caledonia open ent illustrates the formation of small columns on the 
walls. The occurrence of so many dikes and stocks in the small area 
of Algonkian schists exposed by erosion gives ample evidence of the 
mode of intrusion by which the porphyry reached the base of the 
Paleozoic series. There is, obviously, an equal number of dikes under 
any of the greater laccolithic masses, just as there is here ample 
evidence from the porphyry hill caps that laccolithic masses once 
extended over the area now occupied by dikes. There is no reason 
for supposing that independent laccolithic masses have single shaftlike 
conduits or " necks." 

SILLS. 

Sills occur in False Bottom Creek below Garden, in Squaw Creek, 
and in Annie Creek, showing phenomena similar in all respects to 
those of Two Bit Valley (p. 207). In the ease of the sill cm1spicuous 
under the cliff north of Garden, truncation of Cambrian beds from 
southwest to northeast is shown at a very oblique angle, RO that it is 
only by very close inspection that the departure of the plane of intru
sion fron1 that of bedding may he detected. Similar oblique trunca
tion of bedding is shown in Squaw Creek, where the porphyry lenses 
reach a thickness of 50 feet in places, nwre than the height of spruce 
trees growing on a Cambrian bench below. These are in part the 
western extension of thicker porphyry masses at the head of Squaw 
Creek. 

t'O}IBI:XATIOX OF ~ILLS A~ D LACCOLITHS. 

The porphyries in the schist area, representing laccolithic remnants, 
form domelike mountain~; which at first sight give the impression that 
the topographic domes are structural one:o;. Bald )fountain and Sheep 
:Mountain are types of this, the dome shape heing due to uniformly 
graded slopes on a hill made up of approximately horizontal sills and 
Cambrian strata, with a thicker remnant cap of porphyry forming a 
rounded talus of coarse blocks(" Felsenmeer ") upon the summit. In 
Pl. XXXV, looking southwest from Polo ~fountain toward Terry 
Peak, the sehist area is seen to be an old lowland, Sheep ::\·fountain 
on the left at1d Polo Peak in the foreground representing the base of 
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the northern sedimentary rim of the Black Hilb, thickened by por
phyry. The straight divide seen in the middle distance is a mass of 
Tertiary and Pleistocene depositR. 

talus 

~------2-~5------~------~------•ofe 

FIG. 88.-Deformation of shnle by porphyry, Burlington Railroad, east of ""hitetnil Gulch. 

TERRY PEAK. 

Of the mountains made up of sills below, with a laccolithic rem
nant for cap, Terry Peak 1nay be considered the type. None of these 
mountains can be called typical laccoliths, because the evidence for 

FIG. 89.-Irregular intrusions, north slope of Terry Peak. 

their laccolithic structure based on :flanking beds is almost inyariably 
wanting by reason of deep erosion. A spur of the Terry Peak mass 
at the head of RaspbenT Gulch retains a ;;mall remnant of Carbon-
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· iferous limestone changing to the slope, which 
may indicate a former upper contact. The upper 
300 feet of TetTy Peak is of porphyrx. Dikes, 
sills, and thick lenses of irregular form in Cam
brian beds make up the rest of the mountain. 

The railroad cuts and mines show many cletaili:i 
of this structure. On the Burlington Railroad, 
near Aztec, a contact is shown with quartz
porph)rry on the south and Cambrian shalel:i 
and flagstones on the north, the contact curving 
from a wavy vertical line to a nearly horizontal 

cl one. 
In the thick green shales at Portland por

phyry intrusions of quite irregular forni out
crop in a railway trench, some of these masses 
being almost elliptical in cross section and match
ing on opposite sides of the cut. Apparently 
the igneous material pushed its way through 
the shales in serpentine masses, like thickened 
lava on the slopes of a volcano, and such occur- g_ 
rences suggest strongly that the porphyry was §' 
very viscous at the time of its intrusion. The ~ 
phenomenon is quite similar to that shown in .f.. 

::; 
Experiment I (fig. 101, p. 295), where the injected ~ 

:; plaster spread irregularly in a layer of incoher- m 
0 

ent coal dust. Cases like this at Portland show ~ 

that the shales, even when deeply buried under g, 
8 

a sedimentary cover, offer as little resistance to ~ 
'< 

the spread of an intrusive as they do to the 
action of the weather when exposed. They are 
inherently soft, whether subjected to t:;uperficial 
or subterranean tests. An illustration of this is 
shown at the bend of the railway east of vVhite
tail Gulch. Looking north in the cut (fig. 88), 
one sees that a dark-gray igneous rock with 
good vertical joints and very perfect horizontal 
lamellar parting has crumpled and distorted the 
shales. At the contact the cleavage in the por
phyry l-ends to a west dip, parallel to the ~urface 
of deformation. In places the igneous contact 
followed curves of the deformed shale bedding, 
strongly suggesting extreme viscosity in the fluid 
at the time of its injection, and reluctance to 
follow any but the major stratification parting 
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planes. Oceasionally it euts these irregularly. a:-; ~"hown at the lert of 
the figure. 

Such irregular contacts are not confined to ~hale:::. .1.\Jon~· the rail
road on the northern slope of Terry Peak a dark-green phonolitic 
eruptiYe cuts across 1nassiYely bedded red Scolithus sand::;tone, and here 
there is some appearance of violence (fig-. 89). Frag-ment::; of the sand
stone are embedded in the intrusiYe, and the strata are indurated and 
metamorphosed, with dcYelopment of amorphous ~ilica. The'rc is no 
evidence here of the presence of a very large mass of thi::; porphyry, 
as shown by a long exposure of its irregular upper contact (fig. !10), 

·where the Scolithus sandstone i:-:; indurated to ma:;si,~e quartzite and 
adjacent cuts along- the road arc wholl~· in the 'igneous rock. 

JL\LJ) )1<\l"::\'T.\lX. 

Bald ::\-Iountain, a high northern spur of the Deer ::\lountain Range, 
i:; ~imilar in strueture to Terry Peak, but the Cambrian heel:; exposed 
are stratigraphically lower. At its base in Kentda Gulch~ on the 
sol!lthern side, dikes complicated with faults in schist reach the Cam
brian, which appears to have been shattered and shot through with 
igneous rock in eYer.r direction (see fig. 63, p. lSS). A coarse breccia 
occurs on the high eastern spur of the mountain. The Fremont R:lil
road sedion on the south side Bhows at one point a 3-foot dike entering 
a sill which forms with it aT, like the conduit· of the ideal laccolith. 
The sill is double and its upper member make.-:; a very eharacteristic 
upward oblique bend into higher strata, and there eome~ to an abrupt 
end (PL XXXIV). In another section a narrow dike cut:; ma~;sivcly 
jointed porphyry. In a third ease rt thick dike with eastward dipping 
walls and rough columnar joints has a smaller mate that etnTes like an 
arch through the Cambrian ~haly limestones to· unite with it abo,·e. 
The same railroad, 011 the northeastern side of the mountain, ~;hows 
many equally yariou::; eontacts of porphyry and ~ehist. Bald ::\Iountain 
i~ capped ·with a thiek remnant of phonolitie porphyry. 

liHEEP )IOCXT.-\1~. 

Probably the most deeeptiYe of the sill-laecolith mountains inYoldng 
Cambrian strata is Sheep 1\lountain, sometime:'i appropriately called 
•· Hound top., (Pl. XXXY). Topographically of wonderful dome 
:-;hape, with the head·waters of Polo Creek encircling its base, this 
mountain ·would at first sight ~cem to the geologi~t to he an ideal 
laeeolith. In this he is disappointecl_ howeyer, when he examines the 
mountain in detail. The Rtrueture is so masked by talu~ that it is 
not dearly deeipherahle~ l>ut the g-reater part of the eYidenee points 
to a structnrP ] ike that of Bald )lountain and Terry Peak~ with ~ome 



U. S. GEOLOGICAL SURVEY TWENTY·FIRST ANNUAL REPORT PART 111 PL. XXXIII 

CO LUMNAR lliKES IN SCHIST, WHITETAIL GULCH. 



JAGG.\R.; bHEE:R l\10UN'l'AIN. 235 

additional features similar to the uns~~mmetrical ,,.,..hitewoocl Canron 
and Deadman laccoliths. 

Sheep Mountain rises in the midst of the extensive northern por
phyry area of the Terry-Polo con1plex, 2 1niles northwest .of Deadwood 
(Pl. XIX). On the crest of the ridge west of Sheep l\1ountain the 
Scolithni:i quartzite, characteristic of the top of the Cambrian, dips 
gently away from the mountain. On the south slope of Polo Peak, 
to the north, the same quartzite dips 65° southwesterly and ove1·liel:i 
Cam brian limestone breccia and beds of calcarem\~ and glauconitic· 
sandstone. This dip i~ that of a heel upturned by the Polo l\1ountain 
porphyries. Rhyolite talus fills the hollows between Polo and Sheep 
mountains, b~1t on such slopes the underlying bed rock il:i invariably 
masked. On the eastern ~lope of Sheep l\1ountain Scolithus quartzite, 
dipping eastward, oyerlies 40 feet of Cambrian beds, and in a small 
prospect hole the green shales, which are beds stratigraphically next 
aboYe the quartzite, are seen to be cut across by coarse quartz-por
phyry. On the southwestern spur of the mountain (fig. 91) thi8 
Scolithu;:; quartzite dips S. 20° "\Y. at an angle of 50°, but a few feet 
higher on tlw slope the basal sand:stmw of the Cambrian oeem·s, with 

NNE 

FIG. 91.-Section of Sheep .'.Iountain. 

fo~~iJ:.; and pebhles, of entirely different aspect from the upper quartz
ite. Tbii:i ba~;al member may be traced around the mountain at about 
the 5,500-foot leYel, outcropping at ~;ix different point~. On the 
west slope are intermediate Cambrian heels dipping southwesterly, 
showing hreeciation and hencling to a horizontal position. At one 
point ·west of the summit a fine-grained rhyolite wn~ ob:seryed break
ing upward and '\Yestward across glauconitic sandy bed~;, while the 
same heel~ ·were seen oyerlain hy similar porphyry. The summit of the 
mountain i:-; a green quartz-rngirine-porphyry, which seem:s to grade into 
a coarse ·white quartz-porphyry to, the east and southea:st. On the 
south ~ide of the summit fine-grained rhyolite outcrops under the basal 
Obolus sandstone, and a shaft ±0 feet deep on the slope abo\·e il:l cut in 
the green regirine-porphyry to the Obolus sandstone bene~th. These 
r_elatiom.; will be best understood by reference to fig. 91. The upturned 
Seolithu;:; quartzite on the south, and the basal Obolus sandstone abo\·e 
forming a stratum lwneath the porphyry cap, may imply a fault conduit 
on the south side, as in the "\Yhitewood Canyon laccolith (Section B-C, 
Pl. XXI); otherwise, the nwuntain contains Cambrian and rhyolitic 
porphyriPs below and an ::egirine-porphyry eap~ and n>;·;embles Terry 
Peak. 
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LACCOLITHS. 

True laccoliths in the Terry district, bearing to the sills and dikes 
below the same relation as that observed in the Deadwood district, are 
represented by Deer Mountain, Polo Peak, Spearfish Peak, Ragged 
Top, Citadel Rock, and Crow Peak. The masses originally laccolithic, 
but deeply eroded, are Custer Peak, "\\7 ood ville Hills, Sugarloaf, 
Foley and Elk mountains, Little Crow Peak, and thick porphyry 
bodies north of Blacktail Gulch, at Carbonate, Lead, and at the head 
of Squaw Creek. Porphyry is reYealed by the erosion of Spearfish 
Creek in its deep eanyon at the mouth of Annie and Rubicon creeks 
and above the mouth of Squaw Creek; these occurrences may be sills 
or laccoliths. 

DEER :\lOL:XTAIX AXIl 1\'00D\'ILJ.E HILLS. 

Deer :Yiountain preserves much more perfect evidence of its lacco
lithic character than does Terry Peak. The whole group of peaks 
was known as the "Deer Mountains" by the Newton survey, and was 
describeJ as follows: 

Terry Peak is the crowning point of an igneous region of considerable extent, 
having a maximum dev~lopment in a northwest and southeast direction. * * * 
The peak stands upon the edge of the plateau. The Potsdam is extensively devel
oped on its eastern side, and with it are occasionally outliers of the Carboniferous. 

·Its sharply pointed summit is the most conspicuous landmark in the northern region 
of the Hills, and is visible from the plains far to the north and east. * * * The 
igneous group or range of' which 'l'erry is the highest point begins about 3 miles 
to the southeast, in a cluster of peaks called the Deer Mountains, and there is a 
nearly or perhaps quite continuous chain of trachytic and rhyolitic outcrops all the 
way to Terry. The same line continues northward for a few miles heyond Terry. 

The disturbance of the sedimentary strata is exceedingly local. * * * The 
sides of the ridge and of the peak are for the most part coyered by a talus of angular 
and slippery fragments of rock (porphyry). On the summit of the peak the 
rock is well exposed, and three or four ridges of outcrop appear to radiate a few 
hundred feet from the central crest, while between them the slopes are composed of 
weathered fragments. * * * The igneous rocks of this region are yaried in their 
appearance and texture. 1 · 

Deer )fountain is the southern rounded peak of the range and is a 
laccolith. The headwaters of \Vhitetail Gulch cut deep into the 
porphyry of its eastern slope. The greater mass of the Deer l\Ioun
tain laccolith is exposed on the south and east slopes of the mountain, 
and monoclinal ridges or re\·et hills of limestone rest against the 
porphyry dome and dip away from it southwest, south, southeast, and 
east. Gulches along the contact of porphyry and sediments form a 
semicircular depression around the southern side of the mountain from 
'Vhitetail Gulch to Raspberry Gulch, occupied by small streams, 

l Xewton and Jenney, op. cit., p. 19:3. 
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uniting in pa,irs to form larger radial valleys in the limestone cover. 
At the head of Icebox Gulch and the next gulch to the east this kind 
of drainage is most perfectly shown. East of Deer Mountain, one
quarter of a mile south of the bend of the Burlington Railroad in 
vVhitetail Gulch, a remnant of the limestone cover of the laccolith 
caps a small conical hill. The exposed laccolith is about 2 miles in 
diameter, but it is irregularly prolonged northward to the vicinity of 
Stewart Gulch, where it becomes complicated with the eruptives of 
Terry Peak and Sugarloaf ~Iountain. Deer ~1ountain is the principal 
igneous body of the range. Its northwestern thin edge is repre
sented by sills in Cambrian at the head of Raspberry Creek. The 
horizon of intrusion is Cambri~n, 100 feet of limestone flags and sand
stones forming a cap to the mountain and extending clown its northern 
slope to the complex of sills in the next peak to the north. This Caul
brian cap contains a porphyry sill near the summit of Deer Mountain. 
No such thickness of Cambrian is exposed above the porphyry on the 
southern flanks of the mountain. The contacts are there either 
directly with the limestone or about the horizon of green shales at the 
upper limit of the Cambrian. The rock is in places a green phonolite
porphyry; elsewhere it is a quartz-bearing rhyolite-porphyry, some
times very coarse. To the eastward the green phonolite extends 
into flat masses, capping hills about Englewood. Northeast rhyolite
porphyries in considerable masses occur on the hills about Sugarloaf 
Mountain, which is itself a laccolithic remnant exposing 250 feet of 
porphyry in the lowest Cambrian beds. Two miles east-southeast 
from Deer M~untain, across vVhitewood Creek, the Woodville Hills 
expose a residual mass of rhyolite-porphyry 1! n1iles in diameter 
and over 400 feet thick in places, resting across Cam brian strata from 
lower beds on the north to higher ones on the south, where the 
porphyry almost reaches the limestones, but erosion has removed all 
flanking strata. 

The Deer Mountain laccolith and the \Voodville Hills were masses 
of intrusive rock thickened under the great limestone and bending- it 
on their southwest sides, while their conduits probably lay farther 
northeast, and their basement contact is an oblique truncation of Cam
brian strata upward from northeast to southwest. A section through 
them in this direction, then, would show much the same structure as 
that represented in the section through Dome "Yiountain in Two- Bit 
(Pl. XXI, D-E), but in the opposite direction. Deer Mountain bears a 
similar relation, in position and distance, to the schist area of conduits 
and a Cambrian area of sills. Subordinate laccolith:; are wanting to 
the Deer Mountain Inas::;, probably because the flat-lying lime::;tone::; of 
the plateau to the southwest opposed no initial bends, which would 
compel the spreading intrusive to break upward. Or possibly former 
subordinate laccolithR are now entirely removed hy erosion. Ragged 

21 GEOL, PT 3-01--17 
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Top and Elk Mountain, a few miles to the northwest, are examples 
of such laccoliths subordinate to the upper Squaw Creek porphyries. 

CUSTER PEAK. 

Custer Peak was described by Newton as standing '' at the eastern 
margin of the Car~Joniferous plateau" and very little highe.r than the 
neighboring edge of the plateau. It lies 8 n1iles nearly due south of 
Deadwood, and from its slopes the headwaters of Elk, Box Elder, and 
Rapid creeks drain, respectively, north, east, and south. ''It is a 
syn1metrical, conical n1ass, and is a prominent landmark in the north
ern region of the Hills." Its altitude above sea level is 6,812 feet. 
and it rises fron1 800 to 1,000 feet above the valley of Elk Creek at its 
base on the north side. 

The slope of the sides show only a loose mass of angular fragments. * * * On 
the extreme summit the rock is exposed in a Y -shaped ridge, with the stem of the 
letter bearing north 35° west. The rock has so perfect a vertical cleavage, following 
approximately the bearing of the ridge, that it might readily be taken for a bedded 
deposit, and in its close texture, uniformity, and color it so closely resembles the 
limestone of the Carboniferous that it might almost be so mistaken on a superficial 
examination. * * * It is a rhyolite of a light-bluish gray color, and a fine-grained 
and uniform structure, containing occasional crystals of sanidin and bright black hex
agonal tables of biotite. To the east and northeast of Custer, and within a short 
distance, are two small peaks which appear to consist of igneous rock. * * * The 
margin of the plateau west of Custer Peak is exceedingly broken, and the composing 
rocks are not well exposed. A mile or so directly south, however, outliers of the 
Carboniferous limestone were seen in their horizontal position, occupying the summits 
of conspicuous bluffs, and immediately west of the peak, within a short distance of 
its base, are small fragmentary outcrops of the Carboniferous, undisturbed and 
unchanged. East of the peak and within half a mile of its base there are outcrops 
of the Potsdam [Middle Cambrian] along the headwaters of Box Elder Creek, show
ing the usual character of the formation, lying nearly horizontal, and, so far as 
obseryed, entirely unaffected by proximity to the igneous peak. 1 

Structurally Custer Peak is like the Woodville Hills. It is a mass: 
of fine-grained rhyolite-porphyry, about 2 miles in diameter, resting 1 

across Cambrian strata (Pl. XIX). A small remnant of Carboniferous 
litnestone, with down-curving dip northwesterly from 5° to 45° over I 
Cam brian beds, persists in a synclinal depression northwest of the, 
mountain, and similar limestone outcrops are visible from the summit I 
southward. Outliers of porphyry resting on basal Cambrian beds or 
directly on the schists cap the hills to the northward. The central· 
peak is surrounded by a rude circle of lower porphyry peaks; the same I 
is true of the Woodville Hills. An elongate porphyry ridge northeast 
of Custer Peak appears to be a dike, with the usual northwest trend 
parallel to the Algonkian schistosity. Two and one-half miles north. 
of Custer Peak similar porphyry caps all the hills from Woodville to 
Strawberry Ridge, a distance of 3 miles northeastward, and these cap
pings are continuous into the "r oodville Hills on the southeast. 

1 Newton and Jenney, op. cit., p. 192. 
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It is apparent that.the lower beds of the Cambrian were invaded by 
a mass of the fine white rhJ7 0lite over a very large area now laid bare 
down to the schist by the erosion of Bear Butte and Elk creeks. A 
hill one-half mile north of Brownville retains a Carboniferous lime
stone remnant dipping northeast over porphyry. Similar porphyry, 
and porphyry breccias, cap the adjacent hills at a distance from Custer 
Peak of 2t miles. The synclines which separate Custer Peak from the 
Woodville Hills and the latter from Deer Mountain afford good evi
dence, in addition to physiographic proofs (see pp. 274, 276), that these 
three laccoliths were distinct, independent dome swellings under the 
great limestone, but the first two were also connected with a great 
mass of porphyry filling an anticlinal arch between Brownsville and 
Kirk and extending thence southeast for some distance. A chain of 
large dikes that were the conduits of this mass may be traced north~ 
ward from south of Elk Creek, through 'Nest Strawberry, Whitewood 
(Pluma), Gold Run, and Deadwood creeks, to the mouth of Blacktail 
Gulch, where an immense dike is seen to bend upward into the thick 
porphyry mass that caps the ridge. 

POLO AND SPEARFISH PEAKS. 

· The igneous masses extending from the greater Terry Peak and 
Deer Mountain laccoliths to the northeast reach their greatest develop
ment in Polo Mountain 3 miles northwest of Deadwood. From Black
tail Gulch north the hills are covered with porphyry, and the 
northward-flowing creeks have cut gullies through the igneous rock 
to Cambrian beds beneath. Along the divide at the bead of Polo Gulch~ 
Tertiary and Pleistocene clays and gravels occur in large masses, in 
part concealing the bed rock. In Sheep Mountain a complication of 
Cambrian and porphyry occurs as described. North of Sheep Moun
tain, Polo Peak rises to a height of 5,400 feet, and there is another 
summit north of it. Cambrian beds dip away on the southwest flank 
of Polo Peak, and occur under the porphyry in Miller Creek on the 
west, while on the east and southeast the limestones dip away from 
the irregular porphyry body, which, as a whole, was intruded in 
the shales beneath the Silurian. The intrusive of the northern peak, 
however, breaks across the limestone into Minnelusa beds, and the 
same is true of Spearfish Peak, 4 miles to the west. 

The interstream ridges between Spearfish and Polo peaks are capped 
with porphyry, in part intrusive into the Carboniferous limestone and 
in part below it. The rock of Spearfish Peak is peculiar and was recog
nized by Caswell in Newton's report as a phonolite. It is probable that 
igneous bodies from west of Spearfish Canyon to Whitewood Gulch 
were continuous prior to the erosion that has separated "them into 
cappings and north-dipping lenticular bodies in the several ridges. 

The relation of Polo Peak as a laccolith tO the greater masses that 
were probably once continuous northeast from Terry Peak is similar 
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to that of the eastern portions of the V anocker laccolith; the greatest 
difference lies in the fact that ovei· the Polo laccolith the lime~tone, only 
100 feet thick (Pl. XIX), was Teadily flexed upward as compared with 
the thick limestones of the vicinity of Runkel. \V estward to Spear
fi~h Peak the diminution of porphyries accompanies thickening of 
limestone. Eastward to vVhitewood CanJron the Polo :Mountain igne
ous masses thin to a single sill in the gulch opposite the smelter at 
Deadwood. East and west, isolated subordinate laccoliths have broken 
across the limestone, but the region from Deer Mountain to the northern 
extremity of Polo Mountain was the site of maximum irruption, and 
igneous fluids there filled the arch of a very large irregular anticline 
having an axis of north-south trend. 

SUBORDINATE I.ACCOLITHS. 

\Vith the exception of Ragged Top, laccoliths demonstrably subordi
nate to the greater Terry-Polo n1asses, in the sense of being distinct 
offshoots, are wanting. The \Vhitewood Can3ron laccolith, already 
described, is probably as closely connected with Polo Peak a:; with the 

Fig. 92.-South side of Ragged Top· Mountain (Irving). 

Two Bit eruptives. Crow Peak and Citadel Rock, 4 to 5 miles west 
of the mouth of Spearfish Canyon, and hence west of the greater 
syncline, are as much related to the Iron Creek and Cement Ridge 
porphyries as to those of the Terry district. 

RAGGED TOP )JOUNTAIX. 

Ragged Top is a steep laccolithic mountain, three-quarters of a mile 
long by one-hal£ mile wide, its greatest length trending east and west, 
and its form a crescent with horns turned southward. It is about 
3 miles west of Bald )1ountain, and is surrounded by flat limestones. 
It has been figured (fig. 92) and described by In'ing as follows: 

A little to the north of west and about 1 mile distant from Crown Hill, the low 
dome-like mass of Ragged Top )fountain rises some 400 feet abo,·e the leYel table
land of the Carboniferous plateau. It rises between the two confluent gulches of 
Calamity and Jackass creeks, the former shallow along the upper part of its course 
but becoming precipitous as it rounds the western end of the mountain. Here it 
unites with the more deeply carved gulch of Jackass Creek. Thence the two pass 
together between almost perpendicular walls of limestone into Spearfish Canyon. 
* * * In going upward from the west, north, or east [ascending the mountain] 
one passes over gently sloping strata of Carboniferous limestone which haye an 
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increasingly steep dip until within 250 feet of the summit. A rounded bluff of phono
lite is then encountered, oYer whose crest one may readily climb and proceed up a 
decreasingly steep rise to the flat top of the hill. From this point the mass presents 
a somewhat unique topographic appearance, for it comprises two almost distinct 
roughly triangular masses of phonolite. * * * From both of these masses incurv
ing tongues of phonolite run out to the south, circling toward one another so as to 
include and almost surround a large southwardly inclined amphitheater. * * * 
If one crosses Calamity Creek to the top of the limestone bench [at the west end of 
the mountain] the slight, almost imperceptible westward dip of the limestone may 
be seen to greatly increase as the phonolite is approached, until at the foot of the 
bluff, or about 20 feet distant therefrom, it has attained an angle of 51°. 1 

This is well illustrated in fig. 92. A-t numerous points about the 
mountain Cam brian shales are exposed, showing that the horizon of 
intrusion is the usual one, but so abrupt is the upward puncture made 
by the porphyry that it appears at a distance like a neck or a conduit 
through the limestone. Irving has shown that in a section revealed by 
the Badger shaft, on the north side of the mountain, the Cambrian 
shales lie against an almqst vertical wall of porphyry, and have been 
followed to a depth of 316 feet. Irving's conclusion is as follows: 

On two sides, namely, to the east and south, the sediments have been worn away 
from the immediate neighborhood of the abrupt escarpment of phonolite. * * * 
On the west and north the sediments extend to the very foot of the igneous bluff, 
where they are upturned at a yery high angle. On the very top of the mountain a 
small portion of Cam brian shale still remains. 2 

This arrangement is precisely what would be expected in a viscous 
subordinate mass breaking outward and upward to the west from the 
greater domes at the head of Squaw Creek. At the western end of the 
mountain the limestones are flexed backward sharply; at the eastern 
end they were lifted more gently, and perhaps somewhat fractured, 
&s in the case of the Whitewood Canyon, Deadman, and Bear Butte 
laccoliths. It seems hardly necessary to postulate any considerable 
faulting to account for the present crescentic form of the mountain. 
The horseshoe shape accords perfectly with that of Citadel Rock and 
Inyankara (p. 27 4), and may be explained by simple erosive action 
resulting fr01n the inheritance on the porphyry of annular drainage, 
superposed from domed sediments above. 

CROW PEAK AXD CITADEL ROCK. 

Some 5 miles west and south, respectively, from the town of Spear
fish are Crow Peak and Citadel Rock, two elliptical exposures of 
igneous rock, 2 miles apart, each about a mile long when measured 
northwest-southeast. Both dome up strata from Cambrian to Per
mian. Crow Peak, the more northerly of the two, arches the encir
cling beds more abruptly than does Citadel Rock. Crow Peak is a 

I A contribution to the geology of the northern Black Hills, by John Duer Irving: Annals New 
York Acad. Sci., Vol. XII, No.9, pp. 212-214. 

20p. cit., p. 21i. 



242 THE LACCOLITHS OF THE BLACK HILLS. 

high mountain, Citadel Rock is an isolated butte encircled h)· a higher 
ridge of sediments of horseshoe shape. The summit of Crow Peak 
ri~es 5, 785 feet above the sea; Citadel Rock, 5,450 feet. The relation 
of these two is not unlike that of Circus Flats and Bear Butte. Cireus 
Flats marked the lowm· main laccolith of which Bear Butte was a 
subordinate upshoot. Crow Peak, which strongly resembles Bear 
Butte, may be subordinate to a large subterranean mass of which 
merely the crest is revealed at Citadel Rock. 

Crow Peak is the highest point in the northern Hills lying so near 
to the Red Valley. Its proximity to the plains gives to its relief 
excessive prominence. Seen from the east (Pl. XXIX) the conspicu
ous elen1ents of its profile are a sharp conical southern peak of por
phyry and a steep monoclinal scarp of limestone resting against it on 
the north side. Thrust up through the limestone where the sediments 
had long, gentle dip slopes northward, the igneous core is completely 

FIG. 93.-South slope of Crow Peak, showing change of dip, 

revetted with rounded imbricating monoclinal ridges of Silurian nnd 
Carboniferous limestone dipping steeply away on all sides (Pls. XIX 
and XLI). vVherever the contact was examined closely Cambrian 
beds were found, and on the north side peripheral sills in Cam brian 
occupy the hollows in the bend, as figured in the original (Henry l\1oun
tains) laccoliths. Dips taken while ascending a gulch on the north 
side of the mountain varied from horizontal one-half n1ile north of the 
mountain to 27°, 40°, 65°, and 89° in Minnelusa, gray limestone, and 
Cambrian beds. A tunnel at the head of the gulch, cut horizontally for 
110 feet southwest into the mountain, passes through 105 feet of por
phyry and penetrates for 5 feet at the end a bed of quartzitic sandstone 
dipping 12°, N. 20° W. The contact of the porphyry with this sand
stone is ragged and trends NN"\V. The sandstone shows Obolus and 
evidently represents the lowest of the Cambrian beds. From this it 
would appear that the whole Ca1nbrian section is upturned to the 
northwest by the Crow Peak uplift, and the porphyry traversed by 
the tunnel appears to be a steeply upturned cross-cutting sill or dike. 
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The sun1mit of Crow Peak i~ a sharp edge like that of Bear Butte, 
trending northwest and running out into a knife-edge, with spurs 
flanked by steep talus slopes and precipitous walls. High on the east 
side the sediments lap against the steep laccolith," dipping 51° to the 
east, and the limestone shows small faulting with western upthrow. 
On descending the east slope, beds from Cambrian to lVIinnekahta lime
stone (Permian) are crossed in a di::;tance of one-half mile, and the transi
tion to low dips and horizontality is very sudden. The most striking 
revet crags are seen on the south side of the mountain, where they form 
crescentic ridges with bare limestone crests, separated from one another 
by V -~haped trenches that give passage to rills which regularly fork into 
two within the V along the porphyry-Cambrian contact. Fragments 
of brown sandstone and Scolithus quartzite occur near the porphyry, 
and in a few hundred yards the geologic section from Carboniferous to 
Permian shows a change in dip fron1 60° to 0° (fig. 93). This sudden 
change of rlip in consecutive outcrops of overlapping strata is charac-

FIG. 94.-Citadel Rock, looking northward toward Crow Peak. 

teristic of the steeper laccoliths (see fig. 92), and the distance in which 
the change takes place is sometimes actually less than the normal thick
ness of the beds involved. The structure shown would not permit uni
fol~m curvature of all the strata over the dome. The only explanation 
for such structure is that there has been rupture of the hard beds, with 
stretching, compression, and flow in the soft beds. The soft beds 
thicken in the concavities and thin on the arch. Crow Peak is encir
cled on the east, south, and west by Higgins and Crow creeks and their 
tributarie::;; on the north a flat upland slope of lVlinnekahta limestone 
extends out to the Red Valley, where it abruptly bends downward, while 
Minnelusa sandstone forms a ridge to the northwest, with anticlinal 
structure, suggesting the extension in that direction of an elongate 
subterranean tongue of igneous rock from Crow Peak. The very 
rapid bend from steep upturning to horizontality is well shown by the 
present attitude of the Minnekahta limestone, which completely encir
cles the mountain in nearly horizontal tables, and makes a broad spoon 
synclinal on the south side (Pl. XLI). 
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Citadel Rock ha:; been uncoyered by erosion in much the same fash
ion as Circus Flats. Branches of Robison, Johnston, and Higgins 
creeks have so eroded the dmne of limestone that was above the lac
colith that the Minnelusa cover is renloYed, and one north-flowing 
strean1 has breached the gray limestone and Cambrian; with its head
water forks it has eaten out an annular valley in the porphyry about a 
spur which has a columnar castellated tower rising in the center; the 
crest of the "Citadel" is 400 to 500 feet above the gulches on either 
side (fig. 94, Pl. XLI). The northern end of the Citadel Rock spur 
still retains a veneer of Cambrian beds. The Cambrian, Silurian, and 
Carboniferous section is clearly shown in the horseshoe rim of sedi
Inent~ that incloses the annular valley, and within this rim, on the 
southeast side of the basin, a sill occurs in the Cambrian. The colum
nar Citadel is connected with the encircling e~carpment by a singularly 
straight ridge of porphyry; the limestone horseshoe rises to a height 
of 200 feet above the summit of Citadel Rock. 

It is clear that Crow Peak stands high by reason of the steep inclina
tion of peripheral contacts and the great height of the porphyry topo
graphically, whereas Citadel Rock, topographically lower and with 
contacts less steep, has until yery recently been subjacent to easily 
eroded Cambrian shales, which were hollowed out as a basin beneath 
the salient, hard Carboniferous limestones and sandstones. So com
pletely is the Citadel concealed within its encircling rampart of for
ested hills that it has nm·er been noticed by earlier geological explorers, 
although the actual area of porphyry exposed is almost as great as that 
of Crow Peak. 

SU1\1l\IARY OF TERRY DISTRICT. 

The Terry district of laccolithie porphyries contains types chat·ac
teristic of a deeper zone than the Two Bit district, just as the Two Bit 
district is stratigraphically lower than the V anocker district. The con
spicuous features of the Terry-Polo complex are conduits and m·od~d 
remnants of laccoliths. Erosion has gone deeper because the region 
as a whole is higher. Conduits are represented by stocks in schist 
and by innumerable dikes which follow Algonkian lamination. Some 
of these filled fissures inclined west, others east. The one·set spread 
to the east and the other to the west when the porph)Try reached 
fissile, flat-lying Paleozoic beds. Sills were formed in the Cambrian, 
and these thickened into laccoliths. By reason of a thinner Cambrian 
section, sills were le~s numerous and thicker than in Two Bit. The 
major laccoliths are preseryed with their flanking strata in the edge of 
the Carboniferous plateau and in the northern Paleozoic escarpment. 
Erupth·e masses like Spearfish Peak broke outward and upward acro~s 
initially dipping limestones. A characteristic type of mountain lett 
b}T erosion is dome shaped, with a laccolith cap, and sills below. The 
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Terry intrusives as a whole occupied a great arch between Spearfish 
Creek and \Vhitewood Creek, beneath an axial line of thinnest lime
stone. Where the limestone broke on the flanks of the arch the rup
ture gaped below, and viscous magma oozed out through the fractures, 
to harden in small domes of intense flexure, like Ragged Top. To the 
northwest, in the general trend of Custer Peak, vVoodville Hills, Deer 
1VIountain, Terry Peak, and Ragged Top (a trend parallel also to the 
dikes), masses of intrusive rock rise through Upper Carboniferous and 
Permian limestone to form a lower southern laccolith, Citadel Rock, 
barely breached by erosion, and a higher and steeper northern one, 
Crow Peak, that forces up the sediments steeply about its flank~. 

LACCOLITHIC INTRUSIVES OF SUNDANCE DISTRICT. 

The Sundance district contains two greater centers of igneous activ
ity. The one on the east resembles somewhat the Terry district, 
containing rocks from Algonkian to Permian, with dikes, sills, and 
laccoliths. This has been called the Cement Ridge complex, the ·nanle 
being that of the highest porphyry summit, a forested peak compar
able to Terry Peak in its position at the edge of the limestone plateau. 
Large masses of porphyry, the main laccoliths, occur about the head
waters of Beaver Creek and Iron Creek, and Black Buttes, son1ewhat 
separated from the rest, forms a laccolithic uplift.of considerable size 
adjacent to the Red Valley on the west side of the Black Hills. Sub
ordinate laccoliths are the Needles on the north, and Spotted tail Dome 
and Inyankara Mountain on the west. 

The second igneous center is the Bearlodge Range, an elongate 
uplift of Paleozoic rocks with igneous core, trending northeast and 
southwest, lying northwest of the Black Hills uplift proper, and sepa
l'ated from it by the Red Valley at Sundance. Subordinate to the 
greater medial intrusion, which reaches its culmination in the \V arren 
Peaks, n1inor laccoliths have broken through Mesozoic beds on both 
flanks of the range; these form the Sundance Hills on the southeast 
and the Little Missouri Buttes and Mato Teepee on the northwest. 

The data recorded here for the Sundance district were obtained 
during a reconnaissance of two weeks' duration in October, 1898, 
made with a view to comparing the igneous phenomena of the north
west with those more thoroughly studied in the Deadwood and Terry 
districts. In this excursion the writer was efficiently assisted by 
Dr. J. D. Irving. The Cement Ridge country, Black Buttes, lnyan
kara, Sundance Hills, and \V arren Peaks were accorded very brief 
examination en route to Mato Teepee, where a longer stay was made 
in order to settle, if possible, disputed questions concerning the origin 
of tnat extraordinary monolith and its companion hills. the Little 
Missouri Buttes. 
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CE:\IENT RIDGJ<~ COl\IPLEX. 

LACCOLITHS. 

CE~IEXT RIDGE AXD IRON CHEEK. 

Topographically Cement Ridge, 2 miles south of Welcome, extend
ing as a height of land far to the south, marks the same sort of cul
minating porphyry center as Terry Peak to the east and ¥,T an·en 
Peaks to the west; it forms the divide from which streams flow east 
to Spearfish Creek and west to the Grand Canyon. West of Cen1ent 
Ridge the stratified rocks dip away very gently, the Minnelusa 
sandstones of Spottedtail, Rattlesnake, and Cold Springs valleys 
appearing ahnost horizontal and exposed for great distances. It was 
in one of these valleys farther to the south that "\Vinchell first saw the 
Minnelusa rocks, and he gaye the Indian name of the creek to the 
formation. The wide yalley forn1ed by the ''Red Beds" south of Sun
dance shows a striking symmetry of topographic forms on either side. 
To the northwest are seen the long level summits of the Bearlodge 
Mountains, with the two laccolithic outliers, Sundance Mountain and 
Green Mountain ("Little Sundance Dome") in the Red Valley at their 
feet. To the east Cement Ridge forms a similar long crest, with 
Black Buttes rising abruptly from the Red Valley at its foot; and 
north of these buttes occurs a long dome, hitherto not noticed by geol
ogists, that corresponds in position on the eastern side of the valley 
to Green Mountain on the western. This hill, here called the Spotted
tail Dome, is encircled by a tim of Minnekahta limestone, as in the 
case of Green Mountain (Pl. XVIII). 

The summit of Cement Ridge is porphyry, apparently intruded 
about the base of the Cambrian, for the basal quartzite of that forma
tion forms a ledge dipping at a low angle off the mountain on the west 
at the head of Rattlesnake Creek, and conglomerate underlies the por
phyry on the east side. About the head of Beaver Creek the country 
is densely forested and shows bt1t few outcrops. The float is Cambrian 
and porphyry. Large laccolithic bodies occur on Iron Creek south of 
Bear Gulch. These again are in part intruded at the base of the Cam
brian~ for the basal conglomerate oyerlies them (Pl. XIX). Iron and 
Deer creeks flow east to Spearfish Canyon. They apparently drain 
the eastern flank of a laccolith of large tlize and relativel)r gentle cuiTa
ture. The region between Bear Gulch post-office and Cement Ridge 
shows alternations of Algonkian, Cambrian, and porphyry, indicating 
the presence of many dikes and sills. The dikes west of Bear Gulch 
have a general :XX"\V. trend~ and the usual tendency of the porphry to 
form hill cappings was obseryed, as at Lead, indicating the presence 
of eroded remnants ·of sills and laccoliths. 
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BLACK BUTTES AXD SPOTTED'l'AIL DO~IE. 

X ewton mentioned "a nameless peak northeast of Inyankara," 
composed of igneous rock. This igneous mass proves to be a group of 
hill:; of some size, containing laccolithic intrusions in strata ranging 
from Cambrian to Permian. The Blaek Buttes must not be confused 
with "Black Butte," an old name for Spearfish Peak. They lie west 
of Cement Ridge, separated from it by a wide area of :Minnelusa 
bed~ lying almost horizontal, so that they form a separate center of 
irruption. 

The Black Buttes are a group of hills composed of porphyry, 
which breaks through and uplifts by intrusion stratified sediments 
from Cambrian to Red Beds. Approaching the Buttes from the 
northern side, one observes that the several radial creeks have 
cut V -shaped trenches in Minnekahta limestone and Minnelusa lime
stones and sandstones. Looking to the north from the summit of the 
northern butte, the Minnek~thta_ limestone on thA eastern border of 
Red Valley is seen to lie rather flat, ·conforming to very gentle dips 
noted in the valleys on the western flanks of Cement Ridge. Three 
and a half miles to the north, however, is seen the long, low, Spotted
tail Dome, exposing Minnekahta limestone dipping away in both 
directions, and a Minnelusa core in a long ellipse of northwest-south
east axis. The northern hills of the Black Buttes are three in num
ber; the two western ones are sharp, conical peaks of porphyry; a 
more elongate one to the east is composed of Carboniferous limestone. 
On the northern side of the middle hill porphyry was found directly 
in contact with :Minnelusa sandstone, here indurated to quartzite. 
From the summit of the hill the Black Buttes are seen to be an in·eg
ular group of hills, occupying an area of some 20 square miles. The 
hills inclose basinlike depressions, and in one of these were found 
prospecting tunnels and shafts cut through glauconitic and calcareous 
Cam brian shales. 

The porphyry breaks across strata from east to west, forming 
intrusive sills and small laccoliths at progressively higher horizons. 
Gray limestone is uplifted by the porphyry in the peak farthest to the 
southwest. In the Cambrian shales mentioned a small dome was 
traced in three outcrops, the quaquaversal curvature being indicated 
by radial dips. There are numerous small conical porphyry-capped 
hills, producing topographic irregularities in the inner basins. In a 
tunnel about the central portion of the Black Buttes an upright con
tact of porphyry and gray limestone was found. The section through , 
the uplifted limestone on the southwest is similar to that through the 
Deadman laccolith (Pl. XXI, F -G), with the difference that, in the 
Black Buttes, Minnelusa sandstone dips under the porphyry instead of 
being beveled across by it (Pl. XXXVI). The Black Buttes as a. whole 
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fonn a small isolated igneous center, involving all the Paleozoic rocks.; 
the porphyry spreading outward and stratigraphically upward toward 
Inyankara. Inyankara lVIountain is undoubtedly an offshoot of the 
greater Black Buttes laccoliths. Spottedtail Dome may cover a large 
laccolith somewhat analogous in position to that of the Black Buttes 
and possibly on the same line of conduits beneath, but the porphyry 
lies topographically too low to be dissected by the present drainage, 
and hence is not as yet revealed. 

SUBORDINATE LACCOLITHS. 

THE NEJ<JDLES. 

A porphyry mass between Beaver Creek and Bear Gul ~h, passing 
into large dikes southward, is locally known as "The Needles," or 
Connors Peak. This eruptive body shows characteristics similar 
to some of those of the better-known laccoliths, but the hills being 
densely wooded and the rocks little. exposed it is difficult of inves
tigation without extended study. The eruptive cuts Carboniferous 
limestone on the north and east, and upturned Cambrian strata are 
seen on the west and south, while porphyry occurs on the southwest 
directly in contact with the coarse pegmatite and ~chists of Nigger 
Hill. There is thus a region of vents through the Algonkian exposed 
in this Nigger Hill district, and dikes of porphyry cutting the Algon
kian rocks are found farther south on the main road to Welcome. In 
general the Needles 1nay be described as a mass of porphyry of irregular 
forn1 breaking across beds from Cambrian sandstone on the south and 
west to Carboniferous limestone on the north and east. Its castellated 
pinnacles fonn a prominent feature in the landscape. 

Irving describes the Needles as follows: 1 

This porphyry uplift * * * consists of a series of extremely sharp conical 
peaks * * * which show the most perfect columnar parting that the writer has 
seen in the Hills, with the exception of those exposed in the Devil's Tower. The 
columns are vertical, and are broken across by a jointing which shows a rough resem
blance to the ball and socket jointing of basalt. Three of these conical peaks are 
especially high, one of them rising 500 feet above the bed of the creek below. 

Viewed from the south, they bear, collectively, strong resemblance to a huge dike, 
but on ascending the highest of them, one is impressed with the almost plug-like 
character of the mass. The Carboniferous limestone can be seen to the east, north 
and northwest, forming a wall about the uplift. On the west there seems to be an 
extension of the porphyry. On the south great blocks of indurated sandstone occur 
and the Cambrian is extensively exposed in this direction. * * * In between 
the lower porphyry hills exposures of Cambrian shale occur, as if in its intrusion the 
rock had included a portion of that series above itself, and had elevated this to the 
level of the surrounding limestone. [Compare Sheep )lountain, Dome ::\Iountain, 
and ".,.hitewood Canyon laccolith, fig. 91 and Pis. XX and XXI.] 

IA contribution to the geology of the northern Black Hills, by J.D. Ir>ing: Annals Sew York 
Acad. Sci., Yol. XII, So. 9, p. ~24. 
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It will be seen from this description that_the Needles are a subordi
nate laccolith like Ragged Top, flexing back the massive limestone on 
the side remote from the greater Cement Ridge masses, and were 
injected probably in a highly viscous condition through the Cambrian 
beds on the northern border of the larger southern laccolith. Lying a 
short distance west of Crow Peak, the Needles occupy a similar position 
structurally. The rock of the Needles is somewhat unusual-a diorite
porpyhry without mica, containing phenocrysts of automorphic horn
blende, sanidine, and plagioclase in a groundmass of plagioclase, 
magnetite, and orthoclase. 

INY ANKARA llfOUNTAIN. 

Inyankara Mountain was described by "\Vinchell 1 more accurately 
than by Newton. The mountain rises on the outer side of -the Red 
Valley 4 miles southwest of Black Buttes. It has a height of 6,313 feet 
above the sea and some 1,400 feet above Inyankara Creek, which curves 
in a semicircle around the north side of the mountain. Its striking cir
cular symmetry-a cone in the middle of a horseshoe ridge-has been 
variously compared to a hat, saucer, etc. 'Vinchell describes the 
mountain as follows, and the observations quoted accord with the 
writer's: 

Its summit, which rises high enough to mark it as an important peak among the 
hills that surround it, has the shape of an inverted saucer, with another smaller 
inverted saucer lying on the top. * '!<' * Before reaching it we pass over three or 

·.four footbills,composed of Jurassic and Cretaceous. * * * These formations are 
not greatly disturbed by the uplift, but still show a very perceptible dip away from 
the mountain. At the foot of the mountain * * * we ente,r upon the Carbon
iferous limestone, which has a dip of about 30° from the horizontal, varying from 
20° to 60°, sometimes presenting shoulders that have a confused dip, or stand ver
tical. Over this we climb to a height of about 500 feet to the top of a circular ridge 
which incloses the main columnar center of the mountain. * * * Crossing a 
'.vooded glen * * * we ascend the peak from the south. The shape of the sum
mit, which at a distance has the aspect of a small saucer lying on a larger one, both 
hiverted, is caused by the central mass rising above the rim or ridge, by which it is 
nearly surrounded. The only opening in this rim is towards the north 10° east, 
where it is entirely wanting. The ridge is about three-quarters of a mile distant 
from the central mass, in all directions, and gives the outline of the larger saucer. 
It does not rise as high as the central mass. * * * The intervening space is 
occupied by a dark valley, narrow, and shaded with Norway pines. It is very diffi
cult, and in many places impossible, to pass from the ridge to the center across this 
gorge, the rock rising sheer up on nearly all sides about the. central mass. * * * 

The Carboniferous limestone seems to be warped into a wave-like surface when 
exposed on some of the lower flanks, a fact also noticed at other places, and lies at a 
high angle of incline all about the mountain's base. The rock * * * is igneous, 
thrust through the sedimentary strata. There is a very marked system of perpen
dicular jointage planes that cut the main ridge east and west, the individual planes 

t Geological Report on the Black Hills, by N. H. Winchell: Reconnaissance of 1874, by Captain 
William Ludlow, Engineer Department U.S. A., Washington, 1875, p. 17. 
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being about 10 inches apart or closer. Another system runs northeast and south we~t, 
the planes being 4 feet apart, and tipped (their tops) toward the southea:o:t about 
10°; while a third system runs perpendicular to the last, and has the tops inclined 
toward the northeast about 10°. These larger divisions of the rock cause, on being 
weathered, the columnar structure seen all about the sides of the central mass. There 
is, besides, on the western side of the central mass, a fourth system of joints, that 
slope toward the west at an angle of about 45°, which gives the whole mass at that 
point the appearance of being a heavy-bedded, upheaved sedimentary rock. * * * 
The east side of the horseshoe ridge is made up of much the same kind of rock, but 
weathers whiter. It is very much cut up by divisional planes, and stands up in Yer
tical dike-like ridges in .some places on the east and southeast. 

Newton failed to recognize the Carboniferous or Jura-Cretaceous in 
the encircling beds, nor did he note that the horseshoe rim is fonncd 
in part of porphyry. He was under the mistaken impression that the 
purple Permian limestone and the Red Beds were the only strata nJfcctcd 
by the igneous uplift, and that this same limestone formed the annular 
ridge. The annular valley about the central porphyry core has been 
commonly supposed to represent the contact between porphyry and 
sediments. The writer visited the rim of this valley, and the first ridge 
outside of the deep gorge that surrounds the central eruptive dome 
proved to be porphyry, as stated by \Vinchell, a case by no means 
uncon1mon in these laccolithic masses, and resulted from the superpo::~i
tion on porphyry of an annular valley originally formed in sedimentl:l 
(see Citadel Rock, fig. 94). The Inyankara horizon of intrusion, so far 
as revealed by the eastern contact, is the Minnelusa formation, whieh 
here forms a dense white quartzite in contact with the porphyry. One 
or two sills of porphyry were crossed in their normal position, i. e. 
the angle formed by buckling of strata about the base of the uplift. 
The hard and soft beds of Minnelusa, Permian, Trias, and Jura form 
a series of concentric ridges and valleys inclo!::ling the inner porphyry 
dome. 

Inyankara Mountain represents a stage in denudation much like that 
of Citadel Rock. It is, however, a steeper dome, intruded stratigraph
ically higher, and n1ay be classed genetically with Crow Peak and 
Bear Butte. It is probably subordinate to the greater mass of the 
Black Buttes. Relative to Bear Butte and Crow Peak it represents an 
earlier stage of uncovering by erosion. In future centuries the flank
ing sedin1ents will wear lower, the porphyry will assert its more resist
ant quality and stand in much greater relief, and the annular valley 
will lose definition until it persists only in the n1ountain profile, which 
will remain divided rudely into three parts, a central high summit and 
irregu]ar lower ridges on either side (see fig. 97). 
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BEARLODGE CO:~IPLEX. 

LACCOLITHS. 

The greater porphyry masses of the interior of the Bearlodge 
Range may be considered the principal laccoliths to which the Sun
dance Hills ~re subordinate. It is not clear that Little J.vlissouri Butte~ 
and J\1ato Teepee are subordinate to the Bearlodge core in the same 
sense, for, as will be shown, there is good reason for the belief that 
Mato Teepee is a subordinate extension from the Little :Missouri 
Buttes as a center. In this case the spread of the igneous magma was 
southeast, toward the Bear lodge Range, instead of a way fron1 it. 
As the rock of the Litqe lVIissouri Buttes and :Niato Teepee is lithologi
cally very different fron1 known specimens from the \Yarren Peaks and 
Sundance l\fountain, and contains inClusions of the older rhyolitic por
phyries, it :is probable that the Little lVIissouri Buttes laccolith was 
injected independently of and later than that of \Yarren Peaks. This 
is borne out.by evidence which shows that the dip of sediments away 
from the greater Bearlodge uplift existed at the time of the Mato 
Teepee intrusion. It is probable that both of the greater intrusions 
caine up through fissures in the Algonkian inclined eastward from the 
vertical, and therefore had a tendency to spread onward to the east. 
In this sense, then, Little l\tiissouri Buttes must be considered the main 
laccolith to which Mato Teepee is subordinate. Both will be treated 
together here, however, as subordinate laccoliths to the \Van·en Peak 
n1ass. 

WARREN PEAKS. 

The Bear lodge Range proper has been fully described by N ewton1 

and Jenney ,2 and this description needs no repetition in detail. vVar
ren Peaks, the highest summits of the range, are bare, rounded, 
grass-co,rered hills of coarse granite-porphyry, reaching a height of 
6, 654 feet above sea level. Seen from east or west the peaks are 
not conspicuous, because the slopes are long and gentle. The struc
ture, which has been called a miniature copy of the Black Hills, 
is that of an elongate laccolithic uplift extending about 20 miles 
northeast and southwest, with a porphyry core exposed for 8 miles. 
Subordinate intrusions occur on the flanks, where rocks from Cam
brian to Jura-Cretaceous dip away in all directions. Northwest and 
north the trunk drainage from the range flows radially to the Belle 
Fourche River. Rectangular systems of branch streams are formed 
by subsequent development along soft strata. The l\finnekahta lime
stone forms on the slopes its characteristic V -shaped gateways. Seen . 
from J\tiato Teepee on the northwest, a larger valley on the slope of the 

I Report on the Geology and Resources of the Black Hills of Dakota, by Henry );'ewton and Walter 
P. Jenney: U.S. Geog. and Geol. Surv. Rocky ~Iountain Region, Washington, 1880, pp. 199. 

20p. cit., p. 283. 

21 GEOL, PT 3·-01--18 



252 THE L~CCOLITHS OF THE BLACK HILLS. 

Bearlodge Range shows three pairs of benches; one bounds a wide, 
flat valley above; a lower trench corresponds with the present yalJey 
of the Belle Fourche; and a smaller, lowest trench suggests a 
recent uplift. The highest· bench is formed of Lower Cretaceous 
strata; the next lower of Jurassi~. A columnar sHl was found high 
on the northwest slope of the range in Jurassic ripple-marked sand
stones. On the east side of the range the canyons are deep and the 
dips higher, sometimes between 30° and 40°. 

SuBORDIXAn~ LAccoLITHS. 

SUXDANCE HILLS. 

In the Red Valley southeast of ';y arren Peaks two laccolithic hills 
occur, occupying on that side of the Bearlodge uplift a position 
symmetrical to that occupied by ~Iato Teepee and the Little Missouri 
Buttes on the northwest side. The Sundance Hills appear to be out-

"liers, bearing to the greater laccolith the relation of lateral lenses in 
normal subordinate position, filling the bends and injected throug·h 
peripheral concentric fractures (Pl. XLIV). They have been described 
by Newton 1 and Russell. 2 The southern and larger mass, Sundance 
niountain, is composed of porphyry, intruded through Permian and 
Trias to Jura on its eastern side, hence probably injected from the 
west, i. e., from the direction of the Bearlodge Range. Porphyry 
cliffs occurring across Sundance Valley on the western side of the 
town appear to be the sheet of which Sundance Mountain is the 
thickened eastern termination. 

The porphyry of Sundance Mountain, a fine-grained rhyolite, shows 
at a distance a yellow-greenish color, induced by a characteristic lichen 
noted both here and on niato Teepee in great abundance on the face of 
the vertical cliffs. The porphyry extends in an irregular lobe from 
the main mass of the mountain to the westward, where rounded low 
hillocks covered with porphyry slabs occur at levels a hundred feet 
or 1nore lower than the Red Beds on the northern face of the moun
tain. A hundred yards to the north the Red Beds, entirely free from 
porphyry debris, dip 14° un4er the mountainS. 60° E. There is thus 
eyidence on this side of the eruptive breaking across 1\Iinnekahta lime
stone and Red Beds. The Red Beds recur at the foot of the mountain 
on the north, without any appearance of dipping away from it, show
ing distinct horizontal bedding. Jurassic beds occur east of the moun
tain. On the flanks of the Beadodge Range to the northward the 
~linnekahta limestone dips southeast, the south-flowing drainage cut
ting through it the usual V -shaped gateways. The dome of Green 
~Iountain (Little Sundance dome) is remarkably syn1metrical and 

1 Op. cit., p. 19i. 
:!Igneous intru..•;ions in the neighborhood of the Black Hills of Dakota, by I. C. Rus;;ell: Jour. Geol., 

Yol. IY, 1895, p. 29. 
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isolated, but in structure is altogether similar to Elkhorn or Spotted
tail dome, with a Minnelusa crest and an encircling shell of Permian 
limestone. A short distance west of Sundance there is a dome
shaped hill which appears to be another buried laccolith like Green 
Mountain. 

LITTLE )ffSSOURI BUTTES AXD )JATO TEEPEE . 

.Descriptions by ]Jrevious writers.-J enney wrote as follows, 1 describ
ing the appearance of Little Missouri Buttes and Mato Teepee (see 
fig. 95) from the summit of Warren Peaks: 

To the west (magnetic), some 20 miles away, Bear Lodge Butte [Mato Teepee] and 
the Little Missouri Buttes appear in line. From this distance the former resembles 
in appearance the huge stump of a tree, its surface curiously striated vertically from 
top to base, and, being perched on the crest of a high, flat-topped ridge, it becomes a 
very prominent landmark, which, once seen, is so singular and unique that it can 
never be forgotten. Although the Bear Lodge country is an elevated region, and 
the different streams have a considerable fall before reaching the Belle Fourche, yet 
the tol'ogral'hY is y_uite peculiar in the prevalence of long, fiat-topped ridges or 
mesas between the narrow and deep valleys and· canyons of tho creeks. This is due 
to the resistance to erosion offered by hard and continuous strata of sandstone of 
the Jurassic and Cretaceous formations, which are here almost horizontal in their 
bedding, with a gentle slope away from ·warren Peaks. 

That part of Newton's description which accords with the writer's 
obsrrvations may be quoted: 2 

The Bem· Lodge (1lfato Teepee).-This name appears on the earliest map of the 
region, * * * though more recently it is said to be known among the Indians as 
"the bad god's tower," or, in better English, "the devil's tower." * * * It 
stands on the immediate western bank of the Belle Fourche, about 4 miles southeast 
from the Little Missouri Buttes. It was not reached by the 'Varren expedition, but 
while the Raynolds expedition was in the vicinity of the Little Missouri River two 
attempts, the last successful, were made by Mr. Hutton to reach it. He recorded, 
however, no particular description of it, so that when we reached it in 1875 our 
examination had all the charm of novelty. Its remarkable structure, its symmetry 
and its prominence made it an unfailing object of wonder. It is a great rectangular 
obelisk of trachyte [phonolite] with a columnar structure, giving it a vertically 
striated appearance and it rises 625 feet, almost perpendicular, from its base. Its 
summit is so entirely inaccess~ble that the energetic explorer, to whom the ascent 
of an ordinarily difficult crag is but a pleasant pastime, standing at its base could only 
look upward in despair of ever planting his feet on the top. 3 * * * vVithin a half 
mile of the banks of the Belle Fourche the shaft rises with its broad base of debris 
from the plateau formed by the lower Jurassic sandstone~ Its dimensions were 

1 Op. cit., p. 284. 
20p. cit., p. 200. 
3 Both Newton and Russell remark on the absolutely inaccessible character of the summit. Russell 

says, "The strongest and most experienced mountain climber must pause when he has scaled the 
rugged cliffs which form the immediate base of the tower and gains the point where the individual 
prisms make their abrupt curve and ascend perpendicularly. Beyond that point no man has ever 
reached, and, it is safe to say, never will, unaided by appliances to assist him in climbing." Such 
appliances have recently, however, been used; with the aid of iron bars driven into the angle 
between two sloping columris, a rude ladder was constructed by an enterprising climber, and the 
ascent to the summit has been made, a fact attested by a small flag, visible from below, which was 
left on the highest point of the tower. A member of the United States Geological Survey has also 
made the ascent. 
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determined by Captain Tuttle, the astronomer of the expedition, who calculated 
them from measurements with the sextant. The height of the summit aboYe the 
river was found to be 1,126 feet, while approximately its eleyation aboYe the se::t is 
5,260 feet. The width of the summit from north to south is 376 feet, and the "·idth 
at base is 796 feet. In an east-and-west direction tae diameters are lesr.. 

The rock * *. * has a crystal-like structure on a grand scale, which from· a short 
distance gives the column the appearance of a fascicle of gigantic fibers. From the 
base, which is considerably broader than the body of the peak, each fiber-like crys
tal or column rises in a bold curve to the bottom of the vertical obelisk, which it then 
follows to the summit. * * * The strata from which this igneous column springs 
are not in the least disturbed at the nearest points where they could be examined, 
about 50 or 75 feet from the base, but the sandstones * * * are conYertecl into a 
compact white quartzite. 

The Little :bfissouri Buttes stand on the plateau of Dakota sandstone, about -:1: miles we:~t 
[northwest] of Bear Lodge and near the divide bet\\·een the headwaters of the Little 
)lissouri River and the Belle Fourche. They 1 * * * are said to be called by the 
Indians the "buttes which look at each other." '.though prominentlandmarks, they 
rise only between four and five hundred feet above their base. They are about one
half * * * of a mile distant from one another, but they are so thoroughly cov
ered around their bases with debris that their intimate structure and relation could not 
well be determined. The Cretaceous sandstone forming the floor of the surrounding 
plain could not be ascertained to exhibit any disturbance or change of structure due 
to proximity to the igneous matter. Each peak has the same general conical form 
so often described, and a similar system of cleavage planes 'vas also obsen·e<l. Some 
cross planes give locally an appearance of columnar structure. The rock is a greenish
gray trachyte,·similar to that of the Bear Lodge; but though it contailis many crys
tals of feldspar, it is not so highly crystallized as the rock from the latter peak. 2 At 
the base of. the Buttes in one or two localities a ;rock was found exceedingly light and 
cellular in structure, yellowish in color, and yery like a Yolcanic tufa. As the result 
of a n"licroscopic examination, nir. Caswell designate~ it a rhyolitic breccia, including 
fragments of both sandstone and rhyolite. 

Profe:;:;or Rm;:;ell':; vivid description gives some idea of the solitary 
grandeur and beauty of the tower::l 

'Vheu )Iato Teepee is seen from almost any locality in the Yalley of the Belle 
Fourche within a radius of several miles, one is not only forcibly impressed by the 
grandeur of the monumental form that dominates the landscape, but is delighted by 
the brilliant and varied colors of the rocks forming the sides of the yalley and the 
immediate base of the tower. The Reel Beds in the lower portion of the ri\·er bluffs 
show many Yariations of pink and Indian red, and haye been sculptured into archi
tectural forms of great beauty. The less brilliant Jurassic sandstones resting upon 
them and forming the upper portions of the bluffs, serve to carry the eye from the 
rich colors below to the dark forest of pines that grow aboYe and to the still more 
somber precipices of the great tower which always appears in bold relief against the 
sky. * * * 

The shaft of the column is composed of clustered prisms which extend from base 
to summit without croES divisions. These prisms are usually pentagonal, although 
other forms are not uncommon. ..,. * * Each prism tapers somewhat toward the 

I Xewton and Russell both describe Little .1lissouri Buttes as three in number, ocenpying angles of 
a triangle. There are four di~tinct hill~, occupying corners cf a quadrilateral. 
~L. Y. Pin:son (Am. Jour. Sci., Vol. XLVII, 1894, pp. 341-346) determined these rocks to IlL' phonolite 

rich i:I rotla feldspar. . 
a Igneous intrusions in the neighborhood of the Black Hills of D11kota, by L C. Rus:;ell: Jour. Geol., 

Vol. IV. 1896, p. 3~. 
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top, and near its upper extremity is cracked and discolored by weathering. At the 
base of the tower the columns in most instances, except at the southeast corner, curve 
abruptly outward, and at the same time increase somewhat in size. On the west side 
they become nearly horizontal. * * * Near the base of the tower, just above the 
treetops, the rock loses its columnar structure, becomes massive, and breaks with 
an irregular fracture. On the sides of the tower there are a few places where the 
lower portions of individual prisms have fallen away, leaving the upper 200 or 300 
feet still in place. In such instances one has a good view of a section of the prisms, 
which are seen to be four, five, or six sided. Owing to the abrupt outward curvature 
of the columns at the west base of the tower, the fragments that have fallen from 
above have been thrown farthest out on that side and now form an extremely rugged 
talus in which fragments of huge columns lie piled in endless confusion one on 
another, suggesting the ruins of some mighty temple. 

lYo'rthwest slojJe of Bearlodge .Range.-'Vhen seen from a distance, 
along the road southwest of V\T arren Peaks, the Little ~1issouri Buttes 
~re more prominent than Mato Teepee; they rise above the plains in a 

.. -r .... ·~~~~-=.:-.~Q>:·. 
"1<'-,d'> ..... ~ 

FIG. 95.-l\Jato Teepee and Little Missouri Buttes from the southeast. 

tbronelike mass composed of four prominent dome-shaped bills (Pl. 
XXXVII), below which the tower sinks to comparative insignificance. 
The valley of Miller Creek on the northwest slopes of the Bearlodge 
Range is cut in Jurassic beds. Porphyry was encountered at one 
place on the road between Sundance and :Mato Teepee, a :fine-grained 
rhyolite occurring apparently as a sill. The most prominent outcrops 
on :rt'liller Creek are mollusk and belemnite beds, a smoky fine-grained 
limestone, and a warm reddish wind-pitted sandstone, which forms 
prominent cliffs on the lower courses of the streams that drain the 
northwest flank of Bearlodge Range. The Little Missouri Buttes 
rest upon a platform of Lower Cretaceous sandstone, which forms 
a long terrace east of them, and this terrace stands at a consider
able height abo,·e the base of Mato Teepee, which rests upon an 
oval platform of Jurassic shales, 3 to 4 miles to the southeast (fig. 95 
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and Pl. XXXVIII; see also Pl. XVIII). The northwestern slope o:f 
the Bearlodge Range is long and gentle, so that in looking up to the 
Warren Peaks :from this side one would not suspect their height above 
the surrounding plains, so gradual is the slore. Seen :froni the east the 
Jurassic sandstone underlying Mato Teepee shows a distinct synclinal 
sag under the tower, dipping gently inward on either side o:f the mass 
o:f talus that :forms a long slope down to the Belle Fourche bottom 
land (fig. 95). 

LITTLE_ JlliSSOURI BUTTES. 

The sediments between Mato Teepee and Little ::Missouri Buttes are 
in general horizontal, showing occasional aberrant dips due to the 
washing out, :from beneath, o:f the soft red beds, and sometimes these 
dips vary widely in direction and amount within a distance of a hundred 
:feet. The level bench o:f horizontal strata, conspicuous under the 
Little Missouri Buttes, is composed o:f white and buff sandstone of the 
Lower Cretaceous; and at the eastern :foot of the northeastern butte, 
a hundred yards :from the base, occurs yellow sandstone dipping gently 
west-southwest under a rounded hill slope covered with porphyry 
debris. In the gulch between this northeaster!?- peak and the highest 
northwestern butte occurs a narrow spur consisting o:f red, weathered, 
porous, tuff-like material, much decomposed, carrying coarse :fragments 
of pink granite, yellow-red sandstone, coarse Cambrian sandstone, and 
other rocks, in a vesicular matrix, o:f which but little is present in 
proportion to the quantity o:f inclusions. The rock resembles the 
breccias associated with the Deadwood and Terry porphyries (p. 187). 
The vesicles are largely decomposition cavities. Bowlders a :foot or 
more in diameter, o:f granite or sandstone, occur ~:;catterecl oyer the 
slopes in the basin area inclosed by the Little Missouri Buttes. 
From the summit o:f the highest peak Cretaceous strata may be seen 
on the north, northeast, southeast, and south, 'rery near the porphyry. 
In all cases the bedding appears undisturbed by the erupth·es, and has 
a slight westerly dip. The four buttes are all composed o:f porphyry. 
The rock on the summit is frequently :fused at the edges of joint 
blocks to buff porcelaneous material, probably :fulgurite produced by 
lightning. The Warren Peaks from this summit are more impressive 
than when seen :from lower levels-culminating long slopes which rise 
gently on both sides. Far to the northward the snowy summits of the 
Bighorn Range may be descried. Granite :fragments were included in 
the porphyry mass o:f the western butte, similar to those :fo~nd in the 
breccia at the base of the buttes. The northeastern peak shows some 
columnar structure, with almost horizontal columns, the pentagonal 
column end::; projecting :from the :face o:f the rock. There are also 
ledges trending north and south which stand out like dikes in the 
clefts o:f the rock mass, but they show no e·vidence o:f being litho-
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logically different. The spur extending southward from the foot of 
this peak is covered with rounded bowlders of coarse granite, trap, 
sandstone, and pegn1atite, though none of these occur in the rocky 
talus above, at the foot of the porph,yry wall; evidently the breccia 
lies under the porphyry. 

The Little :Missouri Buttes are four in number, the two northern. 
ones being the highest and the most smoothly rounded in form. They 
are arranged at the corners of a quadrilateral, from one-hal£ to three
quarters of a mile apart, and the porphyry is apparently continuous 
through the whole group except on the eastern side, where a stream 
has cut a canyon through it into the soft agglomerate that underlies it. 
This agglomerate occurs within the area of the Buttes on both sides of 
this stream and south of the southeastern butte. The talus slopes mark 
the contact between agglomerate and phonolite. Fifty feet above 
the gulch between the two eastern buttes occurs buff sandstone show
ing a clip of 7° directly under the northeastern butte, nearly clue 
north. The same sandstone, practically horizontal, appears under 
the porphyry mass on the south side of the gulch. As the soft 
agglomerate occurs at the base of the several hills, especially in the 
central basin, it is probable that the presence of this deep-cut hollow 
in the Inidst of the hills is due to its less resistant character. . 

That the porphyry extended formerly over a much wider area than 
is now shown is proved by the presence of wide, flat accumulations of 
coarse porphyry fragments more than half a mile from the Buttes 
west and northwest. This creeping talus of weathered rock appears 
to have dammed one of the smaller streams on the southwest, and 
there a small pond is seen. The irregular coarse heaps of platy shin
gle with the pond in their midst resemble a moraine. A singular 
curved ridge extends from between the two southern buttes north
westward, consisting of jgneous rock; below it, from a steep cliff at 
its western end, is seen a ridge trending northeast and southwest that 
resembles a dike. It is probable that this is one of the conduits which 
erosion is beginning to reveal beneath the porphyry. 

The Little l\1issouri .Buttes are encompassed by streams ~orth, 
south, and west, which show traces of radiation and irregularly encir
cle the. porphyry mass. The southern strean1 enters the Belle Fourche 
at an abnormal angle, forming with it a barbed junction. The Buttes 
reach their culmination in the northwestern peak, which was deter
mined by the Newton survey to rise 5,563 feet above the sea. The 
northeastern hill comes next in height, while the southern ones are 
more elongate and lower. Probably the high northwestern peak bears 
the same relation to the others and to former peaks above the wide 
western talus that the central point of Custer Peak and the vVoodville 
Hills bear to their outliers (see pp. 274, 277). 
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:llATO TEEPEE • 

.Dntinage.-l\llato Teepee, on careful examination, exhibits many 
laccolithic characters, whi1e in detail it shows close geolodic rela
tionship to Little MiHsouri Buttes. A strean1 encircles the tower on 
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FIG. 96.-Radial cross sections from ~{a to Teepee. 

the north, taking· its rise in a basin under the Lower Creh ceous bench. 
A similar stream encircles the southern end of the Jurassic platform, 
the diYide between the two streams being a gently sloping sinuous 
ridge that extends to the foot of the Little l\Iissouri bench. This 
bench, with the spurs that run out fr01n it northeast and south, is 
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singularly symmetrical (as shown on the map and in fig. 95) in the way 
in which it forms a semicircle about Mato Teepee as a center. To the 
east of the tower the Belle Fourche trunk stream has moYed, probably 
by monoclinal shifting, down the gentle west dip of the soft Red Beds 
directly to the base of the tower, and its action is undercutting the 
Jurassic platfoi·m in a straight line parallel to the strike of the ~1esozoic 
beds as a whole. · 

8t?·atigra.pAy.-Mato Teepee is underlain by Jurassic beds strati
graphically and topographically lower than those on which the Little 
~1issouri Buttes rest. The latter loom to the westward high above 
the tower, resting upon the Lower Cretaceous sandstones which form 
the long. horseshoe bench, the top of which is on a level with a point 
not far below the top of the tower. 

A hundred yards northwest of the tower, following the narrow 
divide between the encircling streams, a white fine-grained quartzite 
outcrops in the characteristic greenish soil of belemnite 'shale (fig. 96). 
A hundred yards farther west along the divide a shell bed (Tan
credia) occurs, canTing concretions and dipping due south about 48°. 
Above and below are green shales, and the strike of the outcrop seems 
to curve. A little farther west oyster beds appear, dipping 34°, N. 
35° ''T·; but these beds followed west along the strike becon1e more 
nearly horizontal under the Little Missouri bench of horizontal strata. 
At the foot of this bench are green and purple clays capped by buff 
sandstone. A section up the slope shows progressively green shales, 
oyster beds, red clays, a second green shale bed carrying many large 
belemnites, and then thick buff sandstone of slight northerly dip. The 
greater part of the bench is made up of white and buff Lower Cre
taceous sandstones. The oyster beds mentioned may be followed along 
the base of the cliff, showing dips varying from ~N,V. at a very high 
angle (45°) to S,V., N,V., SE., all in a distanee of a few hundred feet. 
Such variations are entirely localized and independent o.f the general 
structure of the Jurassic strata of the region, and the n1ost careful 
examination of the localities where these aberrant dips were found 
failed to show any evidence of disturbing igneous intrusions or other 
sources of violent deformation. It is believed that .these dips are 
induced locally by erosion, the soft red beds being washed out from 
beneath in the adjacent gulches. 

The accompanying sections (fig. 96) show the structure of the platform 
beneath Mato Teepee, which in general consists of level-bedded Juras
sic sandstone, marls, shale, and quartzite; any variations from hori
zontality being rather of the nature of dip toward the tower than away 
from it (Pl. XXVIII). This again is probably due to the great weight 
of the tower pressing down the beds and squeezing out the soft red 
clays that have been exposed by erosion in the encircling valleys. N. 
25° vY. from the tower about 1,000 yards occur two quartzite ridges 
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showing scattered fragments of quartzite on the side toward the tower, 
but without sufficient outcrop to give clear evidence of dip. About 
the same distance N. 55° \V. in the gulch the buff standstone appears, 
dipping 2° due north. Two hundred yards due north of the tower 
there is an outcrop of quartzite very fine in texture, so as to appear 
almost like flint, of gra}r color, with a vertical lamination trending 
east and west, and 25 yards nearer the tower adjacent to the quartzite 
occurs a large mass of porphyry that appears to be an outcrop. On a 
small knoll N. 75° E. of the tower, only 30 yards from the porphyry 
talus, directly at the foot of the great basal bench, there is an out
crop of quartzite carrying fossil fragments of silicified wood, and this 
quartzite is abundant here in the tangled roots of fallen trees, indicat
ing that this bed is the uppermost member of the Jurassic strata that 
underlie the eruptive mass. If there were any upturning about a 
vent there would be lower beds exposed here. This quartzite undoubt
edly occurs higher than the belemnite shales that cover the ridge on 
the i:iouthern side of the tower. The quartzite varies, in places con
sisting of distinct clastic grains, and elsewhere being of fine-grained 
aphanitic texture. The platform bench northeast of the tower is not 
so long as on the southwest side. It extends northwest for some 2,000 
yards, and the greenish belemnite shales here crop out below the 
quartzite. In a large ant-hill composed of coarse grit were found 
many small fragments of young belemnites. The best point of view 
for observing the synclinal sag, under the tower, of the buff Jurassic 
sandstone that is the principal cliff maker in the bench is the road near 
Ryan's ranch, on the eastern side of the Belle Fourche Valley. From 
this point the great talus of porphyry fragments that extends from 
the tower to the very border of the stream may be best observed, and 
on either side the sandstone is seen to dip inward gently'~ forming a 
V -shaped sag of wide angle in which the apex is immediately below 
the great columns. 

The Jurassic section is approximately as follows, from the tower 
down: 

Quartzite. 
Tancredia limestone. 
Smoky, fine-grained limestone. 
Belemnite shales. 
Oyster bed. 
Bluff of tender buff 8andstone (sometimes pink). 
Green shale8. 
Thick shell bed, forming a hard band. 
Buff marl. 
Gypsife:J:DUS red beds (mRrl). 

Structw'e of the tower.-The tower· is sharply divided at a point 
more than a third of the distance from base to summit by a line that 
marks the beginning of the columns and a bench formed b:y the upper 
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limit of the massive uncolumnar base. This massive lower portion is 
jointed variously, showing sometimes a :flat, vertical, rough lamellar 
parting and in other places irregular joints (Pl. XL). It contains not a 
trace of the perfect columnar habit of the upper portion, which is seen, 
however, to merge into the lower portion locally where the columns 
curve out and are lost in the massive bench. On the SSW. corner the 
basal mass rises to a height of from 40 to 50 feet above the talus, 
and a narrow columnar baud resembling a dike extends downward 
and outward into the base from _the curved lower portion of the upper 
columns. This ·band is about 40 feet wide. Seen from this side the 
upper columns slope back about 4° or. 5° from the vertical on the 
western side of the tower and 10° to 12° on the eastern side. On 
the southwest face of the tower the columns make a curve outward, of 
long radius in a western direction at the base, ending in a horizontal 
position at the bench that marks the top of the massive base. This 
base or pedestal extends all around the tower and is nowhere entirely 
concealed under debris. The .columns are marked horizontally by 
faint ridges or swellings that give to the rock locally an appearance 
that resembles bedding. This is most marked in the upper quarter, 
where there are a number of overhanging columnar masses left with
out support below because the straight and upright lower portions 
have fallen out, leaving clinging remnants above. The upper part is 
cross jointed and irregularly cracked, as though more weathered. 
The whole mass has a yellowish-green color, produced by lichens. 
The summit is :flat above and slopes gently on the eastern side, falling 
off at a sharp angle on the extreme east corner and becoming vertical 
below. The western face is a vertical columnar cliff to the highest 
summit. Many of the columns appear in place~; to be large hexagonal 
or octagonal masses above, but where broken away below a single 
column becomes divided into a double or triple fluting that resembles 
a gothic pillar composed of independent pentagonal pieces. Many of 
the columns unite above to a single larger column, in groups of two 
or three, precisely like solidified columnar starch. On the south side 
the columns diverge downward east and west, with straight medial 
members (Pl. XXXIX). The base of the eastern curving columns is 
here overlapped by massive shells or lamin::e. 

Single columns found scattered in heaps about the outer margin of 
the talus at the base of the tower average 6 feet in diameter and have 
pentagonal or weathered roundish cross section. In one place a single 
column, resting in its niche on the tower's face, was seen to be divided 
into five separate blocks, like a masonry pillar, and this was supported 
below by a half column, split longitudinally, occupying a downward 
continuation of the same niche. In another case seven columns, 
together in a bunch, had fallen away below, but were still clinging 
above. The rock that forms the massive base was carefully examinecf 
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at many points in comparis0n with the rock of the fallen columnar 
fragments, and no positive difference in texture could be seen. The 
rock was carefully examined for inclusions, and some ba::;ie aggregates, 
large broken feldspar n1asses, and a substance resembling diorite were 
found etnhedded in the coarse porphyry, but no granite or other rocks 
characteristic of the agglomerate were found in the Mato Teepee por
phyry, though large granite fragments are quite abundant in the 
porphyry of the greater peak of Little lVIissouri Buttes. 

Jfato Tee_pee agglomerate.-At the foot of the tower on the WS,V. 
side, imn1ediately below the n1ain talus and encircled by porphyry talus 
slides, is a small rounded grassy hill strewn with rounded subanguJar 
or irreg·ular fragments of granite, limestone, Jurassic sandstone, Cam-. 
brian quartzite and glauconitic sandstone, purplish rhyolite, a little 
slate or schist, black shales of two varieties, flint, and coarse pegma
tite. This extraordinary accumulation of fragments was found to be 
an agglomerate similar to the one that underlies the porphyry of the 
Little l\lissouri Buttes. It here outcrops only in this small elliptical 
spur or hill, about 150 yards in length, trending S. 72° ,V. from the 
tower, and completelJT surrounded by bowlder slides of talus material 
that unite below the foot of the agglomerate hill and extend down the 
gulch into the valley. How much more of this agglmnerate may be 
present under the talus it is impossible to say; but it is significant that 
on the opposite side of the tower the Jurassic quartzite is found to 
within a stone's throw of the foot of the steep talus, and no trace of 
the agglomel'ate occurs, nor was this agglomerate found anywhere else 
about the tower. A trench was excavated in the hill i,1 order to obtain 
specimens of all the £ragmen ts and of the matrix, the last appearing to 
be a decomposed porphyry. The most conspicuous fragments of the 
agglon1erate are granite, in either rounded or angular forms, varying 
in Hize from small pebbles to bowlders 1 or 2 feet in diameter. The 
rounded fragments have a somewhat faceted character, unlike the 
smooth polish of stream-rolled material. A limestone bowlder of 
characteristic Carboniferous habit, containing spirifers and other fos
sils, about a foot in diameter, was found to be encased in a shell half 
an inch thick, which could be broken away, parting smoothly from the 
rounded surface beneath, as though the mass bad been subjected to 
calcination by heat. Except for the greater variety of contained frag
ments, this agglomerate is essentially like the one found in the Little 
1\Iissouri Buttes and those of the eastern laccoliths. Excursions were 
made over sections through the platform in directions radial to the 
tower as a center, south, southwest, west, northwest, northeast, east, 
and southeast, and also completely around the foot of the tower and 
up to the top of the massive pedestal in two places, without disco\er-. 
ing any other outcrop of the agglomerate. Some ·of the sandstone 
iormations represented in the agglomerate ha\e a crust in which no 
individual sand grains can be seen, and thi::; appears to be the product 
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of fusion. 'Vest and northwest of the agglomerate hill Jurassic strata, 
t:;howing horizontal bedding, outcrop in the gulch, and apparently lie 
directly beneath the weathered agglomerate. 

On the southern end of the platform.a hundred yards from the base 
of the tower there is a wide, flat, rounded porphyr.y knoll, exposing 
some 30 to -!0 feet of surface that appears to be an outcrop in place. 
S. 35° E. from the tower, at a distance of 30 feet, there is a faint 
swell or ridge in the talus, and an expo~ure of massive porphyry 
forming a steep cliff. This also shows every evidence of being in 
place. The faint elevation here observed in the accumulated jumble 
of bowlder~ at the tower's base seems to be a persistent character on 
all sides, the fragments forming an ill-defined annular ridge, separated 
from the wall talus at the base of the tower by a faint depression 20 
to 30 yards ii1 width. It it::i probable that this ridge has been pro
duced by the rebound of large fragments striking the pedestal or the 
wall talus and being forced outward so al:l to fall in a ring away from 
the immediate base of the masl:l. It il::i noticeable that the fragments 
of columnar material are more abundant in this outer ridge, while the 
inner talus is composed of flakes from the pedestal and smaller blocks 
of irregular form. This i::; to be expected, as the huge column::; f&ll
ing from a height and n1eeting obstruction in the projecting pedestal 
necessarily must bound or roll away for some distance (Pl. XL). 
It. must not be imagined, however, that this arrangement is in any 
sense symmetrical or even striking, for the jumble of bowlder~ is in 
many places confused and entirel3r disorderly. 

The J\ilato Teepee agglomerate contains in abundance two varieties 
of carbonaceous shales, the one breaking in small rectangular blocks 
of dark gray color, the other in soft, flat, coaly laminre. Such shales 
arc not known to the writer below the Lower Cretaceous and Benton, 
terranes which are stratigrapldcally kig l~e'J' than the present location of 
tlte brecda. ' This il:l very strong evidence in favor of the ~Iato Teepee 
intrusion being an offshoot from the Little l\tliseouri Buttes, for the 
latter were probably intruded in Benton carbonaceous shales. The 
identity of the Little Missouri and :Mato Teepee breccias is unques
tionable; they contain the same kinds of fragments, and their matrices 
are not essentially difl'erent. The mat~·ix of the ~Iato Teepee breccia 
is too soft for slicing; the powder under the microscope resembles a 
granite arkose, and granitic material is most abundant among the 
coarser fragments. This granite, brought up from the depths, is 
either Archean or an intrusive in the Algonkian. It is different 
fron1 the ~igger. Hill or Harne3r granites, and resemblet::i rather the 
Archean granites of the Rocky Mountains. The powder carries 
much kaolin, quartz grains, brown mica, and occasional transparent 
feldspar flakes. The quartz grains are broken or have a faceted sur
face, suggesting corrosion. 

Lt:ttze .1t£issmtri agglomendr:.-The Little ::Missouri agglomerate is 
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sufficiently hard for thin slicing. The 1nicroscopic section shows small 
angular fragn1ents, reaching a maximmn of 1 to 2 millimeters in diam
eter~ of quartz, orthoclase, microcline, pieces of fine-grained porphyry 
with &girine, Inagnetite, and calcite, in an earthy brown groundmass. 
The groundmass, when examined under a high power, is seen to con
sist of a nearly isotropic base with specks of brown iron oxide. Here 
and there transparent portions of the base show a faint felty polariza
tion. Ferromagnesian constituents in general are not preserved; there 
are one or two doubtful cases that may be idiomorphic outlines of an 
orig·mal hornblende or augite crystal, preserved by paramorphic 
masses of calcite. The thin section shows no evidence of true vesic
ular structure. The hand specimen is very porous, but this is due to 
the dissolving out by weathering of carbonates, etc., from pseudo
amygdules, probably largely marking the loci of former bisilicates. 

Evidencesfm' laccolitAic origin of Hato Teepee.-It is probable that 
these breccias were the first and most :fluid injections of a magma 
which rose rapidly and with some violence through fractures from 
Algonkian to Cretaceous. The conduits were dikes now nearly con
cealed under the Little Missouri Buttes. The laccolith spread south
eastward in Benton shale, met an opposing northwest dip off the 
\Varren Peak flanks~ broke downward through the Lower Cretaceous 
sandstone, and formed a subordinate Mato Teepee laccolith in soft 
Jurassic strata. 1 

Seen from the valley of the Belle Fourche~ at the base of the tower 
mi the south (Pl. XXXIX), the Jurassic strata beneath the tower 
appear absolutely horizontal. These strata are massive buff sandstone 
above, and clay~, marls, and lilnestones below. The columns from 
this point of view show best thei:t tendency to :flare outward. ·As this 
flaring is symmetric rather to a point within the tower than to an axial 
direction, it is probable that the tower represents nearly the center of 
the original lens. 

The massive ba~e bears the same relation to the columns as the 
medial portion of the dikes figured in Pl. XXXIII. \Vere it exactly 
the equiYalent of the dike, we should expect other columns below, the 
massive portion being in the middle. It is probable that the presence 
of a muddy breccia as a lowest stratum for the laccolith interfered 
with the development of basal columns, and probably also the action 
of gravitation n1akes the contraction expend itself less symmetrically 
in a horizontal lens than in an upright dike. The pre!::lent upper sur
face of 1\-Iato Teepee is sn1ooth and possibly repre::;ents nearly the actual 
upper contact, from which the shales have been weathered away. 

The geologic section (Pl. XXXVIII) shows an ideal reconstruction 

1 Judd has figured a sill of basalt in Skye, which breaks downward across stratA. after spreading 
along a higher horizon. Yolcanoes; Internat. Sci. Series, Appleton, 1881, fig. ~6. 



U. S. GEOLOGICAL SURVEY TWENTY-FIRST ANNUAL REPORT PART Ill PL XL 

MATO TEEPEE, FROM SOUTHWEST END OF JURASSIC PLA T FORM. 



JAGGAR.) MATO TEEPEE. 265 

of the original laccolithic masses. lVIato Teepee "'as simply a sill or 
subordinate lens from the Little Missouri Buttes laccolith. The 
encircling drainage fayors the hypothesis that the Mato Teepee mass 
was lenticular, so that streams became adjusted about the peripheral 
slopes. Possibly the conduits of Little n1issouri Buttes were inclined. 
to tlie east from the vertical, so as to inject the magma in the direction 
of ::\1ato Teepee. The injection was thus eastward, toward vVan·en 
Peaks-i. e., in the same direction as those which formed the Sun
dance Hills, on the oppo::-ite side of the Bearlodge Range. Injected 
southeast th1;ough beds gently dipping away from vY arren Peaks, the 
spreading igneous rock, as usual, truncated bedding planes obiiquely, 
so that the first injections charged with brecciated material reached the 
Mato Teepee region at a horizon lower than that of the conduit. The 
soft breccia probably had its greatest development in the region between 
Mato Teepee and the Little Missouri Buttes, hence those portions of 
the laccolithic mass occupying this intermediate region were the first 
to be eroded away. The presence of this undermining breccia 
accounts for the steep walls of Mato Teepee and Little Missouri 
Buttes. It is probable that the persistence of Mato Teepee at all is 
due to the fact that it represents the most perfectly columnar portion 
of the original laccolith, and the spread of the columns at the base is 
architecturally necessary for the maintenance of the shaft. The tower 
may thus be considered a geological case of "survival of the fittest." 

The proofs that Little Missouri Buttes were the main laccolith of 
which :Niato Teepee was a subordinate offshoot, may be summarized as 
follows: The Little Missouri Buttes form the larger mass today, 
encircled by the larger strean1s, and show evidence of conduits beneath 
in the shape of dike ridges, a large mass of breccia at the base, irreg
ular and horizontal columns, and inclusions of granite in porphyry. 
Mato Teepee shows evidence of smaller size and lenticular form in the 
arrangement of the smaller encircling streams, and shows only a little 
of the breccia at the base, and that on the side of the Little Mis8ouri 
Buttes; the breccia contains fragments of black shale from the Little 
lVIissouri Buttes horizon; the vertical columns give evidence of an 
extended horizontal upper cooling surface, and the Jurassic beds below 
give evidence of a horizontal basement; flat porphyry outcrops on the 
Jurassic platfonn give evidence of former greater horizontal extension 
of the 1\tlato Teepee porphyry; entire absence of dikes or deformed 
sediments indicates that the porphyry came into its present position 
through lateral conduits from the greater mass. 

Other hypotheses._:_There are three other hypotheses for the origin 
of ~1ato Teepee that should be tested: (1) ~fay the conduit be in the 
slopes of the Bearlodge Range to the southeast~ (2) May these 
eruptives be extrusiye la,~as? (3) :31ay the conduit lie beneath the 
tower? With regard to the first possibility, the slopes of the Bear-
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lodge Range were crossed in two directiont. by the writer and no 
trace of igneous rock of the ~fato Teepee type was found. There 
are undoubtedly sills in J urasl:iic strata far up the slopes, near the 
"'\V arren Peaks, but the rock shows no re~emblance to that of ~fa to 

·Teepee, and the distance is at least 10 miles. The smne strata recur 
between, without intrusions. The second alternative nmy be quickly 
dismissed as unworthy of serious consideration. The only feature 
resmnbling an extrusive lava is the Little }fissouri breccia. Similar· 
porous breccias occur in twenty places in the Deadwood and Terry 
districts associated with unquestionable intrusives. The rock of ~Iato 
Teepee is similar to many phonoliLeS in the Terry district that were 
unquestionably pre-Oligocene, and if the Mato Teepee laccolith was 
conten1poraneous with them it was covered by at least 4,000 feet of 
strata at the time of its injection. The evidence from physiography, 
frmn petrography, and fron1 geology points to intrusive origin. The 
third question has been answered in the last paragraph; the 1nost con
clusiye evidences against a subjacent conduit to the Mato Teepee mass 
are the presence of black shales in the agglomerate, the undisturbed 
horizontal beds which the tower rests upon, and the vertical columns. 



CHAPTER III. 

PHYSIOGRAPHIC FORl\I OF ERODED DOl\IES. 

There are few localities where the consistency of individual strata so· 
obviously produces characteristic erosion forms as in the Black Hills. 
Attention has been called to the characteristic benches or taluses, 
escarpments or valleys, that belong to each formation. Hard rocks 
make the mountains; soft rocks make the valleys; the great plains, 
relatively a lowland, are composed of very gently dipping soft rocks. 
In order to trace out the history of present-clay topographic forms 
produced by laccolithic intrusions, the important geologic features to 
be considered are distribution of ha~·d and soft strata, their thickness 
above the eruptives at the time of intrusion, the effect of that intrusion 
on the initial surface, and the relation of intrusion to the greater uplift 
that initiated or modified the greater drainage. 

DISTRIBUTION OF HARD AND SOFT STRATA. 

Distribution of hard. and soft strata in vertical column (fig. 60 and 
Pl. XIX) has already been discussed in connection with the selective 
action of intrusive magmas, which spread most easily along the shales . 

. The members "competent" to resist deformation are equally compe
tent to resist erosion. The porphyry itself is perhaps most resistant; 
next, the great limestone; third, the Permian limestone (Minnekahta), 
a wonderfully persistent scarp maker, despite its thinness. Both the 
Minnelusa and Jura-Cretaceous formations make hills and ridges, and 
Niobrara limestone forms conspicuous buttes above the soft shales of 
the plains. 

Between the hard members occur soft, e'rodible shales which progres
sively increase in thickness upward cortcomitantly with a similar 
decrease in the hard beds. Aboye the Cambrian shale horizon of intru
sion there are in general three strong, hard members and three soft. 
The hard ones are the Siluro-Carboniferous (900 to 1,500 feet), Jura
Dakota (600 to 1,000 feet), and Niobrara (500 feet); the soft members 
are the Permo-Trias (300 to 400 feet), Benton (500 to 800 feet), and 
Pierre (2,000 feet), and above are incoherent Upper Cretaceous and 
Laram~e beds. 

The thickness of strata above the intrusives (p. 185) may have been 
between 5,000 and 8,000 feet, if the intrusion took place in Eocene 
time, and it has been shown that g·eologic evidence favors uplift of the 

21 GJ<JOL, PT 3-01--19 267 
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Black Hills at the same time. Some deformation by folding took 
place, and this was complicated by the pot:phyrie~:5 into what may be 
aptly called pustular deformation, to use Newton'~ word, without, 
however, implying superficial action. The igneous bodies were sepa
rated by interdome synclines with axes, in many cases, trending radial 
to the greater Black Hills uplift. 

UPWARD ABSORPTION OF DOME FLEXURE. 

From the elongate oval or elliptical dome of the Black Hills that 
extended for more than 100 miles, warping up Cretaceous and perhaps 
early Tertiary strata, sti·eams poured down the slopes and flowed away 
to the sea, from the moment the arch was exposed to rainfall. Such 
streams had courses radial to the uplift, consequent upon the initial 
slopes. If there was no actual initiation of drainage, and the uplift 
went on pari passu with the ero:-;ive action of an already existent river 
system, the evidence from the present drainage shows nothing to 
prove it. The most conspieuous features of the greater streams at 
the present time are their avoidanee of the uplift and their deflection 
around it north and south, the radial courses of the streams whieh rise 
within the uplifted area, and the deeper erosion, into the flanks of the 
dome, of the eastern streams-i.e., streams of greatest fall from source 
to junction with the Platte and Cheyenne rivers. To what extent 
were the first consequent streams influenced by dome-shaped masses 
of intrusi,,e rock in strata 6,000 feet below them? 

In diagrammatic reconstruction of domed strata the beds are wmally 
represented as maintaining uniform thickness around the bends. 1 'I'he 
same rule is frequently followed in representations of folded strata. 
It will readily be seen that such construction entails radial enlarge
ment of a fold trani:imitted from a thin stratum below to a thick one 
above; logically, with such construction, the upper stratum will have 
greater dip length than the lower one, and is so represented. In other 
words, a small curve in the depths can be constructed to· transmit a 
great curvature to the surface a thousand feet above. Certainly such 
a construction has no foundation in observed fact. In miniature and 
on a large scale folds diminish in size upward by lateral absorption of 
motion. Willis has shown that the transmission and size of a fold are 
dependent on the rigidity and thickness of strata involved. Massive 
lin1estones under load bend; thin-bedded ~:;hales flow, fault, and crum
ple. Shales involved in and above a dome of limestones pushed up 
from below become stretched and thinned on the arch, while they 

1 Geology of the Henry :\fountains, by G. K. Gilbert, 1880; frontispiece, figs. 8, 9, 18, 73. 
Cross sections showing Mount Holmes bysmalith, by J.P. Iddings: Mon. U.S. Geol. Survey, Vol. 

XXXII, Part II, Pl. V; Jour. Geol., Vol. VI, 1898. 
Contrast with these Hesperus Mountain and La Plata Mountains, W. H. Holmes: Hayden Survey, 

1875, Pl. XLV, opposite page 271. Holmes clearly perceived the tendency of domical curvature to 
diminish upward. 
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thicken and crumple in the sag. In soft clays there is probably a 
certain amount of squeezing flow. Evidence that such thinning of 
clays over laccolithic arches actually took plaee is abundantly shown 
in the crushed Red Beds on the flanks of Elkhorn, Crook Mountain, 
Crow Peak, and Bear Butte. The result of such failure of soft beds 
to transmit doming is a gradual dying out of the dome upward 
(figs. ·75 and 98), in the same way that a monoclinal or anticlinal fold 
or a fault may die out. The rapidity of absorption will depend upon 
the softness of upper beds; as the Black Hills section becomes pro
gressively softer upward the conditions are the more favorable for 
absorption of .flexure in small vertical distances. 

The manner in which doming dies out, and the relative distribution 
of hard and ~oft beds, i:s shown in fig. 98 (p. 277). There is some direct 
field eyidenee of absorption of dome flexure. Rapid diminution in dip 
of flanking beds upward on the side of a htccolith shows within a few 
hundred feet of strata aJ diminution in e.urvature. This is clearly shown 
on the south· side of Crow :J;>eak, the west side of Kirk Hill, and· east 
of Bear Butte (figs. 83 and 93, Pl. XXX). Such diminution in dip is 
conspicuous in laccoliths having most intense dome flexure. 1 Another 
evidence is presented by Cir;cus Flats; the outcrop affected by the sub
terranean doml3 is hardly larger than Bear Butte (Pl. XXX). By 
analogy with other subordinate laccoliths, Bear Butte is much smaller 
than the underground main laccolith of which it is an offshoot. The 
Circus Flats ellipse in Benton shale has probably not more than half 
the diameter of the laccolith beneath. Lastly, miniature domes and 
lenses in Cambrian shale (figs. 65, 66, 67) show absorption of the 
flexure which they cause, a few feet above, and similar effects are pro
duced by laboratory experiment (Pl. XLIII). 

EROSION STAGES REPRESENTED IN THE BLACK HILLS. 

Attention has been drawn to the evidence by analogy shown in the 
several stages of erosion from covered dome to uncoyered laccolith, 
that in part demonstrates the originally intrusive character of all of the 
younger porphyries o:f the Black Hills. Six cases have been selected 
(Pl. XLI) which illustrate the progressive denudation of the laccolith 
and the arrangement assumed by the drainage which throughout the 
several stages has served as transporting agent for disintegrated 
material. The six types are Elkhorn Mountain, Crook Mountain, 
Citadel Rock, Kirk Hill, Crow Peak, and Pillar Peak. Two others 
should be added to this list: Circus Flats (Pl. XXX) and Mato Teepee 
(Pl. XXXVIll). 

I Compare cross section of Mount Hillers, fig. 26of Gilbert's Henry Mountains; also sections of Thun
der Mountain, fig:-!. 44 aud 45 of Weed and Pirsson's Little Belt :\fountains: Twentieth Ann. Rept. 
U. S. Geol. Survey, 1900, p. 3G5. 
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CIRCUS l'LATS. 

Circus Flats represents the earliest stage of laccolith erosion in the. 
region of the Black Hills. The buried eruptive dome has deformed 
strata up to and including Benton Cretaceous. Small streams radial 
on the dome of Dakota sandstone have shifted until that northern 
stream, which has greatest fall to its junction with Spring Creek, 
has mastered. the others and eroded out a hollow in the center of the 
dome on soft Triassic red marls (Pl. XXXII). Subsequent streams 
concentric to the dome follow annular valleys on soft beds, and the 
greater stream, Spring Creek, turns aside to encircle the dome on 
the east and north, following Benton shale and avoiding Dakota sand
stone. The initial course of this greater stream was northeast, off 
the Black Hills uplift. The initiation of such drainage took place 
when the Black Hills were first Sl'lbjected to atmospheric erosion. How 
such erosion came about is not known, whether from recession of an 
Eocene lake or by rainfall which continued while the uplift took place. 
That the streams flowed radial to the uplift is amply shown by their 
present distribution. . The drainage features of Circus Flats may be 
summarized as follows: Deflection of a trunk stream superposed upon 
the dome through a thickness of several thousand feet, now eroded 
away; local development of radial branch streams on a hard stratum; 
local mastery by one of these streams within the area of the dome; 
development of concentric subsequent strean1s on soft strata: a hill 
has been converted into a basin surrounded by a horseshoe-shaped' 
ridge, and drainage radial outward has become radial inwar~. 

ELKHORN PEAK. 

In Elkhorn Pea~, higher on the flanks of the Black Hills, erosion baR 
carried away the upper beds, and the soft Red Beds form here a valley 
around a hard Minnelusa sandstone dome which stands in relief. The 
sandstone dips away from the summit on all sides, and is incised by 
erosion n10st deeply on the southwestern side, but in no case is the 
underlying gray limestone exposed. Minnekahta limestone forms 
revet crags on the flanks, with steepest dip on the east and southeast. 
Above it the Red Beds have be.en closely compacted within a synclinal 
fold southeast, where a narrow valley separates Elkhorn Peak from 
hills of Jurassic and Cretaceous strata. On the northern, western, 
and southwestern sides Minnekahta limestone passes by gentle curva
ture under the broad Red Valley at Centennial Prairie. The drainage 
on the slopes of Elkhorn is chiefly radial, small gullies of subsequent 
development tending t~ follow the soft layers, producing in many 
cases a rectangular system. Larger streams, as in the case of almost 
all the laccolithic domes of this region, form an encircling valley 
about the base of the mountain in soft red Triassic marl. \Vben 
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Elkhorn was formerly at the Circus Flats stage these streams flowed 
in an annular valley within the Dakota escarpment. They have shifted 
down the monoclinal dip along easily eroded Red Beds. 

From the slopes of Elkhorn Mountain small streams radiate with 
wonderful~?ymmetry, nnd the dipping strata indicate a quaquaversal 
almost diagrammatic in its regularity. The presence of Permian 
limestone as the highest flanking stratum lends a special beauty to the 
symmetry of' the mountain. This limestone, characteristically from 
30 to 40 feet in thickness and uniform on all sides of the Black Hills, 
underlain by 90 to 100 feet of soft red sandstone and clay, forms 
habitually a gentle dip slope ending in an abrupt escarpment, and 
drainage radial from the hills cuts V -shaped gateways through it that 
are among the most picturesque features of the region. In the same 
manner small gateways are cut through this limestone where it encir
c1es smaller laccolithic domes, and this has been figured and mentioned 
by Russell 1 in his description of Little Sundance dome. Elkhorn is a 
repetition of Little Sundance dome (Green Mountain), and these cov-: 
ered laccolithic domes are by no means exceptional. 

South and east lies a portion of the Red Valley, through which Polo 
Creek flows northward, its channel falling within the rampart of the 
Permian limestone for a· mile along the western base of the mountain. 
The geologic structure east of Elkhorn is a broad syncline, while on 
the southwest side the beds have a gentle monoclinal dip northeast, 
interrupted by the buried laccolith. Within the small area shown 
(Pl. XLI, .fig. 1) the regional dip of the strata is uniformly northeast
ward. Polo Creek has a northeast trend, but on reaching the dome it 
bends northwest and then resumes its northeasterly course. The 
striking characteristics, in brief, of the Elkhorn drainage are, first, 
radial rills; second, encircling branch streams; and third, diversion 
of the trunk stream from its course by the covered laccolith. The 
crescentic escarpments of Permian limestone show the structure which 
suggested to Newton the simile of a puncture upward through a 
bundle of paper by a sharp-pointed pencil. 

CROOK MOUNTAIN. 

Crook Mountain shows drainage features similiar to those of Elk
horn, but erosion on the north west side of the dome bas revealed Car
boniferous limestone under the Minnelusa beds. Permian limestone 
does not completely encircle the mountain, but has been carried away 
by the headwaters of Sandy Creek, and for a distance of a mile and a 
half it has been removed by the active erosion of lower Snndy Creek 
and vVhitewood Creek, the latter being the trunk stream which skirts 
the northwest flanks of the 1nountain. The geologic structure is 

1 Igneous intrusions in the neighborhood of the Black Hills of Dakota, by I. C. Russell: Jour. Geol., 
Vol. IV, p. 29, and Pl. I, fig. B. 
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somewhat more irregular than in the ca::;c of Elkhorn, Sandy Creek 
occupying a synclinal valley between Crook Mountain and a laccolith 
to the southwest, and Crook Valley on the east is the northern 
appressed extension of the Boulder Park syncline. 

The drainage features repeat the small concentric rills~ the radial 
smaller streaJn:-:;, and the encircling larger stream:-:;. The largest stream 
of all, however, again as in the case of Elkhorn, does not remain out
side of the Permian limestone ra1npart on the soft reclmtLrl, but has cut 
its channel into the i:lide of the dome, carving out a deep canyon in a 
lower formation. \Vhitewood Creek is one of the master stream~:; of 
the region, having in general, like Polo Creek, a course consequent 
upon the greater northeast slope of the Black Hilh; uplift, but it shows 
at several points evidenee of stream capture and diveri:lion due to conl
plications occasioned hy irregular dil:itribution of hard and soft beds. 
In hoth this cai:le and that of Elkhorn there is a strong suggestion that 
these greater :-:;trcams were superimposed upon the laccolith from a 
position unatfeded hy the doming when their channels lay stratigraph
ically higher. Both of them arc deflected from a course that higher 
upstrean1 approachns tho dome directly. In the case of Crook :\foun
tain, if this course were continued through the mountain it -would cross 
the summit; in the case of Elkhorn it ·woul<i cut off a con:-:iderahle 
portion of the northwest flank. 

In Spiegels Gap, on tht> north-west side of the mountain, a re\-ersnl 
of drainage through one of the :\-Iinnekahta limestone g-ate-ways has 
produced one of the most remarkable topographic <·uriosities in the 
Black Hills. The Reel Valley n1akes an abrupt bend northwPst of 
Crook :\Iountain, and the Reel Beds are compressed into vci·y narrow 
limits on the flank:-; of th~~ an·h. The Permian limestone here formf-3 
the crest of an escarpment that r.ises 400 feet aho\·e the hott01n of 
''7 hitewood Canyon. The small strea111 occupying the narrowed Reel 
Valley outside of the escarpment joins \Vhitewoocl Creek at Crook 
City. The usual V -shaped gateways through the limestone gi,·e eyi
dence of a former radial drainage from Crook :\Iountain into the Red 
Valley, but 'Vhitewoocl Creek, after cutting its deep gorge in the 
flanks of the dome, has rm·ersed all these stream:-o, and Spiegels G~p, 
the most conspicuous of the V -trenehei:l, appears like an artificial 
notch or gash; the overhanging scarp within extends to the bottom of 
the notch, and within the V the slope is \·ery :-;teep inward toward the 
mountain. extending down to the bottom of the canyon. 

CITADEL ROCK. 

In the case of Citadel Rock a laccolith crest has been revealed by a 
single radial stream gaining the mastery on a dome of the Elkhorn type; 
annular valleys have been eroded out through :\·Iinnelusa sandstone, 
gray limestone, Silurian, and Cambrian to the porphyry intruded in 
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Cambrian shales. Compared with Circw5 Flats, Elkhorn Peak, and 
Crook Nlountain, progressively, the actual elevation of the Citadel Rock 
laccolith is found to be the highest. Relative to a common base-level 
as members of a single erosion grade, Citadel Rock should be eaten 
more deeply than Crook Nlountain, the latter more deeply than Elk
horn, and Elkhorn than Circus Flats. That sueh is the ease is made 
clear by comparison of the several sections constructed in natural 
proportion and with a common base line 3,000 feet above the ~ea (Pl. 
XLI). 

Citadel Rock ::stands as an isolated n1onolith with vertical walb on a 
spur that projects into the midst of a circular basin, above which rises 
a ring-shaped escarpment of limestone 200 feet higher than the top of 
the Rock and from 400 to 600 feet above the gulches cut in porphyry 
that encircle it. The two encircling gulches are superposed upon the 

Fw. 97.-Cn'tPr l'eak and Woodville Hills irom Bald l\fonntair. 

porphyry from former concentric subsequent ~;tream The dip of the 
porphyry-Cambrian contact on the crest of the dome wa~:; insufficient 
to carry the drainage down the porphyry slope by Inonoclinal~:;hifting. 
The result is an inherited annular drainage on the porphyry. 

The annular drainage of Citadel Rock is not confined to the small 
streams within the core. A portion of Higgins Gulch partly encircles 
the laccolith on the west side, and other small stream~:; curve around it 
in Carboniferous horizons on other sides. Such streams may shift 
down the clip along soft beds either by capture or by monoclinal shift
ing until the clip becomes insufficient to produce such shifting. The 
final result will be a series of encircling streams about or upon a 
laccolith remnant, and these mark the original outer limits of domical 
flexure in upper beds, or may define the position of the original rim of 
the laccolith itself. 
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Superposed annular valleys.-In Inyankara a more advanced stage 
of erosion is shown of the same type as Citadel Rock, with an annular 
valley in porphyry, an encircling escarpment of sediments, and u cen
tral peak which rises above the surrounding escarpment. Custer Peak 
and the ""\Voodville Hills (fig. 97) represent similar phenomena in 
flatter laccoliths more completely eroded. In these cases the inherited 
annular valley has lost definition, so that there is left a central peak 
with peripheral porphyry knobs, a section through basement strata, 
and only slight remnants of flanking beds. In Little Missouri Buttes 
a still later stage is shown. No trace of flanking sediments there 
remains; erosion has eaten through the middle of the laccolith almost 
to the basement stratum, and the central peak is surrounded by masses 
of talus on the west and north and by lower knobs on the east and 
south. There is, however, a distinct remnant of the inherited annu
lar valley about the highest peak of Little Missouri Buttes (Pl. 
XXXVIII). In the case of Mato Teepee, about which two small 
gulches and the western bench form remarkably perfect semicircles, 
the annular valley is inherited on strata underlying the laccolith. This 
perhaps marks approximatel:r the forme1~ border of the porphyry area. 

KIRK HILL. 

Kirk Hill (Pl. XLI) forms an eastern extension of the V anocker 
laccolith. Here erosion has progressed sufficiently to expose porphyry 
in the region of maximun1 corrasion on the flanks of the dome, which 
is still capped, however, by a veneer of Cambrian beds with fingering 
extensions on the interstreain spurs. To the northeast the porphyry 
is continued into high hills at the head of Deadman Creek. Kirk Hill 
is thus a laccolithic arn1 or lobe from a greater mass. The structure 
of the sediments west and south is synclinal, and on the southeast 
there is a synclinal sag that separates this lobe from another extension 
of the v anocker laccolith. 

On Kirk Hill radial small streams are well shown, but since the sedi
mentary shells which cover the dome have been in great part removed, 
the small rill beds of concentric subsequent arrangement are lacking, 
except in a few cases on the southwest side, where Silurian and Car
boniferous limestones still form crescentic escarpments o,~er the soft 
shales. Park Creek is an encircling stream following the western 
syncline, and other streams encompass the hill on the south, southeast, 
and northeast. At the northwestern base of the hill Park Creek· has 
cut through the syncline, and for a short distance follows the contact 
of porphyrJ with overlying sediments, but at no point has the por
phyry mass qeen dissected to a sufficient depth to reveal the stratum 
on which it rests. 

In topography Kirk Hill marks a stage of denudation later than 
Citadel Rock, for the flanking sedimentaries have weathered well down 
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the slope of the laccolith, leaving a hill shaped like a low dome with 
remnants of strata clinging to the summit. The transition from 
annular valley to rounded hill is a repetition of the process shown 
between Circus Flats and Elkhorn Peak. Kirk Hill represents the 
third and last cycle in the development of hills over the laccolith. The 
first was the hill of Dakota sandstone that preceded the Ci~·cus Flats 
stage; the second was the ~linnelusa sandstone hill, represented in the 
Elkhorn, Spottedtail, and Green Mountain domes; the last case, like 
Kirk Hill, is represented in Deer Mountain, Dome l\1ountain, and 
other laccoliths. 

CROW PEAK. 

At Crow Peak (Pl. XLI, fig. 5) the porphyry stands at greater 
height above base-level tha1_1 at any point hitherto described in this 
chapter. As a result, erosion has carried down the flanking sediments 
and left the steep-sided laccolith in high relief. The resistant lime
stones, however, sti]l cling to the slopes on all sides. Immediately 
about the mountain radial gullies are conspicuous. Crow Peak on 
the west and portions of Higgins Gulch on the east and south partially 
encircle the laccolith. Citadel Rock occurs a mile and a half SSE. 
from Crow Peak, in the direction of the greater Terry center of irrup
tion. The difference from the Kirk Hill stage consists in the absence 
of capping Cambrian beds and the greater relief; Crow Peak is also 
structul.·ally different in its more intense dome flexure. 

PILLAR. PEAK AND BEAR DEN MOUNTAIN. 

The sixth stage of erosion is shown in Pillar Peak and Bear Den 
Mountain (Pl. XLI), where the beds capping and flanking the lacco
liths have been entirely eroded away, and erosion has revealed the 
underlying strata and some of the conduits through which the intrusive 
rose (see Pl. XX for general relations). On the south is shown the 
stratigraphic serieg, from Algonkian through Cambrian, Silurian, Car
boniferous, Minnelusa, and Permian, which underlie the Bear Den 
laccolith at its northern end. Bear Den Gulch separates the Bear Den 
laccolith from the Dome Mountain mass, on whose eastern flanks the 
limestones dip steeply under the Bear Den laccolith, and thence the dip 
diminishes to a condition of approximate horizontality in a broad, flat 
depression northeast. In Cambrian beds about the town of Galena are 
shown sills and a dike complex that marks the locus of intrusion for 
the Bear Den porphyry, which spread northeast, breaking across 
strata. The initial structure of these laccoliths was a great, swollen 
mass beneath Silurian and superincumbent strata on the present site 
·of Dome· Mountain, and smaller offshoots which broke across and 
dmned up higher beds. The lower side of a strike fracture across 
lime:stones may be followed from Dome Mountain to Pillar Peak. It 



27G THE LACCOLITHS OF TH:E BLACK HILLS. 

is probable that this fracture extended aeroRs Lost Gukh, and that 
Pillar Peak and Bear Den Mountain were at one time e~ntinuous, the 
lower contact of the porphyry progressively truncating :-;trata along a 
horizontal fracture plane across gentle northeast dips. The west side 
of Pillar Peak shows porphyry on gray limestone. On the east side 
of the same mountain the porphyry overlies :Minnelusa sandstone. 
T'he Bear Den porphyry oYerliel':l Permian limestone in the northern 
part of the mountain. 

Considering Pillar Peak and Bear Den Mountain parts of a single 
laccolith, the drainage is seen to haYe produced an inner l;asin, a 
horseshoe ridge, and outer encircling drainage. The inner basin is 
Lo 't Gulch, cut through the basement strata; the horseshoe ridge 
is of porphyry, composed chiefly of the laeeolith remnants; Two Bit 
and Be~:,r Butte <.'reeks, encircling the whole, probably define the 
original laccolith perimeter, though now their eanyons are cut in 
hmestone below and away from the porphyry. As a stage beyond 
that of Kirk Hill in physiographic development, this horseshoe 
ridge of porphyry is like the lime::;tone ridge ahout Citadel Roelc 
Lost Creek, the north-flowing stream on the former h<trd rock hill, 
worked faster than the other radial ::-;treams and gnawed through 
the porphyry to softer rocks below, there to erode out an in~•~rior 

basin. This is the third and last stage of inner lmsins. The first 
was Circus Flats, with a Dakota rim; the second, Citadel Hod~, 
with a Carboniferous rim; and in the Pillar-Bear Den ease the rim 
is formed of porph~Ty. Stratigraphically the last ('W:>e differs from 
the other::~~ for the horizon of intru>'ion is higher. Other types of 
the last stage arc mtmerou::~; a horseshoP-shaped laccolith rPmnant 
ineloses the eity of Lead; Ha~:ged Top is shaped like a t•re~ecnt and 
is cneirdcd hy two pair:-; of ::;treams. ''"'" ood,,llle IIills, Custer Peak, 
and Little :Jlissouri Butte::~ retain a eentral high peak with an 
annular Yalley in porphyry about it, and the outPr crPs(·ent of por
phyry has a numbe?r of eulminating; sum111its. 

SG.:\DIAI{Y OF ERO~IOX STA<a:~. 

The ca:-;es cited show that laccolithic domes defied regional master 
1:--tream::~~ and that ::;ubordinate drainage eonforms strikingly to the rela
ti ,.e resistance of rocks exposed. An early l:'tage produces a dome
shaped hill with radial drainage. One radial stream gains aclnmtage 
o\·er its fellows and eats out the eentral portion of the dome to a soft 
stratmn beneath. The outward dipping hard heels are mHlerm~ned 
and drainage formerly radial outward becomes radial inward; a former 
mountain becomes a quaquaversal basin indo:::;ed by a horseshoe ridge. 
Recession of this ridge arnd continued ero::;ion on the ::~oft bed uneo,'ers 
an arch of harder rock. .:\Ionoelinal~<hifting on the soft lwd beeomes 
easier thun deep cutting into the dome, ~o that the flanking h<"ds are 
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eroded down and a new radial drainage forms with two pronounced 
eneircling streams (fig. 98). In the figure the radial progression from 
the Circus Flats stage through the several stages described is shown 
by profiles inscribed on a common dome.. The alternations from 
domical mountain to horseshoe-shaped ridg~ will continue under the 
erosive action of changing subordinate drainage until the porphyry is 
reached. Here monoclinal shifting is no longer possible, owing t:::> 
lack of monoclinal structure. Annular drainage superposed on the 
crest of the laccolith may persist so as to be retained as a charac
teristie feature of both plan and profile in old lacc~lithic mountains. 
If the last monoclinal shifting takes place along the contact of por-

FIG. 98.-Diagrnm illmtrating development of erosion profiles on laccolith domes. 

phyry and capping sediment, annular drainage which has shifted down 
this contact ·will eventually be superposed upon the stratum beneath 
the laccolith, marking there n, peripheral limit for the oi·iginal igne
ous mass even after the porphyry has been eroded away. 

EROSION PROFILES. 

The section diag-rammatically represented in fig. 98 eorrcspond:::; in 
thickness and consistency to the Paleozoic section from Siluria11 lime
stone to Pierre ~bale and higher. A laccolith is represented in the 
normal position, under the "competent" Siluro-Carboniferous mem
ber. The three hard members, progressi\'ely thinner upward, are 
Siluro-Carboniferous, ,Jura-Cretaceous; and Niobrara; the three soft 
memben~, progressively thicker upward, are Red Beds, Benton, and 
Pierre. These thicken at the sides of the arched hard strata, and the 
dome consequently fades out to horizontal ity above. The profile:-:; i:ihow 
types, represented by separate cases in the Black Hills, made by lac
coliths intruded at about the same horizon ... These profiles are pro
jected irrespective of scale, on the cross section of an ideal dome, to 
show their mutual relations to a uniform process of erosion. 
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In Circus Flats there is a basin on a soft stratum; in Elkhorn the 
basin is divided in two by the resistance of the central hard stratum, 
and the two lateral depressions mark the encircling drainage. In Cit
adel Rock the dome has been eaten through and the basin is repeated, 
with higher walls, because encompassed by the thicker and harder 
limestone; annular drainage is superposed on the porphyry. In Crow 
Peak the porphyry shows greater power of resistance to erosion, and 
streams are gnawing along the contact of laccolith and sedim4:'nts. ln 
Custer Peak several pairs of annular streams have been superposed on 
the porphyry; some of these have cut through to the basement strata, 
and only on one side is the laccolith rim preserved. The conspicuous 
feature of the profile is the bilateral symmetry of central peak and lat
eral spurs. The outei·most streams that can be traced as encircling 
the mountain lie within the original limits of the porphyry. 

LITTLE MISSOURI BUTTES AND MATO TEEPEE. 

Little Missouri Buttes and l\tlato Teepee mark two stages furthtr, 
but their profiles ca11 not consistently be inserted on this diagram, 
because their basement strata are .Jura-Cretaceous; otherwise the 
process is the same. If we denude the Custer Peak profile a little 
further, removing all trace of flanking sediments, and· leave a steep 
central peak, a lower knob on one side, and a train of talus on the 
other, we shall have the profile of Little Missouri Buttes (see Pl. 
XXXVIII, section). If we leave only a small columnar remnant of 
porphyry with an annular valley in the sediments about it, we shall 
have Mato Teepee (fig. 95). In this erosion scheme the conduits have 
no considerable effect; they are dikes or lateral sills, which may be 
eroded soon or late in the process, according to their position. 

RELATION OF PRESENT ELEVATION TO DEPTH OF EROSION. 

Laccoliths intruded about the same horizon are more deeply denuded 
in proportion to their present height above base-level; the following 
table shows the relative .heights above sea level of the profiles (com
pare fig. 98), from deeply buried laccolith in the plains to porphyry 
remnant in the Hills: 

. I 
Circus Flats. ____ . __________________ . ______ .. _____ .. ____ . 

Elkhorn Peak __ . _ ... __ .. __ . __________ . ____ .. ___ . _______ . : 

Citadel Rock. _____ .. _. ______ .. _ .. ______ ._ ... _. ___ . _____ _ 
Crow Peak ________________ . _____ . ____ . ____ . _____________ ' 

Custer Peak . _____ .. ______________________ .. _____ . _____ . \ 

Present 
profile. 

Feet. 

3,000 
4,520 
5,450 
5, i85 
6,812 

Crest of lacco
lith (approxi

mate). 

Feet. 

2,500 
4,000 
5,500 
6,000 

7,500 
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This table gives present altitudes of topography immediately above 
or below the initial crest of the laccolith. In Citadel Rock the altitude 
is nearly that of the actual porphyry upper contact; in Circus Flats and 
Elkhorn Peak the porphyry probably lies from 500 to 800 feet below; 
in Crow Peak and Custer Peak much has been eroded away. · There
fore the actual differences in elevation of the laccoliths were greater 
in'-every case, as shown in the second column of the table. As all of 
these were intruded under and arched Siluro-Carboniferous lime
stones, and the depth of their uncovering (fig. 98) varies with their 
height above sea level, it is clear that the present profiles are products 
cf an erosion process which affected all alike. Hence the grouping of 
individual cases in series to represent erosion stages is justified by their 
relation to a common base-level. 



CIIAPTER IV. 

THEOHE'J'ICAT_J CONCT .. USIONS. 

SUMMARY OF FIELD EVIDENCE. 

In the preceding pages it has been shown that igneous intrusions of 
rhyolite and phonolite porphyries accompanied or immediately followed 
a great n1ovement or uplift in the area now occupied by the Black 
Hills. This uplift arched the horizontal strata of the plains intb an 
elongate dome; schists beneath, with nearly vertical bedding and 
lamination, moved up by faulting and slipping, frequently on planes 
of schistosity. Erosion has removed a portion of the sedimentary 
cover con1pletely, exposing two kinds of sections whereby the solid 
geometry of structures within the uplift may be ~tudied. One is a 
beveling across the top of the dome, exposing a ground plan; the other 
is a deep trenching by streams through the flanks, exposing vertical 
cross sections. The igneous matter rose through the steeply inclined 
schist laminre and spread out among the sedin1ents which lay across 
then1 unconformably. Erosion beveling has exposed dikes in the schist 
and flat masses in the later strata. The walls of erosion trenches show 
the thickness of the sills and lenses and sometimes their·junction with 
feeding dikes. 

The intrusives are confined to the northern portion of the uplift. The 
southern portion was occupied by massive ancient pegmatite granites, 
themselves pre-Cambrian intrusives in Algonkian strata. Probably 
they acted as a rigid cementing and hardening agent to prevent frac
turing in the southern schists; the northern, less indurated phyllites 
cracked and faulted more readily to pern1it the younger intrusives to 
rise from the depths. The northern exposed schist areas contain many 
hundred dikes and some stocks; these n1ust have induced movements 
of horizontal extension in the schist, and such movements are attested 
by bedding plane faults at the Lase of the Cambrian. The dikes have 
a common trend and dip parallel with schistosity. The dip gave them 
tendency to spread in the Cam brian in one direction more readily than 
in another. In Cambrian thin-bedded strata with many shale hori~ons, 
sills formed in great number. Aoove lay the thick limestone; it 
resisted upward movement of the porphyries and locally became domed 
and arched. Beneath it were found the principal laccoliths of larger 
size, the largest where the limestone was thinnest. Some of them 
were unsymmetrical, partly because they were injected into strata 
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possessing an initial dip, partly because their conduits sloped and the 
magma was foreed forward in one direction. On one side the lime· 
stone was flexed beyond the breaking point; a fracture opened and 
admitted the igneous fluid to higher horizons, forming subordinate 
laccoliths. The subordinate laccoliths are characterized by still greater 
lack of symmetry; their sides are steeper than those of the 1nain lac
colith; they fault and crumple the beds about them. Associated with 
dikes, sills, and laccoliths are breccias composed of fragments of the 
rocks through which the igneous magma passed. There is no eddence 
that the intrusives were connected with surface volcanics. In general 
the phonolites are ·younger than the rhyolites; none of the larger 
h1ain laccoliths are formed wholly of phonolite; the phonolite broke 
through the larger bodies of rhyolite-porphyry and solidified in 
smaller masses at higher horizons. The greater number of subordi
nate laccoliths, however, are of rhyolite-porphyry; these include 
Bear Butte, Deadman, and 'Vhite~ood Canyon laccoliths, Crow Peak, 
Inyankara, and Sundance Mountain. The magmas which formed the 
subordinate laccoliths were beginning to solidify and hence were more 
viscous; this is proved in part by fewer sills, by domes of smaller 
ground plan and greater convexity, and by diminution in total volume 
of intrusive rocks in the higher strata. The characteristic forward 
and upward movement of intrusive through strata is by way of 
strike fissures. The lower contact of sills and laccoliths frequently 
truncates or bevels strata obliquel_., across the bedding. The horizons 
where a single stratum is followed for some distance are composed of 
soft shale confined between harder beds. 

Erosion has left laccoliths covered, partially uncovered, and deeply 
dissected, and in places has removed them entirely or left only scat
tered remnants. Conduit, basement contact, wedge, flank, crest-all 
parts of the laccolith are exposed, in plan and section, in different 
places in the Black Hills. The evidence quoted points to Eocene time 
as the age of intrusion. There were several thousand feet of strata 
above the laccoliths, and the soft Cretaceous shales absorbed laterally 
the doming produced by individual intrusive masses. T1unk drainage 
consequent on the Black Hills uplift was deflected by adjustment to 
the domed hard strata that were gradually uncovered; branch drain
age, dependent on· the relation of rainfall to form and texture of 
surface, continually changed with the ~iscovery of hard and soft 
:::;trata, producing hills in hard domed beds and annular valleys in soft 
ones. Such annular valleys were eventually superposed on porphyry, 
and persist in several deeply dissected laccoliths, such as Custer Peak 
and the vVoodville Hills. 'Vhere an annular valley on the contact of 
porphyry and flanking sediments beeame superposed on the basement 
stratum, its course preserved approximately the outline of the laccolith 
after the same was in great part eroded away. 
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HISTORY OF INTRUSION. 

The history of intrusion in the northern Black Hills is believed to 
be intimately associated with the history of the larger deformation. 
Intrusion is not conceived to have been in any sense a cause of the 
greater uplift, but an effect. The intrusions were a small incident in 
a great n1ovement of elevation. The greatei· uplift probably took 
place after the close of the Laramie, along with similar movements in 
the Bighorn Range and the Rocky Mountains. \Vhatever their cause, 
these movements were colossal and involved a considerable section of 
the earth's crust; doubtless there had been similar movements about 
the hard granite core of the Black Hills fron1 the earliest Paleozoic . 
times. There was unquestionably some deformation prior to the 
laccolithic intrusions, for these broke across previously brecciated 
Cambrian flags, and encountered dips already initiated. The post
Laramie uplift was accompanied by profound fracturing. The frac
tures reached downward to a zone where molten rock was under pres
sure. The liquid shot upward into every ramification of the fracture 
system; Algonkian, Paleozoic, and Mesozoic beds were in some sense 
under compressive stress, rising slowly, the hard, competent 1nembers 
supporting the arch, the soft beds following the lead of their more 
resistant neighbors. Diversity of structure and consistency produced 
minor differential moven1ents of faulting and. folding. The upturned 
schist beds slipped like cards on edge to make undulations in the basal 
Cambrian quartzite, which also faulted in places. Springing into 
every weak place, spreading the beds and crumpling the soft ones 
wherever there was tendency to gaping by reason of the greater bur
den assumed by the more rigid strata, the igneous magmas reached 
the Cambrian through countless fissures in· the schist beneath. The 
change in structure at the Algonkian-Cambrian unconformity was 
especially favorable to the development of local weakness that would 
give advantage to an igneous wedge. The Paleozoic hori.zon least 
compressed lay under the Carboniferous limestone. The thick lime
stone member, most "competent" to support load under lateral pres
sure, relieved the soft shales beneath in many places. The porphyry 
magma was itself probably under pressure and capable of independent 
dynamic action relative to individual beds invaded; whether that 
pressure was in any way limited by the actual volume of magma avail
able, or what hydrostatic or thermal law governed it, we have no 
means of knowing, but it is quite certain that the pressure of igneous 
fluid relative to the condition of the limestone was sufficient locally to 
arch up and break through that stratum and some of the superjacent 
beds. That it did not do this until it was beginning to solidify is in 
part suggested by the fact that only a relatively small volume of 
porphyry broke through the limestone to higher horizons. The fact 
of local doming and fracturing of the limestone by the porphyry does 
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not of necessity ilnply that the lant in each of those domes lifted the 
load; it bent and pimpled the limestone within an ai·ch of enormously 
greater magnitude, composed of several competent mmubers that w(!re 
collectively supporting the total weight of sediments. The fact that 
the greatest doming of limestone over porphyry at the Terry·Polo 
complex took place where the limestone was thinnest shows that it was 
not the weight of superincu1nbent beds, but the inflexible quality of 
the thicker limestone which resisted doming. It is equally clear that 
the size of the laccolith is entirely independent of load; the smaller 
Ragged Top and the greater Deer :Mountain laccoliths are both 
intruded at the same horizon; the Vanocker porphyry mass, probably 
the largest single laccolith exposed, reaches the Upper Carboniferous, 
while comparatively small subordinate laccoliths, like Crow Peak and 
the one in \Vhitewood Canyon, are intruded under Obolus beds at the 
base of the Cambrian. 

APPLICATION OF EXPERIMENTS. 

J\'Ir. Howe's experin1ents prove that low viscosity favors wide lateral 
extension to form sills; high viscosity produces thick lenticular bodies. 
They show, also, that the intrusive thickens into domes where a resistant 
overlying stratum locally thins. Howe has demonstrated further that 
a stratigraphic obstacle to horizontal spreading may cause a sill to 
thicken into a laccolith. This was the first effect of the initial dip 
encountered by the Dome Mountain magma in spreading, and of the 
upward bend over the earlier Warren Peak uplift encountered by the 
Little Missouri Buttes magma when injected through horizontal beds. 
The first experiment shows that irregular serpentlike bodies may push 
their way through thick beds of incoherent material; this is analogous 
to the irregular intrusions at Portland. In a dome of hard beds radial 
fractures form on the crest and concentric fractures open downward 
on the periphery. The former, if developed by erosion, would guide 
radial drainage; the first peripheral fractures give egress to the intru
sive to form subordinate laccoliths. Such overturned domes as Rag
ged Top or Bear Butte, thickest on the sides away from the conduit, 
are well illustrated in Experiment IV, where it is shown that a n1agma 
rising through an inclined conduit forms an unsymmetrical laccolith 
whose thickness is greatest in the direction in which the conduit is 
inclined from the vertical. 

DISCUSSION OF PUBLISHED THEORIES AND DESCRIPTIONS. 

EFFECT OF LOAD (GILBERT). 

The Black Hills, like the Henry ::Mountains, contain smaller laccoliths 
in the upper zone and larger ones in the lower. This is believed by 
the writer to be due solely to increased viscosity, diminished pressure 
of injection, and more incoherent beds in the upper horizons. Gilbert 

21 GF:OL, PT 3-01--20 
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gave less value to the influence of viscosity and greater ,·alue to yaria
tion in load. He concluded ''the pressure of injection remaining con
stant, tbe limital area of a laccolite is a direct function of its depth 
beneath the surface. 'I'he limital area is greater when the depth is 
greater, and less when the depth is less." 1 This conclusion was reaf
firmed by Gilbert in the fall of 1896 in connection with his description 2 

of Twin Butte. So far as our experiments go, they seem to indicate 
that the dome curvature of a laccolith is greater under a greater load, 
hence for the same volume of intrusive the area is smaller. In an 
experiment with a load of shot on the surface of strata, they were 
domed up rapidly in the center; without the shot the laccoliths spread 
out n1ore widely and formed a lower arch (Experiments IV and V). 
In both cases the injected wax was cooled for the same period and was 
uniformly viscous. Under greater load the shale horizons are n1ore 
closely compacted and less easily split apart. 'Vith the same viscosity 
and pressure of injection an intrusive lens under load can more easily 
increase its conyexity to produce lateral thickening and crumpling of 
superjacent soft beds than it can spread as a wedge to lift a great 
volume of heayy strata. Hence, in those cases where load has any 
effect, if viscosity, Yolume of n1agrna, and pressure of injection are 
constant, the area of a laccolith is probably greater when the depth is 
less. This appears to reverse Mr. Gilbert's conclusion, but the con
stants n1entioned alter his problem, and the experimental analogy is 
incon1plete. The influence of varied load is believed to be inconsider
able in the Black Hills, so much greater was the influence of varied 
viscosity and pressure of magmas and texture of beds invaded. The 
size and curyaturc of individual laccoliths were modified by variation 
in thickness of the stratum immediately superjacent, by texture and 
thickness of the shale horizon selected for intrusion, by distance from 
and dynamic relation to conduits and other laccoliths or sills, by strati
graphic obstacles. and by concomitant regional folding and faulting. 
The composition of 1nagmas may have had some effect, too, in deter
mining rate of solidification and consequent viscosity. 

AN A LOGO US DESCRIPTIONS BY HOLMES. 

The absorption of doming vertically was suggested in a paper by 
Holmes published in 1877, where, in describing the Sierra El Late, a 
typicallaecolith was figured 3 diagrammatically, though such structures 
were as yet unnamed. The :figures compared show "arching of strata 
produced by intrusion of single mass uniformly distributed" (a lacco
lith) and ''degree of arching really produced by the irregular intru
sions.'~ The second figure showed much less arching, due to '"a sort 

1 Geology of the Henry )Iountains, p. 84. 
2Laccoliths in southeastern Colorado: Jour. Geol., Vol. IV, 1896, p. 821. 
a Hayden's Report, 1875, t'.S. Geol. and Geog.Surv.Col. and adjacent Terr., p. 2n, Pl. XLYI, fig. 2. 
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of ab:::;orption of the :::;hales, so that at least half of the space throug·h 
which the trachyte is distributed is occupied by the crushed and 
metanwrphosed fragments of shale." Most observers agree that shale 
beds are favorite horizons of intrusion. 

The intrusions of basalt in Mount Everts, in the Ye1lowst.one Park, 
figured by Holn1es 1 (fig. 99), show a relation of conduit to intruded 
lens or sill, :::;imilar on a small scale to that of the subordinate lacco
liths of the Black Hills (compare sections Pl. XXI). These basalt 
masses are said to be intruded in Cretaceous sandstones, shales, and 
lignite, the beds dipping 5° to 13. 0 

[The intrusions] cross from horizon to horizon, breaking through the beds and 
pushing them aside, and bending and crushing them in a most remarkable manner. 
* * * ·The masses * * * are very irregular in thickness, reaching in places 40 

FIG. 99.-Intruded basalts of :\Iount Everts, Yellowstone Park (Holmes) 

to 50 feet, They lie in rude sheets approximately with the strata, but bearing the 
strongest evidence of their intrusive character. The irregular bed that outcrops 
along the crest of the ridge is in places 40 feet in thickness, but generally falls far 
short of this. Its position in the strata points very clearly to its intrusive character. 
It does not lie in any one horizon, but breaks acrm:s the strata at all angles, crushing 

· the severed edges back upon themselves. * * * It rests chiefly in a series of coal 
shales and sandstones. * * * In the heavier masses this basalt has a rudely 
columnar structure and weathers down in very small angular blocks. In the thin 
tongues that have been thrust out from the main mass into the surrounding strata, 
there is a tendency to form small prisms at right angles to the surface. * * * The 
strata which inclose this basalt dip to the northeast at angles from 10° to 15, 0 the 
line of the great fault which defines their northern limit being about 2 miles dis
tant. It seems probable that the intruded basalts may have originated in or rather 
reached their present position through this fault, the crushing of the strata indicating 
generally an intrusion from that direction. 2 

1 Hayden's Report, 18i8, II, U.S. Geol. and Geog. Surv. Terr., p. 10, Pl. VI. 
20p. cit., pp. 10, 11. 
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The lower enlarged figure is a mass seen in the wel'itern face of 
:~\Iount EYerts, and in form is remarkably like the end of an unsymmet
rical laccolith with lateral conduit (Experiment IV, Pl. XLIV). It 
is a 1nas::; "300 feet long by 12 to 15 feet thick, and appears in the face 
of a steep wall of dark shales and laminated sandstones. It has been 
forced in between the yielding strata, folding thmn up almost at right 
angles at the ends, as shown in the figure" (fig. 99). 

WORK OF CROSS, WEED, AND PIRSSON. 

The bibliography of laccoliths was thoroughly reviewed by Cross, 1 

and other descriptions of laccolithic mountain groups in blontana have 
recently been published by ''reed and Pirsson. 2 Cross recognized in 
the Mosquito Range and Tenmile district the influence of orographic 
movmnents concomitant with intrusion. He says: "In regions where 
the beds are under orographic stress, almost or quite to·the point of 
folding, a magma would find intrusion on certain planes a compara
tively easy matter." Cross points out the prevalence of departures 
from regularity due to oblique intrusion across bedding, structural 
weakness, earlier intrusives, and incoherent strata. His. sections 
through ~1ount :Marcellina and the Anthracite Range, unsymmetrical 
laccoliths, are closely similar to cases in the Black Hills. In his ideal 
restorations of arched strata above Nlount Marcellina the size of the 
arch in strata far above is represented as greater (in dip length) than 
that of the stratum next to the laccolith, a questionable construction 
if any of the strata involved are soft and yielding. 

Pirsson's sections from the Judith Mountains express the relation of 
main laccoliths to subordinate peripheral bodies. He concludes that 
the important factors in the production of laccoliths are pressure of 
injection, viscosity, gravity, load, and cohesion of strata. His dis
cussion of cause, comparing the mechanisn1 to a ''vast hydrostatic 
press," seems to neglect the possibility of orogenic deformation pre
ceding and initiating intrusion. "Suppose a fissure extending upward 
through comparatively undisturbed strata and forming a dike, and 
that it does not reach the surface." This is Professor Pirsson 's premise. 
Such a fissure could only arise from differential shortening of strata 
in an arc of the earth's crust. Pirsson conceh·es that the force of 
injection i::; partly expended in O\"ercorning internal yi::;cosity and 
g-raYity, and "'whateyer remains over above these two is used in lifting 
the sediments." Xo n1ention is made of lateral expenditure of energy 

I The laccolithic mountain groups of Colorado, Vtah, and Arizona, by Whitman Cross: Fourteenth 
Ann. Rept. L. S. Geol. SurYey, Part II, 1893, p.15i. 

2 Op. cit., p. 236. 
3Geology and mineral resources of the Judith Mountains of :\fontana, by W. H. Weed and L. Y. 

Pirsson: Eighteenth Ann. Rept. C. S. Geol. Suryey, Part III, 1898, p. 437 Geology of the Little Belt 
:\fountains, :\fontana, by W. H. Weed, accompanied by a report on the petrography of the igneous 
rocks of the di;;:trict, by L. Y. Pirsson: Twentieth Ann. Rept. L. S. Geol. Sun .. ey, Part III, 1900, p. 387. 



JAGGAR.] REVIRW OF PUBLISHED THEORIES. 287 

in folding and faulting strata, except that '' resistanee to splitting" is 
believed to influence resulting laccolithic structures. 

It seems to the writer that the hydrostatic press analogy n1ust not 
be pushed too far; it necessitates preexistent or gaping conduits 
through which lavas rise to spread out "at some horizon where the 
conditions are right," 1 The lava is required to do all the work of 
lifting superincumbent strata by breaking and splitting its way for
ward. If the dynamic conditions of the Rocky l\1ountain region gaye 
evidence of quietly gaping internal fissures with strata otherwise 
undisturbed, it is quite probable that, when the fissures were full of 
lava, under some obstacle to further upward flow, the lava would pen
etrate soft beds horizontally and lift the load, were the pressure of 
injection sufficient. But the or"ographic stress which raised thousands 
of square miles by great folds and faults all through the Rocky :Moun
tains produced results on an enormously greater scale than what is 
observed in sn1alllaccolithic mountain groups. In many places intru
sions accompanied or followed the greater movements; in many places 
faults and folds occur contiguous to laccoliths. The greater the hori
zontal extent of a warp of gentle curvature the less conspicuous it will 
be in a region where intrusives are very conspicuous; yet the fold 
will lift the load and generate fissures and weak places where the 
intrusive n1ay expend its energy in localized splitting and arching of 
strata. The Henry l\1ountains and th~ Judith l\1ountains are laccolithic 
mountain groups where no connection is observable between regional 
deformation and laccolithic intrusion; yet great folds and faults are 
shown to exist in the immGdiate vicinity of the Henry lVIountains. 2 In 
the Black Hills the relation between orogenic deformation and intru
sion can be clearly traced only in the region of conduits (p. 188); In 
the other mountain groups no deep conduits have been described. 

''PLUTONIC PLUGS" AND '' SUBTUBERANT l\IOUNTAIKS." 

This discussion would be incomplete without some reference to Pro
fessor Russell's theory of "pl,utonic plugs" and "subtuberant moun
tains." 3 After a visit to the Sundance Hills and Mato Teepee, Russell 
concluded that these intrusions differed fron1 laccoliths in being less 
spread out horizontally, and he called them "plugs." Bear Butte and 
Inyankara are still better examples of plug-like forms; they are steep
sided laccoliths of snmll size. The word "plug" seems to the writer 
an unnecessary one, and somewhat misleading, as it suggests the stop
per for a circular hole. Owing to his failure to visit the dike district, 
as l\1r. S. F. Emmons -1 has shown, Russell was unfamiliar with the lateral 
conduits characteristic of subordinate laccoliths, and his casual visit to 
Mato Teepee led to the unwarranted conclusion that the conduit lay 
beneath. 

I Pirsson, Judith l\Iountains, p. 584. 
3Jour. Geol., Vol. IV, 1896, pp. 23, li7. 

2 Gilbert, Geology of the Henry )fountains, p. 11. 
4Science, X. S., Vol. X, Xo. 236, 1899, p. 24. 
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The comparison of small domes with great ones led to the suggestion 
that possibly such uplifts as the Black Hills, Bighorns, or Park Range 
were occasioned by the injection of igneous cores. For some reason 
stress is laid on the fact that the present cores of the uplifts are gran
ite, though it is also stated that these granites are usually ancient ones 
fron1 which the encircling sediments were derived. The name "suh
tuberant mountains" was suggested for such uplifts. There is, it is 
true, an attractive similarity between the drainage of the Black Hills 
and that of Circus Flats or the Bearlodge Range. Both are quaqua
versals with radial streams. Beyond this there is no structural sim
ilarity. The Harney granite is pre-Catnbrian. If an intrusive in the 
depths occasioned the great uplift in laccolithic fashion, there is no 
evidence for the existence of any horizontal splitting planes on which 
it might spread. The Rocky Mountain ranges are not smoothly ellip
tical, but irregular, elongate, and frequently bent; even the Black 
Hills n1ass has extensions northwest and southwest that show it is not 
a simple dome. 

There are Tertiary granites and diorites in the Cordilleran district, 
and undoubtedly the intrusives as a whole added their share to move
ments of extension. It has been shown that in the northern Black 
Hills the schists were extended laterally by dikes that invaded them; 
the sediments above were displaced both horizontally and vertically 
by dikes, sills, and laccoliths that increased their bulk by a few cubic 
miles. Throughout western North America there have also been 
great uplifts of an Archean complex, accompanied by folding and 
faulting that affected later rocks. :Much of this deformation was con
temporaneous with intrusion. What are the criteria to suggest which 
was cause and which effect? 

An answer to this question is suggested by extending Professor 
Russell's analogy to its logical conclusion. \V e are convinced that 
the dmning of beds over the laccolith is due to the intrusion of igneous 
rock. The criteria that lead to this conviction are that many stages 
are found with igneous rock at the core, that the conduit is shown 
in definite relation to beds deformed and shape of laccolith, that the 
process n1ay be imitated in miniature experimentally, that no such 
domes without an igneous core are found in the region, and that the 
igneous material is the larger feature more conspicuously in eYidence 
than the deformation that it causes. There are large masses of por
phyr}T, but its intrusive character is proved by small railroad cuts 
and canyon sections. Compare with this the arching of great moun-· 
tain ranges. Large igneous cores intruded at the time of uplift 
are not usuallJ· found; the conduit is not shown in relation to beds 
deformed; experimentation in miniature produces such folds by 
horizontal preisure; 1 such uplifts are found in many reg·ions without 

1 The mechanics of Appalachian stniCture, by Bailey Willis: Thirteenth Ann. Rept. L. S. Geol. 
Survey, Part II, 1892. 
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an igneous core; and deformation is the large feature, more conspic
uous than the intrusives. :Nioreover, the latter are frequently found 
related to deformation as an effect. Volcanoes and intrusions occur 
along fault lines, or, as in the Black Hills, intrusives locally rise 
through fault :fissures and distort folds, the same faults and folds 
occurring elsewhere as pa~·ts of a movement immeasurably greater 
than anything accomplished by the igneous rocks. 

'' BYS:i\IALITHS." 

Iddings 1 has described :Mount Holmes, in the Gallatin Range, as a 
mass of dacite-porphyry 3 miles long and 2 miles wide, which was 
believed to have forced upward" a more or less circular cone or cylinder 
of strata, having the form of a plug, which might he driven out at the 
surface of the earth or might tetminate in a dome of strata resembling 
the dome over a laccolith." The name "bysmalith" was invented for 
application to such fault laccoliths. The only fault described is a great 
one, affecting Archean and Paleozoic strata and extending far to the 
northward from the west side of the igneous body, and as this was 
stated to have probably acted as conduit., it was not immediately occa
sioned by the intrusion. Sections are presented :J representing a stock
like mass in nearly horizontal strata, and over one of these was drawn 
a reconstruction of 10,000 feet of domed strata with a cone section 
faulted, which passes into a fold above. The arch immediately above 
the igneous rock of :Mount Holmes is represented with a dip length of 
lt miles, while 9,000 feet higher the arch has greater curvature and 
a dip length of nearly 3 miles. In the descriptive portion of the text, 
which is brief, it is stated in one· place that "nearly two-thirds of the 
circumference of the Holmes mas::; is ~xposed as a nearly vertical plane 
of contact crossing almost horizontal strata." Another statement is 
that "in all cases examined the neighboring limestones Jip away at 
angles of 40° to 55°." These statements seem contradictory. In the 
diagram section the dips shown are from 2° to 10°. The sections and 
the text indicate that the mass describ,ed resembles the steep-sided lac
coliths of the Black Hills, and that it breaks across strata, in the manner 
of a stock. 

UNSYl\Il\IETRICAL LACCOLITHS. 

There seems to the writer to be no need in a classification of igne
ous bodies for hypothetical forms. Faults occurring In a closed curve, 
while not impossible, are dynamically improbable. The first fault 
formed over an unsymmetrical laccolith is at one side and usually 
prolongs itself. Others may form from displacement on radial or 
peripheral fractures in the region of maximum flexure. As soon as 
such fractures open: however, they fill with magma that releases the 
strain and forms new subordinate bodies. Such bodies have been 

1 ~Ion. 'C'. S. Geol. Survey, Vol. XXXII, Part II, 1899, p. lG. 
2 Op. cit., Pl. V, 
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described in detail in this paper in the sections treating ')f 'Vhitewood 
Canyon laccolith, Pillar Peak, Deadman and Tilford laccoliths~ Bear 
Butte, and Ragged Top Mountain. ::\'Iount Marcellina, described by 
Cross, Black Butte (Judith Mountains) and Barker Mountain (Little 
Belt ::\1ountains), described by Weed and Pirsson, and ~Iount Hillers, 
described by Gilbert, all show similar sections. Structures of this 
kind haye now been recorded in sufficient number to show that the 
unsymmetrical laccolith with lateral conduit is a common type. Thun
der ~1ountain, in the Little Belt Mountains, described by ''"' eed and 
Lindgren/ shows sections closely similar to Crow Peak (fig. 93). 
''"' eed calls it an irregular laccolith or '' bys;malith," but states that 
the cross section is strikingly like that of ::Mount Hillers, which IS 

a typical unsyn1metrical laccolith. 

SUMMARY OF THEORETICAL CONCLUSIONS. 

The following are the theoretical conclusionl::l of thi.;; paper in brief: 
Laccoliths, as shown by Gilbert, are subterranean v-olcanic phenomena 
which do not reach the. surf:we, and in the Black Hills they resemble 
volcanoes in being accompanied by breccias. As they solidify beneath 
the surface, they cool and become more viscous upward. The lower 
laccoliths are large because of obstruction by massive strata; the 
upper ones are small and steep-sided· because the magma is more 
viscous, is probably under diminished pressure, is diminished in vol
ume, and is intruded in soft, thick shales. The upper laccoliths are 
usually subordinate unsymmetrical offshoots of the lower. . The lower 
main laccoliths freqi.1ently show some bilateral or concentric symmetry 
to the conduit. The conduits are usually dikes. The load may be 
lifted by orogenic forces, while the intrusion is a subordinate feature 
pern1itted by fracture. Laccolith arching is transn1itted radially 
upward only by competent hard strata, and is absorbed laterally by 
shales. The bottom of the laccolith is not usually a single stratum, 
but an oblique plane which truncates strata. The conduits of sub
ordinate laccoliths are fractures, gaping downward in hard strata on 
the flanks of 1nain laccoliths. The texture of strata is important in 
determining intrusion horizons; shale beds are favorable horizons for 
intrusion; alternations of shales and hard strata, thin bedded, fa\or 
the production of sills. The inclination of a conduit strongly affects 
the direction of spreading of a sill or laccolith. By lateral deforma
tion the laccolith doming may be completely absorbed upward in thick 
shales, so that higher beds lie horizontal. Trunl: drainage superposed 
on the dome is deflected by hard beds; branch drainage becomes con
tinually readjusted by monoclinal shifting and capture. .Annular 
valleys are characteristic, and may be inherited from sediments above, 
by superposition on igneous rock beneath. 

I Tenth Census, Vol. XY, 1886, pp. 696-737. 



CHAPTER V. 

EXPERil\IENTS ILLUSTRATING INTRUSION AND EROSION. 

By ERNEST HmvE. 

INTRODUCTION. 

Gilbert has shown that in the Henry ~1ouutains a liquid or viscous 
magma rising from the interior of the earth, instead of reaehing the 
surface and there building volcanic mountains by successive eruptions, 
has ''stopped at a lower horizon, insinuated itself between the strata, 
and opened for itself a chamber by lifting all the superior beds. In 
this chamber it congealed, forming a massive body of trap." 1 As a 
result of the intrusion the superjacent strata were domed upward, 
fractured, and otherwise deformed. To intrusive bodies of this type 
Gilbert gave the name "laccolites" (laccoliths). 

The following experiments were undertaken with a view to imitat
ing as far as possible the processes involved in the formation of lacco
liths and the resulting deformation of the invaded beds. In general, 
the method employed was to supply certain theoretical conditions and 
to attempt to construct the laccolith un.der these conditiOns. 

ACTIVE AND PASSIVE AGENTS. 

The agents which govern the development of a laccolith are of two 
kinds and may be termed, for corn~enience, actiye agents and passive 
agents. The acth-e agents are the viscous or liquid magma and the 
force which causes this magma to rise from the heated interior of the 
earth and intrude itself between certain layers of the sedimentary 
rocks of the earth's crust. These sedimentary rocks and the physi-

-cal properties peculiar to them are the passive agents. In taking 
up these experiments the problems were to supply, first, a series of 
stratified deposits which would correspond to those found in nature, 
and, second, some liquid or viscous substance which might be injected 
into the sediments and which would subsequently solidify. The first 
presented no serious difficulties. It was found that an excellent sedi
mentary column could be made by sifting plaster of paris, coal dust, 
marble dust, and sand into a shallow tank containing water. The 
plaster solidified after settling and its relative rigidity n1ight be 

I Geology of the Henry ~fountains, by G. K. Gilbert: U. S. Geog. and Geol. SurYey Rocky l\Ioun· 
tain Region, 1877. 
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considered a~ corresponding to that of massive limestone in naturP.. 
The coal dust served as a substitute for shale, and the marble dust 
and sand took the place of sandstones. A number of materials sug
gested themselves as suitable for the intrusive magma, but the means 
of inj'ecting them presented mechanical difficulties. 

PRELIMINARY EXPERIMENTS. 

Before undertaking any very extensive experiments it seemed he::;t 
to perform a few with the rather crude apparatus at hand. A small 
circular pan of tin, 2 feet in diameter and 3 inches deep, wa~ employed 
to hold the sediments. It had a hole in the center in which a cork 
might be fitted and a smaller hole at the side to permit the water to be 
drawn off. The pan was half filled with water, the openings below 
being closed, and the following series of sediments were deposited in 
order from the bottom upward, in layers of somewhat variable thick
ness, to a depth o.f about 1t inches: 

18. Sand. 9. Plaster. 
12. )farble dust and plas- 8. :Marble dust. 

ter. i. Sand. 
11. Sand. 6. Plaster. 
10. Coal dust. 5. Coal dust. 

4. )larble dust. 
3. )iarble dust and plaster. 
2. Coal dust. 
1. Plaster. 

After settling, the excess of water was drawn off and the whole was 
allowed to dry for twenty-four hours. This method was followed in 
all subsequent experime.nts and was found to be quite satisfactory. 
Next a perforated cork was substituted for the one already in the cen
tral aperture, and a glass tube was inserted in it, which in turn was 
connected by a rubber tube with a rubber bag containing a mixture of 
plaster and water and supported by- boards between the jaws of a vise. 
The mouth of the bag was closed and the vise was slowly tightened 
untilmo~:;t of the plaster had been forced through the tubing into the 
sediments. The results of this experiment will be described in detail 
later (Exp. I, figs. 101 and 102). It is for the moment only necessary 
to state that the experiment was quite satisfactory as far as it ·went; 
but this and several others performed on the same apparatus, although 
more or less successful, showed that the scale was too small, that the 
n1ethod of injection was inadequate, u.nd that the material used for 
injection was not to be relied upon, as there was no n1eans of regulating 
its liquidity or viscosity and preventing its very rapid solidification. 

CONSTRUCTION OF APPARATUS. 

After some study of the good and bad points of the preliminary 
apparatu~, the instrument :figured in Pl. XLII, and in cross section 
in fig. 100 was constructed. The principal working parts of the appa
ratus are the sheet of boiler plate a (:fig. 100), the C}7linder c, the 
piston head p, the screws, and the conduit plate d. The boiler plate, 
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one-quarter inch thick and 3 feet square, is supported by the frame 
f. At its center was cut a hole o£ the same diameter as the inside of. 
the cylinder, St inches. The cylinder, of cast iron, is bolted to the 
under surface of the boiler plate directly beneath the hole. \Vorking 
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FIG. 100.-Cross section of intrusion machine. 
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in the cylinder 1~ the piston head, composed of two beveled disks of 
cast iron, bolted together, the open space caused by the beveling being 
packed with hemp. This piston is forced up and down by means of a 
screw 8, operated by the wheel g. The pitch of this screw is one-
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fifth inch. The conduit plate d is one of the three shown at the base 
of the apparatus in Pl. XLII. The first has a long, narrow slot cut 
through the center; the second has two of these slots intersecting at 
the center at right angles to each other, while the third has a series of 
6 holes in which plugs n1ay be screwed. Some of the.se plugs sen-e 
to close the apertures, while others are pierced or have small tubes of 
brass running through them and extending above the surface of the 
plate. By means of these plates conduits resembling fissures or of the 
hypothetical tubular forn1 may be used. The method of operating the 
apparatus is as follows: 

The piston is first brought down to its lowest point and the cylinder 
is filled with wax, which is melted by means of the Bunsen burners b b. 
The level of the wax is then brought to the top of the cylinder by 
advancing· the piston a short distance, and one of the conduit plates is 
bolted to the boiler plate over the mouth of the cylinder. Next the 
grooved boards e e are fitted over the extending edges of the boiler
plate and their ends are screwed together. All joints or openings are 
painted with melted wax or paraffin to n1ake thmn water-tight. The 
tank is then ready for receiving the sediments, which are deposited in 
the manner already described. This having been accomplished the 
excess of water is drawn off through a tap near the bottom of one of 
the boards. After the sediments have dried sufficiently the Bunsen 
burners are lighted and allowed to play on the cylinder for a'few min
utes longer than the time required to melt the wax, determined at the 
first melting. The gas is then turned off and injection is started by 
slowly turning the screw. As has been already said, the pitch of the 

,.screw is one-fifth inch and the inside diameter of the cylinder is 8-! 
inches. Thus one complete turn of the screw would ad vance the piston 
one-fifth inch and a little over 10 cubic inches of material would be 
forced out of the cylinder, or for an a.dvance of 1 inch of the piston 53 
cubic inches of wax would be injected into the sediments. After the 
injection has been accomplished the sides of the tank may be removed 
and the model sectioned and photographed. 

Of the following fiv·e experiments described the first two ·were per
formed by means of the prelimjnary apparatus and the last three with 
the special instrument. 

EXPERIMENT I. IRREGULAR INTRUSIONS. 

Process . .......:.....The sedin1entar:r section has already been given for this 
experiment (p. 292). It was found later, on cutting the model after 
intrusion, that the individual layers were not so uniform in thickness 
as they· should be, and especial attention was paid to this in aU later 
"experilnents, more time being given for each layer to settle before the 
next was added, and greater care being taken to insure au even distri-
bution of material. · 
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The plaster and water which was to be injected had about the con
sistency of thick crean1, and was colored red to distinguish it from the 
plaster layers in the model. The time required for the intrusion was 
of necessity rather short, as the 1nixture of plaster and water solidified 
very rapidly. An even pressure was Inaintainecl by means of the vise 
for two minutes, at the end of which time most of the plaster had been 
forced into the model. Slight oscillation occurred on the surface 
during intrusion, but there was no fracturing and no marked doming. 
Just before injection was stopped the intrusive material broke through 
the sediments near the edge of the pan and flowed out on the surface. 

FIG. 101. Sections. Experiment I. 

Oross sections.-As soon as the plaster had hardened the model was 
cut in sectors, the first to be. removed being directly opposite the 
point where the plaster bad flowed out. In this region it was found 
that the intrusive had spread as a thin sheet in the first coal-dust layer 
and extended continuously from the center about halfway to the edge 
of the pan. From this point sections were made at intervals of one
half inch at the perimeter (of which fig. 101, a, b, c, and d, and sec. 2 of 
PL XLIII are examples), and very soon marked yariations were 
encountered. The intrusion was approaching nearer to the edge, and 
seemed to have entered the coal as fingers from the main sheet, small 
isolated patches being encountered as shown on the right-band side of 
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sec. 2 of Pl. XLIII and in a, b, and c of fig. 101. As- the region of 
eruption was approached still greater irregularities occurred; several 
fingers of the intrusive were found in the second coal horizon, and con
siderable deformation of the adjacent beds was noted (b, c, and d, of 
fig. 101). Sec. 2 of Pl. XLIII is drawn frotn the edge of the pan at the 
point of extrusion, halfway to the center. It is more or less general
ized, but will serve to bring out the several points characteristic of this 
experiment. It will be noted that above the horizon of massive plaster 
in the middle of the column practically no deformation has taken place, 
n1ost of the irregularities being due to bedding, while the beds below 
have been much disturbed. Just below and to the right of the intru
sion in the second coal horizon the marble-dust layer has been folded, 

FIG.102.-Ground plan of laccolith, Experiment I. 

and a little farther on 
(c, fig. 101) this fold 
develops into a frac
ture through 'ivhich the 
intrusive has risen and 
forced its way as a fin
ger into the stratum_of 
coal dust. Near the 
edge another fracture 
occurred and through 
this the intrusive 
flowed to the surface. 
In the lower horizon of 
intrusion considerable 
variations in the thick
ness n1ay be observed, 
and also a tendency to 
form local lenticular 
swellings. 

Grround plan.-The 
plan of the intrusion was roughly elliptical with the conduit at one 
of the foci (fig. 102). About the other focus was a region of coal dust 
into which the plaster had not intruded, apparently having flowed 
about it. 

EXPERIMENT II. SYMMETRICAL LACCOLITH. 

Process.-The results of the second experiment were in n1arked 
contrast to those o:f the one just described. The greater regularity in 
the form of the intrusion was in a large measure due to the nature 
of the sediments, there being more and thinner plaster layers than in 
the first series, and also thinner coal layers, the strata being therefore 
uniformly thin bedded and flexible. The result was that the pressure 
brought to bear on the oyerlying beds by the intruding magma was 
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uniformly distributed and transmitted with little or no loss by lateral 
deformation to the very top of the column. ·In the first experitnent 
the overlying· eoallayers were so thick and so loosely compacted that 
the upward pressure expended itself solely in co"mpressing the strata, 
or in pushing aside and rearranging the individual. grains of coal. 
The couditionR of iutrusion were the same in both experiments, but 
in Experiment II injection was accompanied by a gentle doming about 
the center, with resulting radial fractures. 

Section.-A section of this model is shown ·in Pl. XLill. The 
symmetry of the laccolith and the relation of the overlying beds to 
it are well shown, and were almost as diagrammatic in the original as 
they are in the figured section. One interesting point was the horse 
of plaster which was carried up from the basement layer of plaster. 
and floated in the magma (compare Dome Mountain, Pl. XXI, section 
D-E; also Carriso :Mountains, fig. 81, p. 210). The following is the 
order in which the sediments were deposited, the total thickness being 
about half an inch: 

10. Sand. 
9. Plaster. 
8. Coal. 
7. l\Iarble. 

6. Sand. 
5. Plaster. 
4. Sand. 

3. Plaster. 
2. Coal. 
1. Plaster. 

The remaining experiments were all performed by means of the 
special apparatus. 

EXPERIMENT III. EXTRUSION, SILL, AND LACCOLITH. 

Process.-The eonduit plate with the single slot was in place and the 
bottom of the tank was covered with plaster to make a smooth surface 
flush with the plate, and the tank was partly filled with water. The 
following series of sediments were then deposited to the depth of 
about 2. 5 inches: 

12. Sand. 8. S~nd. 4. Sand. <> 

11. Marble. 7. Marble. 3. Marble. 
10. Coal. 6. Coal. 2. Coal. 

9. Marble. 5. Plaster. 1. Plaster. 

Previous to the deposition of the sediments the cylinder had bee~ 
filled with a mixture of beeswax, paraffin, and ozokerite. It was 
found that thirty minutes were required to melt this mixture. 

After the sediments had been allowed to dry for forty-eight hours 
the wax was melted and injection started. The pi~ton was advanced 
4 inches in fifteen minutes, at the end of which the whole model was 
gently domed. Several radial fractures had developed about the cen
ter, and part of an encircling fracture was also formed. The piston 
being advanced farther two-fifths inch, wax began to flow from the 
intersection of one of the radial fractures with the encircling fracture. 
The eruption continued for about five minutes, a smaH wax cone being 
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formed, and the excess of wax flowing off in four or five well-defined 
streams. A further slight ad vance of the piston started the wax again, 
and after it had stopped flowing for the second time the whole mass 
was allowed to cool and solidify for twenty minutes. At the end of 
this period the piston was advanced 1! inches in twenty minutes. By 
this tirne the wax had become extremely viscous, and the result was a 
small steep dome directly over the conduit, accompanied by circular 
fracturing. 

Sections.-vVhen the wax had thoroughly cooled, sections of the model 
were n1ade, the n1ost typical one being through the top of the dome 
and cutting the conduit through which the wax had risen to the surface 
and had overflowed. This section (sec. 3, Pl. XLIII) showed that the 
wax first intruded had entered the lowest la3rer of coal dust, had spread 
out as a sheet or sill, and had broken up through certain fissures, sat
urating the absorbent layers of coal and sand locall3r; on reaching the 
surface it flowed out, forming a miniature volcano. The second intru
sion did not rise above the first sill, but lifted it and the first plaster 
layer, fracturing the beds above, but not causing any b.reak in the sill. 
The effect of wax coming through the :fissure-like conduit was to give 
the base of the laccolith a somewhat elliptical outline, the longest 
diameter being in line with the conduit. This experiment brought 
out in an interesting n1anner the tendency of a magma when extremely 
liquid and rapidly injected to form sheets or sills, and when more 
viscous to form laccolitbic bodies. Two distinct types of fracturing 
in the overlying sediments were noted, the one of fractures concentric 
about the center of the dome, the other of fractures radiating from the 
center of the dome. Fracturing according to the first type will begin 
in the beds immediately above the intrusive at the point where its 
surface is concave and where the sediments are being folded into an 
encircling monocline. Fracturing according to the second type wilJ 
begin at the ap~x of the domed sediments. 

EXPERIMENT IV. UNSYMMETRICAL LACCOLITH. 

Proces8.-In Experiment IV the conduit plate having six holes was 
used with two conduits extending above the level of the plate. One 
was vertical, while the other was inclined at an angle of 60 degrees 
with the horizon in the direction of the :first-i. e., its walls dipping 
away from the :first. The bottom was covered with sand until its sur
face was flush with the top of the conduit plate, then water was intro
duced and the sediments were deposited in the following order: 

20. Sand. 13. :\larble. 6. Plaster. 
19. Plaster. 12. Sand. 5. :\larble. 
18. Sand. 11. Plaster. 4. Sand. 
17. Coal. 10. Sand. 3. Plaster. 
16. Plaster. 9. Coal. 2. Sand. 
15. :\Iarble. 8. Plaster. 1. PlaEter. 
H. Sand. 7. Coal. 
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Superficial dmning.-The injection in this experiment was very slow, 
one complete turn of the wheel being made in three minutes. There · 
was no apparent doming at the surface until after the piston had been 
advanced 4 inches, but from this point on a very well-defined unsym
metrical dome began to form. As will be seen in A and B of Pl. 
XLIV, there is a gentle upward slope from the left, which continues 
well past the center of the model, while to the right the rise to 
the summit is \rery abrupt. The high angle of this slope was accen
tuated by the fracture indicated in ·sec. 4 of Pl. XLIII. The strata to 
the left of this fracture were lifted by the force of intrusion and made 
a well-defined fault scarp, which was very striking during the process 
of injection; but which soon became obscured by the sifting in of dry 
sand at the surface. This main fracture was the only one noted dur
ing the intrusion, but several other minor ones were discovered on 
cutting the model. 

Sections.-Pl. XLIV, B, and t:;ec. ±of Pl. XLIII, illustrate fairly well 
most of the interesting points of this experi~ent. ·In all the other 
experiments the wax spread out in a layer of coal dust, corresponding 
to shales in nature, but in this case the main intrusion was in the horizon 
of sand over the first plaster layer. Just above the inclined conduit in 
the colored section a peculiar mushroom-shaped body of wax is seen, 
and another, riot shown in the diagram, was found ov~r the second con
duit. Evidently the upper edges of the conduit tube'3 were somewhere 
in the middle of the first marble-dust horizon when inJection was 
started, and the wax, finding the intrusion difficult in the closely-packed 
marble dust, flowed downward and spread out in the underlying sand 
layer, and subsequently lifted all the overlying beds. These project
ing conduit tubes are necessarily artificial in their relations to the 
sediments and are unlike anything in nature. A number of small dikes 
occurred, filling local fracture::;, but the main intrusion was purely lac
colithic. One characteristic which this experiment shares in common 
with the first is the mashing of the marhle dust at the extreme right of 
the laccolith. The plaster immediately below has been fractured and 
the right-hand portion has been faulted upward half an inch above its 
original position, but the plaster layer next above has not been involved 
in this movement. The interve:ning layers of coal and marble dust, 
because of the lack of cohet:;ion of their individual particles, have been 
pushed aside and have not transmitted the force coming ·from below to 
the overlying beds. The point to be particularly noted in this experi: 
mentis the asymmetry of the dome and its relation to the inclined 
conduit. A magma rising through an inclined conduit tends to form an 
unsymmetrical laccolith whose thickness is greatest in the direction in 
which the conduit is inclined from the vertical. Such an inclined eon
duit corresponds with the case of inclined dikes following Algonkian 
lamination upward to the Cambrian unconformity (see Chap. II, pp. 
203-204). 

21 G}:OL, PT 3-01--21 
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EXPERIMENT V. EFFECT OF LOAD AND OF EROSION. 

Inirusion.-As it was intended to try the effects of artificial erosion 
on the laccolith formed in this experiment, special arrangements were 
made to facilitate the transfer of the model from the injection apparatus 
to the erosion tank. The conduit plate having six holes was used, all 
the holes but the central one being closed. This was left as a simple 
circular opening without any projecting tube. \Vhen this plate had 
been bolted in place sand was a.dded, as usual, until it was level with the 
top of the plate. A sheet of zinc 35 inches square, having a hole in 
the center to correspond with that in the boiler plate, was then laid 
in place. The purpose of this sheet of zinc was to supply some sort of 
support for the model while it was being slid from the injection appa
ratus to the board on which it was carried to the ero:sion tank. The 
zinc having been placed in position, water was added, and the sedi
nlents were deposited as follows: 

23. Sand. 15. Sand. 7. Coal. 
22. Marble.· 14. Plaster. 6. Plaster. 
21. Plaster. 13. ::\farble. 5. l\Iarble. 
20. Marble. 12. Coal. 4. Coal. 
19. Sand. 11. Marble. 3. ::\Iarble. 
18. Marble. 10. Sand. 2. Sand. 
17. Coal. 9. Plaster. 1. Plaster 
16. Marble. 8. Marble. 

After the sediments had dried somewhat, a cloth was placed over 
then1 and 300 pounds of shot, to simulate load of superincumbent sed
inlents, were evenly distributed over the surface. The wax was then 
melted and allowed to cool for forty-five minutes before injection was 
started. This was to insure viscosity. The piston was then advanced 
5 inches, the speed averaging 1 inch in fifteen minutes. At the end 
of the injection the wax had become very hard and it was impossible 
to force any more into the model. \Vhen the shot was remo\·ed it was 
found that a very symmetrical dome had been formed (PI. XLV'"), with 
one distinct fracture crossing the dome at its summit. 

Erosion.-The model was then transferred to the erosion tank, great 
care being taken not to cause any further fracturing of the sediments. 
A few fractures indeed developed at the sides and corners, but they 
were not of sufficient importance to affect in any way the process of 
erosion. The erosion tank, 6 feet square and 1 foot deep. had a 
special flood gate by means of which the water level might be kept 
constant or changed at will. The water which was to accomplish the 
erosion was supplied in the form of a fine mist. By means of a small 
perforated nozzle, several jets of water were thrown with some force 
against a fine-meshed sieve, with the result that a large part of the 
water passed through and becatne atomized. As a certain amount of 
drip from the sides of the sim·e accompanied the process, it was found 
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necessary to place the spraying apparatus at one side of the model 
instead of directly over its center. The shower was arranged so that 
the bulk of the water fell at the center of the model, but some parti
cles· of water were carried beyond, while others fell short, the result 
being that there was a zone of maximum rainfall extending from one side 
of tJ;te model to the other and passing over the dome. This necessarily 
influenced the drainage. As shown in Pl. XL VI, A and B represent
ing an earlier and a later stage of degradation, two n1ain streams de vel-

. oped in the line of 1naximum rainfall, flowing in ·opposite directions 
fron1 the dome, and in a very short time after erosion commenced 
they had captured all the drainage, which~ as shown in Pl. XLVI, A, 
was initially radial. Several small streams consequent upon the initial 
slope flowed from the dome and united near its base to form the four 
encircling master streams. Two of these master streams on each side 
united and formed the two trunk streams which drained the whole 
region. The action of frost and the disintegration of rock due to the 
chemical action of surface water could not be imitated, but similar 
results were brought about by the impact of the fine particles of water 
on the various layers of sand and plaster and coal. The force of the 
descending mist was indeed sufficient to cause a breach at the summit 
of the first plaster layer exposed, long before the streams had cut into 
the plaster on the flanks. Notwithstanding these unnatural conditions, 
revet hills were formed which were not unlike ·those found in,nature. 
By the time that the first layer of plaster had been removed a dike 
was exposed at _the left of the summit (Pl. XLVII, A), which had 
risen through the main fracture shown in Pl. XLVI, A. This dike of 
wax was not acted upon by the water and served to protect the left
hand side of the dome, deflecting a large part of the drainage to the 
right. The result is shown in Pl. XLVII, A and.B. 

Sections.-:-Sec. 5 of Pl. XLIII shows the form of the intrusive in 
this experiment, which was in n1any ways the most interesting. The 
laccolith proper was intruded into a layer of coal dust, as was the sheet 
which rests above the main intrusion to the right. In the body of the 
laccolith are three horses of plaster which belong to the horizon rest
ing above the intrusive. It seems likely that in the early stages of 
intrusion fracturing occurred in the immediate neighborhood of the 
fragments of plaster, and that the wax rose above these and entered 
the main fissure, forming the dike, .first following an encircling frac
ture and later a radial one. 
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SUMMARY OF EXPERIMENTS. 

I. Variations dependent on the passive agents. 

1. If the strata imm.ediately above the intrusive are lacking in 
rigidity and are of considerable thickness, they will not transmit to 
the overlying beds the deforming force of the intrusion, but will 
themselves be locally deformed and will cause this force to expend 
itself laterally. · 

2. The converse is also true. If the overlying sediments arc com
paratively rigid they will tend to transmit the deforming force of the 
intrusion uniformly in lines normal to the surface of the intrusive. 

3. The least coherent strata are the ones in which intrusion is most 
likely to occur. 

4. Thick beds of incoherent. material favor the production of intru
sive bodies of irregular form. 

5. For the same viscosity of n1agma (Experiments IV and V, Pls. 
XLIV, A, and XLV) it is probable that the domical curvature of a lac
colith, other things being equal, varies with the load, and hence with 
the thickness of superincumbent strata. That is, a greater load pro
duces a higher dome of smaller ground plan for the same volume of 
intrusive material (see paragraph below, numbered 3.) 

6. Any stratigraphic obstacle to horizontal spreading (Experiment 
I, fig. 2 of J>l. XLIII) may cause a sill to thicken locally into domes, 
the loci of these domes being determined by· points of weakness in 
the overlying beds. The thinner and more flexible portions of the 
superjacent competent stratum under coal dust are the points of great
est doming in modell (sec. 2 of Pl. XLIII). 

7. A magma rising through an inclined conduit tends to form an 
unsymmetrical laccolith whose thickness is greatest in the direction 
in which the conduit is inclined from the vertical (sec. 4 of Pl.· XLIII). 

8. Fractures initially radial and secondly concentric tend to form in 
frangible strata over a symmetrical dome, the radial fractures gaping 
upward and the concentric ones downward. Hence the latter arc the 
first to give passage to the intrusive, which, through them~ forms 
peripheral sills, or, in connection with the radial fractures, dikes. 
Over an unsymmetrical dome, overthrusting and escape of magma to 
higher horizons will take place in the direction of greatest thickness 
of the dome (Pl. XLIV, B, and sec. 4 of Pl. XLIII). 

II. Variations dependent on the active agents. 

1. If the magn1a is in a condition of considerable fluidity it will tend 
to spread as a thin sheet in some stratum of least resistance (sec. 3 of 
Pf. XLIII), and, conversely, 
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·2. If the magma i::; vi::;cous it will tend to form a true laccolith, with 
its horizontal extension restricted and its thickness increasing toward 
the center. 

3. For the ::;ame load (Experiment III) it is probable that the domical 
cuiTature of a laccolith, other things being equal, varies with the 
viscosity (see paragraph numbered 5, above). That is, a more viscous 
magma produces a higher dome of smaller ground plan for the same 
volume of intrusive material (sec. 3 of Pl. XLIII) .. 

±. A viscous magma injected rapidly probably tends to form a dome 
of smaller radius, other things being equal, than when injected slowly 
(Experiments III and IV). 

In the experiments described the injected wax was permitted to 
break its way into the sediments. The analogies to be drawn from 
these experimental illustrations should therefore be confined to cases 
of deformation directly due to the intrusive (see Chapter I, pages 
187-188). No attempt was made in the experiments to imitate con
comitant regional deformation. 
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r_rHE IRON-ORE DEPOSITS OF THE LAKE 
SUPERIOR REGION. 

By c. R. v AK RISE. 

INTRODUCTION. 

ACKNO"\VLEDG~fENTS. 

For the material used in the preparation of this paper I am indebted 
to a large number of men. First, my acknowledgment is due to Maj. 
J. ,V. Powell, former Director, and to C. D. Walcott, present Director 
of the United States Geological Survey, for ample opportunity to 
study the iron-bearing districts of the Lake Superion region. Next, 
I am indebted to the late Prof. Roland D. Irving, my former chief, 
and to a number of men who have worked with Ine. Among them 
Y·{. N. lVIerriam, ,V. S. Bayley, J. Morgan Clements, H. L. Smyth, 
and C. K. Leith have done important work. I have drawn upon the 
various special reports of these men on the different districts.· Finally, 
I am indebted to the owners, superintendents, and engineers of the 
Lake Superior iron mines; with one or two important exceptions, for 
many years they have placed at my disposal information in their pos
session concerning the individual districts and properties. To men-. 
tion all from whom I have received assistance would be to give a 
catalogue of the· principal mining men of the Lake Superior region. 
However, four men have turnea aside from their professional duties 
to give special assistance. In IllY early studies in the Penokee-Gogebic 
district, where I obtained the first clews as to the development of the 
ore bodies, the underground work was done for me by J. Park Chan
ning, who, under my direction, obtained plats of the various mines of 
the district, and furnished a vast amount of accurate information. It 
was the data furnished by Mr. Channing that enabled me to work out 
my theory as to the relation of the ore deposits to dikes. A service 
precisely similar to that of ~1r. Channing was rendered for the Mar
quette district by James R. Thompson. As a result of the exact 
information as to underground phenomena which he gave me, I was 
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able to see that essentially the same principles controlled the deposi
tion of the ores in that district as in the Penokee-Gogebic district. 
Since Mr. Thompson did this work he has moved to the Penokee
Gogebic district, where he has charge of the ~ewport and Bonnie · 
mines. Mr. Thompson has given me information which I use in this 
paper concerning faulting in the Gogebic district. \V . . J. Olcott has 
given me similar information concerning son1e of the mines of the 
district. This inforn1ation in reference to faulting was the final struct
ural data necessary in order to fully elucidate the development of the 
ores of the Penokee-Gogebic district. In our work on the )1e::-abi 
district Mr. Olcott and J. U. Sebenius have given valuable assistance 
which is 1nore fully referred tq on a subsequent page. 

The statements as to the ore production are taken from reports by 
John Birkinbine/ or from data furnished by him, except the ship
ments for 1900 and the totals for the ranges, which are taken fron1 the 
Iron Trade Review. 

From my own writings I have taken without quotation such mate
rial as I could advantageously use. 

I~IPORTANCE OF LAii:E SUPERIOR IRON ORES. 

The production of iron ore in the United States as a whole, and in 
the Lake Superior region for the ten years fron11891 to 1900, inclusive, 
was as follows: 

Production·o.f iron ore in United States and in Lake ;~'uperior 1·eyion, 18.91 to 1.900, inclusire. 

Year. 

1891. - - - - - - - - -- - - - - - - - - - - .. - - - . - - - - - - - - - - --- - - - - - - - -
1892- - - - . - - - . -- - -- - - - - - - - - - - - .. - - - - - - - - - - --- - - - - ----

1893- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - ---- - - - - --- -
1894- - - - - - - - - -- - - - - - - - - - - - - - - - - - - - -- - - - - ---- - -- - --- -
1895.-----------------------------------------------
1896.------------- . ---------------------------------
1897- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - --- - - - - -- - -
1898- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - -- - -
1899- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - -
1900 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - -

rnited States. I Lake Superior. 
I -------------------

Long tons. 

14,591,178 
16,296,666 
11,587,629 
11,879,679 
15,957,614 
16,005,449 
17,518,046 

19,433,716 
24,683,173 
2\979,393 

Longton!'. 

7,621,465 
9,564,388 
6,594,620 
7,682,548 

10,268,978 
10,566,359 
12,205,522 
13,779,308 
17,802,955 
19,121,393 

The total product from the Lake Superior region since shipment 
first began, in 1850, to 1900, inclusive, is 1'71,418,984: long tons. 

From this table it appears that while the production of the Lake 
Superior region in the early years of the past decade was somewhat 

I Twentieth Ann. Rept. l:. S. Geol. Suryey, Pt. n, :\Iineral Resources, 11'98-99, pp. 2i-3i. 
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more than half of. the total production of the United States, in the 
years 1897, 1898, 1R99, and 1900 the Lake Superior production was 
respectively about 70, 71, 72, and 7± per cent of the total for the United 
States. In the years 1899 and .1900 the Lake Superior production 
was considerably greater than the total production of the United 
States for 1897. 

It is also to be remembered that the Lake Superior ores are of higher 
grade than those from other parts of the United States, and this makes· 
it clear tha.t the actual amount of iron produced in the Lake Superior 
region is about four-fifths of the total of the United States. 

The maximum product of Great Britain, the greatest of the iron-ore 
producers with the exception of the United States, was in 1882. In 
that year iS,031,957long tons were produced. 1 The production of the 
Lake Superior region alone for the year 1800 surpassed this maximum; 
and the ore, being of much higher grade, contained much 1nore iron 
than the product of Great Britain's best year. 

It is therefore evident that the Lake Superior region is by nll odds 
the most important single factor in the world's production of the metal 
which is more important to man than an others. 

1 ~Ionthly Summary of Commerce and Finance for August, 1900; Bureau of Statistics, Treasury 
Department, p. 201. 

21 Gl<~OL, PT _3-01--22 



CHAPTER I. 

GENERAL DISCUSSION OF PRINCIPLES. 

GENERAL STRATIGRAPHY. 

The hon-bearing dist:r:icts of the Lake Superior region have been . 
the special subjects of study of the Lake Superior division of the 
United States Geological Survey. This division · was organized in 
1883. From 1883 to 1888 it was in charge of the late Prof. Roland D. 
Irving, I being one of his assistants. Since 1888 the division has been 
in my charge. 

Since 1883 the work of the division has been largely restricted to 
two nutin lines of investigation; first, general studies of Lake Superior 
stratigraphy; and, second, detailed studies of the various districts 
w:hich yield iron ores, leading to the preparation of monographic 
reports upon these districts. At the present time the work is suffi
ciently far advanced to determine the general stratigraphy of the 
region south of the Canadian line to a 1.·easonable degree of certainty. 
Disregarding comparatively late formations, this structural study 
shows that there are in this region five unconformable series from the 
top downward, as follows: 

(1} The Cambrian, which in the Lake Superior district is mainly 
represented by the Lake Superior sandstone. 

(2} The Keweenawan or copper-bearing series, consisting of two 
divisions, the rocks of the lower division being largely igneous, but con
taining interstratified sediments, and those of the upper being wholly 
sedimentar:r. 

(3) The Upper Huronian, n1ainly a sedi1nentary :::;eries, but locally 
containing great series of volcanic rocks, and cut by intrusives o.f 
Upper Huronian and Keweenawan ages. 

(4) The Lower Huronian, consisting mainly of sedimentary rocks, 
but in certain districts including volcanics. This series is. cut by 
intrusive rocks of Lower Huronian and later ages. 

(5) The Archean or Basement complex, composed mainly of ancient 
igneous rocks, both plutonic and yolcanic, but apparently including 
subordinate amounts of sediments. Into these very ancient igneous 
rocks later igneous rocks of many kinds hav·e been intruded at various 
times. 

These series are separated from one another by great unconformities. 
It is not the purpose of this paper to describe the formations of each 
of these series nor to gi,{e evidence as to their structural re.lations. 

316 
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These matters have been discussed by Irving and myself in various 
papers, to which reference can be made by anyone desiring fuller infor
mation on this part of the subject. 1 

The Lower Huronian and Upper Huronian series together consti
tute the Huronian for the Lake Superior region. These series are 
called Huronian because they are believed to be equivalent to the 
Upper Huronian and Lower Huronian of the original Huronian dis
trict north ~f Lake Huron. Within these Huronian rocks the great 
majority of the workable iron-ore deposits of the region occur, although 
a number of very important deposits are found in the Archean. Fre
quently, in papers on these series, the term Iron-bearing series will be 
used in apposition to Huronian series, precisely as the term Copper
bearing series is found in apposition to Keweenawan. 

It is well known that within the Lake Superior region of the United 
States there are ~ix iron-bearing districts. These are the Marquette, 
the Crystal Falls, the Menominee, the Penokee-Gogebic, the Mesabi, 
and the Vermilion. At tp.e present time the Lake Superior divi~ion 

lR. D. Irving: Divisibility of the Archean in the Northwest: An).. Jour. Sci., 3d series, Vol. XXIX, 1885, 
pp. 23i-229. Is there a Huronian group?: Am. Jour. Sci., 3d series, Vol. XXXIV, 188i, pp. 204-216, 24~263, 
365-3i4. Preliminary paper on an investigation of the Archean formations of the Northwestern 
States: Fifth Ann. Rept. U.S. Geol. Survey, 1885, pp. 175-242. On the classification of eariy Cambrian 
and pre-Cambrian formations: Seventh Ann. Rept. U.S. Geol. Survey, 1888, pp. 365-454. 

C. R. VanHise: An attempt to harmonize some apparently conflicting views of Lake Superior stratig
raphy: Am. Jour. Sci., 3d series, Vol. XLI, 1891, pp. 117-136. Correlation papers-Archean and Algon
kian: Bull. U. S. Geol. Survey No. 86. Principles of North American pre-Cambrian geology (with 
Appendix by L. :M. Hoskins): Sixteenth Ann. Rept. U.S. Geol. Survey, Pt. I, 1896, pp. 573-874. 

The foregoing papers render it unnecessary for me here to take up the general stratigraphy of the 
Lake Superior region. However, our work north of Lake Superior, in northeastern Minnesota 
and Canada, has upon two poin~ modified our published conclusions as to succession and corre
lation. Those whQ compare this paper with earlier papers will note two important modifications. 
First, the Archean has heretofore been supposed to be composed wholly of igneous rocks; no sedi
ments have been recognized in this division of the pre-Cambrian. The north-shore work, however, 
makes it very probable that certain of the sedimentary iron-bearing formations must be included in 
the Archean. As examples of such are the productive iron formations of the Vermilion and Michi
picoten districts. This modification is important from a theoretical point of view, since it will make 
changes necessary in my general definition of the Archean and of the·Algonkian. The Algonkian has 
been defined to include all pre-Cambrian sedimentary rocks. The Archean has been defined to 
include all pre-Algonkian rocks, and has been supposed to contain igneous rocks only. These defini
tions must be modified so as to inr:lude in the Algonkian all pre-Cambrian series which are dom
inantly of sedimentary origin, or equivalent in age with those which are dominantly of sedimentary 
origin. The Archean must be defined to comprise the rocks older than the Algonkian, which are 
dominantly of igneous origin, but which may include subordinate amounts of sediments. Recent 
work in northwestern Europe, and especially in Scotland, Scandinavia, and Finland, where the 
ancient rocks are best exposed in Europe, shows that these modifications in the definitions of the 
Archean and Algonkian are also there applicable. The changes are quite in line with what might be 
expected; ior in recent years no one feature in geological advance has been more significant than the 
sweeping away of sharp dividing lines between the various periods. • 

Second, the iron-bearing formations of the Vermilion and similar districts I have heretofore regarded 
as Lower Huronian. I~ placing these formations in the Archean I recognizE. three series in which 
productive ore formations are found, the Upper Huronian, the Lower Huronian, and the Archean. 

The evidence upon which these modifications of my opinion concerning Lake Superior stratigraphy 
are based can not be here presented in detail. It will be fully given in a monograph upon the Ver
milion district, to be published later. In general it may, however, be stated that our work in the 
Vermilion district of :\linnesota and on the Canadian side of the international boundary has con
vinced us that bands of sedimentary iron-bearing formation are interstratified with the upper part of 
the oldest series of the Lake Superior region, composed of greenstones, greenstone-schists, and tuffs, 
although th~ thick productive belts of the Arahean appear to rest upon the greenstones and green
stone-schists. 
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of the United States Geological Survey has published Inonographs 
upon the Penokee-Gogebic/ the Marquette, 2 and the Crystal Falls 
districts, 3 and a special folio upon the Menominee distriet."' The 
field work upon the Menominee and Vermilion districts is com
pleted, and monographs upon these districts are being prepared by 
W. S. Bayley and J. Morgan Clements. The detailed geological field 
work in the Mesabi district was begun by C. K. Leith in July, 1900. 
Spurr 5 has prepared a report upon this area which gives his view of 
the succession of formations and the relations of the iron ores; and 
the Minnesota geological survey has lately published a somewhat 
detailed account of the range. 6 At the present time, therefore, it is 
possible to make a general statement as to the stratigraphical positions 
and origin of the iron-bearing formations in the Lake Sup~rior region 
and to summarize the principles which control the deposition of the 
ores. This is the purpose of the present paper, which is adapted from 
a partly prepared manuscript upon Lake Superior geology, to be later 
published as a monograph by the United States Geological Survey. 
In this paper it is not my intention to discuss each mine. Individual 
mines will be mentioned only as illustrative of the manner of occur
rence of the ores. The selection of mine plats for figures is based upon 
the excellence with which they illustrate the principles of occurrence 
of ore rather than upon the relative importance of the mines. 

THE IRON -BEARING FORMATIONS. 

ROCKS OF THE IRO.N-BEARING FORMATIONS. 

The iron ores of the Lake Superior region all occur within or are 
associated with certain formations which have been called the iron
bearing formations. The chief varieties of rocks of the iron-bearing 
formations are (1) cherty iron carbonates, (2) :ferrous silicate rocks, (3) 
pyritic quartz rocks (confined to the Archean), (4) ferruginous slates, 
(5) ferruginous cherts, (6) jaspilites, (7) amphibolitic and magnetitic 
schists and rarely pyroxenic and chrysolitic slates or schists, (8) iron
ore deposits, and (9) detrital ferruginous rocks derived fron1 the fore
going varieties. There are gradations between all of the different 
varieties of the iron-bearing formations. Gradation varieties also 

1 The Penukee iron-bearing series of ::\1ichigan and Wisconsin, by R. D. Irving ttnd C. R. VanHise: 
Mon. U.S. Geol. Survey Vol. XIX, 1892. 

2The ::\Iarquette iron-bearing district of ::\Iichigan, by C. R. Van Rise n.nd W. S. Bayley, inc lttding 
a chapter on the Republic trough, by H. L. Smyth: )!on. U. S.Geol. Survey Vol. XXVIII, 189i. \Yith 
atlas. 

3The Crystal Falls iron-bearing district of ::\Iichigan, by J. )!organ Clements and H. L. Smyth, with 
a chapter on the Sturgeon River tongue, by W. S. Bayley, and nn introduction by C. R. VanHise: )Ion. 
U.S. Geol. Survey Vol. XXXVI, 1899. 

• Geologic Atlas G. S., folio 62, )!enominee Special, 1900. 
&The iron-bearing rocks of the :\Iesabi range in )Iinnesota, by J. E. Spurr: Bull. Geol. Xat. Hist. 

Survey ::\Iinnesota, Xo.10, 1894, p. 268. 
6Qeology of ::\Iinnesota, Chaps. XIII-XX, by x. H. Winchell and U.S. Grant: Geol. X at. Hist. Survey 

Minnesota, Vol. IV, 1899. 
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exist between the rocks of the iron-bearing formations and those of 
the associated formations. For the purpose of the present paper it is 
not necessary to consider these gradation varieties. 

The cherty iron-bearing carbonates are the chief original sedimen
tary rocks of the iron-bearing formations. These are the rocks from 
which the other varieties of the iron-bearing formations and the iron 
ores have been mainly produced by various metamorphic and sedi
mentary processes. In the Mesabi district it has been held that the 
source of the iron can be traced to glauconite. 1 But work thus far 
done by the United States Geological Survey seems to indicate that 
hydrous ferrous silicate and iron carbonate are the important sources 
of iron ore in that district. The iron silicate is not glauconite, since 
analyses by Steiger show that it contains no alkali. In the Michipi
coten district of Ontario pyrite and marcasite occur rather plentifully 
within the original iron-bearing carbonates, and also very abundantly 
with quartz in associated rocks. Pyritic quartz rocks also occur in 
the Vermilion district in subordinate quantity. The iron sulphide to 
some extent has undoubtedly been a source of the ores. But how
ever one may emphasize the importance of ferrous silicate and iron 
sulphide as a source of the ore bodies, it still remains true that the iron
bearing carbonates are the dominant original sedimentary rocks out of 
which the iron-bearing formations and ore bodies have been produced. 
The iron-bearing carbonates vary from nearly pure siderite to dolomite. 
Thus the different varieties might be called siderite, ankerite, paranker
ite, and ferriferous dolomite. Between these definite minerals there 
are undoubted gradations. The amount of chert which was present in 
original rocks of the iron-bearing formations varies from an insignifi
cant quantity to a predominant amount. On account of the great 
variability in the compositions of the original rocks the general term 
cherty iron-bearing carbonates rather than any definite mineralogical 
term is preferred. 

In the present paper it is not my purpose to enter into a full discus
sion of the origin of the cherty iron-bearing carbonates, the ferrous 
silicates, and the pyrite-quartz rocks. This is an interesting and diffi
cult subject, the adequate discussion of which would require a paper. 
It is, however, my belief that the iron for the iron-bearing forma
tions was largely derived from the more ancient basic volcanic rocks 
of the Lake Superior region. When the individual districts are taken 
up it will be seen that a greenstone, often ellipsoidal, in many places 
porous and amygdaloidal, in many places schistose, and rich in iron, 
is the most characteristic rock of the Archean, and that similar rocks 
occur abundantly in the Huronian. Where these igneous rocks were 
adjacent to the seas they would be leached by the underground water 
and the iron transported to the adjacent seas. It is probable that 

I The iron-bearing rocks of the :Mesabi range, by J. E. Spurr: Bull. Geol. Nat. Hist. Survey ~fin
nesota, No.lO, 1894, pp. 227-248. 



320 IRON·ORE DEPOSITS OF LAKE SUPERIOR REGION. 

to some extent this leachi&g process also went on below the waters of 
the sea. The iron was probably transported to the water mainly as 
carbonate, but to some extent as sulphate. The carbonate would there 
be thrown down by oxidation and hydration as limonite, and the sul
phate in part as basic ferric sulphate. Much of the sulphate was prob
ably directly precipitated as sulphide by the organic material. The 
limonite would he mingled with the organic matter which was un
doubtedly present, a~ shown by.theassociatedcarbonaceous and graph
itic shales and slates. When deeply buried the organic matter would 
reduce the iron sesquioxide to iron protoxide. By the simultaneous 
decomposition of the organic matter carbon dioxide would be pro
duced, which would unite with much of the protoxide of iron, pro
ducing iron· carbonate. The sulphate of the basic ferrous sulphate 
would be reduced to the sulphide by the organic material, thus pro
ducing the pyritic carbonates. Where the iron was brought to the 
water mainly as sulphate the direct reduction of this salt by organic 
matter would form iron· sulphide with little or no carbonate. Simul
taneously with the production of these substances chert was formed, 
probably through the influence of organisms. 1 Some of this silica 
would unite with a part of the iron protoxide, producing ferrous sili
cate. More or less mechanical sediment would also be laid down. 
Thus the original rocks-the cherty iron carbonates, the ferrous sili
cate rocks, and the pyritic cl;lerts-would be produced. 

It has chanced that at three different periods in the .history of the 
Lake Superior. region these processes of the development of the 
original rocks of the iron-bearing formations have occurred exten
sively. While this might at first be thought remarkable, there is 
no good reason for thus regarding it. At some time during each 
of the Archean, Lower Huronian, and Upper Huronian periods the 
quiescent conditions of chemical and organic sedimentation have 
occurred, and since the iron-bearing volcanic rocks were each time 
available fpr the work of underground waters and sea waters, natu
rally iron carbonate and the other original rocks have been produced. 
In each period the source of the material and the process of its forma
tion were essentially the same. 

Alterations of the rocks of the iron-bearing fornwtions.-The altera- · 
tions of the original rocks of the iron-bearing formations have been 
along two general lines, depending upon whether the iron-bearing 
carbonate or ferrous silicate or pyrite when altered was at the sur
face or at considerable depth. Where the rocks were altered at or 
near the surface, so that oxygen-bearing waters were abundant, 
ferruginous slates, ferruginous cherts, and ore bodies were produced. 
\Vhere the iron-bearing c~rbonate was deeply buried when altered, 

I The Penokee iron-bearing series of Michigan and Wisconsin, by R. D. Irving and C. R. Van Hise: 
Mon. C. S. Geol. Survey Vol. XIX, 1892, pp. 24~253. 

Fossil Medusae, by C. D. Walcott: :\Ion. L'. S. Geol. Survey Vol. XXX, 1898, pp. li-21. 



VA~ RISE.] ALTERATIONS OF IRON-BEARING ]fORMATIONS. 321 

and especially where altered in connection with igneous rocks so that 
the temperature was rather high, the rocks which were produced were 
amphibolitic and magnetitic slates or schists. The formation of the 
ferruginous slates and ferruginous cherts from the iron-bearing car
bonate is usually a process of liberation of carbon dioxide and of 
oxidation and hydration of the iron. Where oxidation takes place 
with little hydration, jaspilites may be formed. Where pyrite is also 
present the process is that of oxidation of both the sulphur and iron 
and partial hydration of the iron. Where ferrous silicate is present 
the process is that of separation of the silica and partial hydration of 
the iron oxide. Ordinarily the rearrangement of the iron and chert 
emphasized the original sedimentary banding. 

The formation of the amphibolitic and magnetitic schists and the 
pyroxenic and chrysolitic schists from the iron-bearing carbonate is a 
process of decarbonation, silication, and partial oxidation. The driv
ing off of the carbon dioxide leaves the protoxide free. 1 The union of 
silica with iron protoxide alone forms griinerite or fayalite; with iron 
and magnesium, cummingtonite, chrysolite, or hypersthene; with iron, 
magnesium, and calcium, actinolite; with these substances and various 
earthy impurities, hornblende. The excess of iron of the carbonate and 
sulphide is oxidized to magnetite. Where the original rock was strongly 
pyritic n1uch of this mineral usually remains. Where a part of the 
original material was hydrated ferrous silicate, griinerite, or fayalite 
forms from it by simple dehydration and recrystallization. It is only 
where the metamorphism has been of the most profound character, as 
at the west end of the Gunflint iron formation, that rhombic pyroxenes 
and chrysolite have been produced. (Seep. 409). The reactions pro
ducing this line of products are those of the ·aeep-seated zone. 2 

For the development of jaspilite further alterations are commonly 
required. The first stage ordinarily forms ferruginous slate or ferru
ginous chert at or near the surface, as above described. These rocks 
when later deeply buried by sedimentation and subsequently folded 
are altered in the deep-seated zone in which dehydration is one of the 
characteristic reactions. The hydrated iron oxides of the ferruginous 
slates and ferruginous cherts are changed to hematite. This gives the 
rocks the blood-red appearance of jasper. The jaspilites therefore 
differ mainly from the ferruginous slates and the ferruginous cherts 
in the nonhydrated condition of the iron oxide. 

During any of the above processes of alteration the iron oxides may 
be more or less concentrated. The concentration may result in bands 

1 :Metamorphism of rocks and rock flowage, by C. R. Van Hise: Bull. Geol. Soc. America, Vol. IX, 
1898, pp. 277-286. 

2Some principles controlling the dep9sition of ores, by C. R. VanHise: Trans. Am. Inst. :\lin. Eng. 
Vol. XXX, 1900, pp. 77-78. 

Metamorphism of rocks and rock flowage, by C. R. Van Hise: loc. cit., pp. 279-286. 
Geology of ~linnesota, Vol. IV, 1899, pp. 459, 47&-477. 
Contact metamorphism of a basic igneous rock, by U.S.Grant: Bull. Geol. Soc. America, Vol. XI, 

1900, pp. 506-509. 
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of nearly pure iron oxide between the leaner portions of the rock. 
It may result in the concentration of the iron oxide in veins. It may 
result in the concentration of the iron oxide in large masses under 
peculiar conditions, as fully explained below, and thus produce ore 
bodies. The ores are mainly somewhat hydrated hematite, but limonite 
and anhydrous hematite (either earthy or specular) occur plentifully. 
Magnetite is also found, bu.t is very subordinate in quantity. The 
great 1nass of the iron ore of the Lake Superior region is iron 
sesq uioxide. 

It appears from the· foregoing that the original rocks of the iron
bearing formations, notwithstanding the facts that they appear to be in 
three unconformable series and that their deposition must have been 
n1illions of years apart, are remarkably similar. l\1orcover, while the 
original rocks of the iron-bearing fonnations have undergone a very 
wide variety of changes, the alterations for the three formations fol
lowed substantially the same courses. The reasons for this are that the 
original materials are essentially the same, and that they were largely 
transformed to other varieties of rocks at the same time. The par
ticular transformations are extremely variable in different districts or 
in different parts of the same district, but the end results are similar 
for each formation when the conditions of metamorphisn1 were similar. 
Consequently one who has worked for a brief time in the Lake Supe
rior region, even if he can not describe and name the individual varie
ties of each iron-bearing formation, soon learns to recognize the chief 
kinds of rocks characteristic of these formations, and especially to 
1·ecognize the a~sociations of the different kinds of rocks with one 
another and the general appearance of the formations as a whole. 
Hence, while the iron-bearing formations are lithologically extremely 
variable, their common origin and common methods of metamorphism 
and the peculiar relations of the different varieties to one another ma.ke 
it easy to recognize them. 

HORIZONS AT WHICH THE IRON-BEARING FORl\1ATIONS OCCUR. 

The iron-bearing formations occur in three series, reckoned from the 
base upwards as follows: (1) A nondetrital iron-bearing formation 
in upper portions of the Archean, (2) a nondetrital iron-bearing 
formation in the Lower Huronian series, (3) iron-bearing formations 
in the Upper Huronian series. The iron-bearing formations in the 
Upper Huronian series are at two horizons. These are (a) a basal 
detrital ferruginous formation of the Upper Huronian where in con
tact with the iron-bearing formation of the Lower Huronian; (b) a 
largely nondetrital iron-bearing formation in the Upper Huronian. 
'\Vi thin these formations or adjacent to them exploration is warranted. 
Beyond their confines exploration for iron ore is a useless expenditure. 
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In most districts these formations have been given local names. 
This has been done, first, because at an early stage of our work it was 
not certainly known which of the formations of one district were 
equivalent to those of another; and, second, because the miners in a 
district prefer a name derived from that district rather than one from 
another district. The Archean iron-bearing formation of the. Vermilion 
district has been called the Soudan formation. The Lower Huronian 
iron-bearing formation in the Marquette and adjacent areas has been 
named the Negaunee formation. The Upper Huronian iron-bearing 
formation in the Penokee-Gogebic district has been called sin1ply the 
Iron-bearing member in preYious reports of the Geological Suryey. 
It is here named the Ironwood formation, from the principal town in 
the district. The productive iron-bearing formation in the Menomi
nee district has been named the Vulcan formation, and in the Crystal 
Falls district the Groveland formation. The Upper Huronian iron
bearing formation in the ~1esabi district has not heretofore received a 
distinctive name. It will be called the Biwabik formation. The Upper 
Huronian iron-bearing formation in the Animikie series of Canada we 
haye decided to call the Gunflint formation, from Gunflint Lake, where 
the formation is finely exposed. Iron-bearing formations which are 
not producers are not given names nor has the iron-bearing formation 
of the Michipicoten district been named . 
. The iron ores may occur at any position within the iron-bearing 

for1nations. However, other things being equal, they are likely to 
occur in middle or lower strata rather than in high strata in the for
mations. 

GENESIS OF THE ORE DEPOSITS. 

GENERAL STATEMENT. 

In another place I have somewhat fully discussed the general sub
ject of the deposition of ore deposits by underground water. 1 It is 
there held that deposits so produced constitute by far the larger group 
of ore deposits. To this group of ores the iron-ore deposits of the 
Lake Superior region will be shown to belong. In the paper referred 
to I haye shown that ore deposits produced by underground water are 
commonly found where there have been trunk channels of circulation.2 

It will be seen upon subsequent pages that this generalization is appli
cable to the Lake Superior region. I have divided ore deposits pro
duced by underground waters into three main classes: (1) Ores which 
at the place of precipitation are depo8ited by ascending waters al.one; 
(2) ores which at the place of precipitation are deposited by descend
ing waters alone, and (3) ores which receive a first concentration by 

I Some principles controlling the deposition of ores, by C. R. Van Rise: Trans. Am. Inst. :\fin. Eng., 
Vol. XXX, 1900, pp. 27-177. 

~ Loc>. c>it., pp. /o\2-91, 123-12ii, liiS-161, 16f>-Hi9. 
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ascending waters and a second concentration by descending waters. 1 

It will be seen upon subsequent pages that iron ores of the Lake 
Superior region belong to the second class. 

STRUCTURAL REL.ATIO:NS OF THE. IRON -ORE PEPOSITS. 

Small iron-ore deposits are found where orogenic movements have 
produced faulting, close plication, brecciation, or combinations of two 
or all of these phenomena in the iron-bearing formations. Such move
ments furnish zones or areas where percolating waters are converged 
into trunk channels, and thus favor the concentration of the iron 
oxides. 

Large ore deposits occur at contacts between different members of 
the iron-bearing formations or at the contact of the iron-bearing for
mations with other formations. These contacts are favorable places 
for the concentration of ore, because they are horizons along which 
important slipping or differential movement has occurred during the 
folding of the Lake Superior region. Whenever beds are folded there 
must be differential n1ovement between them. This is well illustrated 
by the slipping of the leaves of a flexible book over one another when 
the book is bent. In nature the contact planes between formations of 
a different character are always places of weakness; hence, at such 
places the major movements take place. These movements are sure to 
make the formations porous, and thus produce main channels of per~ 
colating water, and hence the frequent presence of ore bodies at the 
contact planes. 

The iron-ore deposits of the first order of magnitude occur on rela
tively impervious formations, which are in such position as to consti
tute pitching troughs. A pitching trough may be made by a slate 
underlying or interstratified with an iron-bearing formation; by a 
quartzite formation underlying an iron formation; by a limestone 
formation underlying an iron formation; by an igneous rock, whether 
intrusive or extrusive, underlying or within an iron formation; or by 
any combination of these rocks. The most frequent combinations are 
those of sedimentary or volcanic rocks with subsequent intrusive rocks. 
The essential thing in this connection is that somehow an impervious 
basement shall be in such a position as to constitute a pitching trough. 

The combination of two or all of the favorable conditions, viz, 
strong orogenic movements, contact planes, and pitching troughs 
with impervious basements, is more favorable than any one of them. 
Where such a con1bination is found the largest ore deposits may be 
expected. Such are the conditions at a number of the great mines of the 
region. However, it can not be too strongly insisted upon that an 
essential condition for the de,Telopment of a great iron-ore body in an 

ILoc. cit., pp.li3-li4. 
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iron-bearing formation in the Lake Superior region is the production 
in some way of a pitching trough made by a formation which is rela
tively impervious. 'Vhere the impervious pitching troughs are large 
and continuous, as, for instance, at the end of a gTeat synclinal fold 
(see Pis. LIV, LVI, LVII, LIX), the ore deposits are almost sure to 
be large. vVhere the pitching troughs are small, irregular, or broken, 
the ore deposits are likely to be small. 

The forms of the ore deposits at first sight might be thought to be 
exceedingly irregular, but when the above reJations are understood 
they are seen at. once to have orderly forms. To illustrate, the main 
mass of an ore deposit on an impervious basement is likely to be at 
the bottom of the trough, but from this main mass a considerable belt 
of ore may follow the limbs of the trough to a much higher altitude 
than in the center of the trough (see Pl. LIX). · The ore bodies in 

· cross section thus frequently constitute a U, which is very thick at the 
bottom, the cenmr of the U being occupied by the iron-bearing forma
tion which has not been transformed to ore. 

ORE DEPOSITS LARGELY SECONDARY. 

The relations of the ore deposits (see Pis. L, LIV, LVI, LVII, LIX) 
are such as clearly to show that the iron ores in troughs must have 
been deposited in their present, positions after the troughs and other 
structural features of the region were formed. No igneous or sedi
mentary rock as originally produced has such forms as those exhibited 
by the ore bodies. They clearly are not original sedimentary rocks, 
such as the iron formation as a whole, but the iron-ore deposits grade 
into the other rocks of this sedimentary formation. The ore-bearing 
rocks are clearly not igneous rocks. No igneous rocks ever grade by 
impe1·ceptible stages into sedimentary rocks, such as the various mem
bers of the iron-bearing formations. Nor do igneous rocks ever have 
such uniformly definite relations to troughs. If the iron ores were 
deposited in their positions after the development of the present 
structure of the Lake Superior region, as the foregoing facts seem to 
show beyond question, they must have been produced by the work of 
underground circulating waters. 

Bearing upon this conclusion is the fact that at the present time 
there is an undoubted relation between abundant underground circu
lation and the ore deposits. This is so well known that the miners 
understand the empirical relation even if they do not apprehend the 
causal one. When an explorer, in sinking a test pit or shaft, finds 
abundant water he regards this as a favorable indication. When, upon 
the other hand, he does not get much water, unless he is on high 
ground he . fears that if he discovers an ore deposit it will be small. 
The exploitation of large ore deposit;3 has frequently necessitated the 
hand~ing of large volumes of water. In places where the amount of 
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water is comparatively small, it is highly probable that in pre-Glacial 
time, before the valleys were filled, the circulation was much 1nore 
abundant. The great quantity of water found in connection with the 
ore deposits is positive evidence, independent of all theory, that the 
ores are located at trunk channels of underground circulation. 

IRON -ORE DEPOSITS PRODUCED BY DESCENDING WATER. 

The question next arises as to whether the waters were ascending or 
descending when the ore deposits were formed. The positions of the 
great bodies of ores in pitching troughs bottomed by impervious base
ments rather than in pitching arches topped by impervious roofs is 
conclusive evidence that these ores were concentrated by descending 
rather than by ascending water. Descending waters would be con
verged into pitching troughs with impervious basen1ents, whereas 
ascending waters would be converged into pitching arches having 
impervious roofs. This generalization is fully discussed elsewhere. 1 

The structural relations of the ores which are confined to the con
tact planes and to places of strong orogenic movement do not always 
enable one to determine whether the concentrating waters were descend
ing or ascending. Since, however, as already noted in the larger ore 
deposits, these features are combined with troughs, it can hardly he 
doubted that the waters which formed the ore deposits at contact 
planes and places of orogenic movement were also descending. 

In this connection it is also to be remembered that the ores are 1nainly 
iron sesquioxide, usually more or less hydrated-that is, they belong 
to the class of oxidized and hydrated ores. The products were there
fore produced under conditions favorable to oxidation and hydration, 
and if secondary concentrates they 1nust have been precipitated by 
water charged with oxygen. Such waters are usually descending, 
hence the character of the 'deposits makes it probable that the waters 
producing the ores were descending rather than ascending. 2 

CHEMICAL PROCESS OF CONCENTRATION. 

The next question to be considered is the chemical process of concen
tration of the ores. For places where waters from different sources 
are converged, this process has been fully given in Monographs XIX 
and XXVIII of the United States Geological Survey. 3 In this paper 
the discussion will be only summarized. A part of the iron oxide of 
the ore was deposited in its present condition as an original sediment 

1 Some principles controlling the deposition of ores, by C. R. Van Hise: Trans. Am. Inst. ~lin. Eng., 
Vol. XXX, 1900, pp. 27-177. 

2 Loc. cit., pp. 72-74, 138. 
3The Penokee iron-bearing series of :\Iichigan and Wisconsin, by R. D. Irving and C. R. Van Hise: 

Mon. 'C. S. Geol. Survey Vol. XIX, 1892, pp. 534. 
The )!arquette iron-bearing district of :\Iichigan, !Jy C. R. \·an Hise (with W. S. Bayley and H. L; 

Smyth): l\Ion. U.S. Geol. Survey Vol. XXVIII, 1897, pp. 608. With atlas of39 plates. 
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containing silica and other impurities. However, the nature of the 
sediment may have been changed; that is to say, it may have been 
deposited in part as iron carbonate, or in small part as iron sulphide 
or iron silicate, and later transformed to iron o...xide in situ. The lean 
material originally deposited where the ore bodies now are has been 
enriched by secondary deposition of iron oxide. Briefly, the process 
of enrichment is believed to have ·been as follows: 

The source of the iron for the enrichment of the ores is believed to 
have been mainly iron carbonate. ~1eteoric waters are charged with 
oxygen. As they enter the soil they would be dispersed through 
innumerable minute openings. The waters, which early in their jour
ney come into contact with iron carbonate, would have their oxygen 
abstracted. Such waters would be likely to be those following cir
cuitous routes. The deoxidation of the waters by the iron carbonate 
would produce ferruginous slates and ferruginous cherts. In this 
alteration the carbon dioxide would be liberated, and would join the 
descending waters. Thus carbonated waters free from oxygen would be 
produced. Such waters are capable of taking a considerable amount of 
iron carbonate and some iron silicate into solution. Large quantities 
of these solutions would be converged upon the sides or at the bottom 
of the pitching troughs, or in other places where there were trunk 
channels for water circulation. 

·After an iron-bearing formation was exposed to descending waters 
for a considerable time, a large part of the iron carbonate adjacent to 
the surface would be transformed to ferruginous slates and ferruginous 
cherts. This change would take place most extensively where waters 
were abundant and a somewhat direct course led to the trunk chan-

. nels. After this process was completed at such places, the waters now 
following this direct route would pass only through the ferruginous 
slates and ferruginous cherts, and would reach the trunk channels 
charged with oxygen. There the solutions bearing iron carbonate and 
those bearing oxygen would be commingled. Iron sesquioxide would 
be precipitated. Therefore, the iron oxide of an ore body consists 
in part of iron compounds originally deposited in situ, and in part of 
iron brought in by underground waters. The material deposited in 
situ may have been originally detrital iron oxide, or it may have been 
derived from iron carbonate, iron sulphide, or iron silicate, which was 
oxidized in place, or from two or all of these sources. It has been 
assumed that the part brought in by underground waters was mainly 
transported as carbonate, although a portion may have been transported 
in some other form. Of the two sources of iron ores, the original 
material and that added by underground water, the latter is upon the 
average probably more abundant. But in some exceptional cases, 
where there is a large amount of detrital iron oxide, the material 
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added by underground waters may be subordinate. However, in all 
cases it may be said that were it not for the secondary e1:1richment by 
underground waters, through the addition of iron oxid~, the material 
would not be iron ore~ The evidence of this lies in the fact that the 
ore bodies are universally confined to the places where underground 
waters have been converged into trunk channels. 

The ore deposits contain upon the average a less quantity of silica 
than does the average of the iron-bearing formations. It follows there
fore that silica must have been dissolved. This doubtless was largely 
the work of tl;le great volume of water converged into the trunk chan
nels. It has been seen that the waters which carried iron carbonate 
to the ore deposits were carbonated. The precipitation of iron oxide 
from carbonate liberated more carbon dioxide, so that the watm•s 
were very heavily charged with carbonic acid. In some of the dis
tricts basic igneous rocks occur within the iron-ore deposits or as 
basements to them. In all such cases these basic rocks are found to 
have lost a ]arge part or all of their alkalies. These must have passed 
into the solutions. Hence the waters moving along the trunk chan:.. 
nels would in some cases contain alkalies besides being rich in carbon 
dioxide. It is weH known that such solutions are capable of dis
solving silica. Therefore, the conditions which result in the pre
cipitation of iron oxide also furnish conditions favorable to the solution 
of the silica. Silica is thus largely dissolved from the ore bodies and 
transported elsewhere. The removal of the silica is ordinarily only less 
important in the development of the ores than the addition of the iron. 
In many cases the abstraction of the silica proceeded further than the 
deposition of the iron oxide, thus making the rocks very porous, and 
further rendering the conditions favor~ble for abundant circulation.-

WHAT BECOl\IES OF DESCENDING WATER~ 

Another point which needs to be considered in connection with the 
above theory is to answer the question, 'Vhat becomes of the descend
ing water~ In order to produce great inasses of ore, such as the iron
ore deposits, the circulation must have been long continued. The vol
ume of water which circulated through the ore deposits must have 
been many thousand times, probably hundreds of thousands of times 
as great as the volun1e of ore. It is certain that as depth increases 
the rocks become more .and more compact, until finally the zone of 
rock flowage is reached, into which it can not be assumed the water 
passes. "\'V e, therefore, must conclude that the water converged into 
the trunk channels, represented by the pitching troughs or other 
forms, must again somewhere reach the surface. This conclusion is 
merely an application of the principles of underground water circula
tion discussed by me in a paper already referred to. 
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INFLUENCE OF TOPOGRAPHY ON ORE DEPOSITION. 

The majority of the large iron-ore deposits of the Lake Superior 
region are located upon the slopes of hills or bluffs, often upon their 
upper parts. But there are some notable exceptions to this, as, for 
instance, the great deposit of ore which is below the Lake Angeline 
depression in the Marquette district, the great Chapin mass, which 
was largely located below an area which was a swamp, and some of the 
deposits of the Mesabi district.. However, the impervious basements· 
of even these deposits rise to highm~ elevations immediately adjacent. 
These impervious formations would concentrate a large amount of 
water which would move downward toward the low lying sloping areas. 

Underground water circulation is due to gravity. 'J;herefore, water 
below areas of elevation is likely to be descending at least for 
some depth, and water below valleys is likely to be ascending. 
}""'urthermore, a small difference of head is sufficient to account for 
the circulation penetrating to a considerable depth. Thus the 
topographic locations of the ore deposits are explained. However, 
the theory of the concentration of the iron-ore deposits by waters 
which, upon the whole, are descending, does not requhe that all of 
the ore shall be deposited on high ground, nor that precipitation can 
not occur where a portion of the waters are ascending. The waters 
are believed to be largely descending where the ores are deposited. 
In order that this shall be the cas.e, there must be higher feeding areas 
which shall furnish sufficient head to carry the water to a considerable 
depth below the ground, in many cases at least for several hundreds 
of feet below the lowest points of the valleys. But below the lower 
parts of the slopes the waters which have followed circuitous routes, 
and therefore bear iron carbonate, may have begun their ascent and 
met descending waters bearing oxygen. In this case the ore in the 
parts of the deposit low on the slopes might be precipitated by the 
mipgling of ascending and descending waters. Notwithstanding this 
qualification, the undoubted position of the larger masses of the thick 
deposits directly upon the impervious basements, and their position 
below areas of elevation and on slopes, and their general absence or 
poor quality below valleys, seem to me to be conclusive evidence that 
the main work was accomplished by descending waters. 

In this connection it is to be 1·ecalled that the topography of the 
iron-bearing districts of the Lake Superior region has been greatly 
modified by the ice incursions. The pre-Glacial crests have been low
ered by glacial erosion; but more important than this, the valleys are 
filled, some of them to the depths of hundreds of feet, so that in pre
Glacial time, when the or~ deposits were mainly formed, the relief 
was considerably greater, and therefore the head-driving underground 
circulation greater and much more.effective. In many of those cases 
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in which large ore deposits lie below low ground it is certain that 
there was still lower ground in the adjacent areas in pre-Glacial times. 

To the above statement the objection may be raised that the reason 
why ore deposits have been found mainly below elevations or slopes 
is that the low-lying areas are difficult to explore. This objection has 
some force. However, giving it all possible weight, it is not sufficient 
to explain the very great preponderance of discovered deposits on 
slopes and hills. Large iron-ore deposits are so valuable that if many 
existed below valleys a considerable number would have been found. 
Indeed, in many districts low-lying areas have been thoroughly ex
plored, and yet in the majority of cases this work has not been 
rewarded. 

INFLUENCE OF DENUDATION ON ORE DEPOSITION. 

Nearly all, if not all, of the large ore bodies known in the Lake 
Superior region somewhere reach the solid rock surface. From the 
drift they may extend downward to variable depths. If the above 
explanation of the origin of the ores be correct, the iron ore of these 
depo~its brought in by underground water must in large measure have 
been derived frmn those portions of the iron-be.aring formation which 
were once above the present surface of denudation, but which have now 
been cut away by erosion. The ore deposits are therefore regarded as 
the result of the work of descending waters combined with progressive 
denudation. Contemporaneously with the development of the iron 
ores the ferruginous slates and ferruginous cherts were formed. 

TDIE AND DEPTH m"' CONCENTRATION. 

It has already been seen that the beginning of the processe$ of alter
ation of the original iron-bearing rocks occurred far back; indeed, in 
Archean and Lower Huronian times extensive changes took place in the 
iron-bearing formations during the erosions which followed those :peri
ods. These resulted in the transforn1ation of large part'3 of the iron
bearing formations from iron-bearing carbonate to ferruginous slates, 
ferruginous cherts, etc. Thus the beginning of the processes of r~on
centration for the Archean ores must be placed in early Huronian times, 
and for the Lower Huronian ores must be placed in the time between the 
two Huronian periods. Where at the base of the Upper Huronian rich 
ferruginous detritus was formed at the beginning of Upper Huronian 
time, the second stage of the process of concentration of the ores at 
this horizon took place. In certain places the iron-bearing formation 
within the Upper Huronian was exposed by erosion before Keweenawan 
time, and went through a set of changes in the time interval between 
the Huronian and Keweenawan similar to the Lower Huronian iron
formation in inter-Huronian time. Therefore the beginning of the 
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process of development of the ores at this horizon antedated Keweena
wan time. vVhile, therefore, it is plain that the beginning of concen
tration of the ores must be placed shortlJ after the different iron-bearing 
formations wm·e deposited, if the theOI]T advanced on the previous 
pages be correct, it is clear that the beginning of the final and most 
important enrichment of the ore deposits occurred in Algonkian time. 
Moreover, in those districts in which great masses of l{eweenawan 
rocks were laid down upon the Huronian rocks this process could not 
have begun until the erosion period preceding Cam brian time, and it 
is rather probable that this limitation also applies to other districts. 
(See Pl. XLVIII.) Clearly the process in each district began when, 
as a result of the great orogenic movements and the attendant denuda
tion, the iron-bearing formations were exposed to the weathering forces, 
and in the majority if not all of the djstricts this must have occurred 
in the great time gap represented by the unconformity between the 
Keweenawan and Cambrian. The process of enrichment has undoubt
edly continued until the present time. It therefore appears that the 
circulating waters had eras of time in which to perform their work; 
indeed, a part of pre-Paleozoic and all of the Paleozoic, 1\tlesozoic, and 
Cenozoic. In all of the districts since the beginning of final concentra
tion many thousands of feet of strata have been removed by erosion. 
Therefore the main part of the deposits now being exploited must have 
been produced during the latter part of the work of weathering and 
denudation. 

During the process of denudation the ore deposits for a given district 
would begin to form shortly after the iron-bearing formation was cut 
through. The ore deposits would long continue to increase in size. It 
is probable that after a sufficiently long time increase in size would 
practically cease, for denudation would finally remove the ores at the 
surface as fast as they formed below the surface. However, change 
would not stop. The ore deposits formed would continue migrating 
downward pari passu with denudation. On account of the pitch, lat
eral migration would accompany downward migration. At any given 
time the masses of ore would extend from the surface to the depth at 
which descending waters were effective. vVe therefore must conceive 
of the iron-ore deposits as slowly migrating downward through 
thousands of feet, at any given time being just in advance of the plane 
of erosion. As denudation goes downward a part of the ores would 
be carried away mechanically and thm; lost. Another, but probably 
a relatively small part, was doubtless taken into solution and carried 
downward to be precipitated again at lower levels. However, a::; ero
sion extended downward and swept away the ore at the surface, the 
process of concentration also continued downward, so'that the amount 
of ore existing at any one period through much of pre-Glacial time was 
roughly constant, although there was doubtless considerable variation 

21 GJ<.:OL, PT 3-01--23 
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depending upon topographic and climatic conditions. But I have little 
doubt that the an1ount of ore which existed at any one time was small 
as compared with that which has been produced in the past and has 
been Cttrried away by running water. 

For that portion of an ore deposit which now reaches the surface or 
is overlain by completely altered ferruginous slate8 or cherts, it is 
probable that there is little addition in iron oxide at the present time; 
for it has already been explained that the iron oxide for an ore deposit 
is mainly derived from that part of the iron-bearing formation which 
has been removed by erosion. However, it does not follow that the 
enrichment of an ore deposit by the abstraction of silica has not effect
iYel}r continued after practically all of the iron was a9-ded. Indeed, 
there is every reason to believe that the solution of silica has continued 
to the present tin1e, and, n1oreover, this process has probably been 
more effective in those parts of an ore deposit near the surface; for 
there the waters. have been longest at work in abstracting the silica. 
It is a well-known fact that in many mines there is a tendency for the 
silica to run somewhat lower in the upper than in the lower levels of 
the deposits, and this is readily explained by the greater depletion of 
silica in the upper than in t~ lower parts of deposits. Also n1any of 
the ore deposits have a broken and porous character, and appear to 
have sagged, as if some compound. or compounds had been abstracted. 
The material abstracted was doubtless mainly silica. 

Furthermore, the ore deposits seem to have been rendered more 
valuable by the abstraction of the phosphorus compounds by the 
descending waters in a way precisely similar to the abstraction of the 
silica. The most notable published cases of this are the Pewabic mine, 
described by Brown/ and the Aragon mine, described by Larsson, 2 

where the deposits near the surface are low phosphorus and those 
deeper down are high phosphorus ores. In general the phosphorus 
seems to be low where the iron is high and the ore porous, and therefore, 
where the water circulation was very effective. This is well illustrated 
in the ::\:1esabi district, where, without reference to position in th~ mines, 
the porous ores high in iron are apt to be low in phosphorus, and where 
the yellow aluminous and relatively impervious slaty ores low in iron 
are high in phosphorus. The principle is also illustrated in the 
Gogebic district, where the porous ores are low and the very hard 
impervious ores adjacent to the dikes are high in phosphorus. The 
fact that pho~:;phorus in many cases is relatively high at low levels has 
been explained b}: some mining engineers on the hypothesis that phos
phoru8 abstracted aboye has been deposited lower down, but it seems 
to me that the more probable explanation is that the entire deposits 

I Distribution of phosphorus and ~y;;tem of sampling at Pewabic mine, by E. F. Brown: Proc. Lake 
Superior :llin. lust., 1895, p. 49. 

2Discu...<;.Sion of aboye paper by Per Larsson. Ibid.,p.55. 



VA~ HISE.] Til\1E AND DEPTH OF OONEJENTRATION. 333 

were once relatively rich in phosphorus, and that the yariation in 
richness is generally that of relative depletion \Yhere the circulation 
was active, rather than that of abstraction above and deposition below. 

In conclusion we may therefore say that the chemical processes have 
tended to make the ore deposits 111ore valuable at the present time, 
although the additions of iron may have long since ceased. 

"'\Vhile this general statement is true, it by no means follows that the 
processes of denudation and enrichment were uniform. At times the 
processes would go on rapidly; at other times would be stayed for 
long periods, depending upon the post-Keweenawan history of the 
Lake Superior region. The great steps of this history are (1) the 
great pre-Cambrian period of mountain making and erosion, (2) subsi
dence and Paleozoic sedimentation, (3) the post-Paleozoic uplift and 
denudation, .(4) deposition of Cretaceous rocks upon parts of the 
region, (5) the post-Cretaceous uplift and denudation, and (6) the 
Pleistocene ice incursions. 

(1) In the pre-Cambrian period of mountain making and denudation 
it is probable that the ore deposits 1·eached their full development, and 
indeed they may during the later part of this ancient time h~we been 
of greater magnitude than they are at present, although possibly not 
so rich. This is shown by the Menominee district. In this district 
the Upper Cambrian sandstone and the Silurian limestone cap the 
Huronian formations, and even some of the ore deposits. The details 
of the relations are given under the description of the Menominee 
district (see p. 400). Since these ore deposits extend to the basal 
Cambrian, and the upward extensiOn of the iron-bearing formation must 
have been removed before Upper Camhrian time, it is clear that the 
main additions of iron oxide for these deposits must have taken place 
in pre-Cambrian time. If, as is probable, as shown below, Cambrian 
and Silurian strata capped the other iron-bearing districts of the Lake 
Superior region, it is all but certain that ore concentration was 
equally advanced in these other districts; although where erosion has 
extended farther below the Paleozoic. than in the Menominee district 
later events have had a more important influence upon the present 
condition of the ore deposits. 

(2) After this period of denudation the Lake Superior region was 
encroached upon by the Paleozoic sea. vVhere the iron-bearing for
mations existed and were rich in iron oxide, detrital ores were formed 
at the base of the Cambrin.n. The entire region was deeply buried 
beneath the Paleozoic deposits. Probably so long as the region remained 
below the sea the processes of concentration practically ceased, and 
the mai::is of the ore deposits remained nearly stationary. 

(3) "'\Vhen after Paleozoic time the region was again raised above 
the sea and denudation .began, little enrichment would take place 
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until the major portion of the Paleozoic roek~:; was ~:;tripped from 
the region. Over much of the region the~:;e Paleozoic rocks were 
entirely removed, and the pre-Cambrian topography of the Huronian 
again en1erged from below the Cambrian deposits. In the l\1enominee 
district and the southeastern part of the Crystal Falls district the 
Paleozoic deposits were not completely removed from the iron-bearing 
formations, and here are found considerable quantities of detrital ores 
at the base of the Cambrian. For most of the region erosion did 
not stop at the ~aleozoic, but extended downward for a greater or 
less depth into the Huronian rocks, and so far as this took place it is 
presumed that the ore deposits migrated downward precisely as during 
the pre-Cambrian period of denudation. · 

(4) Erosion continued until the end of the Cretaceous period of base
leveling, when the area was again reduced nearly to an uneven plain 
and locally was overridden by the sea and capped by Cretaceous rocks, 
as in the Mesabi district. At the end of this period the processes of 
downward denudation and concentration were greatly rliminished in 
speed. 1 

(5) During. the period of post-Cretaceous uplift and erosion it 
is to be presumed that the main features of the present topography 
of the Lake Superior region were produced. During this time 
denudation and the migration of the ore deposits again wm1t on, but to 
what extent is uncertain. In the Menominee district it is highly 
probable that the topography of the Huronian rocks is largely pre
Cambrian, and that the present depressions to a large extent are reex
cavated pre-Cambrian valleys. The same is true for the Felch :\foun
tain tongue of the Crystal Falls district. In the borders of the l\1ar
quette district, also, Cambrian deposits are found. However, it must 
always be a matter of conjectui·e as to how far the present topogra
phy is redeveloped pre-Cambrian topography and how far it is post
Cretaceous. For my own part, I am inclined to believe for several 
of the south-shore districts that it is probably in considerable measure 
exhumed topography, and therefore that a large part of the process 
of denudation and enrichment was in pre-Cambrian time, as already 
explained. 

(6) The last great event in the de':elopment of the ore dep9sits was 
the glacial incursions of Pleistocene time. So far as thB ore deposits 
are concerned the work was of two kinds, glacial denudation and 
glacial deposition. Commonly these two classes of work were very 
sharply separated from each other. Ordinarily the change fr01n the 
ores to the drift is clean and sharp; in fact, as sharp as between the 
hard, grooved, and striated rocks and_ the overlying drift. In many 
places during -the period of erosion the ore which was cut awa)T by 
the moving ice sheets was transported elsewhere. Later, when the 

I Geology of :Minnesota, Vol. IV, 1899, p. 616. 
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glaciers receded and deposition occurred, the clean-cut ore bodies were 
covered to a greater or less depth by deposits of glacial qrift. This 
may be seen to the best advantage in the great open pits of the Mesabi 
district. Here the soft, clean ore extends directly to the drift. . It is 
overlain by sand and gravel, not derived from the ore but brought 
from the north. The contacts in many cases are of almost knife-like 
sharpness, there being practically no ore in the basal layers of the 
drift. · 

The quantity of ore ·which was removed during the first st3.ge of 
Pleistocene time, that of glacial erosion, was very great. It is certain 
that the vast quantities removed have not yet. been compensated for 
by concentration since Glacial time. In so far as the elevations in pre
Glacial time, upon which the ore now extends to the surface, were 
higher than at present, just so far have the ore deposits been trun
cated. Almost the entire zone of decomposed rocks which must have 
been adjacent to the ores has been removed. The ore deposits were 
certainly truncated to an equal depth. Not only so, but glacial erosion 
in many places cut deeper into the soft ore bodies than into the adjacent 
hard rocks, and thus produced subordinate valleys. This is finely 
illustrated in the Mesabi district. The abundant fragments of hard 
iron ore in the glacial drift furnish further evidence of the large 
amount of ore which has been removed by the glaciers. This material 
is so plentiful that it is clear that vast quantities of this hard ore have 
been swept away. If this be true, it is certain that still greater quan
tities of soft ore have been removed, although on account of its 
softness it has been broken into minute fragments, and therefore 
furnishes little evidence of its removal. 

The foregoing considerations lead to the certain conclusion that the 
glacial truncation seriously reduced the amount of available iron ore in 
the Lake Superior region. 'V bile the process of concentration has 
continued since Glacial time,· and has tended to enrich and deepen the 
deposits, I have no doubt that the gain since the glacial incursion is 
insignificant as compared with the loss of rich material during the 
Glacial period. 

It appears from the foregoing that while the quantity of ore in the 
Lake Superior region has always been large ·since Cambrian time, 
there have been various vicissitudes in this history during which the 
quantity of ore alternately increased and decreased. On a priori 
grounds one might expect that there was a greater quantity of ore 
in the latter part of the period between the Keweenawan and the Cam
brian than at any subsequent time; for in the early part of that period 
the vanations in topography were probably greater than at any time 
since. If this were so, the descending water had greater head, and 
therefore penetrated to greater depths. Toward the close of the period 
denudation was probably slow, giving ample time for the process of 
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concentration. Between this apparently most favorable period for 
ore development and the Pleistocene I do not venture to make any 
guess as to the times of increase and decrease in the quantity of ore. 
However, it will be seen (pp. 411-412) that the question of glacial 
denudation has a direct practical bearing upon the probable productive
ness of various districts, and especially those north of Lake Superior. 

As to the depth to which the enrichment has occurred, and therefore, 
ore deposits extend, it may be said that while the great majority of 
~orkings have not gone to a depth of 1,000 feet, some mines have 
gone to a depth exceeding 1,500 feet. The theoretical limit in depth 
is that to which the oxidizing and concentrating action of descending 
waters is effective. There is little doubt that at sufficient deptb the 
:ferruginous slates, ferruginous chert, and ore bodies, which are the 
result of alterations in the belt of weathering, will be replaced by 
the lean iron-bearing carbonates and silicates or by the deep-seated 
alterations of the same (see p. 32). The ore deposits are strictly the 
products of the work of descending meteoric waters in the belt of 
weathering and in the upper part of the belt of cementation. 



CHAPTER II. 

THE INDIVIDUAL DISTRICTS. 

Thus far the statement has been general. I shall now take up the 
districts in succession, describe the phenomena characteristic of each, 
and give the explanation which seems in each case to be applicable. 
After this is done the features which are common to all the districts 
will be easily comprehended. 

The various districts will not be considered in a geographical order, 
but rather in the order in which it is easiest to understand the rela
tions and the development of the ore bodies. 

THE PENOKEE-GOGEBIC DISTRICT.1 

PRODUCTION. 

The production of the Penokee-Gogebie district fro1n 1891 to 1900, 
inclusive, was as follows: 

Production of Penokee- Gogebic di8trict from 1891 to 1900. 

T,ong tons. 

1891-------:---------------- i, 041, 754 
1892 - --- -- --- '_------------- - 3, 058, 176 
1893 - ----- ----- - ----------- . 1, 466, 815 
1894---- -------- - ----- - --- - - 1, 523, 451 
1895------------------------ 2, 625, 475 

Long tons. 

1896-- ------ ------ -- -- - - ---- 2; 100, 398 
1897 .. ----------------------- 2, 163,088 
1898 - - - - - - - - - - - - - - - - - - - - - - - - 2, 552, 205 
1899------------------------ 2, 725, 648 
1900------------------------ 2, 875, 295 

The total production of the district from 188±, the first year of 
shipment, to 1900, inclusive, was 31,216,635 long tons. 

CHARACTER Ol"' THE ORES. 

The iron ores of the Penokee-Gogebic range are soft red and some
what hydrated hematite, with a very subordinate amount of hard 
steel-blue hematite. The iron content computed from cargo analyses 
of 1899 varies from 53.45 to 65.42 per cent, and averages about 61.32 2 

per cent. The phosphorus content varies from .02'7 to .138 per cent, 

1 For a full discussion of this district see the Penokee iron-bearing series of )Iichigan and Wiscon
sin, by R. D. Irving and C. R. VanHise: )Ion. U.S. Geol. Survey Vol. XIX, 1892. 

2 These averages are made by multiplying the tonnage of any grade by the cargo analysis, adding 
these products, and dividing by the aggregate tonnage of all grades. In some cases data have not 
been at hand for determining the analyses of certain grades, and hence a small percentage of the ton
nage is not accounted for .. The figures given, however, are probably within a fraction of a per cent 
of the correct averages. 
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and ayerages about .04:4: per cent. The silica content varies from 3.14 
; to 15.05 per cent, and ayerages about 5A7 per cent. The water con
tentv"aries fronl8.14 to 13.65 per cent, and a\'erages about 7.84: per cent. 

LOCATION. 

The Penokee-Gogebic district is a narrow belt south of Lake Supe
rior, running about N. 70° E., from sonwwhat west of longitude 91° 
nearly to longitude 89° 30'. The belt lies between latitude 46° and 
46° 30'. The eastern and most profitable third of the district is in 
~1ichigan; the western and less profitable two-thirds of the district are 
in 'Yisconsin. (See Pl. XLIX.) The more important 1nining towns 
of the district are Hurley, Ironwood, and Bessemer. 

RUCCESSIOX OF FORMATIONS. 

'T'he i"!.t(·eession of formations, in descending order, is as follows: 

S~tccession of formation.~ ·in Penokee-Oogebic di811·ict. 

Cambrian ______________ .Lake Rnperior !"anrlstone. 
(Unconformity.) 

Keweenawan. 
(Unconformity.) 

. lTy ler slatet (upper slate formation). 
Upper Huroman (Peno- . . . . 

G 
. . Ironwood formatiOn (1ron-bearmg formatwn). 

kee- :rogebw senes)----- Palms formation (quartz-slate formation). 
(Unconformity.) 

Lower Huronian. _______ .Bad limestone (cherty limestone formation). 
(Unconformity.) 

Archean _______________ ·{Granite and granitoid gneiss. 
Schists and fine-grained gneiss. 

STRUCTURE. 

Between the Cambrian, I{eweenawan, Huronian, and Archean there 
are great unconformities. There is also an unconformity between the 
Bad limestone and the Palms formation. This is regarded as the 
inter-Huronian unconformity. The Upper Huronian iron-bearing 
series has a northward monoclinal dip, varying from as low as 30° to 
as high as soc. For the 1nost of the district the dip is 60° to 70°. 
Superimposed upon the northern dips is a series of transverse minor 
rolls which gives the yarious formations wayy or crenulated out
crops. Also at Yarious places there are cross faults. The n1ost con
spicuous of these is that at Penokee Gap, where the throw is 900 feet or 

I The upper slate formation of the Penokee-Gogebic series is here called the Tyler slate, because 
excellent and typical exposures of the formation are found at Tylers Fork. The iron-bearing forma
tion is called the Ironwood formation, because the city of Ironwood is partly located upon the forma· 
tion and adjacent to this city are the most important mines of the district. The quartz-slate formation 
is called the Palms formation, because just south of the Palms mine, on the Palms property, are 
numerous typical exposures of the formation. 
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more. At Potato River is another cross fault, with a throw of at least 
280 feet. 1 From faults of these magnitudes the cross faults vary in 
size to those in which the displacements are but a few feet. 

Besides these cross faults, faults nearly parallel to the bedding 
occur. These faults have an important bearing upon the genesis of 
the ores and are discussed on pp. 344-348. The upper 50 feet of the 
quartz-slate 1nember is quartzite. This quartz-slate 1nember below and 
the upper slate member aboye are relatively imperviot1s formations. 

IIWNWOOD FOR.l\IATION. 

Extent, poBition, tAickneBB, and clwlnteter.-The iron-bearing forma
tion extends as a continuous belt fron1 about 6 miles east of Sunday 
Lake, in T. 4 7 N., R. 44 vY., 1\1ichigan, to west of English Lake, in T. 
44 N., R. 4 '\V., vVisconsin. The iron formation is also found both east 
and west of these limits, but is not traced continuously. The n1ain 
belt of the iron formation has an average thickness of about 850 feet. 
The rocks of the iron-bearing formation comprise cherty.iron-bearing 
carbonates, ferruginous slates, ferruginous cherts, jaspilites, ore bodies, 
and actinolite-magnetite-schists. Most of the ore is somewhat soft, 
partially hydrated hematite, but locally hard, blue slaty ore and, still 
more rarely, "needle" ore are found. All of these varieties of rocks, 
with the exception of the actinolite-magnetite-schists, occur in the 
central, i. e., the productive part, of the district. The actinolite
magnetite-schists are almost wholly confined to the eastern and western 
nonproductive parts of the district. In the productive part of the 
district the iron-bearing carbonates are abundant at high horizons, and 
the ferruginous slates, ferruginous cherts, jaspilites, and ore bodies 
are dominant at lower horizons: 

8tntetural ~relationB of tAe ore8.-The productive part of the Iron
wood formation extends from about 1 mile east of Sunday Lake in 
Michigan to within 4 miles of Potato River in '\Visconsin, a distance 
of about 25 miles. (See Pl. XLIX.) Both east and west of these 
areas no workable ore deposits have been found. The absence of the 
ore deposits at the eastern and western ends of the district, and their 
presence in the central part of the district, are explained by the nature 
of the alterations which the iron-bearing formation bas undergone. In 
Keweenawan time great masses of igneous rocks were intruded in a 
most complex way in the nonproductive eastern and western parts of 
the Penokee-Gogebic series. At the west end of the district these intru
sives belong to the great basal gabbro of the Keweenawan. Consequent 
upon this intrusion the class of alterations occurred which has been 
described on page 321 as the deep-seated kind; the iron carbonate was 
almost completely decomposed, some of the protoxide of iron being 

1 Mon. U.S. Geol. Survey Vol. XIX, 1892, pp. 43, 441. 
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partly oxidized to magnetite. Another part of it with the calcium and 
magnesium united with the silica present, producing actinolite. The 
result was to transform the original cherty carbonate to a refractory 
actinolite-magnetite-schist, whichn1eteoric waters were unable to handle 
so as to produce ore bodies when they were later transferred to the belt 
of weathering. The· productive part of the iron-bea1:ing formation, 
however, remained during Keweenawan time as a little-altered cherty 
iron carbonate, and when later the district was folded and deeply 
denuded so as to expose the formation to meteoric waters they found 
the readily transportable and alterable iron carbonate upon which to 
act. This material was therefore largely altered to ferruginous slate, 
ferruginous chert, and locally to ore bodies. During the metasomatic 
changes producing the ferruginous. slates and ferruginous cherts the 
iron oxide and chert were in n1any cases concentrated to a large extent 
in alternate bands. Also the ore was. partly concentrated into veins 
and irregular geode-like areas. 

The iron-ore deposits, besides being confined to the central part of 
the Ironwood formation east and west, are further confined to its 
southern, lower horizon. No in1portant ore bodies have been found 
more than 300 to 400 feet above the base of the formation. 

All of the ore deposit~ except two lie against the steeply dipping 
quartzite at the top of the quartz-slate n1ember. (See :fig. 8 of Pl. L.) 
Two of the deposits, the Iron Belt and .Atlantic, rest upon a black 
slate of considerable thickness interstratified with the iron- bearing 
formation. The quartzite is therefore the foot wall of most of the 
mines, but in two cases the foot wall is black slate. The ore deposits 
are thus bounded on the south by the steeply dipping quartzite or by 
black slate. 

When the Huronian rocks were in a horizontal position they were 
cut by numerous dikes, presumably of Keweenawan ttge. These dikes 
are relatively impervious formations. They traverse the various sedi
n1entary formations nearly at right angles. The positions of the 
majority of these dikes when intruded were such that when the iron
bearing series was tilted to the north at angles varying from 55° to 70° 
and erosion truncated the series, their strike was not the same as that 
of the layers they cut. Each dike is-therefore somewhere exposed at 
the surface. From the places where the dikes reach the surface the 
majority of them pass under the surface with rather gentle easterly 
undulating pitches usually varying fron1 15° to 30°. HoweYer, some 
of the dike~ are in such positions as to pass below the surface with 
westerly pitches, in some cases as high as 25°. Occasionally the dikes 
had such strikes that they now have nearly vertical pitches. The 
gently pitching dikes bound the ore deposits on the north and the 
bottom. 

It follows from the relations above smnmarized that the quartz-
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PLATE L. 

ORE DEPOSITA OF THE PENOKEE-GOGEBIC DISTRICT. 

(Both ore exploited and ore now in mine are represented as ore, since the purpose 
of this plate is to show the manner of the development of the ore rather than the 
present stage of exploitation.) . 

FIG. 1. Vertical east-west longitudinal sections of Ashland mine, showing relation 
of ore deposit to eastward-pitching dikes and manner in which ore and a lower dike 
may make their way under a higher dike, there being rock capping between. As 
sho·wn by the figures, the ore extends to the drift upon the upper dikes, but does 
not on the lower dikes. The bodies of ore resting upon the upper dikes are com
paratively thin. The main body of ore is on a lower dike. Below the main mass 
of the deposit ore is found on still lower dikes. It is highly probable that the 
quantity of ore upon the upper dikes was far greater in pre-Glacial time than at 
present, and that a large amount has been lost through glacial erosion. Between 
the outcrops of the successive dikes are feeding areas. The water entering at one 
of these areas formed an ore deposit upon the dike below. This to the east passes 
below a higher dike. 

Scale: 1 inch equals 200 feet. From plat furnished by vV. J. Olcott. 
Fm. 2. Yertical north-south cross section of Norrie mine at No. 7 shaft, showing 

relations of ore to adjacent rocks. This ore deposit is one of the greatest in the 
Gogebic district. As shown by the figure, the quartzite is the foot wall, a strong 
dike is at its base, and the ore-bearing formation constitutes the hanging wall. The 
figure shows that the ore extends to the drift. 

Scale: 1 inch equals 400 feet. From Newett's Mines and Mineral Statistics of 
·Michigan, p. 78, Lansing, 1896. 

FIG. 3. Vertical north-south cross section of Colby mine. The Colby wa.'3 one of 
the most important mines upon which the early prospectors in the Gogebic district 
based their belief that there existed separate "north" and "south" veins. At the 
Colby the "south vein," resting upon the foot-wall quartzite, and the "north vein," 
resting upon the dike, were both discovered at the surface; and it was only after 
considerable development that the two were found to come together and to consti
tute parts of the same ore deposit, the relations of which are typical for the district. 

Scale: 1 inch equals 230 feet. From Mon. U. S. Geol. Survey Vol. XIX, Pl. 
XXXI, fig. 2. 

Fw. 4. Vertical longitudinal east-west section parallel with the Gogebic range, 
showing the relations of the main dikes of the Ashland, Norrie, East Norrie, Aurora, 
Pabst, Newport, Davis, and Blue Jacket ore deposits. In all cases the ore deposits 
rest upon the dikes. From the Ashland to the Aurora the dikes pitch to the east. 
However, the upper Aurora dike forms a basin and takes a westward pitch, and when 
followed east contains the Pabst and Newport ore deposits. The figure clearly shows 
how an ore deposit on a dike below another dike always has a feeding area to the 
west or to the east; and therefore that the ore may make to as great a depth below 
other dikes as descending waters are effective. The ramifications of the dikes are 
very ·well shown in the Ashland mine. Also a number of the more important steeply 
inclined or vertical dikes are shown. In this sketch no attempt is made to represent 
the smaller dikes, of which there are many. 

Horizontal scale: 1 inch equals 5,000 feet. From information furnished by ,Y. J. 
Olcott and J as. R. Thompson. 

FIG. 5. Vertical longitudinal section of "north vein" of Pabst nrine, showing 
bottom of basin of Aurora-Pabst-Newport dike where pitch changes from east to west. 

Scale: 1 inch equals 400 feet. From Newett's report, p. 76. 
Fw. 6. Vertical north-south cross section of Newport mine, showing vertical dis

placement of dike by faulting parallel to the bedding. The thro"' in this case is 
normal. It appears from figs. 6 and 7 that the maximum throw of the hanging side 
of the fault as compared with the foot-,vall side is eastward and downward. Fig. 6 
represents the vertical component; fig. 7 represents the horizontal component. 

From information and sketch furnished by Jas. R. Thompson. 
FIG. 7. Horizontal plan representing displacement of nearly vertical dike at l'ew

port mine by faulting in the iron-bearing member parallel to the bedding. It would 
not have been possible to detect this horizontal displacement if it were not for the 
dikes. In this case the amount of horizontal movement is 400 feet. 

From information and sketch furnished by Jas. R. Thompson. 
FIG. 8. Theoretical north-south cross section designed to show manner in which 

ore deposits develop on dike basements and foot-wall quartzite. 
· Scale: 1 inch equals 1,400 feet. 

342 



U. 6. GEOLOGICAL SURVEY TWENTY-FIRST ANNUAL REPORT PART Ill PL. L 

A5HLAN0 NORftll t:.NOI'tftiE NEWPORT DAVIS 6LUC JACKCT • 

~~11 ----- /!----.;. \ ~=:::::::,; . 7 . 
I .. · _ ~~ · ' J 
i -- i i i / i ' I .,../ ;-.... _ 
j i j j I j i . ...- j 

ng.4 

OR E DEPOSrTS O F THE PENOK EE.GOG EBIC DISTRICT. 



VAN IIISE.] PENOKEE-GOG EBIC DIS'rRICT. 343 

slate member of the series and the dikes together constitute a set of 
impervious troughs, the majority of which pitch gently to the east. 
V{ith two exceptions it is in these troughs that the ore deposits occur. 
In the case of the two exceptions similar troughs are composed of 
slate interstratified with the Ironwood formation and the dikes. 
"\Vithout exception all of the ore deposits are bounded by impervious 
quartz-slate or black slate formations on the south and by impervious 
dikes on the bottom and north. In the case of the Iron Belt and 
Atlantic mines, where the foot wall is the black slate, other troughs 
are produced between the black slate and the quartzite by the quartz
ite and the intersecting dike::;. However, the iron-bearing formation 
between the black slate and the foot-wall quartzite at the Iron Belt 
mine is only about 150 feet in thickness, and apparently this thickness 
has not been sufficient to result in the concentration of important ore 
bodies, at least no such bodies have here been found below the black 
slate foot wall. · 

The ore deposits are usually sharply defined along' the foot walls and 
the dike rocks, but often vary upward by imperceptible stages into 
the ferruginous cherts of the iron-bearing formation. V\There there 
are a number of parallel dikes one below the other there may be sev
eral ore bodies one below the other, as for instance at the Ashland and 
Norrie mines. (S~e figs. 1 and 4 of Pl. L.) But all of the large ore 
bodies are bounded below by strong ~ontinuous dikes of considerable 
thickness, from which there may of course be branches. The main 
Norrie dike is over 30 feet thick. The main Aurora-Pabst-Newport 
dike varies from 20 to 25 feet in thickness. The main Colby dike is 
over 90 feet thick. 'Vhere a strong dike breaks into many stringers 
at some depth, as in the Colby n1ine, the ore body is also likely to be 
broken up and become small and perhaps worthless. 

An ore deposit is likely to have its maximum depth in the apex of 
a trough, but from this apex a belt of ore may extend to the north 
along the dike and to the south along the foot wall. In many instances 
the ore bodies follow the foot walls almost exclusively, as at the Norrie 
mine. (Fig. 2 of Pl. L.) Usually where the deposits follow both the 
quartzite and dikes, the former is larger and more continuous than the 
latter. vVhere an ore deposit follows both it may divide before reach
ing the surface into two parts separated by rock, called the south and 
north veins of the mines, but where such deposits are traced below the 
surface they unite into a single body. (See :fig. 3 of Pl. L.) The ore 
grades above or laterally into the ferruginous chert, and this into 
ferruginous slate. 

These general statements are best illustrated by that part of the 
Gogebic range extending from the Ashland mine, near the Montreal 
River, east to the Davis and Blue Jacket mines. (See fig. 4 of Pl. L.) 
Beginning at the Ashland mine, we find a number of approximately 
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parallel dikes, all pitching to the east and some of them forking in a 
curious way. The lowest of these dikes is at the surface near the west 
end of the property, and from this point passes underground to the 
east in consequence of the pitch. Eastward is a succession of dikes, 
each one in vertical section above the dike next to the west at the sur
face and below the dike next to the east at the surface, and all pitching 
east. (See fig. 4 of Pl. L.) The two upper and most easterly dikes 
of the Ashland mine carry a small amount of ore on this property, 
and then pass to the Norrie properties, and there carry the great ore 
body of these mines. The upper of these has been known as the 
main Norrie dike. The pitch of the upper of these dikes gradually 
flattens in the Norrie mines, and becomes very gentle upon the Aurora 
property, still carrying a large amount of ore. At the Aurora, how
ever, another higher dike appearr which is at the surface a short dis
tance from the west line of the Aurora. . This dike extends across 
the Aurora property upon the Pabst property, where it flattens out, 
and then takes a westerly pitch, so that it rises and again reaches 
the surface on the Newport property. (See fig. 5 of Pl. L.) There
fore the great mass of the Aurora ore, that of the Pabst, and that of 
the Newport, rest upon the same main dike. The eastward pitch of its 
western portion and the westward pitch of its eastern portion, combined 
with its flat center, make here a great canoe-like basin. East of the 
Newport is the Bonnie n1ine, which has an easterly-pitching dike; east 
of this is the Davis, with another easterly-pitching dike; and east of 
this is the Blue Jacket, with a third easterly-pitching dike. These 
gently pitching dikes are cut by steeply inclined or nearly vertical 
dikes at a number of places, as for instance in the Norrie, Pabst, and 
Newport mines. It therefore appears that the main bodies of ore 
which have yet been exploited in the Ashland mine rest upon several 
dikes, in the Norrie mines upon two dikes, in the Aurora mine upon 
two dikes, and in the Pabst and Newport mines upon one dike. 
Exploration has shown that some ore exists below these dikes, but as 
yet development bas not gone far enough to show that the deeper 
dikes carry ore deposits comparable in richness and magnitude with 
those upon the dikes already mentioned comparatively near the surface. 

So far as known, the great canoe-shaped dike carrying the Aurora, 
Pabst, and Newport deposit is unique. However, east of Bessemer 
the main dike in the Tilden mines has an eastward pitch, and the main 
dike in the Palms mine has a western pitch. As yet I have been unable 
to ascertain whether or not the dikes of these mines are the same, but 
if they are, this would be another case of a great canoe-shaped basin. 

The remaining important structural feature in connection with the 
Penokee-Gogebic deposits is the faulting. It has already been stated 
tbat the structural study of the district has shown faulting across the 
series and faulting parallel to the bedding, or nearly so, at various 
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localities. The latter class of· faults is of importance in connection 
with the ore deposits. The best known o£ these faults in the iron
producing area is that on the Pabst and Newport properties. The hade 
of .this fault is apparently nearly parallel with the foot-wall quartzite 
or with the strata. Its throw is nearly horizontal, and amounts to 
about 400 feet. \Vhile it~ displacen1ent would be scarcely discover
able if the sedimentai·y formations were alone concerned, it is clearly 
shown by the pitching and vertical dikes. The· north side of the fault 
has moved eastward relatively to the south or foot-wall side. Since at 
the Pabst and Newport the pitch of the dike is to the west, at a given 
cross section the displacement causes the dikes on the north side of the 
throw to be deeper than they are on the south side of the throw. (Fig. 
6 of Pl. L.) At places where the dikes pitch to the east a fault with a 
similar throw would cause j nst the reverse relations in a cross section. 
"Vhere the dikes are vertical the displacement on a horizontal section 
is represented by fig. 8 of PI. L. One of the ~ost interesting effects 
of the faulting where the dikes have a pitch is shown at the Pabst 
mine. The fault, here parallel to the strata, has cut the dike about 
150 feet away from the foot wall. The ore, instead of stopping at the 
dike, follows down over the broken and displaced ends of the dikes 
toward another dike below. Upon the latter dike the Pabst mine has 
·developed a large ore body. This lower dike may be the main Norrie 
dike. At the Bonnie, Palms, BlueJacket, :Niontreal, and other mines 
there is also evidence of disturbances by faulting. 1 

1 In connection with fa.ulting in the Gogebic district and the relation of faulting to the ore deposits, 
Mr. James R. Thompson, superintendent of the Newport mine, has {urnished me with full information. 
The following is extracted from a letter by him upon this subject: 

"It is very evident, even upon a cursory examination of the under~round workings of the Gogebic 
County mines, that there has been much movement within the limits of the iron-bearing member. 
Slickensided surfaces are found almost everywhere, and the siliceous portions of the formation are 
everywhere broken into small pieces by all sorts of cross joints and cracks, showing the strain which 
this material has everywhere undergone. These phenomena are so universally present, and usually so 
vague and indefinite in their indications, that they might easily be attributed entirely to the move
ments of accommodation were it not for other undisputed evidences of genuine faulting. The local 
evidences of known faults are in places so obscure, owing to the character of the formation, and iso
lated phenomena of faulting which can not be worked out and traced are so numerous, that I have 
been forced to the conviction that, in addition to known faults, many faults with moderate movement, 
say from 10 to 30 feet throw, have taken place at many places on the range. Every ore body which I 
have examined has one or more places showing a disturbance of the original conditions, but in only 
a fe\v cases is it p9ssible to follow up the indications to a sufficient distance to define the break. The 
indications referred to are as follows: There are continuous slickensided surfaces of considerable 
extent. Portions of the foot wall vary considerably in direction from the regular course of the foot wall 
adjacent. These irregular portions are sometimes vertical, sometimes overturned-that is, dipping 
south-and sometimes the foot wall has been moved to form a regular bench. This same class of 
phenomena is observed in the dikes, only to a greater extent. Often a portion of a dike is broken 
into detached pieces, which are out of place, while the other part of the dike keeps its regular course. 
Sometimes a few brecciated fragments, either of chert or dike, are found in the ore. All of the above 
observations apply to places where it is evident that there have been considerable movements, but 
where it is impossible to determine the extent and direction of the movements, or to determine the 
relation of such movements to the ore bodies further than to observe that the two usually are associated. 

Aside from these rather indeterminate faults, there are others well determined and, in favorable 
places, well defined. With one exception these faults are all of small movement; and with this 
exception I would characterize the range as one much broken by many faults of small throw. 
· There seems to be a series of cross faults running due north and south, of about 25 to.35 feet throw. 
Three are known on the Newport property, two fault planes being occupied by cross dikes. The 

21 GJ<.:OL, PT i:>-Ul--2± 
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ToJJOg'rapldc relations of tl;,e ore8.-ln the general part of this paper 
it has been pointed out that there is an important connection between 
the topography and the ore deposits; viz, the ores generally are found 
below elevations or slopes rather than below valleys. This general 
principle is well illustrated in the Penokee-Gogebic district. (See 
Pl. XLIX.) Beginning at the west end of the district, and proceeding 
eastward, the Iron Belt and Atlantic are upon a prominent hill, with a 
valley immediately to the west. The next important mine west of 
the Montreal River in "\Visconsin is the Montreal, and this is located 
on a large hill. 1 One other mine of importance west of the Montreal 
River is the Germania, and this also is on a hill. East of the 1\tfon
treal River in Michigan are the great mines of the district. These are 
all located on the crests or the upper slopes of the elevations, with the 
exception of the Pab~:;t, which i:; in a suhordinate depression betw~en 
the Aurora and Newport; and here, it is to be remembered, is the only 
certain case of a canoe-shaped basin. The Norrie and Aurora are each 

fault planes are nearly vertical, and the east side of the fault in each case is thrown north, Fo that 
there is a dislocation of the footwall of about 25 to 35 feet. In two of the three cases at the Newport 
the direction of throw is nearly horizontal; the third is not yet determined. I suspect the occurrence 
of other faults similar to these at certain point'>, but have not had the opportunity to prove my sus
picions are correct. 

Another fau!t occurs on the i\ewport property at K shaft, the old Bonnie Ehaft. The strike is W. 
2~0 ~-; the fault plane is nearly vertical, but gains to the southwest 10 feet with every 100 feet in depth. 
A small ore body has so far followed the intersection of this fault plane with the foot wall, regardless 
of t~e occurrence of dikes. The southwest side of the fault is apparently elevated about 25 feet rela
tive to the northeast side. 

The only fault of large movement which is known among the mines is a large longitudinal or 
strike fault. Its plane is roughly the bedding plane of the formation, uut it apparently has a some
what steeper dip, 75° tJ 80°. Its throw is practically horizontal and 400 feet in extent. The north 
side has moved east relative to the south side. At the Newport mine a sing:c observation has been 
made of a parallel fault some distance north with a similar throw of about 30 feet. )fy own personal 
information and observation show the main fault to continue through the Xewport, Pabst, and 
Aurora properties, with a reasonable certainty of its further continuance to the Ashland mine. 
Besides, there are good reasons for believing that similar faulting is shown at the )lontreal, Atlantic, 
and Iron Belt mines in Wisconsin. 'fhc lack of intelligent observation directed to this point 
accounts for the uncertainty as to the extent of the fault. I believe the same fault extends east to 
the Colby, but I have nut been able to determine it at the Palms. In fact, at the Newport tunnels 
have penetrated the fault plane at points which gave absolutely no indication of its presence. 
Finally, while there is no direct evidence to prove it, there is at the same time no reasonable doubt 
that this large strike fault or a simils.r one extends nearly the whole length of the productive part of 
the range. 

The relations of these faults to the ore deposits are mostly those which may be reasoned out in 
connection with your theory of the deposition of the ores. They have certainly greatly facilihlted 
underground drainage and in places have greatly modified the course of the underground trunk 
channels. In places the ore bodies are unusually large on one side of the faults and abruptly dis
appear on the other side. In places the ore follows the breaks. Two different illustrations may be 
interesting. The Aurora dike, carrying the original main ore bodies of the Aurom, Pabst, and 
Newport mines in a longitudinal projection of its intersection with the foot wall, is lower in the 
center than at the two ends, but carries ore throughout its length. At t~e point of lowest depression, 
however, where cut by the great strike fault referred to above, the ore seems to pour over the rim 
of the dike and drop straight down to another dike, precisely the same as a large current of water 
would have done under the circumstances. This ore was obviously formed by downward-flowing 
waters. 

At K shaft of the Xewport we have found a place where a large volume of water was rising on a 
small dike until the dike was cut by the fault, after which the water took the fault plane as a ehan
nel and continued its way toward the surface. The ore body at that point is evidently formed by 
rising waters." 

ll\J:on. T.:.S.Gcol.~urvey Yol.XIX, Pls. VII and VIH. 
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on large independent hills. The Newport is on another large hill; 
the Colby on a prominent hill above Bessemer; the Tilden and 
Palms on large hills east of Bessemer. The Tilden property 
extends across an entire section, with a central -valley, and it is nota
ble that where this depression occurs the ore deposit disappears. 1 

The only important deposits east of the Black River are the Mikado, 
Sunday Lake, and Brotherton, and these are again all on the crests or 
the slopes of hills. In short, it may be stated that eyery large ore 
deposit of the Penokee-Gogebic range i-, located below high ground 
and that no important ore deposit has been found under an important 
cross valley. The Pabst is located below a subordinate cross depression, 
but to this mine a special explanation is appli"cable. (See pp. 349-350.) 
Notable examples of cross valleys with no ore deposits are those of 
the three branches of Black River, the :Montreal Ri-ver, and the vVest 
Branch of the Montreal River. Between Sunday Lake and the Palms 
mine one of the· branches of Black River fol1ows along the iron
bearing formation, and another branch crosses it. For 3 miles the · 
only ore deposit found is at a place where the river swings far enough 
to the south so that a considerable hill occurs, and upon this is the 
Mikado. In short, no mine in the district has been found to extend 
under any cross line of drainage large enough to carry a. distinctly 
marked river or creek. In this connection it is interesting to note 
that Mr. T. F. Cole says "it is his experience that the ore in the low 
ground on the Gogebic range is apt to be considerably split up, the 
formation being more irregular than upon high elevations." 2 Hmv
ever, the reason assigned by Mr. Cole for the change is that the dikes 
are more irregular, although for this statement no eyidence is given. 
Since the connection of the dikes with the ore is so well known, it is 
natural for Mr. Cole to suppose that where the ore bodies become 
small and irregular the dikes tindergo the same ehange, but it would 
be very strange indeed if the dikes which were injected into the 
Penokee-G-ogebic series before the beginning of the development of 
the present topography should have such a relation to the topography 
as that suggested. 

While· no ore deposit is found below any distinctly marked cross 
line of drainage, the converse of this proposition-that is, that every 
hill contains an important ore deposit-can not be made, although from 
the Palms to the Ashland mine the only exceptions to this are the two 
hills between the Colby and Newport, upon which the Dayis, Blue 
Jacket, Puritan, Ironton, and Federal mines are located, none of 
which have as yet developed large bodies of ore. 

The apparent absence of la~·ge ore deposits below these hills may be 
due to the absence of large, continuous, well-developed dikes; hut also 

1 Mines and Mineral Statistics of Michigan, by George A. Newett, Ishpeming, 1899, p.167. 
2Newett,op .. cit., p.l67. 
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it may be that more thorough exploration in the future will develop 
large ore deposits in connection with these hills. 

Develop1nent of tlw ores.-The position of the ore bodies in refer
ence to the foot-wall quartzites, to the diabase dikes, and to the topog
raphy is to be explained by the general process described on page~ 323-
336. This process will here be considered only in so far as the local 
conditions give it a more definite application. 

The upper portion of the Ironwood formation, where it dips under 
and is protected by the Tyler slate, now consists largely ·of residual 
iron-bearing carbonate. (See fig. 8 of Pl. L.) Not only is this so at 
the present time, but it may be presumed that the same conditions 
obtained at any given stage of denudation. · The waters which fell upon 
the iron-bearing formation at high horizons were dispersed through 
many minute openings. These waters took h·on-bearing carbonate 
into solution through the reactions explained on page 32'7. These 
solutions made their way downward until they canie into contact with 
a dike, when they were diverted· southward and eastward or west
ward, depending upon its pitch, until they reached the foot-wall 
quartzite bounded by the impervious ~late below, or an impervious 
layer within the iron-bearing formation. Other waters which fell 
upon lower horizons passed only through the ferruginous slates and 
cherts which had already been formed from the iron-bearing carbon
ate when the surface was at a higher level than at present. The com
mingling of the waters from these two different sources at the apexes 
and along the limb~ of the troughs resulted in the precipitation ·of iron 
oxide. As already pointed out, silica was also abstracted. 1 Chemical 
analyses show that the diabase dikes below the ore bodies, which were 
originally rich in the alkalies, are now almost devoid of these ele
ments. The dikes in the slate member, and also those in the iron 
formation not associated with the ore bodies, are oftentimes but little 
altered, and these still contain much alkali. The work of alteration 
must therefore have been done by the waters which produced th~ con
centration of the ore; and thus these waters became alkaline. It has 
been shown (pp. 327-328) that the waters were heavily carbonated by 
the decomposition of a portion of the iron carbonate. It is well known 
that waters which are rich in alkaline carbonates and carbon dioxide 
are capable of dissolving silica; and such were the waters following 
the troughs in the Penokee-Gogebic district. The Penokee-Gogebic 
ore deposits are therefore explained in small part by the oxidation of 
iron carbonate in· place; to a much larger degree by the oxidization 
of iron carbonate brought to the troughs; and finally by the solution 
of the silica once present in the troughs. Contemporaneously with the 
developn1ent of the ore bodies the ferruginous slates and ferruginous 
cherts were formed. The process here outlined is much more fully 

1 :Mon. L. S. Geol. Survey Vol. XIX, 18!!~. p. ~8~. 
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given in 1\1onograph XIX of the United States Geological Survey, 
pages 28p-290. 

The ore deposits are.in general below elevations or the upper parts 
of slopes, because these would be the places where descending waters 
are effective; whereas valleys are places where the waters ai·e ascending, 
and, so far as known, important ore deposits were not produced. In 
appl.ying this theory to the Penokee-Gogebic district the following 
facts are to be remembered. The greater extents of the ore deposits 
are east and west, following along the east-west pitches of the dikes, 
showing that the lateral direction of flowage was mainly east or west. 
Furthermore, it is to be remembered that the iron-bearing formation 
plu~ges under an impervious slate formation to the north. Therefore 
the waters could not be expected to escape in this direction, although 
the slate belt to the north is generally a low-lying area. The actual 
position of the ores below the elevations, their longitudinal extent east 
and west, and the impervious slate above, all point to the conclusion 
that the waters must have ascended and escaped at the cross valleys. 
Corresponding with this conclusion is the fact that in general at these· 
places no ore bodies have been found. 

It may be objected to this theory that the pitch of the dikes to the 
east is greater than the surface slope, and therefore that the under
ground waters when passing under a valley would be prevented from 
escaping by the overlying impervious dikes. Howe·ver, this difficulty 
is explained by the faulting which has been Inention~d as a general 
phenomenon, the displacements of which make passages available for 
ascending waters. (See figs. 6 and 7 of Pl. L.) 

After this explanation was written, Mr. Thompson wrote me that at· 
one shaft in the Newport mine a place was found ''where a large 
volume of water was rising on a small dike until the dike was cut by 
the fault, after which the water took the fault plane as a channel and 
continued its way to the surface." This observation furnishes a com
plete confirmation of .the theory that the ascending water is enabled to 
reach the surface by following faults which cut and displace the dikes, 
and therefore furnish passages through the impervious strata. 

The only additional difficulty which has occurred to me that can be 
urged against the theory of circulation given is furnished by the great 
Aurora-Pabst-Newport deposit, which rests in a ·basin formed by the 
quartzite and a common dike. (See fig. 5 of Pl. L.) This, indeed, 
would have presented a great difficulty had not the fault described on 
pages 344-346 been discovered at the very bottom of the basin. This 
has so displaced the dike as to allow the waters descending from the east 
and from the west to es.cape below to a lower level. That the water 
has escaped in this direction is shown beyond any reasonable doubt by 
the relations of the ore, which makes completely over and under the 
ends of the dike, as described on page 345. Underground drainage 
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has then run eastward from . the Aurora and westward from the. New
port into this depressed portion of the trough and has there flowed 
out of the trough over the edge of the dike where the fault had cut 
it, p::.~actically in the lowest part of the basin, and has then dropped 
vertically until the current struck other dikes directing its flow. 
Thus the faults parallel to the bedding which displaced the dikes and 
which in the early days of their discovery were regarded with alarm 
furnished one of the necessary conditions for the concentration of 
many of the large ore deposits. 

The foregoing facts semn to me to show beyond reasonable question 
that, in the Gogebic district at least, we have the concentration of the 
ores somewhat fully worked out. The desce_nding waters on the higher 
elevations worked to the east or west along the dikes to the north
south intersecting drainag·e. During this journey the ores were col
lected and deposited. Below the valleys the waters were ascending 
and escaping. Of course, in pre-Glacial time, when the main part of 
the ore deposition was done, many of these drainage lines were much 
deeper than at present, for the valleys are filled, in some cases at least, 
to the depth of many feet. 

Thne a·nd depth of concentration.-Since the Penokee series is over
lain by the Keweenawan series, and for the 1nost part the iron forma
tion was deeply buried during Keweenawan time, the process of con
centration for the greater part of the district did not begin during 
this period. After the Keweenawan serief:l was deposited and the 
great Lake Superior syncline was formed, as a result of which the 
)?enokee series was changed into a northward monocline, the rocks 
were in a position in which concentration could begin. After denu
dation had cut through the Keweenawan and the Tyler slate of the 
Penokee series concentration would begin. This was at the time 
interval between the Keweenawan and the Cambrian. The beginning 
of ore deposition, therefore, occurred in pre-Cambrian time. It is to 
be supposed that by the time the Cambrian deposits were laid down in 
the Lake Superior region large ore deposits were formed, but how far 
these were above the present surface of the country is unknown. 
Since the beginning of ore deposition, so far as downward denudation 
has gone on, the ore deposits have also migrated downward, as explained 
on pages 330-331. 

As to the depth to which concentration will be found to extend, I 
am unwilling to make definite predictions. 

If deep exploration be made at any given mine below the dikes 
which are basal to the present known ore deposits, other dikes will 
undoubtedly be found. Exploration has extended below the so-called 
main dikes of a number of mines, and ore has been found. This is 
natural, since the deeper dikes n1ay be the ones which, on account of 
the pitch, reach the surface east or west and near the surface bear 
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the main ore deposits of other mines. How deep descending waters 
can be effective in the concentra~on of- ores with a head of a few 
hundred feet can never be answered theoretically. The presence 
of one dike above another does not prevent concentration, since 

· between the outcrops of two dikes which vertically are at different 
depths is an area at which meteoric waters can enter and concentrate 
ores on the dikes. (See Pl. L, figs. 1 and 4.) :Moreover, since it has 
been shown that faulting exists parallel to the strata, it is certain that 
it is possible for water to make its way upward at valleys through the 
dikes. Therefore there is no reason to suppose that the ore deposits 
of the Penokee-Gogebic district may not extend to as great a depth 
as in other districts of the Lake Superior region. 

At the present stage of development nearly all of the ore which 
has been exploited has been taken from above the 1,000-foot level. 
This is shown by the depth of the lowest level of some of the deeper 
'vorkings, as given by the managers and superintendents in June, 1900. 
These are as follows: Aurora, 920 fPet; Newport, 900 feet; Tilden, 
600 feet; Palms, 600 feet; Norrie, 670 feet; :Mikado, 565 feet; Brother
ton, 700 feet; Sunday Lake, 700 feet; Atlantic, 840 feet; Montreal, 
No. 1 shaft, 1,020 feet. 

THE MESABI DISTRICT. 

By C. R. VAN HisE and C. K. LEITH. 

The Mesabi district is treated somewhat more fully than the other 
districts because of its startlingly rapid development and its present 
preeminence as an ore producer. Further, the United States Geo
logical Survey up to the present time has published no report on· 
this district, and the reports already published by the Minnesota sur
vey contain interpretations of the geology and the origin of the ores 
with which we are not in agreement. All of the detailed field work has 
been done by the junior author. The preparation of the accompanying 
map (Pl. LI) in its present form is also wholly his work. However, this 
map is based upon, but modified from, a private map in the possession 
of the Lake Superior Consolidated Iron Mines Company, which the 
president of that company, F. T. Gates, allowed to be placed at our dis
posal. ·This excellent priyate map was made by J. U. Sebenius, mining 
geologist, under the direction of \V. t.T. Olcott, superintendent of mines. 
Without thi~:; map as a basis it would have been impossible for the 
junior author to have published the accompanying map at the present 
time. This account of the range is preliminary to a monograph upon 
the distriGt, to be published hy the junior author. This monograph is 
to be accompanied by complete maps of the entire district. 

Our detailed information concerning the district is deriYed from 
several sources. The reports of the :Minnesota survey by J. Edward 
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Spurr, 1 U.S. Grant, and N.H. "'\Vim·hell 2 have been utilized. The most 
important source of our information is, however, the mining men who 
have developed the district. ,Y. J. Olcott and '-T. U. Sebenius have 
kindly furnished us a vast amount of information concerning the area, 
including copies of detailed maps, as already noted, and several thou
sand locations of test pits and exposures. E. J. Longyear and H. B. 
Hovland have given us the results of extensive exploratory work; and, 
in fact, almost every mining man in the district has furnished us valu
able information. The topography for the United States Geological 
Survey has been done by E. C. Bebb. 

P~ODUCTION. 

The production of the lVIesabi district for the }rears 1892 to 1900, 
inclusive, is as follows: 

Production of ~Mesabi district from 1892 to 1900. 

Long tons. ! Long tons. Long tons. 

1892----------- 29,24511895.---------- 2, 839, 350 1898----------- 4, 837, 971 
1893___________ 684,194 1896 ___________ 3,082,973 1899 ___________ 6,517,305 
1894 ___________ 1,913,2341 1897 ___________ 4,220,151 1900 ___________ 7,809,535 

The total production for the district from 1892, the first year of ship. 
ment, to 1900, inclusive, was 31,933,958 long tons. Opened up in 1892, 
in 1900 the output was considerably g1:eater than the combined totals 
of any other two districts, being 41 per cent of the total for the Lake 
Superior region. The next largest producer, the J\1arquette district, 
in 1900 shipped 18 per cent of the total of the region. 

LOCATION AND TOPOGRAPHIC FEATURES. 

The Mesabi district lies wholly in northern Minnesota, northwest 
of Lake Superior, between latitude 47° and 48°. It extends continu
ously from Pokegama Falls on the Mississippi River in a direction 
about N. 60° E. to Birch Lake, a distance of 100 miles. Its general 
trend for this distance is roughly parallel with that of the Marquette, 
Penokee-Gogebic, and Vermilion districts. 'Yest of the Mississippi 
the Mesabi formations undoubtedly continue, but they are so deeply 
buried by the glacial deposits that they have not been traced. East of 
Birch Lake to the middle of range 5 west are a few small isolated 
patches of )lesabi rocks close to the northern periphery of the great 
Keweenawan gabbro mass of northeastern l\1inne:;ota. These have no 
economic value and are of so little importance that they are here 
ignored. From the center of range 5 eastward through Gunflint Lake 

t The iron-bearing rocks of the ~Iesabi range in ~finnesota, by J. Edward Spurr: Bull. Geol. X at. 
Hi;;t. Survey :\Iinnesota, Xo. 10, 1894. 

2 Final report of the geology of Minnesota, by :X. H. Winchell: Geol. Nat. Hist. Survey ~1innesota, 
Vol. IV, 1899. 
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into Canada the equivalents of the ~1esabi series reappear 111 a con
tinuous belt, where they are kriown as the Animikie series. The por
tion of the Animikie sm:ies between the center of range 5 and Gunflint 
Lake is iron-bearing and has been called the Gunflint formation. Th!s 
is described in the section on the Vermilion district, ·pages 408--409. 
· The formations of the ~1esabi series lie along the south slope of a 
ridge known as the Giants or Mesabi (Chippewa for giant) H.ange. (See 
Pl. Ll.) This ridge, while extending in the general direction above indi
cated, has several gentle bends, and near the center of the district, in 
the vicinity of Virginia, Eveleth, and Spal'ta, a relatively sharp bend, 
known locally as "The Horn," carries the ridge, and consequently the 
iron-bearing rocks and their associates on its slopes, about 6 miles to 
the south. The elevation of the range is seldom more than 400 feet 
above the level-of the surrounding country. These higher elevations 
are found 1nainly in the central and eastern portions of the district. 
Toward the west the elevations gradually decrease. The south slopes 
of the ridge are gentle, while the northern ones are relatively steep. 
The distailce from tlie low ground on the south to the low ground on 
the north of the ridge varies from 3 to perhaps 10 miles. In addition 
to these general top::>graphic features, the range has nun1erous 1ninor 
irregularities, due on the upper slopes mainly to normal erosion in the 
rocks of the ridge, and on the lower slopes to normal erosion greatly 
modified by the presence of a heavy and irregular mantle of glacial 
drift. 

SUCCESSION AND STRUCTURE. 

The succession of formations in th'3 Mesabi district appears in the·. 
following table: 

8ucce8sion of form.aiions in .Mesabi district. 
Cretaceous. 

(Unconformity.) 
Keweenawan .... _ ......... ___ ._ .. Great basal gabbro anrl granite, intrusive in all 

lower formations. 
(Unconformity.) 

· {Virginia slate (upper slate formation). 
Upper Huronian (:L\fesabi series) __ Biwabik formation (iron-bearing formation). 

Pokegama formation (quartzite and quartz-slate 
formation). 

(Unconformity.) . 

Lower Huronian. ________________ S late-graywacke-cong lorn era te formation. 
{

Granite, intrusive in lower formations. 

(Equivalent to the Ogishke and Knife forma-
- tions of the Vermilion district.) 

(Unconformity.) 
Archean . __ . __ .. ___ ... _ ... ___ .. _ .. Greenstones, hornblende-schists, and porphyries. 

The core of the Giants Range-mainly its northern portion-is com
posed of igneous rocks, consisting of Archean greenstones and horn
blende-schists and Lower Huronian and post-Huronian granites, 
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against which, in some places with eruptive contact, and in some places 
with normal erosion unconformity, rest the Huronian sedimentary 
rocks of the district, both the iron bearing and noniron bearing, the 
0ldest appearing closest to the core rocks and the youngest farthest 
from then1 to the south. The rocks on the range are well exposed 
only on the upper slopes, where ther are mainly igneous, though 
partly older sedimentary. On the lower slopes, where the rocks are 
sedimentary, the exposures are few because of the thick covering of 
glacial drift. 

ARCHEAN. 

The Archean forms the basement upon which the Huronian sedi
ments rest. It is represented in the :Mesabi district. mainly by green
stones, sometimes spheroidal, and by very subordinate quantities of 
acid porphyrie~:;, each of these rocks showing both massive and schistose 
aspects in different places. Probably also certain hornblende-schists 
are ~<\..rchean. The greenstones and greenstone-schists have their best 
development in the higher parts of the area nqrthwest, north, and 
northeast of Virginia; in the "Horn" between Virginia, Eveleth, and 
l\1cKinley; .and thence east to Embarrass Lake. · East of Embarrass 
Lake there; are no Archean rocks in the part of the district here 
described. The Archean porphyries are found only in three isolated 
areas in the "Horn." The hornblende-schists are best exposed north 
and northeast of l\1ountain Iron. North of Hibbing also hornblende
schists appear, but it is doubtful how 1nany of thmn can be assigned 
to the Archean. Some are certainly metamorphosed Lower Huronian 
sediments, and it is possible that all are. 
· The greenstones and their associated hornblende-schists and porphy
rie~:; have their exact counterparts in the Vern1ilion iron-bearing dis
trict. The jaspers and iron areas associated with these rock::; in the 
Vermilion district, however, are not present in the Mesabi. The 
~Iesabi ores are of later age, as will be shown below. 

LOWER HURONIAN. 

The sedimentary rocks of the Lower Huronian consist of beautifully 
banded graywackes and slates and conglomerates, standing in an approx, 
imately vertical attitude adjacent to the older igneous rocks of the 
higher parts of the range. The principal areas of the Lower Huronian 
sediments appear in a belt running from EY-eleth northeast to Biwabik, 
and beginning again a little northwest of ~Iesabi station and con
tinuing northeast to the )1allman camp.s, near the center of range 1± 
west. In small patches they are found next to the granite north of 
Hibbing; inclosed in the hornblende-schist north of ::Mountain Iron; 
bordering the greenstone in the northern part of sec. 31, T. 59 ~., 
R. 17 \Y., north of Virginia; bordering the greenstone just north 
of Sparta in sec. 34, T. 5·7 :N., R. 1·1 \V.; in the :NE. ± of sec. 34, 
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T. 59 N., R. 16 vV.; in the NE. i of sec. 1, T. 58 N., R. 16 ''r.,· east 
of Biwabik. The rocks of these small areas are usually much nleta
morphosed, but their sedimentary character is unquestionable. 

The presence of a lower sedimentary series was recognized by the 
~iinnesota survey. 1 The distribution of this series and the proof. 
of the unconformities between it and the underlying and overlying 
series were worked out by the junior author. · 

It has already been noted that the Lower Huronian series is in nearly 
vertical attitude.· If there is subordinate folding and reduplication 
of beds in isoclinal attitudes, as one would expect, evidence of this is 
not apparent. The bedding appears to correspond approximately 
with the secondary cleavage, and the strikes throughout the extent 
of the belts do not vary more than 10° or 15°. If the beds have 
nowhere been folded back on themselves, the thickness of the strata 
has a possible maximmn of 10,000 feet. However, it is more than 
probable that in places where covered with drift the formation may be 
sharply folded, in which case this g-reat thickness is only apparent. 
Probably 3,000 to 5,000 feet would be the greatest thickness that can 
safely be assigned to the formation. 

vVhere the Lower Huronian sediments are in contact with the 
Archean rocks the relations are those of normal erosion unconfonnity. 
Near this contact in a number of places conglomerates containing peb
bles from the Archean rocks are to be observed. 

A coarse, gray granite in large areas· is intrusive in the Lower .Hrtl·on
ian sediments. Actual contacts may be observed at a numbe"r of places, 
near which the Lower Huronian sediments have been altered in many 
places to hornblende-schists, which are with difficulty recognized as 
sediments and disting-uished from the hornblende-schists of the Ar
chean. - This granite extends along the entire length of the :Niesabi 
district. It forms the higher parts of the Giants Range in but a 
few places-in the area from northwest of Mesaba station northeast 
to the ~1allman camps, in the area northeast and north of Virginia, 
and in the area extending from north of :Mountain Iron west to Hib
bing. \Vhere the Archean greenstone and hornblende-schists form 
the higher parts of the range, and where, as in the extreme easter£! 
end of the range, a still later g-ranite forms the higher part of the 
ri<.lge, the Lower Huronian gray granite lies on relatively low-lying 
ground to the north of the range. It probably is continuous with the 
vVhite-Iron granite of the Vermilion district. 

That this granite was intruded in the Lower Huronian before the 
G pper Huroman was deposited is shown' by the fact that pebbles of 
the granite are found in a number of places in the conglomerate at the 
base of the Upper Huronian. 

t Geology of ::\Iinnesota; Virginia plate of the ::\Iesabi iron range, by U.S. Grant: Geol. Nat. Hist Sur
vey ::\Iinnesota, Vol. IV, 1898, pp. 372-374. 
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UPPER HURONIAN. 

The Upper Huronian rocks comprise three distinct formations, con
formable one with another. These are, from the base upward, the 
Pokegan1a -formation, consisting mainly of quartzite and indurated 
shale; the Biwabik or iron-bearing formation; and the Virginia slate. 
The quartzite and indurated shale formation is called the Pokegama 
formation, following the Minnesota survey, because at Pokegama 
Falls, on the Mississippi River, are the best-known exposures of this 
formation in the district. The iron-bearing formation, known gener
ally on the range as taconite, is called the Biwabik formation because 
the word biwabik is the Chippewa word for "a piece or fragment of 
iron," and the Biwabik mine is one of the earliest and larger of the 
n1ines located upon the formation. The upper slate formation of the 
lVIesabi series is called the Virginia slate because the slate in typical 
form has been found in numerous test pits and drill holes west of the 
town of this name. 

The relations of the Upper Huronian series with the subjacent 
Archean and Lower Huronian arc those of unconformity. This 
unconformity is shown by the presence of basal conglomerates contain
ing fragments of all the underlying formations, by the wide diver
gence in dip where the Upper Huronian and Lower Huronian are 
found close together, and by the manner in which the Upp~r Huro
nian laps over and cuts out the surface outcrop of the Lower Huronian. 

Exposures of the Pokegama formation and a part of the Biwabik 
formation are fairly ~umerous well up on the slopes of the Giants 
Range; but the Virginia slate and a large part of the iron-bearing 
formation which occupy the lower slopes to the south seldom outcrop. 
For their distribution in this area the geologist must be dependent 
upon the records of drill holes and mines, which are numerous. 

The Upper Huronian series constitutes a gently southward-dipping 
monocline, the dips being for the n1ost part between 5° and 15°. The 
series is very gently folded in a direction. transverse to the range. As 
a.consequence of the :fiat dips of the monocline, these cross folds cause 
great undulations in the distribution of the surface outcrops of the 
series. Gentle cross synclines are likely to be associated with a con
siderable bowing of the surface outcrops of the series toward the 
north~ while cross anticlines are likely to be associated with south
ward bends of the surface outcrops. 

The var_ying width of the surface outcrops of the different forma
tions to be observed on the map is due to several factors. First, con
siderable variation in thickness of the formations; second, the variations 
in dip, causing considerable variations in width of the surface outcrop 
of formations of the same thickness-a low dip gives a br~ader out
crop and a high dip a narrower one; third, variations in topography. 
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The formations dip to the south. Therefore, the greater the C:if
fere~ce in elevation between the north and south sides of the surface 
outerops of a formation the greater is the width of its surface out
crop. This factor of topography is important in proportion as the 
dips are :flat and the differences in elevation great. "-rith the low dips 

· which obtain in the Mesabi district and with difference in elevations 
up to 400 feet, the topography has a considerable effect upon the 
surface widths of the formations. .. 

The gentle cross folds of the Upper Huronian se~ies seem to corre
spond roughly with similar undulations of the subjacent Lower 
Huronian and Archean rocks. This may be taken to indicate that 
these were depressions in the Lower Huronian and Archean forma
tions at the time of the deposition of the Upper Huronian, and that 
the initial dips of the Upper Huronian rocks have determined the 
position of the cross folds, or that both the Upper and Lower Hui·o
nian series have been folded together, or it may indicate some combi
nation of these. If a combination, probably the folding is the more 
important. 

Below, the formations of the Upper Huronian series are separately 
described. 

Pokegamaformation.-Tbe Pokegama formation varies from a fine 
conglomerate, through light-colored, vitreous quartzite with well
rounded quartz grains, to an exceedingly fissile and micaceous shale, 
containing coarse clastic mica plates lying parallel to the bedding. . The 
conglomeratic varieties are generally at the base of the formation. 
The most abundant variety of rock is the quartzitic phase. The shaly 
phase of the formation is exceedingly difficult in some cases to dis
tinguish from certain phases of the Lower Huronian graywackes in 
which secondary mica :flakes have developed. Indeed, future work 
may show that it will be necessary slightly to shift che boundary line 
on the map between the two formations. 

The Pokegama formation appears at the surface as a narrow bblt 
bordering the Biwabik formation on the o.ortb. The belt is widest and 
best exposed in the western portion of the district. Fron1 Mountain 
Iron east the quartzite thus far found appears to be in narrow discon
tinuous belts as far east as range 13 west .. For much of the district 
the mapping of the formation is based on somewhat meager data, and 
future work will show changes, but the formation has not been repre
sented on the map far beyond places where at least some data show its 
presence. Where the boundaries of the formation are somewhat hypo-· 
thetical, if they encroach in either direction it is upon the formations 
to the north rather than on the iron-bearing formation. Judging from 
experience, further exploratory work is likely to extend the limits 
of the Pokegama formation, making the areas wider and more nearly 
continuous than they now appear to be. 
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The thickness of the formation undoubtedly varies considerably, but 
it is not sufficiently well explored to show what the effect of the fac
tors of changing dip and topography has been upon the apparent 
thickness. It is probable that the thickness seldom exceeds 450 feet, 
and from this the thickness may vary to zero .. Mr. E. J. Longyear, 
of Hibbing, in one place (sec. 35, T. 58 N., R. 21 \V.) drilled completely 
through the quartzite and found a thickness of 69 feet. 

BiwaMk formation.-The Biwabik or iron-bearing formation is a 
well-bedded formation re~ting in structural conformity on the Poke
gama quartzite. In a number of places a film. of fine conglomerate 
is at the top of the quartzite just as is the case at the corresponding hori
zon on the Gogebic range, but, so far as the study of the district has 
yet gone, this conglomerate has not been found to indicate any break 
of magnitude. The correspondence in ·strikes and dips shows the two 
formations to be essentially conformable. Yet the change from a coarse 
clastic formation to a fine-grained and largely nonelastic formation is 
astonishingly abrupt. 

The iron-bearing formation appears as a continuous belt running 
from Grand Rapids on the west to Birch Lake on the east, and east
ward fron1 this point it is found in ·a few small isolated patches. Its 
breadth varies from less than a quarter of a mile, as near Biwabik, to 
2 n1iles or more, as near Hibbing, Mountain Iron, Virginia, and 
Eveleth. 

The thickness of the Biwabik formation undoubtedly varies consid
erably fr01n place to place along the range. On the basis of average 
dips and widths of exposures, the thickne~s seldom exceeds 1,000 feet, 
and is seldon1 less than 500 feet. A reeord of a deep drill hole made 
by l\1r. E. ~T. Longyear, in sec. 34, T. 59 N., R. 14 \iV., shows a thick
ness of 576 feet. 

As one of the members of the Upper Huronian seriP-s, the iron
bearing formation was included in the gentle cross folding of the 
district. The synclines of these cross folds have had an important 
relation to the position and origin of iron deposits, as will be seen below. 

The Biwabik formation presents such a wide variety of phases that. 
the}~ can be scarcely more than mentioned. Four widely differing 
varieties are: (1) A lean .ferruginous chert, the chert and iron occur
ring in alternate bands or irregularly n1ixed; (2) iron-ore bodies-; 
(i:) ferrous silicate and carbonate rocks; (±) more or less ferruginous 
slates. All gradational varieties between these rocks are present, 
giving great lithological complexity to the formation. Variety 1 
makes up the great bulk of the formation and usually is the one imme
diately inclosing the ore bodies. Variety 2 is, of course, the important 
one from an economic standpoint. Thin layers of paint-rock found 
associated with the ore bodies are probably the altered equivalent:i of 
the ferruginous slates. Varieties 3 and 4, while not so closely con-
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nected with the ores as variety 1, have had a part in the-development of 
the ores. They usually are found in the southern part of the Biwabik 
formation close to the overlying Virginia slate. The ferruginous 
slates are also present at middle and lower horizons in the ~lesabi 
formation eastward from l\1esaba station to Birch Lake. The presence 
of these ferruginous slates in the Biwabik formation has been one of 
the puzzling features in the exploratory work of the district. In drill
ing, slates are found capping. the iron-bearing material, or as layers in 
the Biwabik formation itself, or as a part of the solid black slate fot·
mation to the south, the Yirginia slate. The slates within the Biwabik 
formation, as will be seen on pages 366 and 368, probably have an 
important influence on the location of ore deposits, and hence the dis
crimination of these slates is of vital importance to mining men. 

· As yet data are not at hand for this discrimination on the map, but it 
is hoped that sufficient data may ultimately be collected to allow of the 
mapping of the patches of upper slate resting upon the iron-bearing 
formation, and of the slate horizons in the Biwabik formation itself. 
Indeed, this can already be done for limited areas. 

The present productive part of the Biwabik formation lies between 
the center of range 22 west on the west and Embarrass Lake on the east, 
although the discovery of good ore in quantity is reported as far east 
as l\1esabi station and as far west as the center of range 24 west. Indeed, 

. it is reported that mining will shortly commence at the Stephens mine 
in sec. 26, T. 59 N., R. 15 vV., east of Biwabik, and at the Diamond mine 
in sec. 15, T. 56 N., R. 2± vV. The present productive portion of the 
di:3trict is thus the central part. In this respect the Mesabi district is 
similar to the Penokee-Gogebic district. 

The Biwabik formation shows many interesting alterations due to 
the intrusion of great masses of igneous rocks both basic and acid. 
Of these the Keweenawan gabbro is by far the most important. The 
intrusives and their contact effects may be observed east of Mesaba 
station. The alterations are too complicated to be discussed in this 
paper, but one should be mentioned which concerns the economic value 
of the area. The iron oxide of the Biwabik formation west of Mesaba 
station is mainly hematite. In this part of the district, as above noted, 
are all the discovered workable ore deposits. The iron oxide east of 
Mesaba station is largely n1agnetite. The proportion of magnetite 
increases as the distance east of Mesaba station increases. In this part 
of the district no workahle ore deposits have been discovered. The 
magnetite and intrusive rocks are present in the same area, and further
more the amount of magnetite is great in proportion as the intrusives 
are approached. The magnetitic nature of the formation is due at least 
partly to the effect of the intrusives, as explained on page 409. The 
intrusives, however, are probably not entirely responsible for the 
apparent lack of workable iron-ore depo~its. The slaty layers in the 
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Biwabik formation, and perhaps other differences in the original char
acter of the iron-bearing formation may also have had their effect. 
If the main cause of the nonproducti,re character of this area has 
been m.etamorphism, due to the Keweenawan gabbro, this area is 
unproductive for essentially the same 1~eason that the eastern and 
western portions of the Penokee-Gogebic district are barren. 

Virginia slate.-The Virginia slate lies conformably above the 
Biwabik formation, with frequent interlaminations of the two forma
tions. near the contact. The slate is exceedingly dense, fine grained, 
of gray and black color, sometimes graphitic, and occasionally shows 
concretionary structures. ·The slate is found south of the Biwabik 
formation throughout its extent from Grand Rapids to Birch Lake. 
Outcrops, however, are exceedingly rare, because of its softness and 
because of the heavy covering of drift. 

POST-HURONIAN INTRUSIVES. 

Intrusive in the Upper I-Iuronian rocks is a red granite with large 
purple quartz eyes. This forms the higher parts of the Giants Range 
through n1ost of range 12 and part of range 13 west, near Birch Lake. 
An actual contact with the iron-bearing formation is exposed in the 
western portion of range 12, and here interesting metamorphic changes 
in that forn1ation are to be observed. This granite is probably the 
equivalent of the red granite appearing at Embarrass, north of the. 
lVIesabi range, near the Duluth and Iron Range track. Also later than 
the Upper Huronian formations, and certainly intrusive in them, is the 
great l{eweenawan gabbro. This overlaps the Mesabi formations, 
cutting across them diagonally from southwest to northeast, and near 
Birch Lake cutting then1 out altogether. To this also is doubtless 
partly due the almost complete absence of the Mesabi series f~r a long 
way east of Birch Lake, although pre-Keweenawan erosion probably 
was the major cause. Both the granite and the gabbro have had ,pro
found metamorphic effects on the iron-bearing formation, but just how 
much the present lithologic character of the Biwabik formation east 
of Mesaba station is due to the gabbro, and how much to the granite, 
and how much to differences in the original character of the forma
tion, is not yet worked out. The age of th"G gabbro is certainly 
Keweenawan, and that of the granite probably so. 

CRETACEOUS. 

ln a. few places in the district are slightly consolidated Cretaceous 
sediments resting unconformably upon the older formations. These 
are for the nwst part made up of the debris of the underlying forma
tions, principall)r the Biwabik formation, but sufficient fossil remains 
have been found to identify the sediments as Cretaceous. Probably 
the Cretaceous is much more widespread than umpped. So far, it has 
been found only in isolated test pits. 
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PLEISTOCENE. 

The glacial deposits of the district constitute one of the most impor
tant formations. They form a heavy 111antle overlying all of the other 
fo1·mations. The thickness of the drift varies from 0 on the upper 
parts of the slopes of the Giants Range, where the rock exposures are 
numerous, to 150 or n1ore feet over the low-lying Virginia slate and 
part of the Biwabik formation. The thick mantle of drift over most 
of the area of the iron-bearing forn1ation is a serious obstacle to explor
atory and mining work. 

IRO~ ORES IN BIWABIK FORMATION. 

Topoqraphic relations ~~the ores.-The majority of the ore deposits 
are on the gentle southward slope of the Giants Range, or on the 
westward or eastward slopes of the "Horn." In many cases they are 
well up on this general slope; in other cases the deposits are well 
down on the slope, or even extend to the flat-lying land characteristic 
.of the Virginia slate. Usually the ore deposits pitch away from the 
high land adjacent, and in some cases the difference in elevation of 
the two ends of a deposit is 100 feet or more, though usually less. 

Commonly the thickness of the drift covering the deposits is greater 
over the parts of the deposits farthest fron1 the adjacent high land 
than it is over the parts close to it. This indicates that the surfaces 
of the deposits really have steeper slopes than appear at the drift sur
face. For this reason in places where the ·ore deposits apparently 
occur in flat-lying areas, the o1·e bodies themselves may have consider
able pitches. 

Structural relations of ores.-The ~Iesabi iron ores, following the 
flat dip of the rocks of the iron-bearing formation~ form broad, shal
low deposits. As a consequence they present considerable ·areas of 
exposure under the drift. In this feature they show n, characteristic 
difference from the deposits of other districts of the Lake Superior 
region, where the clips of the rocks are steeper and the deposits have 
greater vertical. and less horizontal components, and therefore present 
smaller surfaces of exposure. Because of the low clips also the 
Mesabi deposits have their long dimensions transverse to the trend of 
the range, in this feature differing from the Penokee-Gogebic deposits, 
where they are parallel to the range. 

The Mesabi deposits have the shape they would have if deposited by 
water in broacl shallow troughst, and indeed it will be shown below that 
they now rest in troughs formed by the cross folding to which the 
Mesabi series has been subjected and are bottomed by impervious sub
stances. No intrusives are reported in the iron-bearing fo1·mation of 
the productive portion of the ::Mesabi district, and igneous rocks are 
thus not a factor in the formation of troughs. 

21 GEOL, PT 3-01--25 
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The evidence of the existence of cross sy·nclines or troughs where 
the ore bodies are found can be seen at almost any of the large open 
pits of the district. On either side of a pit the la}~ers of the iron
bearing formation are found to dip gently toward the ore body . 

. 'Vhere the rocks pass into ore the dips usually increase, in man}~ cases 
rising to 20° or soc, or m~en to 4:5° or 60°. The steep dips are found 
only a few feet frmn the transition place~ from rock to ore. In the 
ore ai)d in the rock a few feet away frmn the places of transition 
the dip::; are low. In the few places where the change in dip is very 
sudden the rocks are n1uch broken, and some of the more abrupt of 
these flexures may actually pass into minor faults, but the throws of 
the faults in most cases are not more than a few feet. The sudden 
downward flexures at the places of transition frmn rock to ore are 
probably partially due to the solution of material in the places now 

. occupied by the ore. The underground circulation dissolved more 
material than was deposited, and this resulted in subs\dence or the 
slump of the strata under the stress of gravity. 

\Vhile chemical action has thus en1phasized the synclines, and in a 
few places faults may ha\'e ::;lightly emphasized them, we have no ques
tion that the trunk channels of underground circulation were mainly 
localized by original syncline::; belonging to the series of cross folds. 

The largest and most complex of the cross folds are those between 
Biwabik and Mountain Iron. Here is one major cross anticline, to 
the east and west of which arc maj01· cross synclines. It is notable 
that this area is one of the two great productive ones of the district. 
The n1ajor anticline projects southwestward, and on it are the town 
and mines of Eveleth. Thi::; anticline is known as the "Horn." 'Yest 
of this antielinc is a complex cross syncline, on which are located 
the towns and mines of Virginia· and perhaps :J.Iountain Iron. East 
of the ~'Horn" i::; a less marked syncline, on which are the towns and 
mines of Biwabik and }lcKinley. These nmjor anticlines and syn
clines are compo::;ed of n1inor anticlines and synclines, and it is the 
cross synclines of the second order of magnitude which mark the 
position of the ore bodies. The other great productive area of the dis
trict is that adjacent to Hibbing. Here the cross folding as certainly 
exists a::; it does between Biwabik and l\'Iountain Iron, but the folds 
ar~ not of such Inagnitude, and it is probable that here the ore bodies 
rest in the cross synclines of the first order. Superimposed on the 
folds of the .;econd order of magnitude are still smaller ones, which 
rna}~ be ob::;mTed in any of the open pits of the mines. These minor 
folds are the rule and not the exception; it is rarely that the layers of 
the ore deposits can be seen to continue for anr distance without 
variation~ in dip or pitch. 

Accompanying the cross folding of the iron formation is a consid
erable amount of minor brecciation and faulting. In the open pits of 
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the mines many such fractures are to be obsmTed. In one or two 
places the relations of the f01;mations are such as to suggest that pos
sibly faults with considerable displacements are present. Howe\er, 
sufficient evidence is at hand to warrant the statement that for the 
di~trict as a whole the faulting and brecciation are not so important 
factors in localizing ore deposits as the general gentle folding aboye 
described. 

The bases of the ore deposits are more irregular than would be 
inferred from the above statement of their occurrence in troughs. 
Horses of rock are frequently found in the ores, and the bottom of any 
deposit never reposes on a single layer of the gently bowed strata, but 
rests upon many layers at different horizons. Indeed, it is common, 
in going from the center of the troughs toward the limits, to :find. the 
bottoms of the deposits ascending in series of steps. 

The troughs in which the iron ores occur are and have been in the 
past trunk channels for the circulation of underground water. They 
are at the cross depressi~ns where the n1ovement of water n1ust be down
ward, as shown on pages 367-369. As a n1atter of fact, the course of 
the flow can now be followed in most of the troughs on which mines 
are now working. The movement of the water down the form~tion is 
further shown by the fact that drill holes piercing the Virginia slate 
and entering the iron-bearing formation below frequently meet water 
under pressure, showing that water actually does flow down the dip of 
the iron formation under the impervious Virginia slate. 

Oltaracter of ores.-The Mesabi iron ores are for the most part soft, 
somewhat hydrated hematite, althoughsoft limonite ores are present 
in subordinate quantity. Their texture varies from exceedingly fine
grained ":tine dust" to a fairly coarse, hard, and granular ore, break
ing 1n parallelopiped blocki'J. In either case the ore needs but little 
blasting to allow the steam shovel to take it from the bed. 

The fineness of many of the ores has prevented the use of ~arge per
centages of them in blast-furnace charges. For the finest ores 33 per 
cent is about as large an amount as it has been found practicable to· 
use. The ores of mediun1 coarseness have been used in amounts as 
high as 50 per cent. The coarsest grade has been used in percentages 
running from 60 to 75. Indeed, as large a percentag·e of the coarsest 
grade can be used in a mixture as it is ordinarily advisable to use of 
any one grade. 

The iron content, when dried, computed fron1 cargo analyses during 
1899, varies from 58.97 to 64.85 per cent1 and averages about 63.28 
per cent. The phosphorus content varies .from 0.025 to 0.080 per 
cent, and averages about 0.042 per cent. The silica content varies 
from 2.50 to 9.20 per cent, and averages about 3.38 per cent. The 
water content va~·ies from 6.81 to 14.11 per cent, and averages about 
10.78 per cent. 
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The ore as it lies in the deposits is beautifully bedded in layers rang
ing from a fraction of an inch to ~everal inches in thickness. A 
single bed commonly shows considerable uniformity in composition 
and structure when followed out laterally, but when compared with 
the beds above and below it shows considerable differences. In other 
words, the change in texture and composition is between different beds 
and not between diffm~ent parts of the same bed, although to this there 
are certain exceptions. The effect of these different colors and textures 
in different layers is to n1ake the bedding very conspicuous. Standing 
in any of the open pits of the district, it is easy to follow the course of 
any layer or group of layers through their gentle flexures. 

The differences in color are due mainly to differences in co:::nposi
tion. The brownish, reddish, and black layers are mainly hematite . 

. Some of the very bright-red layers are paint-rock. The yellowish 
layers owe their color to the limonite in thmn. Not uncommonly thin 
layers of white efflorescence emphasize the banding and add brilliancy 
to the coloring. Occasionally material of the same color is in aver
tical zone across the layers, and such zone resembles an alteration 
along a joint, the alteration extending different distances in crossing 
different layers. Commonly such material crossing the bedding is 
yellowish limonitic n1aterial, and the beds through which it runs are 
brownish or reddish hematitic material. Veins of brecciated quartz 
also cross the beds. 

In texture the variation is even more marked than in color or com
position. Certain layers are continuous with many n1inor bend::; in 
them, while intervening layers are characteristically broken into small 
flat parallelopipeds whose greatest diameters vary from a fraction of 
an inch to several inches. These broken blocks in alternate layers 
are one of the most characteristic features of the deposits. Ordh~arily 
the continuous layers are either soft paint-rock or exceedingly fine and 
softhen1atiteore. The small joint blocksarecomn1only harder hematite. 
Not infrequently when textures apparently associated with these varie
ties are present in the bed a stroke of the pick will resolve the whole 
into a fine dust in which the materials of different textures are not to 
be discriminated. 

These are the general obvious features which strike one in a casual 
examination of any of the mines. vVhen the ores are studied in detail 
many interesting features appear. Many of these are not essential for 
the purposes of this paper, but others will be briefly mentioned. 

The distribution of the limonite in the ore bodies is peculiar. It 
usually occurs in rather thick zones with more or lesE: hematite mixed 
with it. These zones for each deposit have a tendency to be fairly 
well defined and persistent, but in different deposits they occur in 
different horizons. In some mines the limonitic layers occur near the 
tops of the deposit, in others in middle horizons, ·and in still others at 
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the bottoms, and in others in two or more of these horizons. n1ore are 
confined to the tops or bottoms than to the middle horizons, and those 
confined to the tops are far more common than those confined to the 
bottoms. Limonite has ordinarily been considered an alteration phase 
due to the influence of surface waters. If this is the case here, it is 
interesting to note that this alteration has not been confined to any 
particular zo.ne of the deposits. Certain features indicate that the 
limonite in the Mesabi ore bodies may owe its position partly at least 
to original variations in the composition of the beds, as well as to the 
position with reference to the surface waters. It is seen, page 363, 
that the limonitic ores are frequently aluminous, and therefore they 
probably represent beds containing n1ore than the usual amount of 
shaly material. 

Another feature of interest is the constant association of limonitic 
ores with high percentages of phosphorus. This is well recognized 
by the mining men of the area. This common association has a bear
ing on the derivation and alteration of the ore deposits. It might 
mean that phosphorus was more abundant in the original beds from 
which the limonite has been derived; or, if no nwre abundant than 
in other parts of the fotmation, that the phosphorus has not been 
removed to the same extent, since in some cases the limonitic ·ores are 
less pervious, due to their content of shale; or it might mean that the 
conditions w~ich resulted in the development of limonite were fa v·or
able also to the precipitation of phosphorus. This latter probability is 
indicated, for a part of the limonite at le~st, by an occurrence in the 
Oliver mine, where in one place a zone of limonite was, in 1900, to be 
seen cutting across the layers of hematite like a yein with sharp out
lines. The differences of percentages of phosphorus just within the 
limonite and a few inches outside of it were Yery great. 

The amount of pore space in the Mesabi ores due to chemical altera
tion and fracturing is shown by the figures used by the mining men in 
estimating tonnage. They allow 11t to 13 cubic feet for a ton, depend
ing upon whether the .ore is mainly limonite or mainly hematite. The 
tonnage of hard specular ore is figured on the basis of 8 or 9 cubic 
feet to the ton. The space occupied by a ton of the :Mesabi ore is thus 

. great as compared with the space occupied by hard· specular ore. 
Ilinds of rocks associated with tlw ore.-The ores, so far as they are 

now exploited, are in general in middle horizons of the Biwabik forma
tion, though there are exceptions to this rule. Below the ore bodies 
ddll work at numerous localities shows that a hard ferrug·inous chert 
exists (variety 1 above). Above the horizon at which the ore bodies 
occur are apparently similar ferruginous cherts and smaller q uaniities 
of carbonated and ferrous silicate rocks of the formation (variety 3 
above), and particularly near the junction with the upper slate, slaty 
layers (variety 4). As already shown. slaty layers also appear in the 
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horizon holding the iron ores. These slaty rocks at high horizons have 
a somewhat broad and irregular bedding.· Frequently, when examined 
with a lens, they show numerous peculiar roundish greenish granules, 
giving a texture when altered resembling an oolitic texture. The 
nature of these granules has as yet not been fully studied by us. They 
are called glauconite by Spurr, but analyses by Steiger show that the 
n1aterial contains no alkalies, and therefore is not glauconite. It i~ a 
ferrous silicate. A portion of the rocks of the central horizon, that in 
which the ore exists, appears to consist of the altered equivalent of these 
ferrous silicate rocks. But also ~t various places associated with the 
ores are eonsiderable quantities of very evenly banded rocks, ferru
ginous cherts, and ferruginous slates, the structures and textures of 
which are identical with the carbonated slates of the Penokee-Gogebic 
and ~Iarquette districts. 1 \Vhile these rocks to some extent show the 
little oolitic granules, they are not pron1inent. In what respects the 
composition and texture of the nonproductive horizons below the ores 
differ from those in which the ores occur and from the rocks of the 
Biwabik formation above the ores has as yet not been ascertained. 

At the bottmns of several of the larger mines are layers of paint-rock, 
sometimes associated with beds of considerable thickness of lean limo
nitic ores. Tlie limonitic ores are frequently high fn aluminum, and 
therefore the original rock contained a considerable amount of argil
laceous material. The paint-rock is plainly an altered slaty phase 
of the Biwabik formation. The paint-rock nmy be a single fairly 
persistent layer from a fraction of an inch to 2 or 3 inches wide, or 
several or many· thin layers through a zone of a few feet. The belts 
of argillaceous ore and paint-rock together constitute a relati,·ely 
impervious basement. In other mines no limonitic ore and paint-rock 
are reported at the bottoms of the ore deposits, the ore appearing to 
rest upon a massi,·e phase of the ferruginous chert. In such cases it 
may he that at some horizon below the ferruginous chert are imper
vious layers or beds. Such impervious strata may be within the iron
bearing formation itself or may be the Pokegama slate below the 
Biwabik formation. If the Biwabik formation below the ore body 
is in places exceptionally dense and cherty, such a combination of 
chert with an impen+ious stratum below would as certainly stop the 
downward course of the 1uajor part of the moving water as would a 
belt of almninous slaty material immediately below au ore body. 

At n1any places near the top horizon of the ore bodies and at so~e 
pla~es interstratified with them are also layers of lean limonitic orcs 
ri~h in aluminum. From the composition one would infer that these 
also were probably somewhat slaty phases of the iron-bearing forma
tion, and, in fact, in some cases these ores haye actually been traced 
into slate by J. l...... Sebenius. The existence of these relatively 

1 See Pis. XYII and XIX of :Mon. XXYIII of the r. s. Geol. Survey. 
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impmTious strata at 1niddle and higher horizons in the ore deposits 
has not preyented the concentration o£ the ores upon au impervious 
basement lo""·er down. The development of the iron ores upon the 
impervious strata at different horizons is precisely analogous to the 
development of the iron ores upon dikes at different horizons in the 
Penokee-Gogebic district. In both cases the best ore deposits devel
oped at the bottoms of thick belts of iron-formation material which 
are bottomed by relatively impervious strata. 

Origin of the ore d<?posits.-The Mesabi district is the only one in 
that part of the Lake Superior region within the United States in 
which our detailed studies of the iron-bearing formation have not been 
completed. At the present time it is not possible to make as definite 
statements concerning- the development of the ores as is desiraiJlc. 
However, our studies have gone far enough to justify certain conclu
sions. It h; clear that pitching troughs underl<:"tin by slaty or other 
impervious layers of the Biwabik or other formations are below 
every ore deposit. It is equally clear that the brecciation of the 
formation accompanies the cross folding. These troughs do now, as 
in thepast, t:)erveas trunk channels for the circulation of underground 
water. In the unaltered parts of the iron-bearing formation we find fer
rous silicate and siderite rocks, and in the altered 'parts textures and 
structures indicating the former existence of these rocks. Such rocks 
contain iron in a form favorable for its ea:-:;y oxidation or solution by 
underground water. 

All of these facts point to one explanatiqn of the origin of the ore 
deposits. They are mainly secondary concentrations in pitching 
troughs with impervious basements by downward moving wn,ters, and 
subordinately oxidations in place. The proce·ssis the one outlined below. 
Iron from carbonate and silicate, taken into solution by the descend
ing waters, was carried to the pitching troughs, and there met other 
waters bearing oxygen more directly from the surface, resulting in the 
precipitation of the ore. The~olution of the silica was a simultaneous 
process and was favored by the large quantities of water concentrated 
in these troughs. The ores are very porous, and, a~ already noted, they 
show decided indication of slump. This seems to be conclusive evi
dence that the silica has been dissolved. more rapidly than the iron 
oxide was put into its place. vVhile the chemical action had thus 
emphasized the synclines, there is no question that the trunk channels 
of underground water were localized by original synclines. 

The meteoric waters, entering the pen·ious iron-bearing formation 
at the higher northern ground, followed the troughs transverse to the 
range down the general slope, and mainly is~mecl on the low ground 
before passing below the impervious slate. The higher geological 
horizons of the Biwahik-i. e., the horizons near the overlying slates
were not in general transformed to ore deposits. \Vhen the ore depos-
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its do approach the slate they are usually found to grow lean and thin. 
These were the places where the waters were ascending and issuing, 
and such waters were deficient in oxygen, and hence ·the circulations 
were not favorable for the development of large ore deposits of good 
quality. 

The waters were confined below by impervious strata, probably 
mainly slates, at different horizons, although principally in horizons 
some)ittle distance above the bottom of the formation. In some cases, 
as shown above, the presence of slaty layers has not prevented the 
concentration of ores upon an impervious basement lower down, since . 
between the outcrops of two sets of relatively impervious strata there 
is a hroad area where 1neteoric waters may enter. However, in most. 
cases there is a considerable thickness of apparently banen iron
formation material below the iron-ore deposits, and the question arises 
why ore deposits have not been concentrated in these horizons either 
on impervious strata in the lower parts of the formation or on the under
lying Pokegama quartzite. ·In thePenokee-Gogebic district all the ore 
deposits, \vith the exception of the Iron Belt and Atlantic, are at the 
botton1 of the Ironwood formation and rest upon the Palms formation, 
and one n1ight anticipate that the same condition of affairs would obtain 
in the ::\1esabi district, and that the ores would rest on the Pokegamafor
mation. If such deposits had formed, they would pitch under most of 
the deposits now known, precisely as the deposit of one dike in the 

. Penokee-Gogebie district pitches below the deposit upon a higher dike. 
The apparent absence of large ore deposits at the bottom horizon in the 
iron-bearing formations in the n1esabi district is probably explained 
in 1nost cases by the fact that the part of the iron-bearing formation 
below the impervious layer, whether this layer be slate or impervioug 
chert, was not sufficiently thick to furnish material out of which such 
ore bodies could develop. In some cases, howe,·er, it may he ascer
tained that the lower part of the Biwabik formation was originally of 
a different and somewhat less favorable character than the rocks rich 
in iron carbonate and ferrous silicate out of which the ore deposits 
developed. 

The irregularities in the bottmns of the ore deposits above men
tioned are probably due largely to the concentration of water in 
synclines, causing deeper penetration at the centers than toward the 
sides of the troughs. Thus at the cent~rs of the troughs the water 
got down to impervious strata. But other factors probably ha\e had 
their effect. The horses of rock commonly to be observed haye a ten
dency to show flat joint sides and are not broken into little bits by 
numberless minute joints. It seems probable that the very numerous 
small joints which may be obseiTed in the iron ores have had a consid
erable effect on the circulation of underground water, causing the 
wat-ers to be deflected from certain places and concentrated in others, 
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and thus causing differences in the an1ount of alteration in the original 
rock. The result is that in places where the fracturing is not com
plex the circulation of water has not been vigorous and horses of rock 
are left standing. Another factor explaining the irregular bottoms of 
the ore deposits may have been the original character of the rock.! 
'V"here the original rocks varied, the alteration ·products now to be 
observed would vary in a corresponding manner. 

Time of concentration.-As to the time of concentration, the same 
argument applies as in the Penokee-Gogebic district. The processes 
which formed the ore bodies were those of the belt of weathering. 
They therefore could not haYe begun to form until denudation had 
exposed the Biwabik formatimi to the action of the weather. The 
enrichment therefore occurred subsequent to the general folding which 
produced the Lake Superior syncline and ·subsequent to the long-con
tinued erosion which removed the overlying Keweenawan, and after 
the iron-bearing formation was exposed to the agencies of weathering. 
The major part of the 'tork was probably done before "Upper Creta
ceous time, and. certainly in pre-Pleistocene time, but no exact limita
tions of the period of enrichment can be given. As in the Penokee
Gogebic district, the rich ores doubtless represent a concentration of 
iron, a large part of which nt one time v1as at a higher position in the 
iron-bearing formation and the strata of ·w·hich have been removed by 
the processes of denudation. 

JJeptl~ of deposits.-Tbe :Niesabi district i:-; new, and the depth to 
which the ore bodies have been opened up is not great. In June, 1900, 
the depths of the lowest levels of some of the mines \Yere as follmvs: 

Feet. ' Feet. 
Adams. _______________________ ---- 175 : Hull .. ____________________________ 157 
Burt .... _______ . __ .. __ . _____ . . . . . • 97 . Rust. ____________________________ . 170 
Duluth . _ . _____ . _ ... __ .... _ . . • . • • . 92 , Sellers . ________________ .. _ _ _ _ _ _ _ _ _ 120 

In November, 1900, further figures obtained from other 1nines are 
as follows: 

Feet. Feet. 
"Biwabik .••••.•.... __________ .. _ 110 Auburn ___________________________ 213 
l\lahoning1 ••••••• _________ • _____ 40-55 Genoa ______ . _ _ _ _ ________________ 175 
Sparta ..• __ ••..•. _____ . _. _ _ _ _ _ _ _ 125 Fayal _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 170 
Malta ..•••........ _______ . _ _ _ _ _ _ 110 )fountain Iron . _ ...... _. _ .... __ ... 150 

These figures are for the most part measured from the surface of the . 
drift. 

'Vhile few of the mines have reached the bottom of the deposits, 
exploratory work shows beyond question that in most cases the ore 
deposits extend to no great vertical depths. In many cases the bot
toms of the rich parts of the deposits are at depths less than 200 
feet, and few deposits extend to a depth as great as 300 :feet. It 
is clear that the }fesahi ore depo)sits are shallow as compared with 

1 A -.eruge depth 48 feet. 
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those of the other iron-bearing districts of the Lake Superior region. 
This L chic to the very gentle pitch of the deposits as compared with the 
steep pitche::; of the deposits in the other districts. However, it must 
not bo und_erstood from this that the quantity· of ore in the :\Iesabi di::;
trict is less than that in the other districts, for the shallowness of the 
deposits is much more than cmnpensatecl for by their extraordinary 
breadth and Jength. Probably the famous T. 58 X., R. 20 \Y ... , Minne
sota, contains n1ore high-grade iron ore than any other equiyalent area 
in the Lake Superior region, and the Jiesahi district as a whole has 
vastly more ore shown up than any other Lake Superior district. 

Eru.:e of min /nr; .. Jfesabi ore.:--\Yith the shallowness of the deposits 
and their great length and breadth goes ea::-;e of exploration and min
ing, gidng the )Iesahi district a considerable a<.hantage in this respect 
over other districts. The c'ommon method in the district of stripping 
off the drift and loading the ore directly from the deposit onto the 
cars by steam ~hovels has been fully described by a number of mining 
engineers. The large open pits of the district, with trains thi·eading 
in and out and steam shovels loading from the banks to the trains, are 
most charncteri~tic sights in the district. The cheapness of the method 
as compared with that of underground 1nining is obvious. However, 
while this 1nethocl is the nw::;t conspicuous one, there are many deposits 
to whi('h it can not he applied, and a::; many or n1ore mines ar~ operated 
by underground aio:i hy open-pit work. 

THE MARQUETTE DISTRICT.l 

PHODL""CTIOX. 

The p1·oduction in the )Iarq u.ette district from 18U1 to 1HOO, inclu
sive, was a::; follow$: 

Prodw·tio11: in Jflll'fjltetle di.~lrictjNJm 1891 to 1900. 

Long tons. l Long tons. 

1891-'--- .... ---- .................... - .. - ~. 778, -!82 i 1896 .. --- ........ - ........ - .... - .. -.---- 2, -!18, 846 
189:? .......... _ .... ___ .. _ .............. __ .. _ 2, 8-!8, 552 1 1s97 ...... ______ .. __ ...... ___ .... _...... 2, 673, 785 · 
189:1 _ ............ _ .. _ ............ _ .. _. _ .. _ 2, 06-!, 827 ' 1898 ...... _ .......... ___ ............. __ .. __ 2, m:~7, 930 

189-! .... - ............ -- .. -- ........ -- .. - .... 1, 935, 379 : 1899 .. - .. - ........ - .... -- ........ -- .. - ...... 3, 63-!, 596 
189;) - .... - ............ - .... --- .... - .... - .... 1, 982, 080 : 1900-- .. - ...... -- ...... -- ...... - ........ - .. 3, -!57, 522 

The total production of the district from 185-4:, the :Ji.r::;t year of ship
ment, to 1000, indnsiYe~ was 59~592, 793 long tons. 

CHARACTER OF THE ORES. 

The iron ore::; of the )Iarquette district are mainly soft reel hema
tites. Hard specular hematites are, howeyer, important. :\Iagnetite 

1 For a full discm:;ion of this district, see The )Iarquette iron-bearing di~trict of :Michigan, by C. R. 
VanHise, W. s. Bayley, and H. L. Smyth: )Ion. C. 8. Geol. Survey Yol. XXYIII, lb97. 
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and limonite are subordinate. The iron content computed from cargo 
analyses during 1899 ntries from 39.985 to 69 per cent, and averages 
about 63 per cent. The phosphorus contentvaries from 0.016 to 0.610 
per cent, and ayerages about 0.083 per cent. The silica content varies 
from 1.30 to 38.27 per cent, and averages about 4:.8 per cent. The 
water content varies from 0.45 to 15.29 per cent, and averages about 
5.40 per cent. 

LOCATIOX. 

The )larquette district is a comparatively small east-west belt run
ning from about longitude 87° 20' to 88° along the parallel of -!6° 30'. 
The district lies wholly in the State of :\1ichigan, and gets its name 
fron1 the city of )larq uette. The more· important towns are :\1ar
quette, Ishpeming, .Negaunee, Champion, and Republic. (See Pl. LII.) 

SUCCESSIOX OF FOR:\IATIOXS. 

The succession of the formations for the district from the top clown
ward is as follows: 

,','accession of.furmaliow;; in Jfm·IJltelle di-~trid. 

Cambrian. __________________ .Lake Superior sandstone. 

(Unconformity.) 

·Upper Huronian (Upper )lar
quette series). 

(Gneonformity.) 

Lower Huronian (Lower )[ar
quette f.!eries). 

(L"neonformity.) 

)lichigamme formation (locally replaced hy Clarks
burg Yolcanic formation). One might diYide the 
)fichigamme sedimentary formation into three 
parts; (a) upper slate member, (b) iron-bearing 
member, (c) lower slate member. 

Ishpeming formation, consisting of two members; the 
Bijiki schist (in western part of district), and the 
Goodrich quartzite, containing detrital ores at its 
base. 

Xegaunee formation. (The ehief iron-bearing forma-
tion.) 

Siamo slate, containing interstratified amygdaloid. 
Ajibik quartzite. 
Wewe slate. 
Kona dolomite. 
)lesnard quartzite. 

Kitchi schist and ::\Iona schist, the latter banded, and !
Granite, syenite, peridotite. 

Ar<"hean ... __ . ___ .. _., _. ____ · in a fevr places containing narrow bands of iron-
bearing formation. 

Palmer gneiss. · 

Various basic igneous rocks, mostly altered dolerites and having the 
mineralogical composition of diorite, cut the sedimentary formations. 
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STRUCTURE. 

In a broad way the )Iarquette district is a great synclinorium. At 
the west end of the area the Republic tongue projects to the southeast 
as a subordinate synclinoriun1. The district is cross folded in a com
posite way, so that the distribution of the formations of the district is 
exceedingly irregular. (See Pl. LII.) A cross anticline in the east
ern part of the district gives a westward pitch to the various forma
tions in the most producti,·e part. The sections of Pl. LIII gi,·e the 
essential facts. For a full discussion of the structures referen.ce is 
made to Monograph XXVIII of the Suryey. 

The iron-bearing formations of the :\1arquette district occur at all 
four of the positions at 'vhich ores are known in the Lake Superior 
region; viz, frmn the base upward, as follows: the Archean iron-bear
ing formation; the Xegaunee formation of the Lower Huronian; and 
two iron-bearing horizons in the Gpper Huronian, one at the base of 
the Goodrich quartzite and the other\rithin the ~1ichigamme formation. 

The Archean iron-bearing formation so far as known is confined to 
a few localities, the more important being :\Iarquette, the so-called 
Holyoke mine, and sec. 2,- T. 48 N., R. 27 \V. The 1naterials com
prise ferruginous slate, ferruginous chert, magnetite-griinerite-schist, 
and very small amounts of heinatite. The only one of these localities 
which has ever produced iron ore is the Eureka mine in the Marquette 
area, and this has not produced ore for many years. Economically 
the Archean formation therefore has no importance in the :\Iarquette 
district, and will here not be further considered; but from a scientific 
point of view the formation is significant, since it furnishes a parallel 
to the productive Archean of the Vermilion and )lichipicoten districts. 

XEGAUXEE AXD GOODRICH J<'OR:\IATIOXS. 

E-ctent, position, thickness, and clwmcter.-The chief iron-bearing 
formation of the )Iarquette district i~ the Xegaunee. This covers 
an extem;ive area in the neighborhood of Ishpeming and Negaunee. 
(See Pl. LII.) Fr01n this area various short arn1s extend toward 
the east, and two arms extend westward to the west end of the district 
along both the north and south borders, and along the borders of the 
subordinate Republic fold. 

The .Xegauneeiron-hearing formation at its maximum is somewhere 
fron1 1,000 to 1,500 feet thick. It bears ores at various horizons. 
Ores also occur at various places at the basal horizon of the Goodrich 
quartzite, where it rests upon and has derived debris from the Xegaunee 
forn1ation. However. these two horizons will be treated together. 
Small quantities of ore are also found in the )Jichiganune formation 
at various places. The rocks of the iron-bearing formations comprise 
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cherty iron-bearing carbonates, ferruginous slates, ferruginous cherts, 
jaspilites,, gri.i.neritic magnetite-schists, detrital ferruginous rocks, and 
ore bodies. 

The original rock of the Negaunee iron-bearing formation was a 
cherty iron-bearing carbonate, precisely as in the districts already 
described. Furthermore, at various places the iron carbonate 
approached very closely to a siderite. The metamorphism of the 
formation is less simple than in the districts already described, in that 
there have been two periods of alteration. In inter-Marquette thne the 
erosion cut deep enough to expose the Negaunee formation. The upper 
part of this formation which was in the belt of weathering was largely 
transformed into ferruginous slates and ferruginous cherts. In early 
Upper ~:Marquette time detrital material, htrgely derived from the 
Negaunee formation, accumulated, thus making a horizon at the base of 
the Upper l\1arquette series large 1 y composed of iron oxide and q nartz. 
Thereafter the original rock, the weathered products in situ, and the 
detrital material were buried under the Upper Marquette sedin1ents 
and igneous rock.-:; of that and Keweenawan time were intruded. 
vVhile the rocks '''ere deeply buried they were folded closely. Under 
these circumstances the original iron carbonate and the secondary 
material from it yielded \'"ery different products. "'.Vherc original 

. iron carbonate remained, and especially where it was intruded by 
abundant igneous rocks, it was partly transformed into a griinerite
Inagnetite-schist. The iron oxide of the ferruginous slates and fer
ruginous cherts was dehydrated, and these rocks were therefore 
changed to jaspilites. At the same time the detrital ores at the base 
of the Upper Marquette were transformed to hematite and jasper
bearing quartzites and conglomerates. ~Inch later, but before Cam
brian time, the region was again elevated above the sea and folded, 
and denudation cut through the Upper lVIarquette series and again 
exposed the Negaunee formation and· adjacent rocks to the agents of 
weathering. A new set of transformations was then begun. Residual 
unaltered cherty iron carbonate was still abundant. vVhere this 
reae1ed the surface it was transformed into ferruginous slates and 
cherts. Th~ jaspilites and detrital ores also received a new contribu
tion of iron oxide. It was at this period of alteration that the ore 
deposits were developed. 

Structural relations of the ores.-vV orkable iron ores have been 
found at many places from east of Negaunee to :\1ichigamme and 
Spurr on the northwest and to Republic on the southwest. In this 
respect the Marquette district differs from the .Ylesabi and. Penokee 
districts, which haYe long stretches of iron-bearing formation which 
as yet have not been fruitful. It is notable in this connection that 
the basal Keweenawan gabbro is not found in the :\iarquette district, 
hence the deep-seated and profound metamorphism in connection 
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therewith has not occurred. HoweYer, at yarious place:-; intrusiv·e 
igneous rocks are Yery abundant, and at such localities the iron forma
tion is transformed into n gri.i.neritic and magnetitic schist from which 
the circulating waters ha,-e not produced ore deposit:-;. 

The ore deposits of the K egaunee formation and the associated ores 
may be di,·ided, according to position, into three classes: (1) Ore 
deposits at" the bottom of the iron-bearing formation. (2) Ore deposits 
within the iron-bearing formation; these ores frequently reach the sur
face, but are not at the uppermost horizon of the formation. (3) Ore 
deposits in the top layers of the Negaunee formation and in bottom 
layers of the Goodrich quartzite. (Figs.± and 6 of Pl. LIV.) This last 
class of deposits runs past an unconformity. Some of these ore bodies 
are almost wholly in the Goodrich quartzite. Stratigraphically these 
deposits ought to he separately considered, but th<'y are ~-;o closely 
connected genetically and in position with the Negaunee ore deposits 
that they are treated in connection with the deposit~:; of that fonnation. 
The first two classes of ore are generally soft, and the adjacent rock 
is ferruginous chert or "soft-ore jasper," while those at the top of 
the iron-bearing formations are hard specular ores and magnetite, and 
the adjacent rock is jaspilite, also called" specular jaspe1·" and "hard-
ore jasper." · 

While the larger number of ore bodies can be referred to one or 
another of the three c]asses above given, it not infrequently happens 
that the same ore deposit belongs partly in. one and. partly in another. 
To illustrate: The inter- -~Marquette erosion may haye cut so nearly 
through the Negaunee formation that an ore deposit may extend from 
the bottom of the formation to the top. HoweYer, in these cases the. 
ore bodies are usually hard, and upon the whole are more closely 
allied to the third class than to the first. In many places, also, the 
upper part of an ore dcpmdt may be at the topmost horizon of the iron
bearing formation and be a specular ore, while the lower part is 
wholly within the iron-bearing formation and is soft ore. In some 
places there is a gradation between the two . phases of such a deposit, 
but in more instances the two bodies are separated by dike~. now 
chang·ed to soapstone or paint-rock. 

(1) The ore deposits at the bottom horizon (fig. ± of Pl. LIV) can 
occur only where the lowest horizon of the formation is present-that 
is, the}:r are confined to that part of the formation resting upon the 
Siamo ::;late or the Ajibik quartzite. Hence they are found along 
the outer borders of the X egaunee formation, and do not occur in the 
broad Ishpeming-Xegaunee area. The best examples of thes'e deposits 
are those occurring at the Teal Lake Range and east of Xegaunee. 
Here are situated the Cie,~eland Hematite, the Cambria, the B~ffalo, 
the Blue, and other mines. These ore deposits ha\e as their foot wall 
the Siamo slate. A striking fact about these deposits is that all of 
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PLATE LIV. 

ORE DEPOSITS OF THE PEXOKEE-GOGEBIC .AXD :\I.ARQTIETTE DISTRICTS. 

(Both ore exploited and ore now in mine are represented as ore, since the purpose 
of this plate is to show the manner of the de\·elopment of the ore rather than the 
preEent stage of exploitation.) 

FIG. 1. Vertical north-south cross section of Pittsburg and Lake Angeline mine in 
the ::\Iarquette district in trough of soapstone which grades downward into greenstone 
and upward into the ore-bearing formation. 

Scale: 1· inch equals 210 feet. ::\Ion .. U.S. Geol. Survey \~ol. XXVIII, Pl. XXVIII, 
:fig.5. . 

FIG. 2. Theoretical ea.Et-west longitudinal section in Penokee-Gogebic district 
designed to show manner in which ore deposits develop upon dike basements as a 
result of circulating waters. Below crests and the slopes of elevations the water 
moves downward, is concentrated near the dike and foot-wall quartzite, and there 
deposits the ore. Below the valleys the water ascends and escapes, and at these places 
no ore deposits are produced. 

Frc. 3. Yertical north-south cross section of fig. 5, where ore deposit extends to 
the drift, showiug that the basal synclinorium. of slate consists of two subordinate 
synclines with an intermediate anticline. 

Scale: 1 inch equals 210 feet. ::\Ion. "C'". S. Geol. Survey Yol. XXVIII, Pl. XXIX, 
fig. -1. 

Frc. -1. Generalized section in :Marquette district, showing relations of all classes of 
ore deposits to associated formations. On the right is soft ore resting in a V-shaped 
trough between the Siamo slate and a dike of soapstone. In the lower central part 
of the :figure the more common relations of soft ore to vertical and inclined dikes 
cutting the jasper are shown. The ore may rest upon an inclined dike, between two 
inclined dikes, and upon the upper of the two, or be on both sides of a nearly verti
cal dike. In the upper central part of the :figure are seen the relations of the hard 
ore to the .Xegaunee formation and the Goodrich quartzite. At the left is soft ore 
resting in a trough of soapstone which grades downward into greenstone. 

From ::\Ion. "G. S. Geol. Survey Vol. :X.XTIII, Pl. X:X.YIII, :fig. 1. 
Frc. 5. Yertical longitudinal east-vwst section of one of the mines of the Buffalo 

::\lining Company, east of Xegaunee, showing ore resting upon impervious foot wall of 
Siamo slate and pitching to the west under the ore-bearing formation, and grading 
into the latter through mixed ore. A large quantity of the ore extended to the drift. 

Scale: 1 inch equals 210 feet. From ::\Ion. r. S. Geol. Survey Yol. XXVIII, 
Pl. XXIX, :fig. 3. 

Frc. 6. Cross section of Section 16 mine, Lake Superior mines, in the ::\Iarquette 
district. On the right is a V-shaped trough made by the junction of a greenstone 
ma.Es and a dike. The hard ore is beween these and below the Goodrich quartzite. 
On the ll'ft the hard ore again rests upon a soapstone which is upon and contains 
bands of ore-bearing formation. The ore is overlain by the Goodrich quartzite. 

Scale: 1 inch equals 220 feet. ::\Ion. U.S. Geol. Survey VoL XXVIII, Pl. XXIX, 
:fig. 1. 
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those mentioned, and all of those known, occur at places where the 
Siamo slate is folded so as to form a trough. All of the Teal Lake 
mines occupy a place where the iron formation curves to the north 
and then swings back to its original course, the ore deposits thus 
resting upon a southward-pitching trough of the slate. Still more 
striking is the occurrence east of Negaunee. Here the ore bodies 
occur at places where the slate is folded so as to furnish sharply 
pitching synclinal troughs which plunge to the west. (Figs. 3 and 5 of 
Pl. LIV.) It is further found, by an examination of the workings, 
that the iron-bearing formation is often cut by a set of steep or 
vertical dikes, and that the conjunction of these dike~ with the foot
wall slate forms sharp V -shaped troughs. This is particularly clear in 
the case of the Cleveland Hematite mine, where the ore bodies are 
found between a series of vertical dikes and the Siamo 'slate. 1 ~y emu
paring this occurrence with the ore deposits of the Penokee-Gogebic 
district, it will be seen that they are almost identical, in each case 
there being on one side of each of the ore bodies an impervious sedi
mentary formation and upon the other an impervious dike, the two 
uniting to forn1 a pitching trough. 

(2) The typical area for the soft-ore. bodies within the Negaunee 
formation is that of Ishpeming and Negaunee. Here belong such 
deposits as the Cleveland Lake, the Lake Angeline, the Lake Superior. 
Hematite, the Salisbury, and many others. \Vhen these deposits are 
·examined in detail it is found that the large deposits always rest upon 
a pitching trough composed wholly of a single mass of greenstone 
(Pl. LIII), or on a pitching trough one side of which is a mass of green
stone and the other side of which is a dike joining the greenstone mass 
(figs. 1 and 6 of Pl. LIV). The underlying rock is called greenstone, 
although immediately in contact with the ore it is knmyn by the 
miners as paint-rock or soapstone. However, a close examination of 
numerous localities shows that the greenstone changes by minute gra
dations into the schistose soapstone, and this into the paint-rock, and 
th~~t therefore these phases are merely parts of the greenstone which 
have been profoundly altered by mashing and leaching processes and 
strongly impregttated by iron oxide. · Many of the thinner dikes are 
wholly changed to paint-rock or soapstone, or to the two combined. The 
larger number of these troughs are found along the western third of 
the Ishpeming-Negaunee area. By examining Pl. LII, the n1asses of 
greenstone may be seen partly inclosing several westward-opening 
bays, which are occupied by the iron-bearing formation. Conspic
uous among these are the Ishpeming basin, the northern Lake Ange
line basin, the southern Lake Angeline basin, and the Salisbury basin. 
In each of these cases the greenstone forms an amphitheater a_!:>out the 

I The Penokee iron-bearing series ot Michigan and Wisconsin, by R. D. Irving and C. R. Van Hise: 
Mon. U.S. Geol. Survey Vol. XIX, 1892, pp. 268-294. 
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rocks of the iron-bearing formation. Areas of iron formation open 
out to the west into the main area, and thus the troughs have a west
ward pitch. In the case of Lake Angeline, an east-west dike cuts 
across the basin south of the center, and this combined with the green-· 
·stone bluffs to the north and to the south .forms two westward-pitching 
troughs. The northernmost of these has the greatest ore deposits of 
the Marquette district, containing many millions of tons of ore. 

(3) The hard-ore bodies, mainly specular hematite, but in some 
deposits including much magnetite, occur, as has been said, at the top 
of the iron-bearing formation, in1mediately below and in the basal 
members of the Goodrich quartzite. (Figs. 4 and 6 of Pl. LIV.) As 
typical examples of n1ines of this class may be mentioned the Jackson 
mine, the Lake Superior Specular, the Volunteer, the Michigamme, 
the Riverside, the Champion, the Republic, and the Barnum. Also, 
as interesting deposits, giving the history of the ore, may be mentioned 
the Kloman and the Goodrich. In all of these deposits the associated 
rocks of the iron-bearing fonnation are jaspilite or griinerite-magne
tite-schist, usually the :former. These ore deposits, bridging two 
different geological series, can not be separated in description, for 
frequently they weld together the Upper Marquette Goodrich quartz
ite formation and the Lower 1Vlarquette Negaunee formation. As in 
the cases of '(1) and (2), all of the large ore deposits belonging to this 
third class have at their bases soapstone or paint-rock. (Figs. 4 and 
6 of Pl. LIV.) In those cases in which the soapstone is within the 
Negaunee forn1ation it is a modified greenstone mass, or this in con
junction with a dike or dikes. Where the ore deposits are largely or 
mainly in the Goodrich quartzite the basement rock may again be a 
greenstone, but also it may be a layer of sedimentary slate belonging 
to the Goodrich quartzite. These different classes of rocks are, how
ever, not discriminated by the miners, but are lumped together as 
soapstone or paint-rock. Also, as in the cases of (1) and (2), wherever 
the ·deposits are of any considerable size the basement rock is folded 
into the form of a pitching trough, or else, by a union of a mass of 
greenstone with a dike, or by a union of either one of these with a 
sedin1entary slate, an impervious pitching trough is formed. Perhaps 
the most conspicuous example of this is at the Republic mine, but it is 
scarcely less evident in the other large deposits. However, a few 
small deposits of ore (chimneys and shoots) occur at the contact of the 
Negaunee and Ishpeming formations, where no soapstone has been 
found. As examples of ore deposits which are largely or wholly within 
the Upper Marquette may be mentioned the Volunteer, ~Iichigamme, 
Champion, and Riverside. These are partly recomposed ores, and dif
fer in appearance from the specular hematite or magnetite of the Lower 
~Iarquette in having a peculiar gray color and in containing small frag
mental particles of quartz and complex fragmental pieces o£ jasoer, 
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and frequently, also, sericite and chlorite are discovered with the 
microscope. 

ln any of these classes the deposits may be cut into a number of 
bodies by a combination of greenstone dikes or masses. A deposit 
which in one part of the mine 1s continuous, in another part of the 
mine, by a gradually projecting mass of greenstone which passes into 
a dike, may be cut into two deposits, and each of these may be again 
dissevered, so that the deposit may be cut up into a number of ore 
bodies separated by soapstone or paint-rock. In some cases the ore 
deposits have a somewhat regular form from level to level, but the 
shape of the deposits at the next lower level can never be certainly 
predicted fron1 that of the level above. Horses of ~'jasper" may 
appear along the dikes or within an ore body at almost any place. 
The ore bodies grade above and at the sides into the jasper in a vari
able manner. As a result of the combination of these uncertain fac
tors, most of the ore bodies have extraordinarily irregular and curious 
forms when examined in detail, although in general shape they con
form to the above descriptions. 

'Vhile these different classes of ore bodies have the distinctive fea
tures indicated ~hove, they have important features in common. They 
are confined to the iron-bearing formations. They occur upon imper
vious basements in pitching troughs. The impervious basement may 
be a sedimentary or igneous rock, or a combination of· the two. 
\Vhere the ore deposits are of comdderable size the plication and 
brecciation of the chert and jasper are usual phenomena. Frequently 
this shattering was concomitant with the folding into troughs or with 
the intrusion of the igneous rocks. When the passage of the ore 
bodies into the chert or jasper is examined in detaiJ it is found that a 
siliceous band, if followed toward the ore, instead of r2maining solid 
becomes porous and frequently contains considerable cavities. These 
places in the transition zone are lined with ore. In passing toward 
the ore deposit more and more of the silica is. found to have been 
rem~ved, and the ore has replaced it to a corresponding degree. An 
examination at many localities shows this transition from the banded 
ore and jasper to take place as a consequence of the removal of the 
silica and the substitution of iron oxide. In such instances the fine
grained part of the ore is often that of the original rock, while the 
coarser crystalline material is a secondary infiltration. It is not 
infrequently the case, however, that the ore deposits abruptly ter
minate along joint cracks or fractures. 

Topographic relations of tl~e ores.-The relations between the topog
raphy and the ore deposits are as clear in the Marquette district as in 
the Penokee-Gogebic and Mesabi districts. In general the portions 
of ore deposits which reach the surface are located on the middle or 
upper parts of slopes, although in some instances ·the ore deposits are 
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entirely below low-lying areas; but in these instances the impervious 
basement material makes a surrounding amphitheater. Since ~Iono
graph XXVIII of the United States Geological Survey, on the Mar
quette district, 1 is accompanied by an atlas, to which the reader may 
refer, the relations of the topography and the deposits will be given 
for a number of the larger mines. (See also Pl. LII herewith.) Begin. 
ning at the west end of the district, the l\1ichigamme and Spurr mines 
are on the southward Rlope of a bluff which rises to more than 1,"700 
feet at its highest points, and which descends to the level of Lake 
~Iichigamme, at an elevation of about 1,550 feet. 2 The Champion 
mine is located well up on the northward slope of a hill whi~h rises to 
an ele-vation of 1, 700 feet and descends to 1,550 feet. The Republic 
mine is located near the brow of a plateau-like area, the crest o£ which 
rises to an eleYation of 1, 700 feet. The elevation of the brow is about 
1,600 feet. From the shafts of the n1ine a steep slope descends to 
Smith Bay, at an elevation of somewhat less than 1,500 feet. 3 About 
Ishpeming and Xegaunee (see Pl. LII) the surfaces of a 1najority of the 
deposits arc at about the 1,500-foot level. The valleys to the westward 
are n1ostly at about the 1,400-foot le-vel. But the Jackson mine is 
located on a northward slope which descends into a glacial-filled -valley 
only 40 to 60 feet below. About three sides of the majority of the ore 
deposits are amphitheaters of diorite which rise to altitudes of from 
1,600 to 1, 700 feet.· Thus there are in this district collecting areas 
with impervious basements which converge abundant waters at the 
places where the iron-ore deposits reach the surface. 4 The mines at 
the base of the iron-bearing formation east of Negaunee are below the 
1,400-foot contour and the drainage line to the southwest is only a little 
below the 1,300-foot level. 5 The Teal Lake mines are somewhat higher 
than 1,4:00 feet; but these n1ines actually clip to the south, while the 
drainage is to the north to Teal Lake. This is the only case in the 
district in which the pitch of the mines does not correspond with the 
drainage. 

De?:elopnunt oftl~e m·es.-The facts gi-ven in the foregoing pages in 
reference to the iron-bearing formation and its origin, combined with 
the peculiar occurrence of the ores, indicate with certainty the main 
features of the dmrelopment of the ore deposits. 

While the ore deposits of the Negaunee formation have a greater 
variety of forms and relations than those of the Penokee district, 6 it is 
eYident that the conditions governing their formation are much the 
same. In both districts the material imn1ediately underlying the ore 

1 The :\Iarquette iron-bearing district, by C. R. Van Hise and W. S. Bayley, with a chapter on the 
Republic trough, by H. L. Smyth: ::\Ion. U.S. Geol. Survey Vol. XXVIII, 1897, pp. 608, with atlas of 39 
plates. 

e Op. cit., Atlas sheet Y. a Op. cit., Atlas sheet VI. 
40p. cit., Atlas sheets XXV, XXVI, and XXVIII. 5 Op. cit.,Atlassheet XXXI. 
GThe Penokee iron-bearing series of :\Iichigan and Wisconsin, by R. D. In·ing and C. R. Van Rise: 

:Mon. L'. S. Geol. Survey Vol. XIX, 1892, pp. 280-290. 
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is relatively impervious to water. In the cases of the deposits resting 
upou soap-rock this lack of porosity is nearly complete. :Niost of the 
ore bodies are in troughs in both districts; the ore bodies in both, in 
longitudinal section, have a pitch; in both ,the many phases of mate
rial found in the iron-bearing formation are nearly the same; in both 
is found plenty of residual iron carbonate; in both the ore deposits are 
below elevations or slopes and pitch toward the valleJ'S. It is there
fore thought that the general explanation already applied to the 
Penokee district is applicable, with ·a few modifications, to the deposits 
of the :Niarquette district; although the larger number of the deposits 
of the latter belong to an older series. 

All the facts bear toward the conclusion that the ore was secondarily 
enriched by the action of descending water, since the ore deposits 
occur at places where such waters are sure to have been concentrated. 
The greenstone and its altered form, soapstone, acconunodated them
selves to folding without extensive fraetures, and, while probably 
allowing more or less water to pass through, acted as practically 
impervious masses along which water was deflected when it can1e in 
contact with them. It is ft common opinion among miners that a few 
inches of soap-rock is n1ore effective in keeping out water than many 
feet of the iron-bearing formation. On the other hand, the brittle, 
siliceous ore-bearing formation was fractured by the folding to which 
it was subjected, so that where this process was extreme water passes 
through it like a sieve. That the tilted bodies of greenstone, or soap
rock, especially when in pitching synclines or forming pitching troughs 
by the union of dikes and masses of greenstone, must have converged 
downward-flowing waters is self-evident. It is also clear that the 
weak contact plane between the Goodrich quartzite and the Negaunee 
formation was one of accommodation and shattering. Therefore, the 
plane of unconformity between the Upper :Marquette and Lower 
lVIarquette series 1nust have been a great horizon for descending 
waters. 

It has been seen that the whole of the iron-bearing formation was 
probably originally a lean, cherty carbonate of iron, with some 
calcium and magnesium, and that from this rock the ferruginous 
cherts and jaspers developed. The general process of concentration 
described on pages 326-328 is therefore directly applicable. What 
proportion of the original iron carbonate still rmnained in the ore
bearing formation at the beginning of the concentration of the ore 
deposits is uncertain; but since it is still found in places sheltered 
from percolating waters, such as the deeper horizons of the iron
bearing formation, adjacent to and probably protected by greenstone 
masses, it is probable that the quantity was great. A part of the iron 
oxide of the ore bodies already existed in place before the post
Huronian erosion. This is especially true of the class 3, those at the 
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top of the formation, where weathering decomposed the iron carbonate 
in inter-Marquette time, producing ferruginous slates and ferruginous 
cherts, and where detritus from these rocks was deposited at the base 
of the Upper Marquette series. This iron oxide in many cases is dis
criminated by its 1nicaceous or specular character, caused by dynamic 
action and dehydration, from that subsequently added by infiltration. 

At the time of enrichment the descending waters from different 
sources, some containing iron carbonate, son1e containing oxygen, 
were converged into pitching troughs or other trunk channels. The 
union .of these currents precipitated the iron oxide mainly as n1ore or 
less hydrated hematite; but where the oxrgen of the oxygen-bearing 
waters was insufficient, as magnetite. The abundant waters in the 
trunk channels also slowly dissolved the silica, its place being· taken 
by the ore. That this interchange actually has occurred has already 
bee~1 noted. (See p. 379.) For the solution of the silica the water 
in this district ~ontained both carbon dioxide liberated by the decom
position of the iron carbonates and alkalies produced by the decompo
sition of the diabases when they were transformed into soap-rock. 

The descending waters continued. their work along the pitching ore 
bo<,lies until they had passed below low ground. Here they began 
their ascent and escaped at the valleys. The difference in elevation of 
the entering and issuing waters in the Marquette district at the pres
ent time is upon the average not n1ore than 100 feet, as shown by the 
figures given on page 380. However, it is to be remembered that 
the majority of the valleys rtre now filled with thick deposits of drift, 
and that the drainage lines in pre-Glacial times may have been on an 
average 100 feet lower than at present. The crests of the hills also 
may have been reduced an equal amouHt. This would give a differ
ence in head between the entering and istming wat~rs of 300 feet, 
which is probably the maximun1 that can be as::;umed at the present 
time, although in pre-Pleistocene time the relief was more marked 
and in pre-Ca1nbrian time far greater. 

Time and depth o.f concent1·ation.-The final concentration of the 
ores occurring at the contact of the 'C'pper l\1arquette and Lower ~Iar
quette series must haYe taken place later than Upper :Marquette time. 
This is shown by the fact that the unconformable formations are 
welded together at many places by the infiltrated iron oxide. The 
relations of the ore bodies within the ore-bearing formation to the 
greenstone masses and dikes gh~e mTidence that the concentration of 
this ore occurred subsequently to the intrusion of these rocks. It is 
certain that some of these igneou~ rocks were intruded during or later 
than Upper Marquette time, since they cut actoss the Goodrich quartz
ite. Others of theni. appear to have yielded fragments to the Gpper 
)Jarquette series, and therefore antedate these rocks. Finally, if the 
hypothesis were accepted that the ore bodies were concentrated before 
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the Upper lVIarquette folding and erosion, their invariable positions 
above the impervious formations would be inexplicable. The folding 
would perhaps have left them as often below as above these forma
tions. The Upper Cambrian sandstone caps the eastern ·part of the 
district in places, and doubtless Paleozoic rocks once capped the entire 
district. Taking all the facts together, it is certain that the final con
centration of all the ores occurred later than the folding and during 
the erosion subsequent to Upper Marquette time; it is probable that 
it had largely taken place before the end of the Paleozoic . 

. As given by the managers and superintendents, June, 1900, the 
lowest levels of some of the more important deeper mines are the 
following: Prince of vVales, 510 feet; Negaunee, 800 feet; Cleveland 
Hematite, 1,000 feet; Cambria, 706 feet; Lillie, 826 feet; Salisbury, 
800 feet; Hard Ore Mine, 890 feet; Section 16 (Oliver lVIining Cmn
pany), 730 feet; Section 21 (Oliver Mining Company), 660 feet; Lake 
Angeline, 480 feet; Champion, 1,636 feet; Republic, 1,432 feet; No. 7 
shaft (Oliver Mining Company), 885 feet. 

From the foregoing figures it appears that, notwithstanding the fact 
that the difference in the head of the descending and ascending waters 
is not now great, the descending column of water carrying oxygen and 
ore locally certainly penetrated to a depth greater than 1,600 feet. 
But the difference in head of the descending and ascending waters may 
have been greater at the time these ore deposits were mainly formed than 
at present. (Seep. 382.) However, making allowance for this, the 
depth to which the ores have formed in the Marquette district is strong 
evidence that descending water may be effective in the dep9sition of 
ores to a depth at least several times as great as the head which drives 
the entering waters.· No clearer evidence could possibly be furnished 
of the correctness of the general theory of underground circulation 
expounded in the first chapter of this paper~ on the depositi0n of 
ores. 

MICHIGAMME FORMATION. 

The fourth position at which ores occur in the lVIarquette district 
is in the lVIichigamme formation of the Upper Marquette series. 

At a few localities in the Michigamme formation are found limon
itic ores. These are associated with sideritic slates, ferruginous 
cherts, and grilneritic slates. The country rock is black carbonaceous 
and pyritiferous slate. The ore deposits in this slate appear to be 
small, and they have not been sufficiently developed to determine 
precise relations. However, in all probability they are derived from 
siaeritic slate through processes of concentration similar to ·those 
which are applicable to the ores of the similar horizon in the Crystal 
Falls district, to be subsequently described. (See pp. 385-387.) 
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THE CRYSTAL FALLS IRON-BEARING DISTRICT, INCLUDING 
METROPOLITAN, COMMONWEALTH, FLORENCE, AND IRON 
RIVER AREAS.1 

PRODUCTION. 

The production in the Crystal Falls district, including the )1etro
politan and Iron River areal:l in ~1ichigan and the Commonwealth and 
Florence areas in 'Visconsin, from 1890 to 1899 inclusive, was as follows: 

Production in Crystol J?afls district frmn 18.90 to 18.9.9. 

.1890 .... -.--- ---.--.-----.--
1891.---- .... -------- .. - .... 
1892---.-.- ... -------.--.--. 
1893--.-----.----.-.--- .. ---
1894---------------- --·- --.--

Long tons. 

1,048,746 
766,257 

1,059,073 
463,851 
247,512 

Long tons. 

1895------ .. ---- .. ----.---- .. - 409, 927 
1896------------.------- .. ---- 417, 915 
1897 - - - - - - - - . -- - - . - - -- ... -- -- . 364, 437 
1898 - - - - - - . - -- - -- . - .. -----.-- - 469, 761 
1899 - - - - - - - - - - ... - - - - -- - - . - - . . 980, 920 

The figure:-; for 1900 are included in the :Menominee figures for that 
year. 

The. total production of the district from 1882, the :first year of 
shipment, to 1899, inclusive, was 9,930,231long tons. 

CHARACTER O:E' THE ORES. 

The ore obtained from the Crystal Falls district is chiefly a soft 
red hematite, although in places it is hydrated and graded as brown 
limonite. The metallic iron of the ores, calculated from cargo analyses 
of 1899, ranges from 54 to 63 per cent, and averages about 59 per cent. 
The phosphorus usually ranges from 0.049 to 0. 7 per cent, averaging 
about 0.40. The silica ranges from 4 to 9 per cent and averages about 
5.5 per cent. The water content varies from 3 to 9 per cent and aver
ages about 7.5 per cent. 

LOCATION. 

The Crystal Falls district includes the broad area of Huronian rocks 
between latitude 45° 45' and 46° 30', and longitude 88° and 89°, with 
several eastward-projecting tongues between longitude 87° 30' and 
88°. It therefore comprises a broader area of Huronian rocks than 
any other· of the districts of the Lake Superior region. The greater 
part of the district is in Michigan and the remainder is in 'Visconsin. 
The chief towns of the district are Florence, Commonwealth, Mans
field, Crystal Falls, Amasa, and Iron River. 

1 For a full discussion of this district see the Crystal Falls iron-bearing district of l\Iichigan, by J. 
~:!.organ Clements and H. L. Smyth; with a chapter on the Sturgeon River tongue, by W. S. Bayley, 
and an Introduction, by C. R. VanHise: Mon. C. S. Geol. Survey Vol. XXXVI, 1899. 
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SUCCESSION OF FORMATIONS. 

The succession of formations in descending order is as follows: 

Succession of formations in Crystal Falls district. 

Cambrian. _______________ .Lake Superior sandstone. 
(Unconformity.) 

385 

l
)iichigamme formation, containing an iron-bearing hori

zon not separated in mapping for much of the district, 
Upper Huronian _ _ _ _ _ _ _ _ _ _ but in southeastern. part having as lower formations 

(a) the Groveland formation and (b) the Mansfield 
slate. · 

(Unconformity.) 

L . H . Negaunee formation (in northeastern part of the district). 

{

Hemlock formation. · 

ower uroman ---------- Ranclville dolomite. 

Sturgeon quartzite. 
(Unconformity. ) 

Archean _____________ . ___ .Granite. 

Various gabbros, dolerites, and diorites are intrusive in the sedi
mentary formations. 

STRUCTURE. 

The structure of the di~trict taken as .a whole is very complicated · 
and no attempt will be made to summarize it. 

GROVELAND FORi\IATION. 

From an economic. point of view the district may be divided into 
two parts, a northern and a southern part. In the northern part of the 
district both the Lower Huronian Negaunee formation and the basal 
ferruginous horizon of the Upper Huronian occur. The iron-bearing 
formation within the Upper Huronian may also be present, but this 
is not certain. However, in this part of the district no workable 
ore bodies have heen found. The productive part of the district is 
confined to the southern half-that is, to the area south of latitude 
46° 15'. Here the only iron-bearing formation known i~:-> the Grove
land, belonging within the Upper Huronian. This southern half may 
again be divided into two areas, an eastern and a western, which are 
separated by a broad area of Pleistocene deposits so thick that the 
underlying rocks can not be mapped. ' 

In the eastern half of the southern portion of the district are two 
Huronian troughs, the Metropolitan trough on the south 3tnd the Stur
geon River trough to the north. The Metropolitan trough is about 
1 mile wide. The descending Huronian succession is as follows: 
Groveland iron formation, Mansfield slate, Randville dolomite, and 
Sturgeon quartzite. The two lower formations are certainly Lower 
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Huronian; the upper formations were also placed as Lower Huronian 
in the Crystal Falls monograph. However, later work in the Menom
inee district makes it probable that the l\lansfield slate is the base of 
the Upper Huronian, and that the Groveland forl?ation belongs in the 
Upper Huronian. This iron-bearing formation is largely detrital. 
The detrital material is supposed to have been derived from a Lower 
Huronian iron-bearing formation, which has been wholly removed by 
erosion. The Sturgeon River trough is much wider than the Metro
politan trough. The Randville dolomite a11d the Sturgeon quartzite 
are there exposed, but the Pleistocene deposits hide all higher forma
tions. Next above the Randville dolomite an ore formation was 
inferred, and recent exploration has shown that such a formation actu
ally exists. \Vhether this iron-bearing formation is Negaunee or 
Groveland can not be stated nt the present stage of the development 
of the trough. 

In the western half of the southern portion of the Crystal Falls 
district the iron ores are confined to the Upper Huronian. They 
occur at various places, among which Florence, Commonwealth, Mans
field, Crystal Falls, Amasa, and Iron River are the more important. 
The ores are found in the Upper Huronian slate, either near or at a 
short distance above its base. The abundance of the glacial drift has 
prevented the ore-bearing rocks from being traced as a continuous 
formation in this district as in the Penokee-Gogebic and Mesabi dis
tricts, although they occur at essentially the san1e horizon. It appears 
that the ore-bearing ·formation in this district was somewhat local
ized. The nearest approach to continuity is that furnished by the 
row of mines north of Crystal Falls, running fron1 the Claire mine, 
in sec. 19, to the Great 'V estern mine, in sec. 21, a distance of about 
2 miles. 

The Groveland formation consists mainly of ferruginous slates and 
ferruginous cherts, with some cherty iron earbonate. These largely · 
nonelastic Rediments are, however, usually more or less intermingled 
with clastic, and especially argillaceous material. The slates immedi
ately above and below the ore-bearing formation are usually carbon
aceous. 

In the area including ::Vlansfield, Crystal Falls, and Amasa the Upper 
Huronian slates rest upon Lower Huronian greenstones-the Hem
lock formation-so that in this part of the district it is easy to 
determine the base of the upper series. For this part of the area the 
Groveland formation occurs within the Upper Huronian slate at a 
short and somewhat -variable distance fron1 the volcanics, showing that 
the iron-bearing formation is a persistent horizon.· The Mansfield is 
in a belt of slate adjacent to the Hemlock formation. But the rela
tion is especially well illustrated in the vicinity of Crystal Falls. 
East of Crystal Falls the Hollister, Armenia, Lee Peck, and Hope 
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mines follow along the western border of this same greenstone. 
Near Cry~tal Falls the various mines, including the Claire, Youngs
town, Lamont, Paint River, Lincoln, Great Western, and Crystnl 
Falls, are in a belt south of another Hemlock volcanic area. They 
are probably therefore at the same horizon as the mines east of Crys
tal Falls, although the folding is so complicated that this is not quite 
certain. 

So far as the structural· relations of the ores have been made out 
they indicate that they lie in pitching synclinal basins bottomed and 
capped by slate. In some places, as at .Amasa, where the formations 
strike approximately north and south and dip steeply to the west, 
minor cross roils furnish pitching troughs for the ore bodies. .At 
Mansfield, while the structure is not certain, it is probable that there 
is a narrow, closely appressed synclinal trough. However, this can 
not be demonstrated until :work has gone deep enough to :find by what 
rock the ore is bottomed. · The Crystal Falls area of mines is located 
in a complex synclinal basin, the anticlines being represented by the 
Hemlock volcanics. The local folds producing the mines in some cases 
are elosely appressed, sharply pitching troughs, as for instance in the 
case of the Armenia mine. In some instances intrusive dikes may 
have helped to form the pitching troughs. 

The iron ores at Commonwealth, Florence, and vicinity were the 
first to be discovered in this district. At Iron River and vicinity ore 
has been taken from various mines for a number of years. These ore 
deposits are very irregular in form. All of them lie in the Michi
gamme formation. In the vicinity of the mines the only formations 
aside from the iron-bearing formation are the Michigamme and some 
igneous rocks. One layer of the slate of the Michigamme formation 
looks like another, so that it is very difficult, if not impossible, to 
say at what horizon within the slate the ore bodies occur. But it is 
exceedingly probable that they are at substantially the same horizon 
as that in which the mines of Crystal Falls and vicinity are found. 
The structures of the deposits are uncertain; but doubtless when close 
investigations are made it will be found that these deposits, like the 
other deposits in the Upper Huronian slate, are in synclinal basins. 

While the evidence is far from complete, there are many reasons for 
believing that the ores of the we~tern area are secondary concentrates 
produced by descending waters converged into pitching troughs, the 
original source of material being iron carbonate. 
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THE MENOMINEE IRON -BEARING DISTRICT.l 

PRODUCTION. 

The production in the Menominee district from 1890 to 1899, inclu
sive, was as follows: 

Production of .Menominee district from 1890 to 1899. 

Long tons. 

1890 -.-----:-------------- . - 1, 225, 446 
1891 - - - - - - - -- - -- - -- - -- - --- -- 1, 089, 867 
1892 - - - - - - - - - - - - - - - - - - - - - - - - ] ' 343, 122 
1893 - - - -- - - - - - -- - -- - -- - --- -- 1, 099, 198 
1894------------ ------ ------ 1, 007, 743 

Long tons. 

1895--------------------.--- 1, 385, 043 
1896 - - - - - - - - - - - - - - - - - - - - -- - - 1, 345, 320 
1897 - ----- - ----- - ----- - ----- 1, 402, 783 
1898------------------------ 1, 805,903 
1899 - -- - -- - - ---- - -- - -- - ---- - 2, 300, 502 

The tigures for the l\tlenominee district for 1900, not including the 
Cr.rstal Falls district, are riot available at this time. The figures for 
the )llenominee and Crystal Falls districts, the latter probably but a 
small proportion, are 3,261,221 long tons. 

The total production of the :Menominee district since 1877, when 
mining began, to 1899, inclusive, was 20,809,906 long tons. 

CHARACTER OJ<' THE ORES. 

The iron ores of the n1:enominee district are prineipally gray, finely 
banded hematite, and to a subordinate extent dense, flinty black 
hematites and siliceous, black and gray, banded hematites. The iron 
content, computed from cargo analyses during 1899, varies from 40.64 
to 64.±05 per cent, and averages about 56.6 per cent. The phosphorus 
content varies from .009 to . 73~ per cent, and averages about .083 
per cent. The silica content varies from 2. 97 to 39.10 per cent, and 
averages about 7.5·7 per cent. The water content varies from 2.18 
to 11.20 per cent, and averages about 7 per cent. 

LOCATIOX. 

The Menominee district extend~:-~ from the :Th!Ienominee River in a 
direction about E. 60° to 70° S. It crosse~ longitude 89°, and lies 
between latitude 45° 45' and 46°. The area which has been mapped is 
about 20 n1iles long and on an average about 6 miles broad. The 
Huronian belt has not been mapped farther to the east because it is 
capped by the Cambrian sandstone. It has not been mapped west of 
the Jienominee River because of the overlying Pleistocene. The dis
trict considered lies wholly in )'Iichigan. The more important towns 
of the area are Iron )fountain, Quinnesec, Norway, Vulcan, and 
'\aucedah. 

1 For a rather full discussion of this district see Geologic Atlas L'. S., folio 62, Menominee. 
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SUCCESSION OF FORMATIONS. 

{See Pi. LV.] 

The succession of for~ations in descending order is as follows: 

Succession of formations in 11fenominee district. 

~n · d 0 1 · {Hermansville limestone. 
1 unan an am )nan ---- .Lake Superior sandstone. 

(Unconformity.) 

!
Hanbury slate, bearing in lower portions calcareous 

slates, etc., containing siderite and iron oxide. 
Upper Huronian (Upper Vulcan formation, consisting in descending order of 

l\1 enominee series) · three members: ( ct) Curry member (iron bearing) ; 
. (b) Brier slate; (c) Traders member (iron bearing). 

(Unconformity.) 

1
Negaunee formation (in small patches). 

Low~r H~uonian. (Lower Randville dolomite. 
:Menonunee senes) Sturgeon quartzite. 

(Unconformity.) 

Arc:-:ean. ________________ ·{GQ'r~nites and ~neisses. 
umnesec schist. 

The dolomites and quartzite of the Menominee district are given the 
same names as are similar formations in the Crystal Falls district 
because the formations have been traced almost continuously frmp one 
district to the other. 

STRUCTURE. 

The lVlenominee district, like the 1\llarquette district, is a complex, 
cross-folded synclinorium. (See Pl. LV.) The longitudinal folding 
is e;xceedingly close, the dips being o_rdinarily from 60° to 90°, and in 
places oYerturned. The cross folding is also very sharp. The Huro
man rocks lie between the Archean granite on the north and the Archean 
Quinnesec schists of the l\1enominee Ri,·er on the south. The full suc
cession of formations is found in passing south from the north side of 
th8 trough, the Archean, Sturgeon quartzite, Randville dolomite, 
Vulcan formation, and Hanbury slates appearing in proper order. 
However, farther to the south the Rand ville dolomite, the V ulean 
formation, and the Hanbury slates are twice reduplicated. This is 
due to folds of sufficient magnitude to bring the dolomite to the sur
face at the anticlines, but not the lower formations. (See Pl. LV.) 
The three belts of dolomite are known as the northern, central, and 
southern. At the south side of the district the Hanbury slates are the 
rocks which are exposed closest to the Archean Quinnesec schists. 
'Vhether lower formation~ occur between the two is unknown. If the 
Hanbury slates rest upon the schists, the relation is explained by non
deposition of the lower formations or by remoyal by erosion of the 
Lower :Menominee series in inter-l\1enominee time, or partly by both. 
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On account of the closeness of the folding the dips are steep. In 
consequence, the Vulcan formation has a narrow outcrop. The forma
tion where productive rests upon the Randville dolomite and plunges 
below the Han bury slates. 

VULCAN FORMATION. 

Extent, position, thickness, and character.-Theonly productive iron
bearing formation of the Menominee district is the Vulcan. · One belt 
of this formation extends continuously from one end of the district to 
the other. There are several other belts of the formation, none of 
which is known to extend the entire length of the district. The Vul
can formation is the basal formation of the Upper Menominee series, 
and therefore rests upon the upper formation of the Lower Menom
inee series-the Randville dolomite. The Vulcan formation is com
posite. It consists of three members in ascending order, as follows: 
The ~raders iron-bearing member, the Brier slate, and the Curry 
iron-bearing member. 

The Traders member, resting upon the Randville dolomite, consists 
in very large part of ferruginous detrital material which is believed 
to have been derived from a Lower Huronian iron-bearing formation, 
the equivalent of the Negaunee formation of the Marquette district. 
This detrital horizon is comparable with the detrital iron-bearing hori
zon at the base of the Goodrich quartzite in the Marquette district. 
However, in the Menominee district the detritus is usually fine, while 
in the Marquette district it is usually coarse. This detrital material 
grades upward into the Brier slate, which is a somewhat ferruginous 
member, but not ore bearing. Overlying the Brier slate is the Curry 
member, which is believed to be largely of nondetrital character, but 
which contains some detrital iron oxide. This member is believed to 
be the equivalent of the Upper Huronian iron-bearing formations ·of 
the Penokee-Gogebic and lVIesabi districts. All the members of the 
Vulcan formation are not known to occur at all localities. 

The Randville dolomite of the Lower Menominee is a resistant for
mation, and apparently had a rough topography at the time it was 
encroached upon by the Upper Memoninee sea. It is therefore natural 
that" this ~ea should not have overridden the dolomite everywhere at the 
same time. Consequently, during the time when the lower horizons 
of the iron-bearing formation were being deposited in certain parts of 
the district other parts were still land areas and were not overlapped 
until late in Vulcan time. In suclt areas only the Brier slate and the 
Curry member, or the latter alone, will be found. Not only is this true, 
but parts of the Randville dolomite were not overridden at all during 
Vulcan time, and in these areas the Hanbury slate rests directly upon 
the dolomite. 

The lithological yarieties of rock found in the district are the same 
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as those found in the .Marquette district; that is, they comprise cherty 
iron carbonates, ferruginous slates, ferruginous cherts, jaspilites, ore 
and jasper conglomerates, and ore bodies. The iron-bearing carbon
ate is, however, subordimtte, and the detrital materials are relatively 
more important than in the ;Nlarquette district. The ores are mainly 
soft reddish, somewhat hydrated hematite. Considerable amounts of 
material are black and granular. Some specular ores are found, and 
some ores are slaty and conglomeratic. 

It is estimated that the average thickness of the Vulcan formation 
is approximately 650 feet, divided as follows: Traders member, 150 
feet; Brier slate, 330 feet; Curry member, 1'70 feet; i. e., the two ore
bearing members combined about equal in thickness the intervening
slates. However, the Traders r.aember departs considerably from this 
average, and the total thickness of the formation varies accordingly. 

Strruct~tral relations· of the ores.-The iron or~s of the fi'Ienominee 
district occur in two members, from the base upward, as follows: (1) 
The Traders n1ember of the Vulcan formation and (2) the Curry mem-. 
ber of the Vulcan formation. The iron ores n1ay occur at any horizon 
within these members. However, other things being equal, they are 
more likely to occur at lower and higher horizons than at middle hori
zons in each of the members, but a number of the large ore bodies 
extend entirely across the members in which they occur. 

In the Menominee district, conforming to the general rule, the iron
ore deposits of large size occur on relatively impervious formations, 
which are in such positions as to constitute steeply pitching troughs. 
Several troughs have pitches as steep as 60° or 70°, and the pitches of 
some are nearly 80°. The pitching troughs are nearly parallel to the 
strike of the iron-bearing formations. A pitching trough may be 
made (a) by the dolomite formation underlying the Traders member 
of the Vulcan formation, (b) by a slate constituting the lower part of 
the Traders member, and (c) by the Brier slate between the Traders 
and Curry members of the Vulcan formation. The dolomite forma
tion is especially likely to 'fm:nish an impervious basement where its 
upper horizon has been transformed into a talc-schist, as a consequence 
of folding and shearing between the formations. 

The iron ores now being exploited are confined to three geographic 
belts: (1) The more numerous and important deposits are found 
in the belt of iron-bearing formation extending from Iron Mountain to 
vVaucedah, south of the southern belt of dolomite. (2) Iron ores are 
being or have been worked north, south, and west of the central belt 
of dolomite. (3) Iron ores are being mined east of the locality where 
the northern and southern belts of dolomite unite . 

. (1) It has already been explained that the southern belt of dolomite 
is an anticlinorium. Superimposed upon this major fold are folds of 
higher orders. The occurrences of the ore deposits in the Vulcan ' 

21 GEOL, l'T 3-01--27 
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formation south of this belt of dolomite are closely related to the sub
ordinate folds in the dolomite. The folds of the second order ~uper
imposed upon the major folds are very close. For the western part 
of the district, they plunge steeply to the west. The result of these 
plications is to produce a number of westward-pitching synclinal 
troughs. The troughs are underlain b:r the talc-schists, the upper 
horizon of the dolomite, or by a slate at or near the base of the Traders 
member. As the result of this folding, the surface outcrop of the 
southern boundary of the dolomite has a notched-liked distribution, 
producing bays in the dolomite (see Pl. LV). The iron-bearing for
mation occupies the bays which open to the '~est into the main belt of 
the Vulcan formation, each ba}7 being surrounded on the north, south, 
and east by the dolomite. . 

Beginning at the west, the first and most important set of folds of 
the second order are those adjacent to Iron. :Mountain. Here are two 
important folds, superimposed upon which are folds of the third order. 
The western produces the troughs in which the Chapin, Millie, and "\"Val
pole Inines are located. The eastern fold produces the trough in which 
the Pewabic mine is located. The western trough is especially compli
cated, it being really composed of two n1inor troughs or rolls of the 
third order, with an intervening anticline, and eYen these folds haye 
folds of a higher order superimposed upo"n them. 

The next important point to the east of the Pewabic mine, where ore 
i~ produced, is at Quinnesec. The Quinnesec ore body is probably in 
a smnewhat narrow, closely appressed fold. 

Another very important producing ore center is at Norway, where 
are found the Norway and Aragon mines. Here are two important 
folds in the dolomite, both opening out to the west as at Iron Mountain. 
The first gives the Norway mine and the second the Aragon mine. 

The Aragon n1ine gives, perhaps, the clearest illustration of the 
principle of the fonnation of ore in pitching troughs on impervious 
basements furnished by the district. (See figs. 1 and 2, Pl. LVI.) 
Just ea~t of the Aragon mine is a sharp embayment in the dolomite, 
which may be beautifully seen above ground. There is he1~e an amphi
theater of limestone entirel:y surrounding the low land occupied by the 
iron-bearing formation. A short distance to the west of this embayment 
the Aragon body was discoyered. \V'here :first found it was at the top 
of the Traders member of the Vulcan formation, just below the bottom 
of the Brier slate. At this time no one could have predicted that this 
ore body is really related to the impervious talc-schists of the dolomite 
below. However, as mining continued the ore deposit gradually and 
irregularly widened, and at the fifth level assumed definite relations to 
the dolomite. From the fifth level downward this relation has con
tinued~ the n1ain mass of the ore body being found at the apex of the 
trough. and long arms of ore extending up along both limbs of the 
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PLATE LVI. 

ORE DEPOSITS 01'' THE ::\IE~Ol\:II~EE DISTRICT. 

(Both ore exploited and ore now in mine are represented as ore, since the purpose 
of this plate is to show the manner of the development of the ore rather than the pres
ent stage of exploitation.) 

Fw. 1. Horizontal section of the Aragon mine at the eighth level, showing the rela
tions of the ore to the talc-schist horizon of the dolomite, to the ore-bearing forma
tion, and to the Brier slate. There is here a double fold, the main ore deposit being 
at the bottom and along the limbs of the north syncline. 

Scale: 1 inch equals 250 feet. Fig. 1, Menominee Special Folio, No. 62, 1900. 
Fw. 2. Vertical east-west longitudinal section of the Aragon mine, north fold, 

showing even more clearly than fig. 1 the relations of the ore to the talc-schist and 
Traders ore-bearing formation. The very steep pitch of the ore deposit is notable, 
it being represented by the contact between the talc-schist and the ore-bearing for
mation and ore. 

Scale: 1 inch equals 250 feet. Fig. 8, :\Ienominee Special Folio. 
394 
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- fold, but especially\ along the 1nain dolomite wall to the north. (See 
Pl. LVI, fig. 1.) This occurrence is especially interesting since the 
ore deposit was found steadily to increase in size as it assumed definite 
relations to the underlying pitching trough. At the high levels, where 
it did not have a definite impervious basement furnished by the dolo: 
mite formation, it was comparatively small. As soon as it had assumed 
at lower levels definite relations to that trough it became a large ore 
body, and has continued to increase in size to the present depth, now 
reached at the eighth level, where the relations of the ore .to the pitch
ing trough are perfectly illustrated. (Figs. 1 and 2 of Pl. LVI.) 

The next important groups of mines along the southern belt are 
those adjacent to ·vulcan, including the Vulcan, East Vulcan, \Vest 
Vulcan, and Curry. Here important plication of the dolomite is 
noted, and the occurrence of the ore is somewhat different from the 
deposits in the vicinity of Norway and Iron .Niountain. Ore ha~ been 
mined in both the Traaers and the Curry members of the Vulcan 
formation. (See figs. 1 and 2 of Pl. LVII.) Indeed, it is from the Curry· 
mine that the term Curry member is taken. The. ore ,gf the lower 
horizon now being exploited occurs immediately below the Brier 
slate, at the top of the Traders n1ember. The ore of the higher hori
zon occurs in the Curry member, between the Brier slate and the Han
bury slate, extending from one to the other. 

East of the East Vulcan mine no ore bodies have as yet been dis
covered ex~ept at vVaucedah, where a comparatively small deposit of 
ore has been found. 

(2) Passing now to the second belt of the Vulcan f01·mation, that 
adjacent to the central belt of dolomite, the only mines which are 
producers at pre:;;ent are the Traders and Cuff. The Traders mine is 
near the west end of the ore-bearing formation, which in this vicinity 
constitutes a westward-plunging anticlinorium. However, there is a 
subordinate synclinorium in the anticline, as a result of which the 
Hanbury slate makes a plicated eastward reentrant angle. It is in 
this westward-pitching synclinorium that the concentration of the 

- Traders ore has taken place. 
(3) The only remaining important ore-producing locality is that 

adjacent to Loretto, where ·are found the Loretto mine (see Pl. LVII, 
figs. 3 and 4) and Appleton shaft. The structure adjacent to the 
Loretto is that of an eastward-plunging syncline, the dolomite· and 
overlying Traders slate being to the north, to the south, and to the 
west. In every essential respect the structure is therefore the same 
as that where the large ore bodies occur in the southern iron belt, 
except that the fold at the Loretto is not close. No better illustra
tion of an ore body in a trough on an impervious basement could be 
desired than that furnished by the Loretto mine. 

Topogruphic relations of the orres.-The majority of the ore deposits 
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of the Menominee district where they reach the surface are on the 
~lopes of the elevations, the crests being usu!llly occupied b~y the Rand
ville dolomite or the Cam brian sandstone. This is true for all of the 
important mines of the district with the exception of the Chapin, the 
Aragon, and the Loretto. Howe\rer, each of these deposits is so cori
nected with troughs which rise toward the higher grounds as to make 
it aln1ost certain that they bad elevated feeding areas. Moreover, while 
the Chapin deposit was discovered in low-lying ground, a little way to 
the west i~ the broad valley of the Menominee River, which is still 
lower. Probably therefore there were lower areas where the water 
issued. 

The crests of the elevations above the Ludington, Millie, Walpole, 
and Pewabic rise frmn 1,500 to 1,600 feet. The broad valley of the 
Menominee to the west bas an elevation of less than 1,100 feet, and this 
valley i~ probably filled to the depth of 100 feet or more. Between 
Ludington Hill and Iron Mountain is a ~;ubordinate cross valley. In 
tbi~ valley is the Chapin, the surface of which bas an elevation of only 
about l, 150 feet. 

East of Iron ~Iountain it is notable that adjacent to each of the 
localities where important mines are found there are valleys across 
the south limestone range and the Vulcan formation, although these 
valleys are now partly filled with thick deposits of drift. East of the 
Quinnesec mii1e is the low-lying area occupied by a cross stream. 
Northeast of Norway is another transverse depression. The Nor·way 
n1ine i1; located upon the hill to the northwest. The \Vest Vulcan 
mine is located upon Brier Hill, to the northeast. The Aragon mine 
is in the depression. East of the East Vulcan mine is the valley of 
the Sturgeon River. The Breen mine is on a slope with a cross valley 
immE'diate]y to the west. The Loretto mine pitches directly below the 
valley of the Sturgeon. Adjacent to the central range of dolomite 
the most important deposit is the Traders. This mine is on the west
ward slope of a bill which rises to an elevation of 1,500 feet. The 
ore deposit pitches toward the ntlley of the l\1enominee only a short 
distance to the west. · 

From the foregoing it appears probable that the relations of the ore 
deposits to the topography in the l\1enominee district are as definite 
as in the Penokee-Gogebic district; that is, all the important ore 
deposits were formed below slopes or crests. 

Der,elopment o.f tl1e ore'"".-Comparatively little need be said concern
ing the development of the ore deposits, since the :Menominee district 
is merely a combination of the special features which occur in the 
Penokee-Gogebic and ~Iarquette district~. A considerable portion of 
the iron-bearing members of the Vulcan formation are basal clastic 
deposits~ prohably deri,·ed from the Lower :\lenominee Negaunee for-
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PLATE LVII. 

ORE DEPOSITS OF THE }lEXO::\IIXEE DISTRICT. 

(Both ore exploited and ore now in mine are represented as ore, since the purpose 
of this plate is to show the manner of the development of the ore rather than the 
present stage of exploitation.) 

FIG. 1. Horizontal section of the \Vest Vulcan mine at the eighth le\'el, showing ore 
at and near the top of the Traders ore-bearing member in contact with the Brier 
slate, and ore between the Brier slate. and the Hanbury slate. 

Scale: 1 inch equals 250 feet. Fig. 9, ::\Ienominee Special Folio, .Xo. 62, 1900. 
FIG. 2. Vertical north-south cross section of the \Vest Vulcan mine, shov.·ing the 

same relations as fig. 1. Here the coinplexity of the ore body below the Brier slate 
is shown. The two detached ore bodies as shown in the horizontal section are 
proved to be really connected. This body of ore is, therefore, essentially at the top 
horizon of the Traders ore-bearing member just below the contact with the Brier 
slate. 

Scale: 1 inch equals 250 feet. Fig. 10, :\Ienominee Special Folio. 
FIG. 3. Horizontal section of the Loretto mine at the first level. The ore here 

rests upon the Traders slate, which constitutes a wide trough pitching to the east. 
As a result of this pitch the high-grade ore, which reaches the rock surface, to the 
east grades into lean ore and passes below lean iron-bearing formation. 

Scale: 1 inch equals 250 feet. Fig. 11, :\Ienominee Special Folio. 
FIG. 4. Vertical east-west longitudinal seetion of the Loretto mine, showing same 

relations as fig. 3, and also that there is here a cross fold, thus forming a basin 
between the Traders slate and the Brier slate, ·which is largely filled with ore. 

Scale: 1 inch equals 250 feet. Fig. 13, ::\Ienominee Special Folio. 
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mation. "Tith this material there was, of course, much quartz mingled. 
However, there is every reason to believe that much iron-bearing car
bonate was mingled with this fragmental material. "\Vhile the amount 
of residual iron-bearing carbonate in the Vulcan formation is now 
almost insignificant, oolitic cherts and jaspilites, which constitute a 
considerable portion of the formation, have doubtless been derived 
from iron-bearing carbonate, precisely as in the other districts of the 
Lake Superior region. Indeed, the processes of change are shown .to 
some extent in the few specimens where iron carbonate is f0und. The 
amount of detrital ore material in the Traders member is important 
or dominant. The amount of carbonate in the Curry member was 
important, and possibly dominant. 

\Vhile the iron-bearing carbonate within the Vulcan formation was 
somewhat abundant, we are not restricted to the Vulcan forrnation for 
a sou1:ce of iron for ores. Iron-bearing carbonate and other rocks 
produced by its alteration exist in the overlying Hanbury formation. 
Moreover, these n1aterials are more abundant at low horizons than at 
high horizons; that is, are more plentiful adjacent to the Vulcan for
mation. It is therefore probable that the water, to s·mue extent at least, 
percolated through the Hanbury formation and made its way below 
into the Vulcan formation and carried with it iron carbonate. There
fore it can hardly be doubted that the source of the iron for -the 
enrichment of the ore deposits of the :Menominee district, as in other 
districts, was mainly a cherty iron carbonate. This material would be 
converged into the trunk troughs for the enrichment of the ore bodies. 
The ores therefore came from three sources: (1) original detrital iron 
oxide derived from the Negaunee formation, (2) iron carbonate oxidized 
in situ, and (3) ~ron carbonate contributed from higher levels of the 
Vulcan formation or from the overlying Han bury formation. 

The processes of concentration and circulation are very similar to 
those in the Penokee-Gogebic and 1\tlarquette districts. As has been 
seen, the pitch of the ore deposits is very steep, running as high as 
60° or 70°; the pitch is parallel to the range; the outcrops of the 
formation are steep or vertical; the breadth of the iron-bearing for
mation exposed is not great. These facts show that the movement 
of the water was mainly parallel to the range, and that the water 
must have descended and ascended mainly through the broken iron 
formation. Moreover, since the ore deposits are below elevations 
the waters descended at these places and ascended in the cross val
leys. However, the drift is so heavy in the Menominee district that 
the exact positions of the cross valleys are not always certain, but 
the great cross valley of the Menominee was doubtless the place 
at which the westward-moving waters concentrating the Traders, 
Pewabic, Walpole, :Vlillie, Ludington, and probably the Chapin 
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ascended and escaped. Howerer, there is a possibility that in the 
subordinate cross valley occupied by the Char)in descending oxidizing 
waters met ascending carbonate-bearing waters, and thus precipitated 
a part of this great deposit. The cross valley at K orway is the place 
where the waters descending from the Norway mine to the west and 
the Vulcan and Curry mines to the east escaped. It is true that in the 
valley itself is the Aragon 1nine. This, howm·er, has an amphitheater 
of higher ground immediately to the east, and there can be little doubt 
that before the filling of the cross valley there was a lower point for 
escape. Similar statements could be made in reference to the other 
mines of the district. 

If the above explanation be correct, the apparent position of the 
great Aragon and ·Chapin deposits on low ground is explained hy 
valley filling in Glacial times, the adjacent pre-Glacial ,·alleys having 
probably been lower than the present level of the mines. If this 
explanation be correct, these great deposits are on the lower parts of 
the slopes; that is, at the places where descending waters have been 
converged from a wide variety of sources. 

. Thne and depth of concenbYttion.-The beginning of the :final con
centration of the 1\1enominee ores must have been after the folding 
-which produced the troughs and after the removal of the Hanbury for
mation covering the Vulcan formation; that is, in the interval between 
the Upper Huroriian and the Cambrian. In the l\1enominee district it 
is certain that the process of concentration was carried far toward 
completion before the end of Cambrian time; for considerable areas of 
the Huronian rocks and certain of the ore bodies themselves, as, for 
instance, parts of the Pewabic and Cyclops deposits, are capped by the 
Upper Cambrian sandstone, at the base of which are detrital ores 
derived from the 01;e deposits below during the Cambrian b·ansgres
sion over the area. Certain it is that the entire Huronian fo~·mations 
were once capped by the Cambrian and Silurian rocks, and while in 
parts of the district erosion has since extended downward into the 
iron-bearing formation, the maximum amount is probably not so great 
as 200 or 300 feet. It is therefore highly probable that the main con
centration of the iron of the deposits of the l\1enominee district took 
place before the end of the Cmnbrian period, although since that time 
there probably has been additional enrichment, mainl:r by the solution 
of siliea and phosphorus, although some iron oxide has doubtless been 
added. 

In June, 1900, the managers and superintendents gave the depths of 
the lower levels of some of the more important and deeper mines of 
the district as follows: Chapin, 8±0 feet; Pewabic, 720 feet; Aragon, 
850 feet; Clifford, 160 feet; Currie, 1,175 feet; Norway, 900 feet; 
:\lillie, 600 feet; Loretto, ±00 feet; Hamilton, 1,325 feet; Ludington, 
1,225 feet. 
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THE VERMILION IRON-BEARING DISTRICT. 

By 0. R. VAN HrsE AXD J. l\foRGAX 0LE)IEXTS. 

This section upon the Vermilion district is an advance statement of 
the economic results of an elaborate detailed sur.vey of the district. 
The final report upon this district will be a monograph by the junior 
author, with a chapter upon the general geology by the senior author. 
The map herewith, Pl. LVIII, is based on work by J. lVIorgan Clements, 
W. S. Bayley, C. K. Leith, and myself. In the field work and in the 
preparation of the map lVIr. Cle1p.ents has taken the leading part. The 
map as here published is provisional and generalized; the maps accom
panying the monograph ·will be of a much more detailed and accurate 
character. 

PRODUCTION. 

The production of the Vermilion district from 1891 to 1900, inclusive, 
was as follows: 

Prodllction uf l·amilirm dist;·ict frolll 1891 to 1.900. 

Long tons. 

1891 ------ . --- ------- - . -.--- 945, 105 
1892 - -.- - ------------ ------- 1, 226, 220 
1893 -- -- ------ ------- - ------ 815, 735 
1894 ------------- ----- - ----- 1, 055, 229 
1895------------------------ 1, 027, 103 

Long tons. 

1896------------------------ 1, 200,907 
1897 ------- ------- ---------- 1, 381, 278 
1898------------------------ 1, 125, 538 
1899 ------------------------ 1, 643, 984 
1900 - ----- -------- ---------- 1, 655, 820 

The total production of the district from 1884~ the first year of ship
ment, to 1900, inclusive, has been 15,191,180 long tons. 

CHARACTER OF THE ORES. 

The iron ores of the Vermilion range are entirely hard blue and red 
hematites. The ore is partly massive and partly brecciated. The iron 
content, computed from cargo analyses during 1899, varies f1:om ~0.4"7 
to 6'7.3"7 per cent, and·averages about 63.7 per cent. The phosphorus 
content varies from 0.040 to 0.131 per cent, and averages about 0.05"7 
per cent. The silica content varies from 2. 55 to 7. 67 per cent, and 
averages about 4.'78 per cent. The water content varies from 1.04 to 
7.956 per cent, and averages about 5.50 per cent. 

LOCATIO X. 

The Vermilion iron-bearing district of Minnesota occupies a broad 
belt running ahout N. 70° E. from about longitude 92° 30' to longitude 
91°. The belt lies between latitude 4'7° 45' and 48° 15'. The area 
which has been studied in detail extends from Vermilion Lake on the 
west to the international boundary on the east in the vicinity of Gun
flint Lake and Lake Saganaga. · The belt is about 80 miles long and 
varies in width from 4 to 10 n1iles. The district lies wholly in Min
nesota. The important towns are Tower, Soudan~ and Ely. 
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SUCCESSION OF FORMATIONS. 

The suecession·of formations in descending order i~ a~ follows: 

8ucceSS'tOn offormation.s in rermilion district. 

Keweenawan ..•. ___ . ________ G-reat gabbro. 
(Unconformity.) 

Upper Huronian (Animikie 1 · 
. ) C fi l t t Upper slate formatiOn. senes . on nee o eas . . . . . . 

end of district_ ___________ . JGunflmt formatwn1 (1ron-beanng formatiOn). 

(Unconformity.) 

Lower H nronian _ _ _ _ _ _ _ _ _ _ _ _ Knife slates. 
{

Intrusives. 

Archean 

(Unconformity.) 

Lower Huronian iron-bearing formation. 
Ogishke conglomerate. 

{

Intrusive granites, porphyries, and greenstones. 
( v errnilion series)__ Soudan formation (the iron-bearing formation). 

Ely greenstone, an ellipsoidally parted basic igneous 
and largely volcanic rock. 2 

1'\TRUCTURE. 

The Vermilion district i::; one of extraordinarily complex folding. 
The folds are so closely appressed that a regional cleavage is preva
lent except in the very hard formations. Superimposed upon the lon
gitudinal folds are cross folds with very steep pitches, showing that 
the transverse folding was also severe. As a result of the close folding 

1 The Gunflint formation of the Animikie is so named from typical oceurrences at Gunflint Lake on 
the international boundary. The Knife slates are named from Knife Lake, where this formation is 
especially well deY eloped. The Ogishke conglomemte has been known for years by this name, since 
magnificent exposures of the formation occur at Ogishke )funcie Lake. The Soudan formation is 
named from Soudn.n Hill, where the formation first yielded large bodies of iron ore and where the 
relations of this formation to the Ely greenstone are especially well exhibited. The Ely greenstone 
is give:! th:s n:tme from the fact that under and adjacent to the town of Ely very large and typical 
exposures cf the formation occur. • 

2The succession of formations above given differs from that which I supposed would be found befor.e 
the Vermilion district was studied in detail. I had supposed that the Animikieseries was equivalent 
to the series here placed in the Lower Huronian. When the relations were first studied in the field 
by the members of the "Cnited States Geological Survey, )lr. Clements and Mr. Leith thought that 
the relations of the two series were those of unconformity. When I reached the field later and saw 
the same facts I "·as inclined to belieye that the phenomena were more likely to be explained by 
overlap. However, ia the season of 1900, when )lr. Leith began studies upon the )lesabi district, he 
showed that the )lesabi series, which is undoubtedly the equivalent of the Animikie series, with 
gentle inclination rests unconforrpably upon vertical slates and conglomerates equivalent to the 
:knife Lake slates and Ogishke conglomerates. I l1aYe therefore no doubt that the correct interpre
tation of t~e phenomena in the Vermilion district is that of unconformity between the Animikie 
series and the Lawer Huronian series. 

Beiore closely studying the Yermilion district in the field, supposing the two series to be the same, 
I also thought it probable that the iron-bearing formation of the Vermilion would turn out to be 
equivalent to the Lower Huronian iron-bearing formation of the south shore of Lake Superior in the 
Marquette district. But very careful work by .)lessrs. Clements, )ferriam, Leith, and myoelf has 
failed to discover any great structural break between the Soudan formation and the gre<~t Ely 
greenstone formation, which is undoubtedly ~.\.rchean. Therefore we now recognize an iron-bearing 
formation in the Archean. Here as elsewhere in the Lake Superior region, there is great uncon
formity between the basal Archean complex consisting mainly of granites, gneisses, greenl'tone
schists, and greenstones, but containing subordinate amounts of sediments and the sedimentary 
series of the Lower Huronian.-C. R. Van Hise. 

• 
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there is an amazing irregularity in the distribution of the formations. 
Masses of a newer formation fron1 a few feet across to large areas are 
distributed here and there among the rocks of an older formation. 
Furthermore, the structure of the district is much complicated by 
intrusives of various ages. In connection with folding and intrusives 
very profound metamorphism has occurred. On account of the 
exceeding complexity of the folding, the presence of intrusives, and 
t}w development of secbndary structures, the working out of the 
structure of the district has been a matter of great difficulty. 

Looked at broadly, the Vermilion district may be regarded, however, 
as a great complex synclinorium mainly bounded on the north by 
granitic formations of Archean age and on the south by plutonic igneous 
rocks, including granite of Huronian and gabbro of Keweenawan ages. 

The table of formations shows that in the Vermilion district there 
are iron-bearing formations in the Archean, Lower Huronian, and 
Upper Huronian, the same as in the Marquette district. But the 
Soudan is the only one of the::;e formations which has produced ore. 
However, the Lower Huronian and Upper Huronian iron-bearing for
mations are briefly considered because they may possibly produce ores 
in the future and because these formations are analogous in character 
to the formations in like positions in the Marquette district. 

SOUDAN FORl\fATION. 

Extent, position, thickness, and character.-The greater masses of 
the Soudan formation are confined to three areas. These may be called 
the Tower, Ely, and Hunters Island areas. In each area there are 
several or many belts of the Soudan formation. The Tower area 
covers the Soudan formation of Tower and vicinity, including Lake 
Vermilion and the extension of these belts eastward to within a few 
miles of Ely. The E1y belts begin at Ely and extend in a course north 
of east for about 8 or 10 n1iles to the Kawishiwi River. The other 
area is on Hunters Island in Canada. Here the formation is extensive. 
Between these areas the Soudan formation is subordinate. 

In each of these areas a close mapping has shown that the Soudan 
formation is a definite sedimentary formation which can be mapped the 
same as any other formation of similar origin. Associated with the 
great continuous iron-formation belts are numerous subordinate belts. 
These detached belts vary from those which are large and extend some 
distance along the strike to patches which are only a few feet across 
and a few paces in extent. It is probable that some of the larger areas 
represent parts of a once continuous formation now separated from 
one another in consequence of folding and subsequent ero::;ion. How
ever, some of the smaller areas may be at a somewhat lower horizon 
than the large ones. The relations of the Soudan formation to the 
Ely greenstone show that the former is above the latter. In many 

21 GEOL, l:'T 3-Ul--:28 
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places the Soudan formation is in synclines, bounded upon both sides 
by the .older Ely greenstone. In other places it is in belts between 
the Ely greenstone on the one side and the Ogishke conglomerate 
of the "Upper Vermilion on the other, showing in such cases that it 
is cr.rtainly a later formation than the Ely greenstone. 

No estimate can be made of the thicknest~ of the Soudan formation. 
· In places where there are broader belts it must be some hundreds of 
feet and possibly 1,000 feet or more thick, and fron1 this thickness- it 
varies to 0. This variability is partly explained. by the fact that 
varying proportions of the upper parts of the formation have been 
removed by erosion. 

The rocks of the Soudan formation include cherty iron carbonates, 
pyritic quartz rocks, ferruginous cherts, jaspilites, and ore bodies. 
The most abundant variety of material is the jaspilite. In places the 
jaspilites are magnetitic or actinolitic, but these varieties of rock are 
subordinate. The ores include hard specular hematite and reddish, 
somewhat hydrated hematite. 

There is every reason for believing that the various forms of rocks 
of the Soudan formation are derived from a siliceous iron-bearing 
carbonate, precisely as similar rocks are derived from this material 
in other districts in the Lake Superior ·region. The analogy of the 
Soudan formation to the Negaunee formation of the l\1arquette district 
is especially close. Substantially every variety of rock which is found 
in one district may be found in the other, but in very different propor
tions. The transfoi·mations of the iron carbonate into the ferruginous 
slates, ferruginous cherts, and jaspilites is in every respect similar to 
the transformation of a similar rock into like products in the Mar
quette district, even to the two steps in the development of the 
jaspilite. (See p. 373.) 

Sb·uctural 'relations of tlw m·es.-The ore of the Soudan formation 
thus far found probably all occurs at a single horizon, viz, at and near 
the bottom of the formation, where it is associated with the Ely green
stone. All of the known iron-ore deposits of the Vermilion district 
rest upon impervious basements, folded so as to constitute. pitching 
troughs.· \Vhere the iron-bearing formation is also much broken, this 
is further favorable to large ore deposits, precisely as in the Mar
quette and ~1enominee districts. The impervious basements are usually 
made by the Ely greenstone. This is best illustrated by the ore 
deposits near Ely. The great ore bodies of the Chandler (Pl. LIX) 
constitute a great eastward-plunging trough. 

As shown by fig. 2 of Pl. LIX, the ore reaches the surface at the 
end of the trough, and it was here :first discovered. However, as a 
consequence of the steep pitch, the. ore soon passes under jaspilite. 
Near the surface, on both sides of the•trough, as shown by fig. 1 of Pl. 
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PLATE LIX. 

ORE DEPOSITS OF THE VERl\IILION DISTRICT. 

(Both ore exploited and ore now in mine are represented as ore, since the purpose 
of this plate is to show the manner of the development of the ore rather than the. 
present stage of exploitation.) 

FIG. 1. Vertical north-south cross section of Chandler mine, showing relations of 
the ore deposit to the soap-rock, Ely greenstone, and ore-bearing formation. The 
iron ore is in a broad U-shaped trough, bottomed by soapstone or paint-rock \Vhich 
grades down into greenstone. It is capped by the ore-formation materiaL At the 
place where the cross section is ma~e the ore does not extend to the surface along 
either limb. Therefore, at the particular place where this cross section exists, 
although there is a very large ore deposit below the surface, at the surface the only 
rocks which are found are the greens,tone, soapstone, and iron-bearing formation. 

Scale: 1 inch equals 250 feet. 
FIG. 2. V erticallongitudinal east-west section of Chandler mine, showing the same 

relations as fig. 1. The figure very well illustrates how the ore body increases in size 
from the surface. Where the ore reaches the drift its area is small; and this great 
ore deposit, which extends eastward where it constitutes the Pioneer mine, is below 
a heavy capping of the ore-bearing formation. 

Scale: 1 inch equals 250 feet. 
4:06 
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LIX, the jasper abuts against the greenstone, so that at the Chandler the 
main body of the deposit is below a jasper capping. The Chandler 
ore mass continues eastward and constitutes the Pioneer mine. East 
of the Pioneer, along this same belt of ore-bearing formation, are the 
Zenith and Savoy mines; but at the present time we do not know 
whether or not' development has gone far enough to determine the 
pitch of these deposits and their relations to the deposits of the 
Pioneer and Chandler. . 

The ore of Soudan Hill, in the case of both the north and the south 
bodies,- is apparently in pitching synclines. The imperdous-basements 
are mainly the Ely greenstone. Associated with this greenstone are 
variotL'3 intrusive rocks, among which are porph}rry, and these may 
help to form the basements. In some respects the Vermilion district 
thus furnishes as good illustrations as are found in the Lake Superior 
region of ore deposits upon impervious basements in pitching troughs. 

Topographic relcttions of tl~e ores.-The large ore deposits of the 
Vermilion district are located below crests or slopes, as in the districts 
previously described. This is conspicuously the case with the great 
deposits of Soudan Hill. The crest of this hill has an elevation of 
1,660 feet. This is about 150 feet above a cross valley to the east 
between Soudan Hill and Jasper Peak. The Chandler and Pioneer ore 
deposits are below comparatively low-lying ground, the upper part of 
the deposits being at about the 1,400-foot contour. This is surrounded 
on the north, west, and south by an amphitheater of high ground 
composed of the Ely greenstone, the higher points of which rise to 
an elevation of 1,500 feet. Farther to the east is a cross valley which 
is somewhat less than 1,400 feet high. To what extent the cross valley 
is filled is unknown, but the drift covering is tolerably thick. The 
pitch of the ore deposits is parallel. to the range, the same as in the 
lVIenominee, lVIarquette, and Penokee-Gogebic districts. 

The· analogy between the ore deposits of the Vermilion district and 
the great ore deposits at the base of the Negaunee formation of the 
lV.Iarquette district, which are bottomed by the Siamo slate, is very 
close indeed. The chief difference is that the Ely greenstone was an 
extrusive volcanic upon which the iron-bearing rocks were laid down, 
while in the lVIarquette district the basal rocks are sedimentary. This, 
however, is of no consequence so far as the development of the ores is 
concerned. 

Development of the ores.-From the foregoing description it is per
fectly clear, if the argument concerning the genesis of the ores of the 
Marquette district be correct, that the same conclusions are applicable 
to the Vermilion district. vVithout again goirig over the details, it 
may be concluded that the ore depositr-: of the Vermilion district were 
produced from original cherty iron carbonate. The iron-bearing car
bonate was part]y oxidized in situ, thus producing some of the iron 
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oxide. Another and probably larger portion of the iron carbonate 
was contributed by descending waters, and iron oxide was precipitated 
in the troughs by oxygen-bearing solutions. Furthermore, the silica 
was abstracted precisely as in the Marquette district. 

Time and deptA of concentration.-The final and chief concentration 
of the Vermilion deposits must have occurred subsequent to the pro
found folding and the removal of the Lower Huronian deposits which 
exposed the iron-bearing formation, although some concentration may 
have taken place between Archean and Huronian time. No criteria 
are available to place a limit to the close of the process. As to the depth 
to which the concentration has extended, precisely the same principles 
apply as in the Marquette district. In June, 1900, the lowest level at 
Soudan Hill was at a depth of 850 feet; at the Chandler mine, at a 
depth of 700 feet; at the Pioneer mine, at a depth of 856 feet; at the 
Zenith n1ine, at a depth of 770 feet; and at the Savoy mine, at a depth 
of 536 feet. 

LOWER HURONIAN IRON-BEARING FORl\IATION. 

The Lower Huronian iron-bearing formation occurs mainly in the 
eastern part of the district on Hunters Island in Canada. In this area 
the formation is definite, continuous, and persistent; but it thins to 
the southwest and disappears altogether before the central part of the 
district is reached. 

As ascertained by the junior author, the formation is in two belts 
on opposite sides of a syncline, overlain by Knife slates, and under
lain by the slates and conglon1erates of the Ogi~hke formation. 

The main belts of the formation are along the shores of a row of 
linear lakes known as That Mans Lake, This Mans Lake, No Mans 
Lake, and The Other Mans Lake. The iron formation is not very 
thick, varying from less than 100 feet to possibly a maximum of 200 
to 300 feet. 1 

The more important rocks of the formation are iron-bearing carbon
ate, ferruginous slate, ferruginous chert, and jaspilite. No ore bodies 
have as yet been found in this formation. The southwestern part of 
the belt is underlain by a ferruginous and dolomitic rock which 
extends farther to the southwest than the iron-bearing formation. 

GUNFLINT FORJ\IATION. 

The Gunflint formation (iron-bearing) is confined to the northeastern 
part of the district. It lies between the Vermilion series and Lower 
Huronian on the north and the Keweenawan series on the south. It 
extends from Gunflint Lake south of west continuously to Fay Lake. 
Still farther to the southwest patches of the formation are found at 

I These belts were traced out by the junior author during the season of 1899. 
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Gobbemichigama and Disappointment lakes. At the eastern end of 
tQe Vermilion district adjacent to G~nflint Lake this belt is com
posed of carbonated slates, ferruginous slates, and jaspilites; but 
when it is traced to the southwest it gradually changes to a coarse 
amphibolitic and magnetitic quartz rock, and even to a banded rock 
eontaining pyroxene and chrysolite. 

vVhere this rock occurs it is immediately adjacent to the great 
Keweenawan basal gabbro. The vadous rocks of Gunflint Lake grade 
into the peculiar coarse rock just mentioned, and the change takes 
place just in proportion as the formation nea~·s the gabbro, and is com
plete where the gabbro is in contact with the iron-beat·ing formation. 

This gradation and the metamorphism resulting from the intrusion 
of the gabbro have been described by Grant. 1 

The amphibolitic and magnetitic varieties of the formation have been· 
prospected, especially at Akeley Lake and vicinity, but no rich ore 
bodies have as yet been found. Indeed, in all places in the Lake 
Superior region where the iron-bearing formation has suffered this 
peculiar, deep-seated metamorphism, in connection with the great gab
bro intrusion, concentration has not taken place so as to produce high
grade ore bodies, or at least no such ore bodies have as yet been 
discovered. 

CANADA. 

In this paper it is not my purpose to consider the iron-bearing dis
tricts of the Lake Superior region which are not producing and have 
not produced. iron ore. Consequently I have not mentioned various 
areas on the United States side of the boundary, some of which are 
known to contain iron-bearing formations, and yet have not produced 
iron ore; for instance, the Huronian of the Baraboo and the Black 
River Falls districts, both in vVisconsin. If the plan were strictly 
foJlowed, and the districts only were mentioned which have produced 
iron ore, except for the Michipicoten district, no mention would be 
made of Canada, since up to the present time ores have been exploited 
at only a single mine in the Lake Superior region north of the inter
national boundary. However, this would be hardly fair, since in the 
Lake Superior region of Canada the iron-bearing rocks are known 
to have great development. (See Pl. XLVIII.) In these rocks 
at variou:; places are extensive belts of iron-bearing formations. In 
some of them, also, iron ores actually outcrop, as for instance in the 
Atikokan range. 

The Upper Huronian and Archean iron-beanng series exist, and 
possibly the Lower Huronian iron-bearing formation. Moreover, some 
of these series are a direct extension of the series which have been 

t Geology of .Minnesota, Vol. IV, 1899, pp. 459, 476-4ii. Bull. Geol. Soc. Am., Vol. XI, 1900, pp. 506-508. 
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productive on the United States side of the boundary. Undoubtedly 
equivalent with the Upper Huronian :Niesabi iron-bearing series (Pl. 
XLVIII) is the Animikie series of Thunder Bay (Pl. XLVIII), which 
extends from Gunflint Lake on the international boundary east beyond 
Port Arthur on Lake Superior. 

The Vermilion iron-bearing series has been traced by us to Hun
ters Island. Thence these rocks have been mapped by the Canadian 
survey as extending first in a northeasterly and then in an easterly 
direction to the Kaministiquia River, and thence eastward to the 
Keweenawan rocks west of Lake Nipigon. Another great belt of 
iron-bearing rocks with various ramifications has been traced by the 
Canadian survey from Rainy Lake eastward to the Canadian Pacific 
Railway and to Lac des Mille Lacs. (Pl. XL VIII.) In this belt 

· occurs the so-called Atikokan range, in which large deposits of iron 
ore are said to outcrop. · · 

East and north of the east half of Lake Superior various areas of 
iron-bearing rocks are also found. One or more belts are said to 
extend east from Lake Nipigon. A belt is found adjacent to the 
Black and Pic rivers. Several belts of iron-bearing formation have 
been found in the Micbipicoten district. 

At the present time the only one of these districts which is an ore 
producer is the :Niicbipicoten. While this district bas not been con
nected areally and structurally with any other area in the Lake Supe
rior region, the likeness in the character of its rocks and its succession 
to the Vermilion district leaves little doubt in 1ny 1nind that the two 
districts are in most essential points parallel. In the :Niichipicoten 
district the basement rock is a greenstone, showing the ellipsoidal 
structure on the great scale so characteristic of the Ely greenstone of 
the Vermilion district. Also with this greenstone are various other 
mashed igneous rocks, including porphyries. The iron-bearing for
mation in many essential respects resembles that of the Vermilion 
district. It contains substantially all the varieties of material in the 
iron formation of the Vermilion district, and in addition great quanti
ties of pyritic quartz rock. On the bluff back of the Helen mine and at 
many other places iron carbonate is abundant. Near the Helen mine 
Mr. J\IIerriam reports this carbonate as containing 19 to 37 per cent of 
metallic iron. These abundant cherty carbonates leave little doubt 
that the ferruginous cherts, ferruginous slates, jaspers, and iron ores 
have mainly developed fron1 a carbonate as the original rock, precisely 
as in the various districts south of Lake Superior. However, it is 
clear that the pyrite of the carbonates and the pyritic quartz rocks 
have also made contributions. At the present time the iron forma
tion bas been developed only at the Helen mine. Here a good body 
of high-grade hematite bas been shown hy stripping- to extend in 
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considerable areas to the rock surface. 1 In 1900, the first year of 
shipment~ 62,000 tons were shipped. 

vVhether or not the :Michipicoten district will be a great producer 
in the future can not be told, of course, in advance of development . 

.A. further analogy between the Vermilion and ~1ichipicoten districts 
is furnished by an upper series in the latter district consisting of 
mashed conglomerates and slates, the former ·bearing very numerous 
.fragments of the lower series, including the iron-bearing formation, 
precisely as in the Vermilion district. This clastic formation has a 
,'3laty structure and is in vertical attitude, and is almost identical with 
the Ogishke conglomerate and Knife formations of the Vermilion 
district . 

.As yet the varwus districts which may bear merchantable iron ore 
in quantity have been outlined only in the nwst general way by the 
Canadian survey, but the reconnaissance reports descriptive of then1 
show that both Archean and Lower Huronian rocks occur, ~ncl that at 
least the Archean iron-bearing formation exists. 

The Canadian survey has not attempted to separate the iron-bearing 
formations from the associated rocks. Such work is necessarily slow 
and expensive, and the vastness of the region of Canada where prelimi
nary work was necessary has been a sufficient cause for not taking 
up this work. Doubtless in the future the iron-bearing formations 
will be separately mapped. vVhen this is done it will undoubtedly 
be very help:ful to the development of the iron-ore resources o:f this· 
region. 

vVith one possible qualification, so :far as one can see there is no 
known geological cause why iron ores should not extensively exist 
on the Canadian side of Lake Superior. This qualification is clue to 
glacial erosion. In this paper it has plainly appeared that the iron
ore deposits are products of the surficial belt and that they were 
:formed mainly in pre-Glacial time. It has also been seen (pp. 334-336) 
that glacial erosion, which removed a considerable portion o:f the belt 
of weathering, certainly carried ·away large quantities o:f the iron ore, 
which have not been appreciably replaced by the processes of concen
tration since Glacial time. The United States side of the boundary 
is a region of moderately vigorous glacial erosion and very marked 
glacial deposition. The region on the Canadian side of the boundary 
north of Lake Superior is one of very vigorous glacial erosion and 
comparatively small glacial deposition. As a consequence the rocks 
are much better exposed on the Canadian side than on the United 
States side of Lake Superior. It is a moot question as to whether 
or not the Continental glaciers deeply eroded the nondisintegrated 
rocks. It is agreed on all hands that the larger part of the disin-

1 'Micbipicoten iron range, by A. P. Coleman and A. B. Willmott: Rept. of the Bureau of :\lines, 
Ontario, Vol. VIII, 2d part, 1899, pp. 254-258. 
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tegrated material was swept away. But this is as true south as it is 
north of Lake Superior. However, it can not be doubted that the 
glacial erosion was more vigorous north of Lake Superior than to the 
south. In so far as the glacial erosion was more vigorous, just to that 
extent more iron ore was lost north than south of the lake, and the 
conditions are to that extent less favorable for the existence of numer
ous large ore deposits. · The weight which must be given to this qualifi
cation can only be ascertained after extended exploration and exploita-. 
tion. Certainly it appears that the rocks in the Animikie area (Pl. 
XL VIII), between Gunflint Lake and Port Arthur, contain more of 
the original iron-bearing carbonate and show less of the residual 
material of the belt of weathering, viz, ferruginous slate, ferruginous 
chert, and ore bodies, than the Mesabi range (Pl. XLVIII), its con
tinuation to the southwest. If the Animikie rocks were once as deeply 
altered and contained large ore bodies, these appear to have been 
largely swept away, thus exposing the little altered rocks. If in the 
Mesabi district glacial erosion had cut 150 feet deeper than it did, the 
larger portion of the ore deposits would have been lost. Moreover, the 
Gunflint formation of the Animikie district is not nearly so thick as 
the Biwabik formation of the Mesabi district. It may, therefore, be 
doubted whether the Animikie district will ever be so productive in 
iron ore as the Mesabi district. Whether a similar comparison should 
be made between other equivalent districts on opposite sides of the 
international boundary is uncertain. rhis matter is one, however, 
which should be considered by those who take up the development of 
the districts north of Lake Superior. 

vVhile, therefore, it may be possible that on account of glacial erosion 
the product of high-grade ore in Canada may be less than in the dis
tricts of similar size and geological position on the United States side 
of the boundary, it can not be doubted that in the future important 
quantities of iron ore will be exploited in the Canadian Lake Superior 
region. Doubtless also this exploitation would ha\'e begun many 
years ago were it not for the duty which ores mined in Canada must 
pay when entering the United States. 



CH.A .. PTER III. 

COJ\IPARISON AND SUMl\1ARY. 

Now that the six iron-bearing districts of the Lake Superior region 
south of the international boundary ha-ve been separately considered, 
it is possible to compare them and see in what respects they are alike 
and unlike. 

THE IRO~-BEARING FORMATIONS. 

There are in the Lake Superior region three iron-bearing series 
which ·contain productive formations: (1) The Archean, (2) the 
Lower Huronian, and (3) the Upper Huronian. In the latter series 
iron ores occur at two horizons-the basal horizon of the. series where 
in contact with the Lower Huronian iron-bearing formation, and ·an 
iron-bearing formation within the series. 

It is interesting to compare the iron-bearing formations of the differ
ent districts in reference to their geographical relations. In this com
parison I shall begin at the most northeasterly district and pass to the 
south to the Crystal Falls and Menominee districts, thence west to 
the Penokee-Gogebic district, thence northwest to the J\'Iesabi district, 
thence north to the Vermilion district. (See Pl. XL VIII.) 

The Marquette district may well be considered the key district of 
' the region, since it is the only district in the Lake Superior region 

in which all of the iron-bearing horizons are found. While the 
Archean !ron-bearing formation is known, it is not productive. The 
chief ore bodies are within the Lower Huronian Negaunee formation. 
Important ore bodies do occur at the basal horizon of the Upper 
Huronian and subordinate quantities of ore are found at the iron
bearing formation within the Upper Huronian. 

Passing now to the Crystal Falls district to the south, all of the 
Huronian iron-bearing formations are found. · Howe-ver, the two 
lower of these iron 'formations are confined to the northern half of 
the district, and as yet ore bodies have not been discovered in them. 
In the southern half of the Crystal Falls district the iron ores all occur 
at the topmost ore-bearing horizon; that is, that within the Upper 
Huronian slate. 

In the Menominee district, only remnants of the Lower Huronian 
Negaunee formation remain, and they bear no ore bodies. · There is, 
however, in this district, the basal ore-beaTing horizon of the Upper 
Huronian; ard this horizon in this district is the most important ore 

413 
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producer. Also the horizon within the Upper Huronian, important 
in the Crystal Falls district, is found within the Menominee and is 
important. 

Looked at in a broad way the three districts-the Marquette, the 
Crystal Falls, and the l\ienominee-n1ight be considered parts of one 
larger district, since the Huronian rocks of all of them are areally 
connected. (See Pl. XL VIII.) However, in passing from the north 
to the south of this triple district, if we may use this expression, 
the important ore-producing horizon has passed from the Lower Huro
nian to the basal horizon of the Upper Huronian. And when we pass 
to the western part of the Crystal Falls district the importai1t ore
producing horizon has become the topmost horizon within the Upper 
Huronian. 

Sumn1arizing, we see that in the northeastern part of the area, in the 
lVIarquette district, the Lower Huronian horizon is the great producer; 
in the ~:;outheastern part of the area, in the lVIenominee district, the 
basal horizon of the Upper Huronian is the great producer; and in 
the western part of the area, i. e., Commonwealth, Florence, Crystal 
Falls, and Iron River, the horizon within the Upper Huronian is the 
sole producer. 

Passing now to the westward, to the Penokee-Gogebic and Mesabi 
districts, the conditions are similar to those in the western part of the 
Crystal Falls district. In these two districts the ore is confined to a 
single iron-bearing formation-that within the Upper Huronian-but 
this has now become a very important formation. The enormous 
quantities of ore derived from these two districts are at the horizon of 
the n1ines adjacent to Crystal Falls and Iron River, at the Curry 
member of the Menominee, and at the insignificant horizon of the 
mines of the Michigamme slate in the Marquette district. It there
fore appears that the iron-bearing men1ber of the Penokee-Gogebic 
and Mesabi districts in the western part of the Lake Superior region 
is a great continuous thick for1nation, but when traced to the east it 
thins out gradually, finally becomes discontiimous, and in the lVIar
quette are~L is of little consequence. 

Passing now to the Vermilion district north of the Mesabi district, 
if we include here the eastern equiYalents of the Mesabi series, where 
the two ranges join, all the series which occur in the Marquette dis
trict are found, and each contains an iron-bearing formation; but as 
yet only one of them is an ore producer. All of the ore thus far 
exploited comes from the Archean iron formation, which is equivalent 
to the lowest nonproductive formation of the l\1arquette district. The 
Lower Huronian iron formation i~:; thin and local and ores haye 
nowhere been mined fron1 it. The basal detrital iron-bearing member 
of the Upper Huronian does not exist. The topmost iron-bearing 
horizon, that within the G pper Huronian, is confined to the eastern 
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part of the district, and ""i\'ithin it no ore bodies haye as yet been 
found. 

The only productive district north of the international boundary 
is the :Michipicoten; and here the only iron formation known is the 
Archean. 

POSITION OF IRON ORES IN THE IRON -BEARING FORMATIONS. 

Next to be considered are the positions which the ore bodies occupy 
within the iron-bearing horizons. The Archean iron-bearing forma
tion is productive in only two districts, the Vermilion and the :Michi
picoten. In the Vermilion district all the ore deposits yet found are 
at the bottom of the iron-bearing formation (the Soudan), the pitching 
troughs being made by the underlying Ely greenstones, or else b)r these 
greenstones combined with later intrusive rocks. The Lower Huro
nian iron-bearing formation (the Negaunee) is productive in only a 
single district, the Marquette. In this district ore deposits may be 
found at the bottmn of the iron-bearing formation, the underlying 
slate furnishing the pitching troughs; they may be found within the 
iron-bearing formation, intrusive diorite sheets or dikes or both 
together constituting the pitching troughs; or they may be found at 
the upper part of the iron-bearing formation, the contact horizon 
between the Upper Huronian a~d Lower Huronian combined with 
interbedded o1· intrusive rocks giving the pitching troughs. 

The workable ore deposits belonging to the basal horizon of the 
Upper Huronian are confined to the Marquette and lVIenominee dis
tricts. In the Marquette district they occur in connection with those 
at the top of the Lower Huronian Negaunee formation, and are con
trolled by the same condition. In the Menominee district they are at 
basal or nearly basal positions in the formation, the impervious 
pitching troughs being furnished by talc-schist belonging at the top 
of the Randville dolomite, or else by a slaty member of the iron
bearing formation. 

The highest iron-producing horizon, that within the Upper Huro
nian, is an ore producer in all of the districts south of the international 
boundary except the Vermilion. In all of these districts the ore 
deposits show a marked preference for the lower parts o{ the iron
bearing formations, although these are not the bottom formations of 
the Upper Huronian. In the Marquette, Crystal Falls, and Menominee 
districts, . the ores rest upon impervious pitching troughs composed 
of slate. This slate in the Menominee district has been given the 
name Brier. In the Penokee-Gogebic district, in all but two cases, 
the ores rest upon pitching troughs made by a combination of quartzite 
underlain by slate and by dike rocks. In the Mesabi district the ores . 
are in pitching troughs, often composed of argillaceous or cherty por
tions of the iron-bearing formation itself, rather than the underlying 
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slate and quartzite. In all districts alike the ores show a marked 
preference for subordinate depressions on the crests or slopes .. 

Still further generalized, we may say that within the iron-bearing 
formations the large ore bodies are very generally found with the fol-

·lowing relations: (1) They rest upon an impervious basement; (2) this 
impervious basement is con1monly in a pitching trough; (3) the ore 
formation is usually much plicated and broken; (4) the majority of the 
ore bodies occur below crests or slopes, not below valleys. 

CLOSENESS OF FOLDING. 

The different districts vary greatly in the closeness of the folding. 
Moreover, both the longitudinal folding and the cross folding vary in 
closeness. The closeness of the folding in both directions is an impor
tant factor bearing upon the shape of the ore deposits and the amount 
of then1 which is exposed at the surface. The statement first n1ade will 
exclude the intrusive igneous rocks. Usually the longitudinal folds 
correspond with th.e greater dimensions of the ore bodies and the cross 
folds determine the steepness of the pitch, but there are important 
exceptions to this. Where the rule applies, the most gentle folds give 
wide U-shaped troughs, the closer folds narrower U-shaped troughs, 
and the most intense folds give V -shaped troughs. Where the folding 
is gentle the breadth of the ore bodies is often considerable and the 
pitch is slight. Consequently a broad area of an ore body is likely to 
be exposed at the surface. As the complex folding becomes closer 
the area exposed at the surface becomes smaller and smaller. Where 
the cross folding is intense and in consequence the pitch very steep 
the area of ore exposed at the surface may be very small indeed, the 
body plunging steeply and quickly below the rocks. Where intrusive 
igneous rocks occur these statements may need modification to some 
extent, but in many instances the igneous rocks were present in the 
formations before the folding, and in such cases the principles are 
applicable. 

The districts will be considered in the order of the closeness of fold
ing, the district being first• taken up in which the folding is most gentle 
and that last in which it i::; most intense. 

In the Mesabi district the folding is the most gentle of any in the 
Lake Superior region. This series is a gently southward-dipping 
monocline, the a-verage dip being perhaps 10°. This monocline is bent 
by gentle cross folds which pr<;>duced subordinate plunging anticlines 
and synclines of different orders, thus affording cross troughs and arches. 
The cross troughs, which pitch to the south, ha-ve been followed by the 
ore bodies. Therefo.re in the ~Iesabi district the greater dimensions 
of the ore bodies correspond with the cross folding and the shorter 
lateral dimensions with the major folding of the district. But the 
major folding is also very gentle and, therefore, the pitch slight. As 
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a consequence the ore deposits of the Mesabi district give the. largest 
exposures of ore at the surface of the solid rocks in the Lake 
Superior 1·egion. 

The Penokee-Gogebic series is another monocline, but the dip is 
here from 35° to 80° N., being for the major part 0f the producing 
district 55° to 70° N. There are also here subordinate cross flexures. 
Cross faulting and faulting parallel to the bedding also occur. In 
this district the pitch of the ore bodies is controlled, not by the cross 
folds, but by a set of intersecting dikes which, as explained on pages 
340-343, unite with a quartzite to produce pitching troughs parallel to 
the strike of the hon-bearing formation instead of transverse to it. as 
in the Mesabi district. The pitch in most cases is from 10° to 30°. 
This pitch commonly carries the ore deposits below the surface within 
comparatively short distances. However, the areas of the ore deposits 
which reached the drift wei·e rather large, and the majority of then1 
were discovered by test pitting. . 

In the Crystal Falls district there are two cases. The :first comprises 
those deposits which are peripheral to the Hemlock volcanics. These 
have steep dips. Upon the major folds are subordinate cross folds 
which give pitching troughs. The second case comprises those ore 
deposits' in the slates away fron1 the Hemlock volcanics. These slates 
are somewhat sharply plicated, giving U- or V -shaped troughs. 

In the Marquette district the folds are rather close, but not so close 
but that the majority of the basins are U-shaped rather than V -shaped. 
This statement is applicable to the central part of the district, where 
deposits occur at the bottom, within, and at the top of the Negaunee 
formation. (See pp. 373-379.) The pitch of these ore bodies is ordi
narily from 20° to 30°. Therefore the ore deposits ordinarily pre
sent a fairly good breadth of exposure at the solid rock surface, but 
plunge somewhat quickly below the rock, as in the Gogebic district. 
In the western part of the district the Michigamme and Spurr mines 
present a case of southward-dipping monoclines similar to those of the 
Crystal Falls district. 1 The end of the Republic syncline is somewhat 
sharply plicated, the compression having here been much more intense 
than in the main area. As would be expected from the intensity of 
folding, the Republic trough has a steep pitch, being on an average 
between 40°. and 45°. 

In the Menominee district the plications are exceedingly sharp. 
Superimposed upon the sides of the major anticlinal folds of the dolo.
mite are sharp V -shaped folds, which have pitches of from 50° to 60°, 
or even more. In this district the areas of deposits which reach the 
drift are therefore comparatively small. The ore deposits pass quickly 
b~low the roc~ surface, and some of them are of much greater size 

1 The Republic trough, by H. L. Smyth: Mon. U. S. Geol. Survey Vol. XXVIII, 1897, pp. 52;Hi80. 
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below the surface than at the surface. A notable case is the Aragon 
mine. 

In the· Vermilion district we :find the maximum of folding, both 
longitudinal and cross. Upon the folds of the first order are those of 
the second order, upon these folds are the folds of the third order, 
and so on down to minute plications. In most cases these plications 
are so sharp as to make the limbs of the folds nearly or even quite 
parallel. However, in many cases, notwithstanding this, the turns are 
rounded rather than sharply V -shaped. Moreover, the cross folding is 
so intense as to give steep or vertical pitches. Indeed, the pitches are 
often so steep that the folds rnay be almost equally well seen on ground 
plan and upon vertical cross section. As a result of the extraordinary 
complexity of the folding, both longitudinal and cross, the iron-bearing 
formation and underlying greenstone have a most remarkably irregular 
distribution. Indeed, this distribution is so very complex that many 
have believed it to be explained by intrusion of the greenstone rather 
than by folding. On account of the sharpness of the folds the pitch 
of the ore bodies is usually steep, and comparatively small areas reach 
the rock surface. 

SUMMARY OF GENESIS OF THE ORES. 

As to the genesis of the ores, cherty iron-bearing carbonate is tb~· 

main original rock. This is found in every district in the entire Lake 
Superior region, with the exception of the Mesabi district, where iron 
silicate also is very important. The rocks are metamorphosed along 
two main lines. The first of these lines produces amphibolitic and 
magnetitic quartz rocks or schists, and occasionally also pyroxenitic 
and chrysolitic rocks. These rocks develop under deep-seated condi
tions in connection with igneous intrusives, and especially the basal 
gabbro intrusives of the Keweenawan. 'Vhere the iron-bearing 
formations have thus been altered no workable ore bodies have as yet 
been found. The second line produces ferruginous slates, ferruginous 
cherts, jaspilites, and ore bodies. These rocks develop mainly in the 
belt of weathering, although in many cases the production of the 
jaspers required two stages-first the formation of the ferruginous 
slates and ferruginous cherts in the belt of weathering, and later 
dehydration when the formations were deeply buried. 

In a number of the districts in which the Lower Huronian iron
bearing formation occurs the upper part of the formation was exposed 
to weathering before Upper Huronian time. 'Vhen the Upper Huro
nian sea transgressed over these iron-bearing formations detrital ferru
ginous sandstone and conglomerate were produced, which, so far as 
they contain iron oxide, are on their way toward ore bodies. To 
some extent, also, the ore bodies are due to the oxidation of the 
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iron carbonate in place. But all of the facts irresistibly lead to the con
clusion that the·final and most important step in the production of the 
ore bodies was secondary enrichment by downward-percolating waters 
below crests or slopes where such watel's were converged by the pitch
ing troughs. The waters which followed the more circuitous routes 
transported iron carbonate; waters more directly from the surface, 
which did not pass through iron carbonate, bore oxygen; the two kinds 
of solutions mingled and precipitated iron oxide. The waters ascended 
and escaped below the valleys. Finally, the great quantity of water 
which was converged in these troughs and moved downward abstracted 
the silica and carried it elsewhere. 

THE QUANTITY OF IRON ORE AVAILABLE. 

If the foregoing reasoning be correct, it is perfectly clear that the 
ore bodies can not be expected to extend beyond the depth to which 
the descending waters may bear oxygen and precipitate iron oxide. 
Up to the present time all but an insignificant fraction of the ore has 
been taken from above the 1,000-foot level. Many ore deposits before 
reaching the depth of 1,000 feet have become smaller and poerer, and 
a number have been worked out. Two or three ore deposits have been 
sufficiently persistent, so that they have been worked to the depth of 
1,500 feet, but the great majority of deposits, even in the oldest districts 
in which there has been time for deep development, has not been 
worked to such depths as this. I have no doubt that vastly more 
high-grade iron ore will be taken out in the Lake Superior region 
above the 1,000-foot level than below it. If this be true, iron ores of 
the L~ke Superior region bearing more than 60 per cent of metallic 
iron are not inexhaustible. Indeed, a very appreciable percentage of 
such ores yet discovered has already been exploited. But high-grade 
ores are not the only source of supply. 

Thirteen years ago practically all of the material shipped from the 
Lake Superior region contained more than 60 per cent metallic iron. 1 

For the last five years large quantities of ore have been shipped from 
the ranges south of Lake Superior containing less than 60 per cent, 
and considerable quantities of ore have been shipped running from 40 
to 50 per cent metallic iron. 2 If all material be called iron ore in which 
the percentage of iron is 50 per cent or more, with an average amount 
of phosphorus, a large quantity of material left behind, wasted, or 
not developed at all would be ore. If material be called iron ore which 
runs more than 40 per cent metallic iron, and this material would be 
ore in Europe, this wo~d add greatly to the quantity of available ore. 

ll\Iineral Resources U. S., 1887, pp. 37-42. 
2Eighteenth Ann. Rept. U. S. Geol. Survey, Pt. V, 1896, pp. 28-32; Twentieth Anu. Rept. U.s. Geol. 

Survey Pt. Vl,1899, pp. 33-36. 
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Already some low-phosphorus, high-silica ores which bear no 1nore 
than 40 per cent metallic iron have been marketed for mixture with 
the Mesabi ores. I have no doubt that within another generation ~ 
considerable proportion of the material shipped from the Lake Supe
rior region will run between 40 and 50 per cent metallic iron, and that 
low-phosphorus, high-silica ores containing considerably less than 40 
per cent metallic iron will be marketed. 

The exhaustibility of high-grade iron ores in the Lake Superior 
region can not be too strongly insisted upon, for belief to the contrary 
almost invariably results in lack of foresight and waste on the part of 
the operators. The policy of mining only the richest ores which can 
be marketed to-day, and frequently in handling this material in such 
a manner as to make it difficult to recover the somewhat lower-grade 
material at a later time, is very shortsighted policy, even from the 
point of view of the mining men and ignoring the future of the nation. 
The sagacious policy is to treat the low-grade ores which can not be 
marketed at the present moment as a resource which will certainly 
have a value in the future. Moreover, taking into account the enor
mous increase in the amount of ore mined, I have no doubt that the . 
demand for the low-grade ores which are at present completely ignored 
or wasted will come much sooner than mining men believe. The total 
product of the Lake Superior region since mining began in 1850 to 
1900, inclusive, is 171,418,984 long tons. The amount mined in the 
decade between 1891 and 1900, inclusive, is 114,017,546 long tons, or 
66.5 per cent, or nearly seven-tenths, of the total amount mined. The 
product for the year 1900 surpasses that of any previous year and is 
one-ninth of the aggregate of this and all preceding years. It is cer
tain that the product of the current decade will far surpass that of the 
last decade. 

The mining men should seriously consider how many decades' supply 
such as that of 1891 to 1900 of high-grade material is in sight, or even 
discoverable, on the United States side of the boundary. If this amount 
be placed at 1,000,000,000 long tons, mining at the rate of 20,000,000 
tons per year would exhaust the supply in the :first half of the twenti
eth century, or in about the same length of time that mining has been 
carried on in the Lake Superior region. The exhaustion within a few 
decades of the high-grade ores of the Lake Superior region now dis
covered is little short of a certainty. It is therefore plain that the 
material in which the percentage of iron is below the present market 
demand and which must be handled in connection with present oper
ations should be stock piled, and that the mines be developed and 
exploited with the expectation in a comparatively short time of mining 
material running between 50 and 60 per cent metallic iron, and within 
a comparatively few decades of material running between 40 and 50 
per cent metallic iron. 
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EXPLORATION. 

GENERAL. 

If the foregoing paper presents an approximately correct statement 
of fact as to the occurrence of the iron ores of the Lake Superior 
region, and an adequate theory as to their development, certain rules 
follow as to methods of exploration. Various explorers have applied 
a part of these rules, perhaps without definitel~y formulating them. 
Indeed, in many cases the explorations have been directed with excep
tional intelligence, conside]:ing the state of knowledge of the districts 
when the exploratory work was done. However, a very frequent pro
cedure in exploration has been that of chance, the explorer putting 
down test pits or drill holes, in SOUle cases in great numbers within a 
small area where his fancy dictated, or under some theory which had 
no basis in fact. One in many test pits or drill holes has, under the 
law of chance, found ore, and the lucky hit has been taken as 
evidence of unusual sagacity upon the part of the explorer. This 
method, or lack of .method, of chance exploration. is nowhere better 
illustrated than by much of the exploratory work in the Vermilion 
district. This district is one which above all others demands an under
standing of the structure, a careful mapping of the ore-bearing and 
other formations, and a comprehension of the principles of the occur
rence of the ores within the iron-bearing formation; for it is a district 
of almost unparalleled intricacy of structure. The natural conse
quence of these difficulties is that the chance plan of exploration has 
been here best exemplified, and the expenditures in exploration in the 
district have been immense and largely wasted. In other districts, in 
which the distribution of the iron-bearing formations is more regular, 
exploration to. a greater degree has been well directed. However, in 
the simple::;t districts a very large amount of chance or random work 
has been done and great sums of money have been lost. 

In many cases a sufficient amount of money has been thrown away 
upon a single tract of 40 acres, where there was no reasonable pros
pect of success, to have mapped areally and studied scientifically an 
entire district. The unscientific and unpractical method of explora
tion by chance has undoubtedly led to the discovery of many large 
ore deposits; but the waste of money in this work has been simply 
enormous, amounting to many millions of dollars. 

In the hope that such waste may be lessened in the future, I here 
attempt to formulate rules to guide exploration. A number of these 
rules are general and apply to the entire Lake Superior region; others 
of them are special, applying only to individual districts. The gen
eral rule:; are as follows: 

(1) Exploration should fir::;t be directed to outlining accurately the 
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iron-bearing and adjacent formations. For certain districts upon 
which reports have already been published by the United States Geo
logical Survey this bas already been done in large part; but even 
these n1aps should be supplemented by much more detailed mapping 
of the more favorable areas, since it is not possible for the Govern
ment geologists to make economic map~ for the various mining com
panies. It is, therefore, the first duty of the explorer of an area, 
small or large, to make or have n1ade an accurate large-scale geolog
ical map with structure sections. Such a map should show as exactly 
as possible the limitations of the iron-bearing and adjacent formations 
on the property to be explored. \Vherever it is possible to subdivide 
the iron-bearing formation into various members the map should show 
these subdivisions. Not only should the map give all these general
ized results, but it should give in detail the information upon which 
they are based. Thus, the map should show all natural outcrops in 
due proportion with their strikes and dips. It should show the 
observations of a careful magnetic survey made by the methods 
explained in Chapter II of Part II of Monograph XXXVI of the 
United States Geological Survey (pp. 336-373), or by some other 
equally good method. Such a magnetic survey may reveal an iron
bearing formation where outcrops fail to do so. Where there are 
various outcrops of an iron-bearing formation, a magnetic survey may 
enable one more accurately to plat its boundaries. Not only this, 
but the bending of the lines of maximum variation and the change in 
dip may help to elucidate the structure, showing where the folds are. 
Frequently, also, a magnetic survey may help to subdivide an iron
bearing formation into two or three members, some of which are 
strongly n1agnetic and others less strongl}r magnetic. In some in
stances the slightly magnetic belts are those which are most likely to 
bear ores. In-others, strongl.' magnetic belts are those mo::;t likely 
to bear ores. No general rule can be given on this point. The rule 
established by a magnetic survey of the individual district, and espe
cially of the properties where ore is known, must guide in further 
search for ore. 

An excellent example of an iron-bearing belt geologically mapped in 
advance of exploration is the \Visconsin end of the Penokee-Gogebic 
range from Penokee Gap to Montreal River. This area was accurately 
mapped by the late Prof. Roland D. Irving on a scale of 3.6 inches to 
the mile. 1 This map shows not only the distribution of the variou~ 
formations, but the observations upon which the distribution is based, 
both the actual outcrops and the magnetic data being given. From 
Potato River to the Montreal River in the eastern part of the district, a 
distance of over 12 miles, only two outcrops were found upon the iron
bearing formation; but so correctly were these outcrops, the outcrops 

1 Pls. XXIV and XXVI inclusive, of Atlas of Geology of Wisconsin. 
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of the adjacent formations, and the magnetic obse1·vations interpreted 
that Professor Irving located a belt of iron-bearing formation about 
1,000 feet wide, years before any exploratory work was done on this 
part of the belt. 'Vithin this belt is confined every mine which has 
been discovered in \Visconsin in the Penokee-Gogebic di~trict. 

Careful mapping by a competent geologist, both of ledges and of 
magnetism, leading to the elucidation of the structure, costs very 
little as compared with underground work. The results obtained by 
a careful surface survey will in all cases make the expenditure of 
money underground much safer and 1nuch more likely to lead to suc
cess. Notwithstanding these undoubted truths, it has been, until 
within a few 31ears, very exceptional for the practical mining men to 
avail themselves of careful surface geological and magnetic surveys. 
At the present time the easily discoverable deposits have been found; 
therefore, what is here said in reference to close geological and mag
netic mapping previous to underground work has far greater force 
than it had ten ·or twenty years ago. 

(2) Exploration should be confined to the iron-bearing formations. 
The correctness of this principle is so evident for most areas that it 
needs no ·emphasis. Nevertheless, at various places vast sums of 
money have been expended in direct violation of it. For instance, in 
the early days of exploration on the Gogebic range, great sums of 
money were spent in exploring the granite below-to the south of-the 
iron-bearing formation and the slate above-to the north of--the iron
bearing· formation. In the Vermilion district within the last few 
years vast sums of money have been spent in drilling in the Inidc1.le of 
large areas of the great basal Ely greenstone. However, even the 
principle that work is to be confined to the iron-bearing formation 
needs qualification. The irregular ore deposits in the Upper Huro
nian slate, exemplified by those of Florence, Commonwealth, and Iron 
River, are so bunchy and occur ~o irregular through the slate that the 
slate itself may be considered the economic formation, and in this case . 
the exploratory work should not be confiued strictly to the belts of 
ferruginous chert and jasper and other well-known rocks of the iron
bearing formation. 

(3) Exploration should be confined to those parts of the iron-bearing 
formations in which the weathering processes have transforn1ed the 
original iron-bearing rocks to ferruginous slate, ferruginous chert, 
and jaspilite, with bands and sheets of iron oxide; for every iron-ore 
deposit which is at present exploited in the Lake Superior region is 
confined to the portions of the iron-bearing formation showing these 
alterations. In proportion as soft iron ore or hematite is in places 
abundantly interbanded in the slate, chert, or jasper, or is in shots or 
small masses within these rocks, this is favorable to the existence of 
ore deposits. Uneven distribution of the iron oxide i~ a favorable sign, 
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even distribution is an unfavorable sign. The negative side of the above 
rule is that exploration should avoid those parts of the iron-bearing 
fornmtion which are little altered and those in which deep-seated altera
tions have changed it to an amphibolitic or magnetitic slate or schist. 
Nowhere in the Lake Superior region, where the entire iron-bearing 
formations have been transformed to amphibolitic and magnetitic 
schists are ore bodies being exploited, nor have ore deposits running 
above 50 per cent metallic iron been found. This statement applies 
to the west end of the Penokee-Gogebic district, at least so far as the 
Bad River, probably as far as Tylers Fork, and possibly to the Potato 
River 1 and to that part of the iron formation east of the East Branch 
of Black River. The same statement applies to the east end of the 
Mesabi range, to the south belt of the Gunflint iron-bearing formation 
of the Vermilion district from a short distance west of Gunflint Lake 
to the western point at which the iron formation occurs at Disap
pointnlent Lake, to smaller areas in the other iron-bearing districts of 
the Lake Superior region, and to the whole of the iron-bearing forma
tion of Black River Falls in \Visconsin. .Af various localities, as, for 
instance, at Penokee Gap on the Penokee range, at Akeley Lake and 
vicinity on the Gunflint formation, and at Black River Falls in Wis
consin, large sums of money have been spent in exploration in the 
lean, strongly n1agnetitic varieties of the iron-bearing formations, but 
as yet not one valu~ble ore deposit has been found in the refractory 
varieties of rock. Possibly, in the future, when lower-grade ores come 
into the market, these leaner portions of the iron-bearing formations 
will be drawn upon, but for the present they are not marketable. 

The exclusion, for the present at least, of the amphibolitic and 
magnetitic portions of the iron-bearing formations from consideration 
in exploration is very interesting, the explanation of the exclusion 
being ascertainable only by an understanding of the difference between 
the nature of the deep-seated metamorphism of the iron-bearing car-

. bonate and the superficial or weathering metamorphism of the same 
variety of rock. (See pp. 320-322.) 

(±) The iron-bearing for.mations are likely to carry ore deposits of 
workable size. in proportion as they are thick and pure, and where 
they are not pure throughout, in proportion as they contain thick 
belts which are pure. No n1erchantable ore deposits have been found 
within the iron-bearing foriuations where but a few feet in thickness, 
and but rarely where so thin as 100 feet. All the great ore deposits of 
the Lake Superior region of the United States are confined to those 
parts of the iron-bearing formation which are in considerable volume; 
in hut few cases as small as 150 feet in thickness, and commonly sev
.eral hundred feet in thickness. Even i:f an iron-bearing formation is 
in great volmne and yet is subdivided by many layers of impervious 

1 Mon. t:. S. Geol. Sun·ey Yo!. XIX, pp. 215-22-t. 
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material, such as slate or interbedded igneous rock, it will not be 
likely to carry merchantable ore deposits. HoweYer, if a consider
able belt of iron-bearing formation is free from impurities within a 
large formation containing impurities, ore bodies of workable mag
nitude may have formed within the pure belt. 

(5) Within the iron-bearing formations of the proper character and 
in sufficient volume search should be first made for contacts with other 
formations, either sedimentary or igneom~. These contacts may be at 
the outer boundaries of an iron-bearing formation, or may be within 
an iron-bearing formation. 'Vithin the iron-bearing formations the 
contacts n1ay be caused by an interstratified slate, or may be due to an 
intrusive igneous rock. When a contact is found, the search should 
be first confined to the iron-bearing formation comparatively near the 
contiguous rock, and later slowly extended fron1 it. 

(6) The iron-bearing formations adjacent to contacts are especially 
likel.Y to be fruitful in ore where considerable thicknesses of the iron~ 
bearing formations are aboye the contacts rather than below them. 
The n1ost favorable contacts are those at thP. bottoms of the iroil
bearing formations, for in such cases the entire iron-bearing forma
tions are above the contacts. 

(7) Those contacts are especially favorable to the existence of ore 
bodies in which the formation in contact with the iron formation is 
relatively impervious. This impervious formation may be a sedimen-' 
tary shale, slate, or schist; may be a layer of quartzite underlain by a 
slate; may be a schist produced fron1 mashing of a limestone; may be 
a surface volcanic or schist produced from the same; may be an intru
sive igneous rock or a schist produced fron1 the same; or, finally, may 
be any combination of these. These impervious strata are often soft, 
being heavilJr stained with iron oxide and are frequently known by the 
mining men as paint-rock or soapstone. 

(8) The contacts are most likely to bear ores where the basement 
forn1ation constitutes a pitching trough. The pitching troughs may 
vary from sharply V -shaped to broadly U-shaped. 'Vhere pitching 
folds occur, even if troughs are not at first located, it is a favorable 
indication, for where subordinate anticlines are fot~nd synclines are 
necessarily adjacent. EverJr iron-ore deposit of the first n1agnitude in 
the Lake Superior region of the United States rests upon an impervious 
pitching trough. 1 However, in some eases this fact has not appeared 
until deyelopment had gone far. This is very well illustrated by the 
Aragon mine in the Menominee district, which was found just below 

1 See The Penokee iron-bearing series of :\Iichigan and Wisconsin, by R. D. Irving an(\ C. R. Van Rise: 
l'Ylon. "C'. S. Geol. Survey Vol. XIX, 1892, Pl. XXX, p. 508, and Pl. XXI, p. 510. 

The :\Iarquette iron-bearing district of Michigan, by C. R. Van Rise and W. S. Bayley, including a 
chapter on the Republic trough by H. L. Smyth: :\Ion. l:. S. Geol. Survey Vol. XXVIII, 1897, Pl. XVI, 
p. 338; Pl. XXVIII, p. 394; Pl. XXIX, p. 398, and Pl. XXIV, p. 545. 

The :\Ienominee special folio, :\Iichigan: Geologic Atlas of the "C'. S., folio 62; L S. Geol. Survey, 1900, 
fig. 4, p. 7; fig. 5, p. 8; figs. 8, 10, 12, 13, p. 9. 
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a little anticline of the Brier slate. When this deposit was followed 
it was found to rest upon a syncline and there became of great size. 
(See Pl. LVII.) 

(9) The more shattered and broken the iron-bearing formation, the 
more fa-vorable is this to the production of ores. Few or no large ore 
bodies ha-ve been found where the iron-bearing formation has a uniform 
strike. 

(10) In reference to topography, the favorable places for exploration 
are usuall}T the minor depressions on the slopes or elevations. Such 
places are especially favorable if impervious basement formations are 
so resistant as to constitute higher lands about the minor depressions, 
and thus form drainage basins. The ore is likely to reach the rock 
surface at subordinate depressions, because in most cases the ore 
deposits arc softer than the surrounding rocks, and consequently 
erosion has cut somewhat deeper into the ores. These depressions 
in-variably contain a mantle of drift. Therefore, where-ver other con
ditions are such as to be fa-vorable for the development of ores, and 
minor depressions filled with drift are found, such places should be 
examined. Frequently explorers avoid these favorable places, since 
there underground water must usually be handled. 

\Vhile the topographic criterion probably would apply throughout 
if the topography were now that of pre-Glacial times, the great modifi

. cations by glacial erosion and deposition make it necessary to apply 
this criterion with caution. Ores may be and have been found below 
areas which are low lying. 

{11) Exploration should at :first be shallow. All or nearly all of the 
ore deposits in the Lake Superior region yet discovered somewhere 
approach or reach the solid rock surface. Therefore, the :first step in 
exploration should be to penetrate the drift by numerous test pits, 
trenches, or drill holes, in order to :find, if possible, a deposit just below 
the drift. A deposit once found should then be followed wherever it 
goes. Of course, in those areas where the drift is very deep, and in 
which it is advisable to put a test shaft through the drift, it may be 
best to do rock work under the drift with diamond drills or cross cuts, 
and thus make the best use of the expensive test shaft, rather than to 
sink other equally expensive test pits. But if the drift be shallow, 
the :first step in actual exploratory work is thoroughly to test the area 
b~y work to the rock surface. Had this method been generally fol
lowed in exploration, many of the ore deposits which were discovered 
only by expensive rock work would have been found at the rock sur
face at a much less expense; for in many cases later developments 
have shown.that ore deposits found by deep work through rocks reach 
the surface within short distances. Where the conditions are favor
able for test pitting or drill work through the drift; only after thorough 
work has failed to find ores should rock work be begun. Of course, 
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in a case in which geological work renders it probable that an ore 
deposit may exist below a n1arsh, swamp, or lake, in many cases the 
cheapest way to explore such a place is to use some projecting point 
or island of rock as a base upon which to do rock work, rather than 
to handle great quantities of water in advance of the known ~xi~tence 
of an ore deposit. 

INDIVIDUAL DISTRICTS. 

While all of the above are believed to be general rules which should 
guide in the exploration for iron ore in the different districts in the 
Lake Superior region, they combine in different ways so as "to give 
local peculiarities upon the basis of which still more definite rules may 
be given concerning each district. Each district will therefore be 
separately considered. 

Penokee- Gogebio diBtriot.-On account of the moderate pitches of 
the ore dyposits, they expose a rather large area at the base of the 
drift; therefore the early work should be to the rock surface. The 
first essential in wise prospecting in the Penokee-Gogebic district is to 
find the junction of the iron-bearing formation and the underlying 
fragmental quartzite. (See Pl. XLIX.) Having determined the posi
tion of the foot-wall quartzite at several places, the next step should 
be to run a line of test pits east and west across the property to be 
explored, just north of the line between the ore formation and 
quartzite, with the hope of finding an ore deposit, and if not this, a 
dike rock. Other conditions being equally favorable, the west end of 
the property should be first examined, for the majority of .the ore 
bodies pitch to the east, and a deposit found upon this part of the 
property would be likely to remain longer on the land explored. If 
the above preparatory work does not develop an ore body, but a dike 
rock is struck, the thickness of this dike, its inclination both to the 
south and to the east or west should be carefully determined. If sev:
eral djkes are found, the area adjacent to the stronger should be first 
prospected. If its pitch can not be made out, assume that it is to the 
east, giving a trough between it and the quartzite which opens out to 
the east from the apex. If the dike be actually found to have, or is 
taken to have, an eastward pitch, very careful exploration should be 
made in the triangular area between the foot-wall quartzite and this 
dike to a distance extending to 200, 300, or even 400 feet east of the 
junction of the dike and quartzite and an increasing distance north in 
passing to the east. Usually the work should not extend more than 
400 feet north of the quartzite. If an ore body exists upon the prop
erty in question at or within a reasonable distance from the surface, 
this triangular area is the place, as shown by the actual position of 
previously known deposits, at which it is most likely to be found. If 
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a dike be found to ·have a western pitch, the triangular area west of 
the apex between this dike and the quartzite should be explored. 

The known existence of a dike adjacent to and pitching toward a 
property would be a good reason for a thorough exploration upon the 
property near the discovered ore deposit: Under such circumstances 
a well-defined dike carrying an ore body upon adjacent land would 
.warrant exploration through a considerable thickness of ferruginous 
chert in order to strike an ore body which might be below the rock 
surface of the land to be explored. But in general a propert3r ought 
:first to be well explored by test· pits or drill holes which do not go 
below the surface o£ the rock, unless there is a great thickness of 

·drift above it. I£ heavy drift overlies the rock surface, as already 
explained, this may be a sufficient reason for making the most of a test 
pit in exploring the area adjacent to it, either by euts in the rock or 
by means o£ the diamond drill. As a matter of course, such explora
tion is much more expensive than where the country rock is near the 
surfaee. Under no circumstances should money be expended in 
exploration south of the fragmental quartzite, or farther north than 
400 or 500 feet, or, at the outside, 600 feet; and work such distances 
north o£ the quartzite should be undertaken only in case of failure 
to find an ore deposit resting upon the fragmental quartzite. 

The above statements give the limits of wise exploration, so far as 
the area of the iron-bearing formation is concerned. A further limi
tation is topographic. Other things being equal, crests and slopes 
should be explored rather than the valleys. While the minor cross· 
valleys should not be neglected, the major cross valleys have as yet 
failed to yield valuable ore deposits. 

J.1£esabi dist?·iot.-\Vhile there are no hard and fast rules to be laid 
down to govern exploration in the Mesabi district, the work thus far 
done shows certain general features which rnay be of value in locating 
and carrying on further exploratory work. 

The ore deposits of the Mesabi district haye a great horizontal extent; 
the}~ rnay occur almost anywhere within the limits o£ the iron-bearing 
formation; they are heavily drift covered. All the important ore 
deposits of the ~1esabi district somewhere extend to the rock surface; 
that is, they extend as rich ore bodies directly to the drift. Moreover, 
the area of an ore deposit which reaches the drift is large; indeed, for 
the great ore deposits is far larger than in any other district. In the 
greater proportion of the deposits thus far discovered, exploratory 
work to the lower limit of the drift only has been necessary. This has 
been so frequently the case that formerly it was assumed that if rock 
was struck after penetrating the drift there was little use in going 
farther. However, it is now known that parts of ore deposits fre
quently lie under a moderate thickness of ferruginous slate or ferru-
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ginous chert, and it is the practice to penetrate some little distance 
into such rocks which may be reached in exploratory work. Of course 
an ore deposit which ·is found on one tract of land-for instance, a cer
tain 40 acres-may pitch below the rock upon another tract, and those 
who explore this land may be obliged to do rock work. Not a few 
cases are known where earlier exploratory work, done mainly by 
test pitting to the rock surface, had failed to locate ore deposits, and 
later work by drilling through the rock has brought them to light. 
Due to this fact, there has been a tendency of late to go to the other 
extreme, and spend large sums in penetrating a great thickness of 
barren Biwabik formation material in the hope of :finding ore. It 
should be remembered that much the greater area of the ore deposits 
thus far found come to the rock surface, and that when ore lies under 
rock, the rock usually has but very moderate thickness. 

An examination of the map will show that the majority of the ore 
deposits now worked have their greatest bulk in middle or lower-mid
dle horizons of the iron-bearing formations. Other known deposits 
not yet mined and not appearing on the map have the same position. 
If in any area the northern boundary of the Biwabik formation be 
known, the :first work should be done at about the same.distance south 
of this boundary as the average of the deposits already shown up. 

If the boundary between the iron-bearing formation and the Pokeg
ema formation to the north can be shown to have a backward swing, 
this is usually evidence of the existence of a syncline or trough in the 
Biwabik formation; fl,nd it has been found that such synclines a~e 
favorable to the deposition of ore bodies. As a matter of fact, in the 
present stage of exploratory work, the northern boundary of the 
Biwabik formation is so imperfectly known that for considerable areas 
the use of this criterion is not practicable. The exact location of the 
northern boundary of the Biwabik formation usually comes after and 
as a result of exploratory work. However, the formations north of the 
iron-bearing formation are harder and better exposed than the Biwabik 
formation, and it is frequently possible actually to observe major 
synclines in these rocks and thus infer their presence i.n the iron-bear
ing formation to the south. An examination of the map wiH show a 
number of synclines in the Biwabik formation to be indicated by 
northern swings in the harder formations to the north, as, for instance, 
in the Virginia area. 

The positions of the troughs or synclines in the Biwabik formation 
may be indicated in another way. While the drift has greatly obscured 

· their positions, it may be stated as a general proposition that the minor 
cross streams approximately follow the rock synclines. This is partic
ularly likely to be the case where ore deposits are in the synclines, for 
two reasons: First, the ore deposits are softer than the associated rocks 
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and their more rapid erosion has resulted in depressions which carry 
the small~::Jtr·eams; second, the concentration of the deposits by under
ground water has resulted in solution and slump. 

Finally, the associated rocks have frequently been found to be of 
value as an indicator of the proximity of ore deposits. Most mining 
men who have done much exploratory work in the district have in mind 
certain peculiar phases of the iron-bearing formation which they think 
are likely to be associated with iron ore. These phases vary greatly 
from place to place, and are given different importance b.r differ-ent 
men. Our work has not sufficiently progressed to allow of a classi
fication of these rocks. It may be stated, however, that they represent 
altered phases of the iron-bearing formation, viz, ferruginous slates 
and ferruginous cherts, rather than the unaltered greenish and slaty 
phases to be seen in the higher horizons. 

As a matter of present practice, because of the great length and 
breadth of the deposits, a comparatively few test pits or drill holes 
over a 40-acre tract are likely to locate a deposit if one of consider
able magnitude exists, even when such holes are put down without 
reference to the surface topography or to the boundaries of the 
Biwabik formation. Indeed, it has been the custom in the past for 
explorers to take options on parcels of land, usually in units of 40 
acres, or one-sixteenth of a section .. anywhere within or close to the 
limits of the iron-bearing formation, and distribute their drill and test
pit work symn1etrically in these areas. If ore be found, of course a 
considerable number of holes are put in to explore it. A principal 
factor which has governed the choice of these areas for exploratory 
purposes has been the proximity of known deposits, but in a number 
of instances the cross drainage lines have also been a guiding factor. 

In summary, the favorable places for exploration in the Mesabi dis
trict are-

First. Middle or lower horizons in the iron-bearing formation. 
Second. Backward (northern) swings in the iron-bearing or lower 

formations, showing the probable existence of a trough. 
Third. Cross drainage lines which are likely to be superimposed 

upon troughs, especially if ore deposits have been developed in them. 
Marquette district.-In the Marquette district, since the pitches of 

the ore deposits are not great, good-sized areas of the ores com
monl)r reach the drift, and the earl)r work should be exploration through 
the drift. It il::l to be remembered that there are three important 
classes of ores in this district; those at the bottom of the Negaunee 
iron-bearing formation, those within the Neguanee formation, and 
those at the top of the Negaunee formation, which run up also into 
the horizon of the Goodrich quartzite. The ores within the Michi
gamme forn1ation will not be considered. 
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In prospecting for the first class of ores-those that rest upon the 
Siamo slate-a trough in the slate should be sought. A plunging 
syncline may be marked by a swing of the boundary line between this 
formation and the Negaunee formation, or a trough may be formed bJ 
a combination of the slate with a cutting dike or mass of greenstone, 
or a trough in the slate may be supplemented by an intersecting green
stone. Such troughs are illustrated by the mines east of Negaunee. 

In the second class of deposits-those within the Negaunee forma
tion-the pitching troughs are wholly formed by the intrusives. Here 
Yalleys of the iron-bearing formation, when nearly surrounded by an 
amphitheater of greenstone, furnish particularly favorable areas. The 
Lake Angeline and Cleveland Lake deposits finely illustrate this. 
'Vhere the Negaunee formation in a valley is ferruginous slate and 
ferruginous chert, rather than grii.nerite-magnetite-schist, this is favor
able. Pitching troughs bottomed by soapstone may exist underground 
which can not be discovered at the surface, since, where an intersect
ing intrusive is of small size and has been transformed to soapstone, 
it is eroded as rapidly as .the Negaunee formation, and thus its exist
ence is not discovered by outcrop or any topographic feature. 

The third class of deposits, the ·hard ores, must always be pros
pected for near the contact of the Negaunee formation and the Good
rich quartzite. As in the previous cases, the ore bodies are particu
larly likely to exist if the two are folded so that the contact forms a 
pitching trough; and if this be bottomed by soapstone the conditions 
are still more favorable for the discovery of large deposits. 

In the Marquette district, while, with other things equal, slopes 
should be first explored, it is to be remembered that this is a district 
of thick valley filling; that a number of the ore deposits occur below 
comparatively low-lying areas, and therefore that the structural factors 
above given should be controlling considerations rather than the topo
graphic, although the latter should not be ignored. 

Crystal Falls district.-ln the eastern part of the southern half 
of the Crystal Falls iron-bearing district the explorer should use the 
Hemlock formation as the key rock. This is the basal formation upon 
which the Upper Huronian slates are laid down. The iron-bearing 
formation should be sought near this volcanic formation, and once 
located, exploration should follow along its strike. The majority of 
the ore deposits which have been found thus far average about one
fourth of a mile distant from the Hemlock formation. However, some 
of the ores are found much closer to this formation, as in the cases of 
the Hemlock and Mansfield mines. Furthermore, some of the deposits 
have been found as much as a mile, or even more, from the Hem
lock formation, as in the case of the mines adjacent to Crystal Falls. 
The places adjacent to the Hemlock formation which are most favor
able are those where the formation has a serrated outline, swinging in 
and out, showing that it is a folded area, and hence givin~ a series of 
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troughs in which concentration of ore may occur. Other things being 
equal, this slate above embayments in the Hemlock volcanics should 
first be explored. 

In the western part of the southern half of the district where are 
located the mines near Commonwealth, Florence, Iron River, etc., no 
specific rules can be given at present. The general principle that the 
ores occur in pitching troughs upon impervious slate holds, but the 
difficulty is in reference to key rocks. The rocks which approach 
most closely to key rocks are the carbonaceous and graphitic slates. 
These, however, are ordinarily soft, therefore largely covered with 
drift, and hence very difficult to map. I am therefore unable to give 
definite rules applicable to this part of the area further than that the 
search should be either for iron-bearing formation material itself or 
for the carbonaceous slates and schists, and that the prospecting work 
should follow these horizons. 

I am not sufficiently familiar with the relations of the ore deposits 
to the topography in the Crystal Falls district to give definite rules in 
this matter. However, it is certain that here as elsewhere many of 
the larger mines occur upon crests or slopes. Illustrations of this are 
the Commonwealth and Florence. However, certain mines occur in 
comparatively low-lying areas, as, for instance, the Mansfield. 

_i1fenmninee district.-In the Menominee district, since the pitches 
of many of the ore deposits are steep, the areas which reach the 
drift may be small, and hence some of them are difficult to discover 
by surface work alone. In this district there are four contact hori
zons along which search ought to be made, as follows: (a) The top of 
the Randville dolomite; (b) the contact of the Traders member with 
the Brier slate; (c) the contact of the Curry member with the Brier 
slate; and (d) the contact of the Curry member with the Hanbury 
slate. Where the contacts are plicated, ghring embayments, these are 
especially good places to look for ore, for here pitching troughs may 
be expected. This is finely illustrated by the Walpole and Pewabic 
n1ines. The reentrant embayments of the Randville dolomite have 
already been sufficiently emphasized; and, above all, these areas 
upon which they open out are the most favorable places for pros
pecting; but it should be noted that an ore body, the main part of 
which rests upon the dolomite, n1ay be first discovered along the con
tact between the Traders member and the Brier slate, as in the case of 
the Aragon mine. The Vulcan formation adjacent to plications of the 
formations above or below and adjacent to plications of the intermediate 
belt of slate should be very closely examined, whether the plications 
seem to mark anticlines or synclines, for where subordinate anticlines 
are found synclines are likely to be adjacent. This, again, is well illus
h·ated by the Aragon, which was found just below a little anticline of 
the Brier slate. 
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To illustrate, we n1ay consider the southern iron-bearing belt 
between Vulcan and \Vaucedah. Here the southe.rn outline of the 
Randville dolomite should be represented on a large-scale map with 
the utmost care. If natural exposures are not adequate for this, the 
first step in exploration is to determine this outline by pits through 
the drift, which need not extend iato the rock. ''Then the dolomite is 
outlined, if embayments are fonncl, these locate places for elaborate 
exploration. The embayments may open to the east or to the west. 
The· areas for exploration are along the strikes of the rocks in the 
directions in which the embayments open. The distance from the 

·head of the cmbayments to which explorations ought to extend should 
be determined by studying the relations of the ore deposits of the 
Chapin, \Valpole, Pewabic, Norway, and Aragon mines to the associ
ated limestone embayments. 

Explorations along the contact of other belts of the iron-bearing 
members with the adjacent formations should follow a similar course. 

In the J\tienomineo district, other things being equal, the upper parts 
of slopes are the most favorable places for exploration. The rnajority 
of the larger deposits are found on such elevations. None of tho great 
cross valleys are known to carry ore deposits. But it is to be remem
bered that the subordinate cross valleys contain two great deposits-
the Chapin and Aragon-so that low-lying areas should not be neg
leded wh~re other indications are favorable. 

Verrnilion district.-In the Vermilion district the rock in which 
the ore occurs is red hematitic jasper rather than the black magnetic 
iron-formation material. The known iron-ore deposits are all at the 
bottom of the Soudan formation. The pitching troughs are especially 
likely to occur at the ends of the iron-formation belts where they are 
surrounded upon three sides by the Ely greenstone. Places ·where 
the ends of these pitching troughs.are on slopes, and amphitheaters of 
greenstone rise above them, are especially favorable for exploration. 
In proportion as the. iron-bea~·ing belts are broad and are heavily fer
ruginous jasper, this is favorable to successful exploration. But very 
frequently the broad jasper belts end not by a single fold but in a 
number of fingers, the ends of each of which, if of sufficient'; magmtude, 
are favorable places. 

In the Vermilion distnct the pitches are ordinarily very steep. 
Therefore the area of a given ore deposit which reaches the rock sur
face is comparatively small. :Moreover, the ore deposits which rest 
upon greenstone may fail to reaeh the surface. However, the explo
ration should begin at the eontactR of the Soudan formation with the 
Ely greenstone, and especially at the ends of the folds or fingers, and 
should pass away from these contacts; This work at first should be 
to the rock surface, as elsewhere. The largest of the discovered ore 
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deposito, those of Soudan Hill and Ely, were first discoYered at the 
surface, and were traced below the surface. Howeyer, on account of 
the steepness of the pitch, the Chandler ore body q uicldy passed under 
rock, and could be reached only at the Pioneer by rock work. In this 
district, as in other districts where an ore deposit on an adjacent 
property pitches toward a property to be explored, this of course war
rants rock 'York. Abo where a well-defined pitching trough of good 
size is found in which the rock is hea,-ily ferruginous ja:;pcr at its 
base, but showing no ore deposit at the rock surface, diamond-drill 
work would be "~arranted to test the bottom of the trough, ·with the 
hope of finding ore deposits ·which are very small where they reach 
the surface. 



POSTSCRIPT TO :NIESABI SECTION. 

[To f1tee p. 434 of Part III, Twenty-first Annual Report, U.S. Geol. Survey.] 

Since the :Nlesa.bi section of this paper was written a large amount 
of exploratory work has been done in that district. This work has in 
the main furnished confirmatory evidence for the conclusions above 
given, but facts have appeared which require slight modification of 
certain ~tatements. 

nfany of the shallow pitching troughs containing ore (as in the Hib·
bing group) do not have their longer directions transverse to the trend 
of the ra.nge, but parallel to it. In such cases minor troughs carry the 
ore to the south in tongues, giving the southern boundaries fluted 
forms, and the deposits as wholes very irregular shapes. vVhile the 
lobes' of ore transverse to the range may be marked at the surface by 
slight topographic depressions, large portions of such deposits, par
ticularly the northern portions, are not eonfined to depressions. 

One of the principles which the senior author has strongly empha
sized has been completely confirmed for the Mesabi district by recent 
work. The outlets for the water circulation in the rock troughs 
containing ore deposits there, as elsewhere, are higher, and in many 
cases much higher, than the bottoms of the ore deposits. This is in 
full accord with the theory of ore concentration in pitching troughs; 
for, a~ fully explained, difference in elevation· between the inlet and 
outlet of a rock trough will cause the underground water to search 
the ground to a considerable depth below the level of the outlet, and 
yet escape at this outlet. Indeed, such a circulation was characteristic 
during the formation of the deposits of all the other iron-bearing dis
tricts of the Lake Superior region. But the l\1esabi deposits are so 
shallow that some of the mining men have supposed that the circu
lation was wholly downward; whereas, following the rule, it has a 
dowl)ward component in the early part of the course and an upward 
component in the later part of the course. 

The occurrence of the bulk of the iron-ore deposits between the ele
vations 1,450 feet and 1, 600 feet has often been referred to by mining 
men as a guide for exploration. This does, indeed, furnish a valuable 
guide, but it is essentially the same as one of the guides for explora
tion mentioned in this paper, i. e., that the ore deposits are to be 
looked for in middle or lower horizons of the iron-bearing formation, 
which for the most part lie between the~e levels. If the ore deposits 
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are eoncentrates formed hy underground water~ working down the 
:::;outh slope of the range, it i:::; clear, as fully explained in the body of 
the paper, that the maxinmm activity of this water ·will be along the 
middle slopes. Along the productive part of the range~ the loweioit 
ground to the south has an elevation in the neighborhood of 1.350 to 
1,400 feet, while the highest ground to th8 north ';raries in height from 
1,600 to 1,800 feet, and the northern and southern boundaries of the 
iron- bearing formation lie within even closer limits. 

The middle slopes of the range and also of the iron formation are 
thus somewhere between the 1,4:50-foot and 1,600-foot levels; and 
here are found the bulk of the iron-ore deposits. In other words. the 
laws of eoneentration by underground water given in the paper shmv 
why the bulk of the deposits arc necessarily at middle slopes, and 
therefore somewhere between elevations of 1,4:50 and 1,600 feet. Yet 
an examination of the map shows differences in elevation of the surfaces 
of deposits in eertain cases as great as 200 feet; and such variations in 
the produetive part of the district, where the maximum difference in 
elevation of the borders of the iron-bearing formation does not exeeed 
400 feet, show that the ::;o-called '"rule" is a 1nost elastic one. It is 
clear that the fortunate combination of the many factors mentioned in 
this paper are necessary for the concentration of the deposits. 

During the present activity in exploration the western J\1esahi lands 
are receiving considerable attention, and several deposits of low-grade 
ore, ..;ome of then1 before known, ha,·e been exploited. ~Iuch of this 
ore is at present not marketable because of a considerable content of 
silica in a loose form~ resembling sand, but most of it is likely ulti
mately to find sale. 
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THE ARKANSAS BAUXITE DEPOSITS. 

By CHARLES 'VILLARD HAYES. 

DISTRIBUTION OF BAUXrrE DEPOSITS IN THE UNITED 
STATES. 

Although aluminum is one of the commonest of the elements which 
enter into the· composition of the earth's crust, it usually occurs in 
combination with silica as silicate, and the oxide is comparatively rare. 
Like iron, the metal forms a number of oxides varying widely in their 
physical properties, which depend chiefly on the amount of water con
.tained in combination. Thus corundum, the anhydrous oxide Al20 3 , 

is found in small quantities associated usually with crystalline rocks . 
. Diaspore, Al20 3 H 20, and gibbsite, Al20 3 3H20, the first containing 
less and the second more water than bauxite, are found somewhat more 
widel}r disseminated than corundum, but always in small quantities. 
The only oxide which is found in sufficient quantity to form an impor
tant ore of the metal is bauxite. vVhen pure this mineral has the 
formula Al20 3 2H20, although the proportion of ·water shows con
siderable variation and the aluminum may be partly replaced by iron. 
Ordinary bauxite, like the analogous hydrated sesquioxide of iron, 
limonite, probably contains several hydroxides in var}ring proportions. 
It also generally contains a variable amount of silica, which accompanies 
it as an impurity. 

Bauxite has been discov·ered in commercial quantities at only three 
localities in the United States. These are the Georgia-Alabama district, 
a small district in southwestern New Mexico, and the Arkansas dis
trict. The Georgia-Alabama district has been described by McCalley, 1 

Spencer,2 and the present writer. 3 The only account of the New 
Mexico district is that published by Blake, { while the Arkansas dep'osits 
have been described by Branner 5 and vVilliams. 6 

t Alabama bauxite, by Henry ·McCalley: Proc. Ala. Indus. and Sci. Soc., 1892. 
~The Paleozoic group, the geology of ten counties of northwestern Georgia, by J. W. Spencer: Geol. 

Survey (\eorgia, Atlanta, 1893. 
a Bauxite, by C. W. Hayes: Sixteenth Ann. Rept. U. S. Geol. Survey, 1894-95, Part III. 
~Alunogen and bauxite of Xew ::\fexico, by William P. Blake: Trans• Am. Inst. Min. Eng., Vol. 

XXIV, 1894. 
5 Bauxite in Arkansas, by J. C. Branner: Am. Geol., )larch. 1891. The bat1xite deposits of Arkansas, 

by J. C. Branner: Jour. Geol., Yol. V, 1897. 
GJgneous rocks of Arkansas, by J. F. Williams: Ann. Rept. Geol. Survey Arkansas, 1890, Vol. II. 
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In the report on the Georgia-Alabama district by the present 
writer, it was pointed out that the ore there occurred in snlall isolated 
deposits, which would probably be exhausted within ten }Tears from the 
time the report was made, in 189±. Since then the demand for the ore 
has increased, and the deposits may possibly be exhausted before the 
expiration of the time estimated. Three companies have been actively 
engaged in mining bauxite in this district; one of these has exhausted 
all of the deposits which it controlled, another is working upon it::; last 
deposit, and the third has left less than half a dozen which contain any 
considerable amount of ore. The constantly increasing demand for the 
ore and the prospective exhaustion of these deposits in the near future 
have compelled the operators to seek another field. Anticipating this 
necessity, two of the companies operating in the Georgia-Alabama dis
trict have invested headly in the Arkansas district, and two additional 
companies have recently been organized in the latter field. 

The Arkansas deposits have been known since 1891, when they were 
briefly described by the State geologist, but owing to the abundant 
supply of ore in the more accessible district they received little atten
tion until it beca1ne evident that the deposits of the latter would shortly 
be exhausted. Only a small quantity of ore has yet been shipped from 
Arkansas, hut preparations are being made for a large output in the 
near future. Additional railroad facilities have recently been secured, 
so that the difficulties of transportation have been largely overcome. 

The field work on which the following; report is based occupied 
about four weeks in the spring of 1900. The writer wishes to express 
his obligation for courtesies and assistance extended to him in the 
prosecution of the work, particularly by ::\iessrs. Perry and ::\icKenzie, 
general 1nanager and superintendent of the Southern Bauxite Com
pany; and to ::\lr. George Nethercutt, superintendent of the Illinois 
Chemi~al Company's mines. 

LOCATIO~ OF TilE ARIL-\..:NSAS BA"GXITE REGIOX. 

The bauxite deposits in Arkansas are, so far as known, confined to 
a small area lying south and southwest of the city of Little Rock. 
The region is about 20 miles in length and 5 or 6 miles in breadth, its 
longer axis extending northeast and southwest. It lies in the southern 
part of Pulaski County and in the northern part of Saline County. 
The location of the region and its g-eneral geographic relations are 
shown on the accompanying map (Pl. LX). By far the larger num
ber and n1ore important deposits are found in two small districts, 
occupying the extremities of this region. The northeastern 'is the 
Fourche ::\-fountain district, which extends about 5 miles southward 
from the city limits of Little Rock, and embraces Fourche }fountain 
and the associated areas of igneous rocks. The second district, which 
is the more important of the two, occupies the southwestern extremity 



HAY.ES.] GEOLOGIC .AND PHYSIOGRAPHIC RELATIONS. 443 

of the region, embracing about 12 square miles in Bryant Township. 
Between these two subdistricts are several isolated deposits of the ore, 
generally without any associated igneous rocks, but so distributed as 
to connect the main deposits at the extremities of the region. 

GENERAL GEOLOGIC AND PHYSIOGRAPHIC RELATIONS. 

The geology of the region southwest of Little Rock' has bP-en 
studied by the Arkansas geological survey, and the following outline 
of its geologic history is derived largely from the State survey 
reports: 

The region is occupied by three distinct groups of rocks. These are 
the Paleozoic sediments on the northwest, the Tertiary and recent 
sediments on the southeast, and the areas of intrusive igneous rocks 
which occur in the two bauxite districts above outlined. The bound
ary between the Paleozoic and Tertiary formations extends south
westward from the western edge of Little Rock approximately par
allel with and a short distance to the west of Fourche Creek. This 
line, as shown on the accompanying map, is taken fr·onl Griswold's 
report 1 on the novaculite region. To the west of this line the rocks 
are chiefly shales, with beds of novaculite, and belong to the Lower 
Carboniferous and Lower Silurian. These beds have been intensely 
compressed and thrown into a series of folds whose axes in this par
ticular region extend about N. 60° vV. The structure of these rocks is 
very similar to that found in the southern .Appalachian region of Tennes
see, Georgia, and Alabama, and, like the latter, the folding to which 
it is due probably culminated at the close of the Carboniferous. It is 
impossible to determine definitely whether or not these folds in 
Arkansas are continuous with those of northern Alabama, since the 
intervening region is occupied by later sediments which effectually 
conceal the older rocks. The two regions, however, present so many 
similarities that it appears more than probable that the folds, if not 
absolutely continuous, are at least very closely related, alike in their 
age, the character of the rocks in which they occur, the date of their 
origin, and the nature of the forces by which they were produced. 
The folding of the rocks was followed by a long period of erosion, 
which probably several times reduced the region to a nearly featureless 
plain. It remained an area of dry land until late in Cretaceous time, 
when it was invaded by the Rea and the older rocks were covered by 
Cretaeeous sediments for some distance north of the present Tertiary 
boundary. The region was again elevated and the marginal Creta
ceous sediments were removed, while at the same time the surface 
underlain by the older rocks was deeply etched, the softer rocks being 
removed and the harder ones left as ridges standing above the general 

1 Whetstones and novaculites of Arkansas, by L. S. Griswold: Ann. Rept. Geol. Survey Arkansas, 
1890, Vol. III. 
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level. The material thus removed was carried toward the southeast 
and deposited. In later Tertiary time the region was again slightly 
depressed and the sea advanced somewhat beyond the present limits 
of the Tertiary sediments. The materials laid down in this Tertiary 
sea were chiefly clays containing considerable vegetable matter, a few 
marly limestones, and, finally, a great mass of sand and coarse gravel. 
A plain sloping gently to the southeast was built up along the margin 
of the older rocks. Its surface near the inland margin was composed 
of coarse material derived in part directly from the older rocks to the 
northwest and in part from the underlying Cretaceous and Tertiary 
beds, which had been many times worked over by the waves. The 
coarse reworked 1naterial was, therefore, most abundant within a 

· narrow ·zone along the former sea margin where wave action was most 
effective, the fine material having been carried by littoral currents to 
a greater or less distance seaward. These gravels, which originally 
formed a continuous sheet over a belt bordering the old Paleozoic land, 
have been correlated by Hill and McGee with the LafaJrette formation 
of the Gulf and Atlantic States. They were doubtless deposited for 
tbe n1ost part approximately at sea level, but m~y also be due in some 
measure to the deposition of streams upon their flood plains. 

At some period after the folding of the Paleozoic rocks, and proba
bly also after the greater part of the erosion which these beds have 
suffered was accomplished, they were invaded by intrusive igneous 
rocks. The time of this intrusion has not been accurately· determined, 
but, according to J. Francis Williams, it probably occurred some time 
during the Cretaceous. If most of the erosion o.f the older rocks had 
been accomplished as he is inclined to believe, it must have occurred 
late in Cretaceous time. Great masses of molten material were forced 
up from below, probably doming the strata over them and filling 
cracks in the overlying rocl}s, thus producing ·dikes. Some of the 
latter ma}7 hav"e reached the surface, but there is no evidence that this 
regjon was at any time the locus of extensive volcanic activity. The 
continued erosion of the surface, following the intri1sion of these igne
ous rocks, almost completely removed the sedimentary cmTer before 
the deposition of the Tertiary sands and clays. Immediately follow
ing this removal of the sedimentary rocks, and before the igneous 
rocks were again covered by the Tertiary sediments, the conditions 
were favorable for the formation of bauxite. This was deposited as a 
more or less continuous sheet, covering the surfaee of the igneous rocks 
and extending beyond their margins, where it was interstratifi.ed with 
the Tertiary sediments laid down before and after its formation. 

Toward the end of Tertiary time the region was elevated. The sea 
margin retired toward the southeast, and the streams flowing from the 
Paleozoic highland on the northwest extended their lower courses 
across the littoral belt to the margin of the retreating sea. Erosion in 
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the newly emerged, unconsolidated deposits was rapid, and the con
structional plain bordering the Paleozoic land was deeply dissected. 
The region has probably suffered several oscillations since Tertiary 
time, but these have been only of minor importance, and their dura
tion was not sufficient fo.r the formation of well-marked coast lines. 

The present topography of the region bears witness to these various 
episodes through which it has passed. To the northwest of the bound
ary separating the Paleozoic and Tertiary formations the surface is 
characterized by a number of parallel ridges extending about N. 60° \V . 

. These are formed by the outcropping edges of hard Paleozoic strata, 
the interyening valleys being upon softer rocks. · The topographic fea
tures in this part of the· area are, therefore, due largely to differential 
erosion, and the relief bears a very close relation to the structure. 
Southeast of the Paleozoic boundary the topography belongs to an 
entirely distinct type, that of a deeply dissected plateau. This plateau 
was formed of horizontally bedded materials almost entirely nncon
solidated, and hence the present topography has not been determined 
py differences in the character of the rocks or by structure. The 
streams flow in broad, level valleys which extend nearly to the~r head
waters. The cols between opposing streams are low and broad, and 
only the smallest tributaries are cutting their channels. In some 
places the Tertiary sands have been consolidated by iron oxide, form
ing a ferruginous sandstone, and this has to some extent helped in 
the preservation of certain ·portions of the original plateau surface. 
The same effect has been produced where the gravel forming the 
upper surface was exceptionally coarse and heavy. The effect of 
these two factors, however, has been only slight, and the preservation 
of those portions of the plateau which remain depends more largely 
upon their location with reference to the main drainage lines. TP.e 
largest areas of the plateau surface which remain in the district under 
consideration are just south of Alexander and between the waters of 
Hurricane and Holly creeks south of Bryant. The surface of these 
remnants of the plateau is slightly rolling, generally covered ·with 
coarse quartz and quartzite pebbles, and limited by abrupt slopes to 
the ravines which deeply indent its margins. It is probable that the 
surface of the igneous rocks from which the original cover of Paleozoic 
rocks had been removed was entirely covered by the Tertiary sedi
ments. When erosion was Tenewed on the plateau surface by the ele
vation of the region the downward-cutting streams soon encountered 
the granite and were turned aside to the less resistant sands and clays. 
The surface of the S}renite has, therefore, suffered little change since 
it was uncovered. The Fourche Mountain region is near the Arkansas 
River, where erosion has been most active, so that the gt~eater part of · 
the Tertiary cover has been removed, and the ridges of igneous rocks 
stand up boldly above the surrounding level or undulating pl~in. It 
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is probable that if the region were elevated 100 feet or less, and the 
streams thereby again stimulated, the whole of the Tertiary cm~er 
between Fourche ::\1ountain and the Paleozoic rocks to the north,vest 
would quickly be removed. There is little doubt that this intmTening 
region is occupied chiefly by Paleozoic rocks under a thin cover of 
Tertiar)"· 

In the Br3rant district conditions of erosion have been less favorable 
and the syenite surface is less completely uncovered. The highest 
land here, instead of being formed by syenite ridges, as in the Fourche 
Mountain district, consists of remnants of the Tertiary plain. The 
syenitic areas occupy intermediate elevations between the old plateau 
and the valleys of the larger streams. Their outlines in this region 
are extremely irregular, owing to the irregular manner in which the 
cover has been removed by erosion. As will be shown later, the syenite 
in the Bryant district is different from the prevailing type in the 
Fourche ~1ountain district, and the forms which the two varieties 
assume on weathering are quite distinct. This accounts in part for the 
differences in forn1 of the syenitic areas in the two districts, the dif
ferent stages of erosion, however, being the chief factor in producing 
the differences in form. 

DETAILED DESCRIPTION OF 'rHE BAlJXITE DEPOSITS. 

The two districts outlined above will be taken up separately and 
described in some detail, since each possesses certain peculiarities. 
The isolated deposits will then be described. 

BRYANT DISTRICT. 

This district is represented on the accompanying map (Pl. LXI). 
It lies in T. 2 S., R. 14: ,V., and covers between 8 and 9 square miles. 

The formations to be considered are (1) igneous rocks, (2) kaolin, or 
chimney rock, and (3) Tertiary and later sediments, including bauxite. 

IGN"EOUS ROCKS. 

The igneous rocks have been studied and described by the late 
J. Francis 'Yilliams, of the Arkansas geological suiTey. The prevail
ing variety in this region is eleolite-syenite, which is described as 
follows: 1 

It is a light-gray rock, with occasionally a pinkish or buff tinge giYen it by the 
flesh-colored or yellowish eleolite crystals. In general it is coarse-grained, but it 
varies extremely in this regard. It presents macroscopically a trachytic structure, 
which occasionally inclines toward a porphyritic structure on account of a diminu
tion in the size of all the constituents except the feldspar. 

A pegmatitic appearance is yery common and is due to the peculiar arrangement 

l The igneous rocks of Arkansas, by J. Francis Williams: Ann. Rept. Geol. Sur>ey Arkansas, 1890, Yo!. 
II, pp.l30, 131: also p.l~i. 
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of the large tabular feldspars. Feldspar and eleolite are easily recognized macro
scopically, but the basic silicates present are usually too small to be identified by the 
naked eye. 

For the most part it appears in large, flat, horizontal, or slightly sloping areas of 
smooth rock. ·where enough soil has collected on these areas to allow of it, they 
are usually covered with a dense growth of cedars. It is, however, quite common 
to :find open spaces of bare rock an acre or more in extent completely surrounded by 
a belt of trees; such openings are kno,vn as "cedar glades." In these glades the 
surface of the rock is generally smooth, and it is not an uncommon thing to :find 
spaces containing several thousand square feet completely free from cracks or joints 
of any kind. 

This rock, in the strict petrographic sense, is a syenite and not a 
granite, and although the latter term is universally employed by the 
inhabitants of the region, and also commercially, it appears preferable 
to use the less familiar but more accurate• term syenite. 

The outlines of the syenite represented on the map accompanying 
the report aboYe cited were found to be incorrect in many particulars. 
These boundaries were, therefore, traversed and accurately mapped in 
connection with the study of the associated bauxite. In some cases 
the cover of sand is thin and contains numerous bowlders of the under
lying igneous rocks, so that the exact extent of the outcrops of the 
latter is difficult to determine. Generally, however, the boundaries 
are perfectly sharp. In addition to the typical eleolite-syenite, which 
consists essentially of orthoclase and eleolite, another variety also 
occurs in which the orthoclase is more or less completely replaced by 
plagioclase. The latter differs, however, only slightly from the typ
ical rock and a microscopic examination is necessary to discrin1inate 
the two varieties. There are also porphyritic phases and some dikes, 
but these are unimportant in the present connection. 

1\:AOLINIZED SYENITE, OR CHIMNEY ROCK. 

'Vherever the surface of the S)renite is protected from active. erosion 
and yet is within reach of atmospheric agencies, it is covered by a for
mation probably varying in thickness from 30 to 60 feet, and evidently 
derived from the underlying rock by the ordinary process of rock 
decay. This consists essentially of kaolin, the hydrated silicate of alu
minum. It is generally white except where stained by the percolation 
of iron-bearing solutions. It can be easily cut, and quickly disinte
grates when exposed to the weather in such a position as to absorb 
moisture. 'Vhere it is slightly protected, however, it becomes quite 
hard after a short exposure to the air. This material is locally used 
for building chimneys, being sawed out in blocks of the required size 
with an ordinary crosscut saw. Although it appears to be entirely homo
geneous and without structure when cut, the fractured surfaces, after 
exposure to the weather for a short time, generally show, more or less 
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distinctly~ the structure of the syenite from which it was derived. The 
downward percolation of surface waters sometimes gives it the appear
ance of stratification, but no true skatification has been observed in 
this rock. The thoroughly kaolinized phase is separated from the 
fresh syenite by an intermediate zone in which the alteration is only 
partial. This retains the structure of the original ~·ock, but is changed 
in color and crumbles readily to sand. The feldspar crystals retain 
their form, although they have undergone considerable alteration. 
This intermediate layer is probably not more than 3 to 6 feet in thick
ness, although it was difficult to obtain· anything approaching exact 
measurem.ents. The layer of kaolinized syenite is readily eroded, so 
that natural outcrops are .extrmncly rare. Its outcrops are generally 
represented by a zone, surrounding the syenite areas, covered with 
felclspathic sandy soil and occasional bowlders of the syenite itself. 
\Vhere the surrounding Tertiary sands are higher than the syenite 
surface the soil covering the kaolin zone is composed of sand derived 
from the for:ner rather than the latter. It is impossible to say how 
far this altered phase of the syenite extends under the cover of Ter
tiary sediments. If the conclusion is correct that the alteration is du~ 
to the action of percolating surface waters, it can not extend beyond 
the influence of the latter. It is probable, therefore, that under a 
thickness of 100 or 200 feet of Tertiary sediments the surface of the 
syenite would be found nearly or quite fresh. 

TERTIARY .AND LATER FORMATIONS. 

These may be divided into two classes, the first composed of detrital 
deposits, chiefly gravel, sands, and clays, and the second of chemical 
deposits, bauxite and associated halloysite, gibbsite, and kaolinite. The 
first class comprises (1) stratified marine sediments and (2) unstrati
fied fluviatile and beach deposits. This region has been studied and 
described by Harris, 1 Hill, 2 and :\1cGee. 3 

According to Harris, the marine sediments belong to two forma
tiolls, the :\lid way and the Lignitic. The Midway is relatively unim
portant, consisting of some inches of impure lime.stone, observed at a 
few points in the vicinity of Little Rock. The Lignitic, on the other 
hand, consists of sands, sanely clays, and beds of lignite~ and has a 
thickness of se,Teral hundred feet. Its materials show rapid alterna
tions in character, both horizontally and Yertically, changing from 
black carbonaceous clay to coarse white or yellow sand and gravel. 
Occasionall)r the sand beds have become cemented by iron, ·forming 
layers of brown or red sandstone. In some places, as at the northern 

1 The Tertiary geologr of southern Arkansas, by Gilbert D. Harris: Ann. Rept. Geol. Survey Arkan
sas, 1892, Vol. II. 

2The Xeozoic geology of southwestern Arkansas, by Robert T. Hill: Ann. Rept. Geol. Survey 
Arkansas, 1SSS, Vol. II. 

3Tbe Lafayette formation, by W J ~cGee: Twelfth Ann. Rept. C. S. Geol. Survey, 1890-91, Pt. I. 
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edge of Saline County, these beds are sufficiently thick and uniform to 
be quarried for building .stone. 

The greater part of the. surface underlain by these Tertiary sedi
ments is composed of a later unstratified deposit. This consists of 
sand and gravel, in part the coarser constituents of the underlying 
formations and in part foreign material derived from the older forma
tions to the northwest. This is called the Lafayette formation by 
l\1cGee, and is correlated with similar material whi~h occupies a corre..: 
sponding position east of the Mississippi embayment. HarriH does 
not give it a distinctive name, but refers to it as ''reworked,'~ 

"rehandled," or" rearranged" material, in distinction from the strati
fied and laminated material on which it rests. His view as to the origin 
of the material is indicated by the terms which he applies to it. Hill 
names this material the Plateau gravels, and subdivides it into a strati
fied division, now occupying only the high, flat strea1n divides, and an 
unstratified division, consisting of the debris from the former red is· 
tributed over terraces and lowlands. He correlates it with the Uvalde 
formation of southwestern Texas and with the Lafayette formation of 
the Gulf and Atlantic States. 

This broad belt of coarse material evidently n1arks the position of a 
fluctuating coast line, and is in part a beach formation and in part the . 
product of rapid meandering streams. It doubtless originally formed 
a rather uniform layer covering a smooth plain, the coarsest material 
being on the landward or northwest side of the belt, and growing 
gradually finer seaward-that i~:;, toward the southeast. As the land 
rose and was trenched by streams, the fine sands and clays of the 
underlying beds were more easily removed than the coarse gravel, 
and the latter was largely rearranged upon the new slopes and stream 
terraces. 

BAUXITE. 

As stated above, the chemical deposits grouped under the general 
term bauxite may be regarded, in this district at least, as the basal 
members of the Tertiary. They differ radically in appearance, com
position, and origin from all the other overlying Tertiary formations. 
While largely a chemical precipitate, the bauxite has son1e features 
which characterize ordinary detrital sediments. The most striking of 
these is its occurrence in the fol'ln of a bed having great lateral extent 
compared with its thickness. There is also some degree of' stratifica
tion, the upper and lower portions of the bed differing somewhat uni
formly in composition over the whole district. 

The bauxite bed rests directly upon the kaolinized syenite or chim
ney rock, described on a previous page. As shown on the map of the 
district (Pl. LXI), its outcrops are in contact on one side with the 
overlying sands and g"t·avels and on the other with the underlying 

21 GEOL, PT 3-01--31 
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kaolin. They are separated from the syenite by a narrow belt occu
pied by the outcrop of the kaolin. Since the latter is much softer 
than either the syenite or the bauxite, it is more readily eroded, and its 
outcrop generally occupies a shallow depression between the harder 
syenite and bauxite on either side. The unconsolidated Tertiary sands 
and clays are also more readily eroded than the bauxite, so that where 
erosion is well advanced the bauxite outcrop is apt to form a low ridge. 
The surface of the syenite is undulating, and the bauxite bed, which 
conforms to that surface, presents corresponding undulations. The 
altitude at which its present outcrop is found varies between 320 and 
540 feet above tide, and it is probable that if those portions of the bed 
which have been removed by erosion were compared with the por
tions still C'oncealed a considerably wider variation in altitude would 
be found. 

In thickness the bauxite bed varies from nothing up to a possible 
maximmn of 40 feet. The prevailing thickness over the greater part 
of this district is probably between 10 and 15 feet. In the present 
state of development, however, there is no basis for an accurate esti
mate of the thickness except at a few points. Its greatest th_ickness 
occurs in the northwestern portion of the district, in section 16, where 
it is at least 30 feet. From this section it thins somewhat regularly 
eastward and southward, although there appear to be numerous abrupt 
local variations in thickness in all parts of the district. 

If the conclusion is correct that the bauxite was .deposited as a bed 
mantling the undulating surface of the syenite and subsequently cov
ered by the Tertiary sands and clay::;, its present outcrop probably 
represents but a small part of its actual extent and a much smaller 
part of its original extent. Systematic prospecting by drilling will 
be required to determine, even approximately, the distance from the 
present outcrops to which the bauxite bed extends beneath the Tertiary 
sands. An attempt is made on the accompanying map to indicate 
in a general way the probable extent of the bed under ·co,~er. The 
outlines there shown are based on the evidence of a few wells and 
inferences from observed direction and rate of thinning in the bed 
itself. It is quite probable that with increasing distance fron1 the 
syenite areas the bauxite bed will not only gTow thinner, but will con
tain increasing amounts of foreign detrital material. It will also 
probably be found interbedded with other Tertiary formations, or per
haps resting upon the Paleozoic rocks which there cover the syenite. 
The shaded portion of the map is intended, however, to represent only 
the probable extent under cover of a bed sufficiently thick and pure 
to be workable. 

The bauxite in the Bryant district occurs in two distinct forms, (1) 
granitic and (2) pisolitic. At nearly every point where the bed has 
been opened up sufficiei1tly to show the underlying kaolinized syenite 



HAYES.) BRYANT DISTRICT. 451 

its lower portion is composed of the granitic ore. This has a .yellow
ish-gray color and a spongy structure, and. is entirely free from any 
trace of pisolites. Generally more or less distinct traces of the gra
nitic structure can be detected in this spongy material, the individual 
.feldspar~ being replaced by a porous skeleton of alumina. Occasion
ally the original feldspar cleavage surfaces can be detected, though 
this is not generally the case, and often no trace of the origil!al gra
nitic structure remains. This granitic ore also occur~ in the form of 
well-rounded bowlders from 2 or 3 inches to 2 feet in diameter. These 
bowlders are most abundant. immediately over the stratum of the same 
material, but they are sometimes present when the latter is wanting, 
and are found more or less abundantly scattered through the whole 
upper portion of the bauxite bed. They are surrounded by a dense 
structureless shell from one-half to three-fourths of an inch ·in thick
ness. 'Vithin this shell is the same porous, spongy material that 
forms the basal stratum of the bauxite bed. Both porous interior and 
compact outer shell consist essentially of the hydrated aluminum 
oxide. It appears probable that this variety of bauxite is· in every 
case derived directly from the syenite by the decomposition of the 
feldspa~· and eleolite and the removal in solution of the silica, lime, 
and alkalies, the alumina alone remaining of the original constituents. 
The material forming the basal stratum of the bauxite bed was doubt
less deriv:ed directly from ledges of the syenite in place, while the 
bowlders of the same material were probably waterworn fragments of 
syenite which were freely moved about by waves ·or currents and 
received deposits of aluminum hydroxide on the outer surfaces. The 
conditions und~r which this process may have taken place will be more 
fully discussed later. · 

In the second form of ore of the Bryant district the pisolitic struc
ture is always present, although varying widely in its degree of devel
opment. The pisolites are small round bodies, from the size of a pea 
.to an inch' in diameter, which consist of a nucleus surrounded by 
concentric layers of differently colored and textured material. The 
nucleus is generally softer than the outer layers, and darker colored. 
It is also generally intersecte~ by radial cracks, apparently produ0ed 
by the shdnkage of the material, ·and is sometimes represented by a 
fine powder or clay-like sub~tance. The pisolites may be simple, con
taining a single nucleus, or compo.und, in which case the nucleus is 
itself a rounded fragment of some one of the several varieties of 
bauxite. These pisolites are embedded in a matrix which also varies 
considerably in amount and character. In some cas~s the matrix con
stitutes the larger part of the mass, while the pisolites are inconspicu
ous. It is then a compact structureless material somewhat resembling 
clay, but much harder. Ore of this character is apt to be very sili
ceous. At the other extreme is a mass of pisolites with barely enough 
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n1atrix to fill the interstices between them and not enough to form a 
strong cement. The pisolites themselves are here more uniform in 
size and appearance than is the case in the Georgia-Alabama district. 
The majority vary between one-half and three-quarters of an inch in 
diameter. The fine oolitic structure is almost or quite absent and the 
largest pisolites of the coar::;e gravel ore are only rarely compound. 
Another difference is that the pisolites contain, generally, a larger 
nucleus and fewer concentric layers. 

As might be inferred from the above, the pisolitic ore presents 
great diversity in appearance, but tho several varieties pass into each 
other by such gradations that they are not easily classified. In some 
portions of the district the ore has somewhat the appearance of a par
tially compacted bed of gravel, the pisolites separating readily from 
the matrix, which consists of a structureless clay-like substance. This 
variety, constituting the gravel ore, can be readily dug with a pick 
and shovel and is prepared for market by 'vashing and drying. The 
greater part of the bed in NE. i sec. 16 bas this form.· 

In the western part of the same section the ore is much more com
pact and forms a ledge which resists erosion and makes a prominent 
outcrop on the hillside, as shown in the accompanying illustrations 
(Pl. LXII). The matrix as well as the pisolites is here compact, and 

· the latter are not readily separated from it. They are generally darker 
than the matrix, varying from red to dark purple or black. . This ore 
requires blasting in mining, and is prepared for market by crushing 
and drying, without washing. 

Another type of ore is seen in the NE. i sec. 15. This also has a 
compact matrix and forms a solid rock body, but the pisolites are 
smaller and generally contain n1uch empty space. The nuclei appear 
to have shrunk away frmn the inclosing concentric shells, probably 
through loss of water. In this ore the n1atrix is slightly reddish, and 
the pisolites are only a little n1ore deeply colored. 

These three varieties represent the greater part of the pisolitic ore 
in this district, although they are not sharply distinguished and there 
are numberless variations from the types described. 

The pisolitic ore above described forms the upper portion of the 
bauxite bed. In some cases it constitutes the whole of the bed, rest
ing directly upon the kaolin, but it is generally separated from the 
latter by a lower stratum of the granitic ore. It generally contains 
more or less abundant bowlders of the granitic ore, and the line 
separating the two varieties is rarely a sharp and definite one. Also, 
when several varieties of pisolitic ore occur in the same locality they 
are not arranged in distinct strata, although the general order of 
arrangement of the several varieties is ·somewhat uniform over con
siderable areas. 

The composition of the bauxite varies within rather wide limits. 
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The purest variet}.,. is the granitic type, selected samples of which con
tain less than 3 per cent of silica and less than 1 per cent of ferric 
oxide. This variety contains more water than the bihydrate, bauxite, 
and corresponds in composition very nearly with the trihydrate, gibh~
ite1-A1203 3H20. The silica varie:; from 3 per cent o_r less in this 
gibbsite or granitic ore up to 20 or 30 per cent in some of the white 
bauxitic kaolins. The physical appearance of the ore undergoes a 
gradual change corresponding to the change in content of silica, and 
with long practice the miners become very skillful in estimating the 
composition of the ore by its appearance. 

The iron varies from less than 1 per cent of oxide in some of the 
granitic and very white siliceous ores to over 50 per cent. The highly 
ferruginous ore is nearly free from silica and contains about the same 
amount of phosphorus as the common brown iron ores of the South. 

In the Bryant district there is rather well-marked gradation in the 
character of the ore from one part of the district to another. The 
southern portion of the district is characterized by a preponderance 
of the granitic type and the central portion hy the pi:;olitic, grading 
northward into the gravel ore. The iron increases rapidly toward the 
north, and in the northern portions of sees. 9 and 10 the ore at the 
surface is highly ferruginous, although recent prospecting has revealed 
a large amount of nonferruginous ore of which no indication was 
afforded by the natural exposures. North of the mapped area, in the 
channel of· Hurricane Creek and beyond, there are large exposures of 
the ore carrying 50 per cent and more of ferric oxide. 

At only a single point was there noted any considerable admixture 
of foreign material with the bauxite. The railrdad cutting in the 
N,V. t sec. 10 exposes the bauxite bed, which. consists of a deep-red, 
sandy matrix, containing a few pisolites and numerou.:; fragments of 
sandstone and shale up to 3 inches in diameter. There are also rather 
obscure traces of stratification, \Yith low dip to the southeast. 

Some portions of the bauxite bed contain considerable iron, which is 
apparently secondary to the deposition of the bauxite itself. It often 
occurs in irregular convoluted plates intersecting the bed. On the 
sides of a cut these often appear as a narrow ribbon of limonite from· 
half an inch to It inches in thic~ness. A similar band of limonite 
frequently forms a shell about bowlders of granitic bauxite. in which 
case it is evidently due to secondary deposition of iron in the porous 
material of the bowlder. It is quite likely that this secondary iron 
is confined largely to the outer portion of the bauxite bed. 

A short distance north of the area shown on the accompanying map 
of the Bryant district are some deposits of bauxite which properly 
belong with the latter~ although they are separated from them by the 

t The credit for having discovered and identified this gibbsite by means of numerous chemical 
analyses properly belongs to l\Ir. R. S. Perry, general manager of the Southern Bauxite Company. 
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valley of Hurricane Creek. Two groups of deposits occur in this 
region. The first includes the deposits exposed in the channel of 
Hurricane Creek, on Cold Spring Branch where it c1~osses the county 
road, and a little farther east on the Davis place. The ore is very 
ferruginous and at several points has been opened for iron ore, which 
it closely resembles on its outcrop. The three deposits are probably 
nearly or quite continuous under cover and contain the largest body 
of highly ferruginous ore yet discovered. The utilization of this ore 
is doubtless only a question of time. It closely resembles some of the 
Irish bauxites which are largely employed as iron ores. 

The second deposit lies 2t miles southeast of Bryant, on the head
waters of Cold Spring Branch. It appears to occupy a shallow depres
sion between two large areas of syenite, although its relations are 
considerably obscured by the overlying sand. The ore is covered by 
18 inches of sandy soil containing fragments of bauxite. Below this 
is a layer of bauxite from 1 to 2 feet thiek, having a slightly shaly 
structure and consisting of gravel ore embedded in an abundant gray 
or white mottled matrix. The shal)r structure may be due to weather
ing or to an indistinct stratification. Below this i~ a layer, 3 or 4 
feet in thickness, consisting of large and small bowlders of pisolitic orP 
embedded in a matrix of loose gravel ore. The bowlders are from 
2 inches up to 2 feet in diameter. Below this bowlder bed, and sepa
rated from it by an irregular surface, is 4 feet of soft bauxite containing 
some pisolites, which decrease in number downward. This has a yel
lowish, cream color and looks like a bauxitic clay. · It differs materi
ally fron1 the kaolin which underlies the bauxite in the Bryant d.istrict, 
although the latter may also be present here but not exposed. 

FOURCHE MOUNTAIN DISTRICT. 

This district is represented on the large-scale map forming Pl. 
LXIII. As already stated, it occupies the northeast extremity of the 
bauxite belt, and, lying ne:;tr the Arkansas River, erosion has· here 
gone much further than in the Bryant district. No portion of the con
structional Tertiary plain remains, but the high land is composed 
.entirely of igneous rocks, which reach an altitude a little above 500 
feet. As a result of this more extensive erosion the igneous rocks 
occupy a relatively large proportion of the surface; also, considerable 
areas of the Paleozoic coyer are exposed about the flanks of the syenite 
ridges. The boundaries of the formations represented on this map 
are in the main taken frmn the geologic map of the Fourche Mountain 
region accompanying Volume II of the Annual Report of the Geolog
ical Survey of Arkansas for 1890. The boundaries have been changed 
in a few cases, and a more careful examination of the region would 
doubtless necessitate other changes. These changes would be chiefly 
in extending the boundaries of the igneous rocks so as to include areas 
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coyered by bowlders and soil evidently derived from the syenite itself. 
Such areas would appear to b~long properly with the syenite rather 
than with the overlying Tertiary sediments. These changes in forma
tion boundaries, however, are mere matters of detail, and do not mate
rially affect the value of Dr. "\Villiams's map. On the map published 
herewith no attempt has been made to represent the several rock types 
differentiated by Dr. vVilliams. The igneous rocks are represented 
by a single pattern, and the more or less altered Paleozoic rocks by 
another; also, the discrimination between Tertiary and Pleistocene 
is omitted. A very detailed study of the district might enable one 
to make this discrimination, but it would probably differ materia1ly 
from that represented on "\Villiams's ~ap, the basis for which does not 
readily appear to one on the ground. 

IGNEOUS ROCKS. 

The igneous rocks of this district present considerably more variety 
than do those of the Bryant district, although the larger part of the 
area -is occupied by the pulaskite, or '' blue granite." This is described 
by Dr. "\Villiams as follows: 1 

When macroscopically examined the :first thing which strikes the eye is the pecul
iar semiporphyritic appearance of the rock. The feldspar crystals stand out con
spicuously on account of their highly perfect cleavage planes and the light reflected 
from them. The crystals are not usually sharply defined, but show a rough surface, 
due to the early formation of crystals of a second generation. Occ~sionally a flake 
of dark mica or portion of a crystal of hornblende or augite is visible, but in general 
the basic silicates are not conspicuous. In the spaces not occupied by the large feld
spars a mass of :finer-grained material appears, which shows minute reflecting sur
faces, indicating that it is made up of small feldspars of a seeond generation. 

The color varies between wide limits, in some cases being a dark bluish-gray, while 
in other localities the rock is light gray (not the "gray granite"), but still retains 
something of the bluish tinge. The color depends upon that of the feldspar, and is 
not clue, as might be supposed, to an admixture of dark-colored minerals in varying 
proportions. 

Gray granite, or eleolite-syenite, similar to that found in the Bryant 
district, also occurs in the .Fourche Mountain district, but forms a 
relatively small portion of the area. The igneous rocks form two 
main ridges, which unite toward the southwest. The eastern ridge 
bears the names Fourche, Ermentraudt, and South mountains, and the 
western ridge the nan1e Allis Mountain. Between the two is Fourche 
Cove, opening northward, in which the syenite is for the most part cov
ered by Tertiary sediments. The Paleozoic rocks, which originally cov
ered the entire area, are now found in two areas along the eastern base 
of Fourche and Ermentraudt mountai~s, and also along the eastern base 
of Allis Mountain, extending around the southern end of the cove. 
They consist chiefly of shales which have been intensely folded and to 

1 Op. cit., pp. 39-40. 
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some extent altered by the intrusion of the igneous rocks. The extent 
of the alteration, however, is surprisingly small considering the great 
mass of molten matter with which they have been in contact. 

The kaolinized phase of the syenite, which is so persistent an accom
paniment of the latter in the Bryant district, is very inconspicuous in 
this region. It has been observed chiefly in Fourche Cove and at the 
southern point of South Mountain. It doubtless occurs elsewhere, 
but the conditions of erosion are such that it has been remoyed from 
the greater part of the region, and most of its outcrops are effectually 
concealed by debris from the higher granite ridges or from the adja
cent. areas of sand. The blue granite, or pulaskite, has a very different 
habit of weathering from the gray granite, or eleolite-syenite. Instead 
of forming broad, smooth areas of solid rock, its surface is covered to 
a considerable depth by angular bowlders, which are nearly as fresh as 
the rock in place. It is probable, however, that where the weathering 
takes place under a light cover of porous sand the rock is altered to 
kaolin, as in the ·case of the eleolite-syenite. 

BAUXITE. 

The bauxite of the Fourche Mountain district is confined chiefly to 
sees. 24 and 25, T. 1 N., R. 12 \V., lying east of Ermentraudt Mountain, 
and to sees. 4 and 9, T. 1 S., R. i2 w·., at the southern end of South 
Mountain. It also extends into the cornei· of sees. 26, 35, and 36 .. A 
single deposit is found in the eastern side of Fourche Cove, in sees. 23 
and 26, and there is also a small one in the S\V. t of sec. 17. The 
striking regularity in the thickness of the bed observed in the Bryant 
district and its close conformity to the margin of the syenite are less 
conspicuous in this district. It is unsafe, therefore, to make any infer
ence regarding the extent of the deposit under cover, and no attempt 
in this direction has been made on the accompanying n1ap. The 
deposits n1uch more closely re:-5emble the isolated deposits to be 
described later than the continuous bed of the Bryant district. 
Throughout the whole of the district the ore is remarkably uniform in 
charaeter. Only the pisolitic variety has been found, the granitic 
variety, so far as known, being entirely absent either in the form of 
bowlders or in that of ledges. Also the pisolites present little varia
tion in size and structure. The}T are Inedium sized, both the oolitic 
and the coarse gravel ore being entirely absent in the outcrops. 
Somewhat greater yariety may be found, however, when the deposits 
are more extensively opened. 

The northernmost deposit of the Fourche 1\tiountain district ocem:s 
in the S\V. i of sec. 1'7. Abundant fragments of pisolitic bauxite 
cover the side of a low ridge forming an oval area whose axis is par
allel with the margin of the granite area on the northwest. The top 
and southern side of the ridge are covered with sand and gravel with 



HAYES.) FOURCHE l\10UNTA1N DISTRICT. 457 

many partly rounded bowlders of quartzite. The bauxite evidently 
extends southward under this cover, but no means are at present avail
able for estimating its extent or thickness. 

The next deposit met with is found on the Sweet Home pike, about 
2 miles from the city limits of Little Rock. It forms a ledge exposed 
on the east of the road, in which it is at least 8 feet in thickness, and 
probably more. It appears to dip slightly to the east and to pass 
under the sand in that direction. The outctop crosses the pike and 
extends for about half a mile toward the southwest, as indicated by 
numerous fragments of ore on the surface. It is separated from the 
syenite and the Paleozoic rocks on the west by a belt about the width 
of its own outcrop, in which there is no exposure of rock in place. 
The ore has a st1.·ongly marked pisolitic structure, the individual piso
lites varying from one-fourth inch to an inch in diameter, the major
ity of them being· between one-fourth and one-half inch. So far as 
observed, it contains no large bowlders. The pisolites are mostly 
composed of a hollow shell, containing a small amount of a fine, 
powdery substanee. . Some are entirely filled with a soft, clay-like 
material. 

The next outcrop is to the east of the Sweet Home pike, in the SW. 
t of sec. 24. This appears to form a low, dome-shaped mass, dipping 
slightly to the east. It may, however, be a continuation of the same 
bed which outcrops to the northwest. It is overlain by stiff red and 
gray clay, evidently belonging to the Tertiary beds. The next out
crop is in sec. 25, a short distance to the southwest of the Confederate 
Home. It :forms a low ridge parallel with the edge of the syenite, 
and probably dips away from the latter to the southeast. The next 
deposit, in the S. t. of. sec. 25, forms a large exposure in the fiat 
land of the creek bottom and extends in a low ridge to the ·westward, 
but appears to have no close connection with the syenite. A shaft 
has been sunk on the summits of the ridge formed by the bauxite and 
near the western end of the outcrop. It was filled with water at the 
time the district was examined, but is said to show 4 feet of bard, 
somewhat ferruginous bauxite, then 8 feet of stratified bauxitic clay 
of various colors, some layers having a slightly pisolitic structure. 
Below this the shaft penetrates 13 feet of white or grayish "'joint 
clay" with no pisolites. This latter is probably a massively bedded 
sediment belonging with the Tertiary and not derived from the altera
twn of the syenite. Several wells between this deposit and the one 
last mentioned have penetrated the bauxite under a few feet of sand 
and clay, indicating that the bed is continuous between the two out
crops. In the southwest corner of sec. 25 is a considerable exposure 
which occupies a depression between two areas of syenite. On the 
east it appears to lie directly upon the syenite, while on the west it is 
separated by a considerable interval covered with sand. The outcrop 
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extends southwest into the corners of the adjoining sections. The 
bauxite is here immediately overlain by a coarse ferruginous sand
stone. The thickness of the bed is difficult to estimate, but it is 
probably under 20 feet. All of these deposits are very similar in 
character to the first one described, having a pisolitic structure an.d 
being free from bowlders. The principal variation is in the amount 
of iron, which, however, is rarely excessive. 

The second group of deposits, at the southern end of South Mountain, 
is considerably smaller in extent. At the end of the Arch street pike, 
in sec. 9, T. 1 S., R. 12 W., there are several small deposits which 
appear to have been originally continuous, occupying a depression 
between the granite of South ~Iountain and a smaller area lying farther 
south, but in the axis of the higher ridge. The bed, as exposed north 
of the pike, is probably between 10 and 15 feet in thickness. If these 
several deposits are portions of an originally continuous bed, this thins 
rapidly toward the south, and at the most southerly exposure seen 
becomes less than 2 feet in thickness. Its relation to the syenite is 
here clearly seen to be similar to that prevailing in the Bryant district. 
The bed dips to the southwest, away from the adjoining syenite, from 
which it is separated by a bed of kaolin about 10 feet in thickness. 
The latter passes downward directly into the syenite, which is here the 
variety called by Williams pulaskite or "blue granite." 

About half a mile northwest of these deposits are two much larger 
in extent lying west of the pike. They form low ridges extending in 
a north-south direction, parallel with the margin of the syenite, and 
separated from it by a narrow belt, probably underlain by kaolin, but 
in which there is no exposure. They were doubtless originally con
tinuous, but have been cut through by a small stream flowing west
ward. The bauxite bed is probably 10 or 15 feet in thickness and is 
similar in character to the other depositR of this region. 

This group of deposits at the south end of South Mountain contains 
a large quantity of ore, which appears to be of good quality. Unless 
different portions of the bed vary widely in composition, so as to neces
sitate expensive hand picking, the ore can be mined very cheaply, 
owing to the entire absence of oyerburden. 

It is probable that in the Fourche .Mountain district the original slopes 
of the syenite on which the bauxite was depoeited were much steeper 
than in the Bryant district, and it is doubtful if the bauxite deposits 
covered so large a proportion of the syenite surface. If they were as 
extensive here as farther south, their present limited extent is due to the 
more extensive erosion which this region has suffered. The bauxite 
has been completely removed from the higher portions of the syenite, 
if it ever existed there, and remains only in. patches around the outer 
margin of the original deposits. Those deposits which are found near-
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est the margin of the syenite doubtless rest upon the kaolin derived· 
directly from the latter. This is certainly the case with the group at 
the south end of South Mountain, but the deposits which are more 
distant from ·the margin of the· igneous rocks, as those in the SE. t of 
sees. 24 and 25, are probably interstrati:fied between sedimentary beds 
of Tertiary age. The repeated reworking by wave and stream action 
of the unconsolidated Tertiary deposits and the concentration on the 
surface of the coarser materials render it in most cases difficult or 
impossible to determine the relation which the bauxite bed bears to 
the adjoining formations. 

ISOLA TED DEPOSITS. 

In addition to the deposits of the two subdistricts above described, 
a number of isolated deposits occur in the intermediate region. Their 
location is shown on the accompanying general map (PI. LX), and they 
will be briefly described. 

MABELVALE. 

A single deposit occurs about a quarter of a mile south of Mabel
vale station, on the Iron Mountain Railroad. It occupies the point of 
a low spur extending from the higher land on the southeast, and its 
surface rises about 15 feet above the surrounding lowland. The 
bauxite, so far as can be observed, forms a circular, dome-shaped mass 
about 115 feet in diameter. Its surface is covered by 18 inches of 
sandy soil containing fragments of bauxite. Below this is a solid 
ledge of bauxite, 5 feet and probably more in thickn~ss, as· the bottom 
is not exposed. The ore is very uniform in character, generally white 
or cream colored. The pisolites ·are abundant, and from one-eighth of 
an inch to one inch in diameter. These are embedded in a compact 
matrix, from which they separate with moderate ease. They consist 
of a thin shell, containing in most cases a .small amount of black, yel
low, or gray powder. A few contain a hard, horny substance and a 
few soft, white clay. On exposed surfaces the pisolites weather out, 
giving the ore the typical vesicular structure. The ore of this deposit 
is quite siliceous, containing from 14 to 18 per cent of silica. .At the 
margins of the deposit it passes into a bauxitic clay, the pisolites 
becoming less abundant and finally disappearing at a distance of 15 or 
20 feet from the typical bauxite. The surrounding clay has a mottled 
pink color and contains many small iron concretions. This relation 
appears to hold on three sides of the deposit, while the relations on 
the fourth side are concealed by the overlying coarse gravel. No 
syenite is found in the vicinity of this deposit nearer than Fourche 
Mountain, which is about 5 miles distant. In its form and relations 
to the surrounding formations it closely resembles the bauxite deposits 
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of the Georgia-Alabama district, and it i::; quite possible that it may 
have been produced under conditions similar to those which preva.iled 
in that district, although, as will be shown later, the chemical reactions 
involved must have been entirely distinct in the two cases. 

ALEXANDER. 

About a. n1ile northeast of Alexander, opposite the northern pvint 
of a rather high ridge, is a small deposit of bauxite whose relations 
are probably siinilar to those obsenred at Mabelvale. The exposures, 
however, are less satisfactory and the ore was obsenred only in the 
form of loose bowlders covering the surface. . It appears to pass into 
a bauxitic clay containing occasional pisolites. The ore is highly fer
ruginous, and probably contains much silica also. No syenite occurs 
in the vicini(r, and the bauxite is apparently interbedded with red and 
blue fissile clays and ferruginous sandstone. Numerous thin bands of 
lignite are said to occur in the clays which form the above-mentioned 
ridge. 

BRYANT. 

About a mile northeast of Bryant station there are several deposits 
of bauxite, in the northwestern portion of sec. 25, T. 1 S., R. 14 \V. 
The only one which is well exposed is in the northwest quarter of the 
section. It outcrops on a gentle slope and appears to be in the form 
of a bed interstratified with the Tertiary sediments. It consists of a 
layer of hard pisolitic bauxite 2 or 3 feet in thickness, which is very uni
form in appearance and contains no large pebbles or bowlders. Below 
this is 3 feet of soft bauxitic clay, mottled white and red, containing a 
few pisolites. This also contains ::;ome iron concretions. Its total thick
ness could not be determined, nor the character of the material on 
which it rests. No syenite occurs in this vicinity, and these deposits 
are in this respect similar to those of Alexander and lVIabelvale. 

BEARDEN. 

A fourth deposit similar to the above occurs about 3 miles southwest 
of Bryant, in the S\,7

• t of sec. 5. The bauxite here occupies the 
bottom of a shallow depression, its surface being exposed in -a ravine, 
and numerous fragments overlying an oval area several hundred feet 
in diameter. X either the thickness of the deposit nor the character of 
the underlying material could be determined. The ore is- uniform in 
appearance, having a pisolitic structure and containing considerable 
iron. It appears to dip toward the southeast at a low angle, and it is 
possible that an area of syenite may occur to the northwestward, 
entirely concealed by the overlying sand and gravel. No indications 
of the syenite, howe,·er, are present, and this deposit must be classed 
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with those above described, which are entirely dissociated fron1 any 
areas of the igneous rocks. It is quite possible that this bauxite bed 
may extend toward the southeast, under the cover of sand, and be 
continuous with the bed .which extends northwest from the Bryant 
district. 

ORIGIN OE' THE DEPOSITS. 

In considering the origin of the Arkansas bauxite deposits it 1nay be 
well to review briefly the theory which has been accepted for the origin 
of the ore in the Georgia-Alabama region. The deposits are there 
found embedded in residual clay derived from the weathering of lime
stone. The lime8tone overlies a great mass of shales, and the forma
tions are intersected by numerous faults, along which water has in the 
past found easy access to great depths. The shales are made up largely 
of silicate of aluminum. They also contain considerable iron sulphide 
in the form of pyrites. It is believed that surface waters, carrying 
oxygen in solution, gained access to these shales and, by oxidizing the 
pyrites, set free sulphuric acid. This, under the conditions present, 
decomposed the aluminous shales, forming alum and sulphate of alumi
num. Ascending currents carried these salts in solution to the surface, 
and, coming in contact with the limestone during their upward pas
sage, they were decomposed, forming sulphate of lime and aluminum 
hydroxide, together with basic sulphate of aluminum, which was sub
sequently changed to aluminum hydroxide on exposure to the air. The 
aluminum hydroxide thus produced formed a gelatinous precipitate 
which collected about vents of springs. It was kept in motion by the 

· ascending water and thus formed concentric structures. The reactions 
indicated above are all known to take place in nature, and the process is 
one which is readily understood. 

It will be seen at a glance that the conditions involved in the process 
abo-ve outlined are for the most part absent from the Arkansas region. 
Not only are there no limestones or aluminous shales in the vicinity of 
the bauxite depo~:;its, but the latter are so intimately associated with 
the igneous rocks that genetic connection between the two is imme
diately suggested. An entirely different process must, therefore, he 
appealed to to explain the formation of these deposits. 

The pisolitic structure which characterizes the upper portions of 
the bauxite bed indicates that they were formed as a chemical precip
itate. So far the origin of the deposits in the two regions is the same. 
'Vhile the formation of aluminous pisolites has never been observed 
in nature, the process which produces the same structure in calcareou~:; 
and siliceous materials has been observed and fully described. In all 
cases where this structure results the material is deposited either from 
solution or from suspension in the form of a fine precipitate. In all 
cases the material precipitated collects about nuclei, composed either 
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of a foreign substance or of compacted portions of the precipitate 
itself, and, being kept in motion, fresh f'urfaces are continually exposed 
on which additional concentrie layer~ of the material are deposited. 
In many cases organic agencies in the form of algre are instrun1ental 
in the formation of the concentric structures, but this agency does not 
appear to be essential. It may be assumed, then, that the material 
forming the bauxite deposits was in solution or in suspension in the 
form of a gelatinous precipitate. This applies to all the material hav
ing a pisolitic structure. The granitic bauxite forming the lower 
portions of the bed, and the bowlders with rounded surfaces and porous 
structure, are evidently of a different origin. · The rounded forms sug
gest water action, either of streams or of waves of sufficient intensity to 
move masses of considerable size. The presence of even a trace of 
the granitic structure characteristic of the associated syenite is con
clusive evidence that the material is residual or pseudomorphic and 
that this variety of the ore was at one time waterworn bowlders or 
solid ledges of that rock. 

The syenite under ordinary atmospheric conditions weathers to a 
final product consisting essential1y of the hydrated silicate of alumi
num, or kaolin. It is evident, therefore, that the conditions which 
prevailed during the deposition of the bauxite must have been totally 
different from those prevailing at the present time. The bed of kao
lin which, everywhere in the Bryant district, and probably elsewhere, 
intervenes between the outcrops of the syenite and the bauxite is the 
product of such decomposition as is going on at the present time. It 
is impossible to say definitely whether the bauxite when formed was 
laid down upon a surface of fresh syenite or of kaolin. The former, 
however, appears to have been the case. Otherwise fragments of the 
kaolinized syenite would be found· in the bauxite, for it is scarcely 
probable that when the syenite was once changed to kaolin it would 
undergo a further change to bauxite. In other words, there is no 
indication that the kaolin is an intermediate product between the 
fresh syenite and the bauxite. No fragments of the kaolinized syenite 
have been observed in the bauxite, but, on the other hand, the bowlders 
with granitic structure embedded in them indicate that the syenite 
presented a fresh surface from which they were. derived. 

Dr. Williams 1 has suggested two theories to account for the depo
sition of the bauxite. 

The first is that the bauxite was formed by the decomposition of a 
bed of clastic material which was derived principally from the syenite. 
He regards it necessary that two tran~::;fonnations should have taken 
place: First, the decomposition of the syenite, with the formation of 
kaolin; and, second, the alteration of kaolin to bauxite by the removal 
of the silica. 

1 Op. cit., p. 124. 
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The second theory, which he regards as the more probable, is that 
the Tertiary sea penetrated lo the still highly heated igneous rocks 
and that, under the influence of· high pressure and high temperature, 
the constituents of the syenite were dissolved and brought to the sur
face in solution, the water emerging in the form of hot springs. As 
soon as the pressure was removed n,nd the temperature was reduced, 
the excess of dissolved matter began to precipitate in the form of a 
basic hydrate of aluminum and iron, while the more soluble salts of 
the alkalies were still held in solution. The continual bubbling and 
movement of the water would result in the formation of concretions 
about some small nuclei. 

One difficulty with this theory is that a sufficient time must have 
elapsed after the intrusion of the igneous rock for its complete solidi
fication and the erosion of the overlying Paleozoic cover. Allowing 
the most rapid erosion conceivable, the time required to remove sev
eral hundred feet. of indurated shales and sandstones must be very 
considerable, and it appears scarcely credible that the intrusive rock 
should have retained any considerab~e portion of its original heat until 
the completion of this process. It may be, however, that the region 
has been subjected more recently to igneous intrusions or dynamic 
disturbances. which have given rise to thermal springs capable of pro
ducing the chemical results in question. The occurrence at the pres
ent time of hot springs only 30 miles distant from the bauxite deposits 
makes this view plausible. 

Another difficulty in the way of the hot-spring theory is that the 
bauxite generally has the form of a rather uniform layer spread over 
the surface of the syenite. It does not oc<?ur, at any rate in this part 
of the district, in local accumulations such as would be expected to 
form about the vents of springs. It may be, however, that the even 
distribution of the material is due to the fact that the region was 
covered by the sea at the time the deposition took pln.ce. Under such 
conditions currents might so distribute the solution before or during 
the precipitation that local accumulations would not be formed. ·Some 
of the isolated deposits already described have somewhat the .form 
which might be expected in a spring deposit, but this may be only 
supe'rficial and disappear when they are more fully exposed. 

A more serious objection to the theory which requires a deep-seated 
origin for the whole of the alumina contained in the bauxite bed is the 
presence in the deposits of the granitic ore. Conditions were cer
tainly present at the surface favorable to the solution and removal of 
the silica, lime, and alkalies contained in the syenite and the deposi
tion, in pln,ce of the constituents removed, of some alumina in addition 
to that which originally occurred in the rock. 

Again, if the alumina werP. derived from considerable depths the 
passages by which it reached the surface should be in evidence. 
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Although large areas of the syenite are perfectly bare of any cover, 
no fissures or other channels of any kind have been observed by which 
water from great depths could reach the surface. This, of course, is 
negative evidence, and has weight only in proportion to the are~ of the 
syenite exposed. 

While the objections to a theory of a wholly deep-seated origin for 
the bauxite appear serious, it is even more difficult to explain the con
ditions which must have prevailed at the surface if the reactions gi'iTing 
rise to the deposits were entirely superficial. 

It seems probable that the true explanation will combine the two 
theories-on the one hand that which ascribes the deposits wholly to a 
deep-seated origin, and on the other that which ascribes them to super
ficial chemical reactions. 

To summarize briefly, the n1ain facts which a theory for the origin 
of these deposits must explain are as follows: 

(1) The bauxite deposits are confined to the immediate vicinity of 
th~ two main syenite areas or the intm-yening region, which is also 
presumably underlain, in part at least, by similar intrusive rocks. 

(2) The deposits contain little foreign detrital material, and, so far 
as observed, no fragments of the Paleozoic rocks originally covering 
the syenite. 

(3) The ore occurs as a bed having great lateral extent compared 
with its thickness. 

(4) The ore bed occurs as a tolerably regular mantle, following· the 
undulations of the syenite surface, varying in altitude 220 feet or more, 
and only slightly thicker in depressions than on elevations. 

( 5) The ore bed, where~r it is in contact with the syenite, is gen
erally composed of two distinct varieties-the granitic below, resting 
on the altered syenite, and the pisolitic above. 

(6) Those deposits which are underlain by Tertiary sediments or 
which occur at a distance from the syenite contain only pisolitic ore. 

(7) The pisolitic ore bears evidence of having been brought to its 
present position in solution and then deposited as a noncrystalline 
precipitate. 

(8) The granitic ore bears ev~dence of having been formed by the 
action of a chemical solvent upon the fresh syenite. 

(9) The bowlder~ of grt1nitic ore are thoroughly waterworn. 
(10) The ore bed is immediately overlain by horizontally bedded 

sediments, probably marine. 
The theory which best conforms to these premises n1ay be briefly 

outlined as follows: 
The syenite of the bauxite region was intruded under a light cover 

of Paleozoic rocks. These were subjected to rapid erosion and the sur
face ~f the syenite was exposed. Either its subjacent portions retained 
a considerable portion of their original heat or a fresh supply of heat 
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was furnished by renewed intrusions or dynamic disturbances. The 
region was then covered by a body of water probably cut off from the 
sea, and 8alt or highly alkaline. The alkaline waters by son1e means 
gained access to the heated portions of the syenite and dissolved its 
minerals. The heated waters returned to the surface heavily charged 
with the constituents of the syenite in solution. They were still 
efficient solvents, howe-ver, and acted upon the syenite at the surface, 
remo-ving most of the silica along with the lime and alkalies, but leav
ing the alumina and depositing in place of the constituents removed 
about as much more alumina as the rock originally contained. Some 
of the alumina brought to the su1~face in solution was thus deposited 
by this metasomatic process, replacing a part of the silica removed 
from the syenite, but a larger part" was thrown down as a gelatinous 
precipitate on the bottom of the water body and somewhat e-venly dis
tributed over the undulating syenite surface, at the same time acquir
ing the pisolitic structure and becoming mingled with the bowlders of 
aluminized syenite. Most of the spring exits were in the immediate 
vicinity of the syenite areas, so that there the water was most strongly 
impregnated with the various salts in solution and hence precipitation 
of the alumina was most rapid. · vVherever the ascending solutions 
found their way to the surface by an isolated conduit through the 
Tertiary sediments already deposited a local deposit of greater or less 
extent was formed. The precipitation of the alumina must have taken 
place almost immediately after the solution emerged from the conduit, 
otherwise the bauxite would have been much more widely dis!-:;emi
nated, or even entirely dissipated, in the surrounding sediments. 

The formation of the bauxite bed marl~s a single episode in the his
tory of the region, during which conditions were vety exceptional. 
This episode was abruptly inaugurated and as abruptly terminated. 
Conditions returned to the normal, and the change from the unusual 
chemical deposits to the ordinary sedimentary beds is sharp and dis
tinct. The formation of the chemical deposits may have been ter· 
ruinated by a cessation of circulation of the chemical solvent, by a 
sudden exhaustion of the heat supply, or by a change in the conditions 
of the water body in which the deposits were being formed. The 
latter cause appears the more probable one for the production of so 
abrupt a change. If such a water body were comparatively small, 
of exceptional composition, and protected from the incursion of detrital 
~ediments, as appears probable, the establishing of free connection 
with the open sea would introduce changes which might completely 
alter the character of the deposits being formed. 

The theory outlined above is the best at present available, thoug·h it 
is confessedly unsatisfactory and incomplete. Additional light will be 
thrown on the subject by a study of the various chemical reactions 

21 GEOL, PT 3-01--32 
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which are assumed to have taken place in passing from the syenite to 
the bauxite, and also by further study of the relations which the 
deposits bear to the ·various associated formations. Such information 
will come only with the further development of the field. 

ECONOl\:liC RELATIONS. 

DEVELOPMENT. 

In view of the distance of these bauxite deposits from the consumer 
it is manifest that a great saving would be effected by refining the ore 
at the mines. Much of the ore is at present used in the manufacture 
of aluminum sulphate, or commercial" alum," which is in large demand 
b:y paper manufacturers. It is ·at present cheaper to transport the 
bauxite to the sulphuric acid than the acid to the bauxite. The reduc
tion of zinc ores, however, can be made to yield a large amount of sul
phuric acid as a by-product with very little additional expense. This 
does not bear long transportation, and if ·utilized at all it must be 
near the point of production. The proximity of the Missouri zinc 
deposits to the Arkansas bauxite deposits suggests the practicability 
of bringing the two ores together and utilizing the by-product of one 
process in performing the other. vVhen used as an ore of aluminum 
the bauxite is first converted into pure anhydrous alumina, A120 3 • 

About 2 tons of bauxite are required for the production of 1 ton of 
alumina. The value of the bauxite at the n1ine is about $3 per ton, 
whereas the value of the alumina is $60 per ton. Hence, if the 
refining were done at the point of production the value of the prod
uct shipped would be increased about ten times, while the weight 
would be decreased one-half. Since the freight on the crude ore to 
the factories in Pennsylvania and elsewhere is nearly twice the value 
of the ore at the mines, the saving in freight alone by this reduction 
in weight would be very considerahle, even though the rates might 
be somewhat higher on the refined than on the crude product. Con
siderable advantage would also result from having the refining plant 
at the 1nines by reason of the greater ease with which a blended ore 
n1ight be obtained exactly suited to the refining process employed. 
The only advantage which the present plan offers is the fact that plants 
for the treatment of the ore are already established and the necessary 
skilled operatives and the requii·ed chemicals are at hand in the East, 
while they are entirely lacking in the Southwest. This~ howeYer, is a 
temporary advantage, and when it is recognized that the Arkansas 
field must supply the raw material for the production of aluminum 
and the aluminum salts for many years to con1e, it is eddent that eco
nomic considerations demand the establishment of refining plants at 
the point of production. Little if any demand has hitherto existed 
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for the necessary chemicals in the Southwest, but it is altogether prob
able that both sulphuric acid and caustic soda. can be produced as 
cheaply in Arkansas as at any other point in the United States when 
the necessary plants are once established. It is evident from the fig
-r.res given in this report that refining plants may be established with 
perfect assurance of the supply of ore being sufficient for many years. 

The present method of drying the ore serves merely to drive off most 
·of the moisture. It is probable, however, that a considerable saving 
in weight may be effected by grinding the ore and heating it to a ;suffi
ciently high temperature to drive off a part of the chemically combined 
water. If all the water were driven off, the ore would be rendered very 
much less soluble, but the solubility appears to be little if any affected 
so long as from 6 to 8 per cent of water remains. A reduction in 
weight of 20 to 25 per cent might therefore be effected, and the conse
quent saving in freight would doubtless more than compensate for the 
expense involved in the process. Another advantage would be that 
a more uniform product could be supplied to the consumer, and one 
which would require no preliminary treatment before use. The crush
ing and grinding machinery now required by each consumer would 
thus be concentrated in a few plants at the mines. 

An attractive and promising field is open fo1~ experiment in the 
treatment of the ore after mining. A reduction of a few per cent 
in the content of iron and silica increases the value of the ore so much 
that a heavy inducement is offered for the discovery of some method of 
treatment which shall secure this result. Competition with foreign 
ores and with the Georgia-Alabama aistrict renders it possible to ship 
only the very best of the Arkansas ore, and any method of remoying 
the objectionable constituents will render a mucli larger proportion 
of the output salable, and correspondingly cheapen mining. 

The commercial deyelopment of the Arkansas bauxite field is as yet 
in its infancy. Although the nature of. the deposits was recognized 
in 1891, their yalue was not appreciated until several years later. It 
was assumed by those interested in the bauxite trade that the Georgia
Alabama :fields would supply all demands for the ore for many years 
to come, and its superior shipping facilities and nearness to market 
gaye its product a decided advantage over that of the Arkansas :field. 
A. study of the geologic conditions under which the Georgia-Alabama 
deposits occur, howeYer, showed that the amount of ore contained in 
them was limited and that the field would be exhausted within a few 
years. This led to an examination of the Arkansas field and to heavy 
investments in the lands containing the deposits. The :first inyestor 
in the field was the Southern Bauxite Company (Perry & Smith), which 
secured a majority of the deposits. Shortly afterwards the Pittsburg 
Reduction Company secured several hundred acres of land in the 
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Bryant district, and the Illinois Chemical Company a somewhat smaller 
amount. Both of these companies have a large quantity of good ore 
in sight and haye made some shipments. 

A plant has been established at Mabelvale for the manufacture of 
alumina and aluminum salts. It was afterwards found that the bauxite 
at that point was too siliceous for use by the soda method, and the 
proprietor, E. Metznauer, secured a small tract of land in the Bryant 
district from which a considerable amount of good ore has been taken. 

Shippers have, until recently, been dependent on the Iron ~fountain 
Railroad, which involyed a wagon haul of from 3 to 6 miles from the 
different portions of the Bryant district. In April, 1900, the Little 
Rock, Hot Springs and \Vestern Railroad was opened for traffic, con
necting with the Choctaw system in Little Rock. This road cuts 
through the northwestern portion of the :field, and spurs are being 
built directly to the mines. A spur will also probably be built to the 
mines from the Iron Mountain road, while Perry & Smith have a 
charter and suryey for a road intersecting the entire district and con
necting with both trunk lines. With these increased shipping facil
ities the chief obstacle to the deyelopment of the district is removed, 
and it will doubtless become a large producer in the near future. 

AMOUNT OF ORE. 

An attempt is made on the accompanying map of the Bryant district 
to indicate, in addition to the actual areas of outcrop, the areas within 
which the bauxite bed, having a workable thickness, probably occurs 
under a cover of Tertiary sediments. It should be .definitelY. under
stood, howeYer, that the areas thus represented haYe not been tested 
in such a manner as to determine whether or not the)r contain bauxite. 
The estimates as to the extent of the ore are based entirely upon 
inference from obseryed relations at its outcrop, and, as represented, 
it can be regarded at best as only an approximation to the actual concli
tions. The map has been drawn conservatively, and it is quite possible 
that the ore extends farther than thereon represented.· This, howeyer, 
is a matter to be determined only by future systematic prospecting. 
It will be seen that the area of the ore bed under cover, if the infer
ence is correct, greatl)r exceeds that of the outcrops and at present 
visible. The following table gives estimates of the amounts of ore in 
the outcrops and under cover contained in the seyeral sections. They 
must be taken with a wide margin of allowance for probable error, 
but the amounts may possibl)r exceed those given rather than fall 
below. The average thickness of the bed on which the estimates are 
based bas been taken much below the maximum obsen'ed in the seyeral 
sections. It may still be too high, but is probably below rather than 
aboye the actual figure. This element in the estimates is liable to be 
materially changed as the field is more thoroughly prospected. 
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Estimates of amount of ore in Arkansas bauxite 1·egion. 1 

Outcrops. 

Quarter. 
Area. A\·erage Amount. thickness. 

Acres. Feet. Tons. 

sw. 0 -- ...... -- ... - ---- ... - - ... -- ... -
SE. 9 8 218,700 
s,v. 23 9 628,800 

SE. 0 --- ... -- .. - ------------
NW. 12 10 364,500 

NE. 26 10 790,500 

sw. 11 12 401,000 

SE. 6 6 109,400 
N,Y. 14 10 425,300 
NE. 10 10 303,800 

sw. 2 10 60,700 
SE. s 6 145,800 

K"'· 1 6 18,200 

KE. 17 5 258,200 
SE. 0 --··---- ................................ 

N"'· -! 5 60,700 
S\Y. 0 -------- ----------·-
NW. 22 8 534, 700 
KE. 6 15 273,400 
N,V. G 10 182,300 

NE. 16 10 486,000 
S,Y. i 6 127,600 

SE .. 14 8 340,200 

NW. 3 8 72,900 

NE. 3 8 72,900 

sw. 8 10 243,000 

SE. 6 5 91,100 

N"'· 5 6 91,100 

NE. 1 8 24,300 

SE. 1 5 18,200 

NW. 5 8 121,500 
X E. 5 6 91,100 

sw. 
I 

3 i 5 
I 

45,600 
i 

Under cover. 

Area. Average 
thickness. 

Acres. Feet. 

3 8 

21 8 

42 10 

10 12 

14 12 

20 13 

75 12 

46 8 

120 12 

120 12 

153 10 

52 10 

35 10 

60 5 

73 8 

35 5 

3 5 

75 10 

10 15 

130 10 

43 10 

28 8 

25 8 

13 8 

62 8 

20 10 

33 7 

17 8 

55 5 

20 5 

95 7 

47 5 

181 5 

I 
1 

I 

I 

Amount. 

Tons. 

73,000 

510,400 

1, 275,900 

364,600 

510,400 

790,000 

2, 734,200 

1, 117,900 

4, 375,000 

4,375,000 

4, 708,900 

1, 579,800 

1, 063,300 

911,400 

1, 774,20 

531:60 

45,60 

2, 278,50 

455,70 

3, 949,40 

1, 306,30 

680,50 

607,60 

315,90 

1, 506,80 

607,60 

701,70 

413,20 

835,40 

303,80 

2, 020,30 

713,90 

273,40 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

I The specific gravity of bauxite is taken as 2.5, and the amount of ore in a bed 1 acre in extent and 
1 foot thick as 3,038 tons of 2,240 pounds. 

Tons. 
Total amount estimated in outcrops .. _ ... _. __ ............ __ .. ____ . ___ • 6, 601, 500 
Total amount estimated under cover ... _ ... __ ... _ .. _. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 43, 711, 200 
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The aggregate an1ount of ore in these deposits as indicated in the 
above table is very gratifying. Even if future prospecting should 
necessitate the revision of the table by reducing both the area under 
cover and the thickness of the bed the aggregate tonnage would still 
retain respectable proportions. No attempt has been inade to estimate 
the amount of ore in the several isolated deposits above described, nor 
in the Fourche Mountain district. In these deposits the difficulties of. 
determining the thickness of the bed are much gTeater than in the 
Bryant district. Also the relations of the bed to adjacent fo1~mations 
are more obscure, so that no basis is afforded for estimating the extent 
of the bed under cover. 

QUALITY OF THE ORES. 

How much of this aggregate will prove to be merchantable ore is a 
question which it is quite impossible to answer at the present time. 
The two constituents which detract from its value are iron and siljca. 
The former is chiefly objectionable when the acid method is employed 
in refining, and the latter when the alkali method is employed. The 
expm~imental mining of the last year has shown that no difficulty will 
be experienced in obtaining ore which will run under 3 per cent in 
one or the other of these objeetionable ingredients. The granitic 
variety pron1ises especially well, since it generally contains less than 
3 per cent of silica and almost no iron, except that which is segregated 
and can be removed by hand picking in the mine. Commercial analy
ses 1 of this variety give the following results: 

Analysis of granitic urriety of bmccite. 
Per cent. 

Alumina (Al20 3 ) ••• -. ____ ••• ___ ••••• __ • _.- _. __ •••••• _-- ••• -.- ••••••• ----.- 63. 00 
Silica (Si02 ) __ • __ •••••• _ •• _ •••••••••••••••••••••••••••••••••• - •• -.- •• -... 2. 25 
Iron ( Fe

2
0

3
) _. ___ • ___ • ___ • __ •••• _. __ •••• _. __ ••• __ ••• ____ • _____ •• _. _ • • • • • • 1. 95 

"Tater ............... ____ .. ______ . ___________ .. _____ . __ . ___ . _ _ _ _ _ 31. 50 to 32. 75 

Sp. gr., 2. 7. 

This agrees much, more nearly with the composition of gibbsite 
(Al20 3 3H20=alumina 65.4, water 34.6) than of bauxite (Al20 3 2H20= 
alun1ina 73. 9, water 26.1). If the definition of the bauxite family 
given by Lauer 2 be accepted, this material will be excluded. Accord
ing to Lauer, the silica, iron oxide, and water may replace one another 
in all proportions, and the sum of these three variable elements always 
amounts. to about 27 per cent. 'Vhile this generalization is hardly 
borne out by the analyses of American bauxite, it is nevertheless true 
that the high content of water and the low content of silica and iron 
place this granitic bauxite in a class by itself. Although it possesses 

t Analyses furnished by )!r. R. S. Perry, general manager Southern Bauxite Co. 
2 The bauxites: a study of a new mineralogical family, by Francis Lauer: Trans. Am. lost. )lin. Eng., 

Vol. XXIV, 1.894, pp. 234-242. 
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no trace of crystal forn1 except that which it inherits from the original 
feldspar, it would seem to belong more properly with gibbsite than 
with bauxite. · 

Some portions of the bauxite bed contain a very large amount of 
iron, going as high as 55 per cent Fe20 3• These highly ferruginous 
ores, however, make up but a small proportion of the entire deposits. 
In the Bryant distriut they are confined chiefly to ~he outcrops which 
occur north of Hurricane Creek and to the northern portion of the 
area represented on the accompanying nlap in sees. 9 and 10. It is 
possible that a part of this ferruginous bauxite may sometime be util
ized as an iron ore, but there is no immediate prospect of this. 

The iron of these ferruginous ores,· and that which is p1·esent in 
greater or less amount in most of the bauxite of this ·region, giving it 
a reddish or mottled appearance, was doubtless precipitated along with 
the alumina. In addition to this iron, which is an original constituent 
of the bauxite, n1any of the outcrops contain veins of limonite, which 
is doubtless a secondary deposit. These, as already described, have the' 
form of irregular undulating plates intersecting the bauxite bed and 
appearing on the sides of a cut as bands from 1 to 2 inches in thick
ness. They are in most cases nearly vertical, and appear to occupy 
shrinkage cracks. While the iron which is present as an original con
stituent will doubtless remain constant in amount, or nearly so, with 
increasing depth of cover, it is probable that this secondary limonite 
will be found to be confJ.ned largely to the outcrop. Prospecting has 
not gone far enough to afford de-finite information on this point, and 
it can only be stated as fairly probable. It is probable also that the 
ore will be found to contain a smaller percentage of silica at some dis
tance under cover than upon the outcrop. It is frequently observed 
that rocks which are cou1pact and very siliceouscon their outcrops are 
soft and porous under cover. This is due to the transfer of silica, in 
.solution from one part of the bed to another and its deposition in the 
exposed portions by the evaporation of the sol vent. This decrease of 
silica with increasing depth of cover has been noted in the Georgia
Alabama deposits, and in the Arkansas deposits the conditions are 
even more favorable for the transfer of silica to the outcrop. 

If, as appears probable, the ore is found to improve in quality by a 
decrease in both iron and silica with increasing depth under cover, this 
improvement may be sufficient to compensate for the added expense 
of mining under a heavy overburden. 

MINING AND PREPARATION OF ORE "FOR MARKET. 

As already stated, the ore shipments thus far made from the Arkansas 
district have been largely experimental, and final mining methods have 
not yet been developed. For working the outcrop the methods will be 
extremely simple. The few inches or feet of soil covering the bauxite 

I 
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bed is removed, and the ore is taken out by ordinary quarrying methods. 
In some cases, as at the Illinois Chemical Company's mines, shown in 
Pl. LXIV, the ore requires blasting. On the Pittsburg Reduction 
Company's property, in the adjoining quarter section, the ore has the 
appearance of a partially compacted gravel bed, and can be mined with 
little or no blasting. In sec. 22, where the granitic ore is most abun
dant, the bed is only slightly compacted and can be easily worked with 
a pick. 
~7here the bed contains bowlders of granitic ore, hand picking is 

necessaiT to separate the different varieties. This will add somewhat 
to the cost of preparing the ore for the market, but the increased cost 
will probably be more than compensated for by the higher grade of 
the product. Hand picking is also rendered necessary where there is 
much segregated limonite. By careful attention in mining this form 
of fron can probably be almost entirely eliminated. 

The greater part of the outcrop of the ore bed is so located that it 
can be mined without serious trouble from water, as natural drainage 
will be readily secured in most cases. The Metznauer bank was opened 
in a creek bottorn, so that pumping was necessary, but most of the bed 
lies well above drainage. 

Some variety in method of treating the ore ·after mining is necessary. 
The compact ore of uniform texture and composition, such as that 
being mined by the Illinois Chemical Cmnpany, is merely crushed to 
about three-quarters of an inch and then passed through a rotary drier. 
This company has a small plant in operation for this treatment. The 
gravel ore is mixed with more or less bauxitic clay and requires 
washing. 

vVhat will be the largest and best-equipped plant in the district is 
being erected by the 5outhern Bauxite Company. This is located at 
Perrysmith, just north of the Little Rock and Hot Springs Railway, 
in the northwest corner of the district. It will contain washers, two 
improved rotary driers, and probably a series of crushers and screens. 
l'he mill is connected with the ore deposits to the southeast and south 
by a well-graded and macadamized road. It is proposed to employ 
traction engines for hauling the ore from the bank to the mill. 

The Pittsburg Reduction Company is also planning to erect a washer 
and drier in the NE. t of sec. 16. This site is already connected with 
the Little Rock and Hot Springs Railway by a spur. The ore lies on 
either side of a narrow valley in which the mill is to be located, and 
can be delivered to the mill very readily by short tram roads. The 
chief disadvantage of this location will probably be the scarcity of 
water in summer. 
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TENNESSEE 'VHITE PHOSPHArrE. 

By CHARLES \VILLARD HAYES. 

IN'l'RODUC'l'ION. 

The deposits of white phosphate in Perry County, Tennessee, were 
described at some length in -the Seventeenth Annual Report, Part II. 
At the time the field work was done on which that report was based 
these, deposits had been very imperfectly prospected, so that their 
extent and geologic relations could not he satisfactorily determined. 
Since 1896 the district has been thoroughly prospected and some of the 
deposits are being actively developed. The Perry Phosphate Com
pany has established a plant near Toms Creek post-office and has 
opened mines on both sides of \Vilsdorfs Branch near its junction with 
Toms Creek. The rock is hauled by wagon 5 miles to the Tennessee. 
River and sent to market in barges. 

The district.was revisited by the writer in October, 1899, and again 
in March, 1900. Every locality in the district where phosphate had 
beenreported, or where leases had been taken with a view to mining, 
was examined. The many prospect pits, but more especially the mines 
opened on \Vilsdorfs Branch, afforded an excellent opportunity to 
determine the geologic relations of the deposits. In general the con
clusions reached from previous examination of natural outcrops were 
confirmed, but additional facts were bbserved which throw much light 
on the mode of formation of the deposits and their probable extent. 

DESCRIPTION 0~' THE WII..JSDORF DEPOSITS. 

The mines of the Perry Phosphate Company are at Toms Creek 
post-office, on either side of Wilsdorfs Branch near its junction with 
Toms Creek. The openings are at the points marked II and Ii on the 
map of -Toms Creek accompanying the 1896 report. The principal 
development has been on the east side of the branch. At the time of 
the previous examination the breccia phosphate was found on the hill
side, extending around the point and eastward some distance up the 
valley of Toms Creek. A few shallow pits had been dug and a small 
amount of the lamellar variety of phosphate was found embedded in 
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the clay. The entire natural outcrop, however, consisted of the 
breccia. An area of about one-half acre has been stripped along the 
hillside and the phosphate removed. Fron1 the face thus exposed a 
drift has been run about 150 feet into the hill, with numerous cross
cuts on either side. The phosphate found under cover is composed 
entirely of the lamellar variety, the breccia being apparently confined 
to the surface outcrops. A continuous bed of phosphate is found, 
varying from lt to 7 feet in thickness. It is not horizontal, but shows 
considerable undulations, varying in altitude as much as 1.0 feet in 100. 
The phosphate rests in part upon an undulating floor of limestone and 
in part upon purple and blue clay which intervenes between the phos
phate and the limestone. It does not replace any particular stratum, 
as is so clearly the case with the brown phosphate, but, where the 
surface of the limestone rises in knobs and hummocks, the phosphate 
bed passes over these like a blanket. In addition to the lamellar 
plates, but intimately associated with them, are portions of the phos
phate which are almost structureless, generally greenish in color, and 
slightly softer than the plates. The bed shows u certain amount of 
stratification, though the planes are not continuous for any distanee 
and are not strictly horizontal. It .has the appearance of plates 
deposited fron1 solution rather than from suspension in water. It has 
apparently suffered con.siderable motion, which has resulted in the 
production of numerous fractures, and in n1ost cases these fractuTes 
have subsequently been recmnented by phosphate. In some cases the 
difl'erent layers are separated by a thin film of greenish clay. The 
upper surface of the phosphate bed is n1uch less regular than the lower 
surface. A part of these irregularities appear to be due to secondary 
motions by which the mass has been broken up, but more largely to 
odginal irregularities of deposition. Overlying the phosphate bed is 
a layer of clay from 3 to 8 feet in thickness, made up of irregular 
bands and lenses varying slightly in composition and color. This clay 
contains variable quantities of phosphate, consisting of small frag
ments of the separate plates and large irregular masses up to several 
tons in weight. The latter are generally much broken and often con
stitute breccias composed of angular fragments of lamellar phosphate 
held together by phosphate which has been subsequently deposited in 
the cracks and thus acts as a cement. These mas::;es, as well as the 
smaller fragments scattered through the clay, do not appear to occupy 
their original position. The small fragments are most abu.ndant in 
the light-yellow and blue portion of the clay and are less abundant or 
wanting in the deep-red clay. They are frequently quite soft and in 
some cases resemble deeply decayed white chert. AboYe the phos
phatic clay is another layer of clay about 6 feet in thickness, contain
ing many limestone bowlders. These Yary in diameter from 1 to 6 
feet, and are evidently residual, having characteristic irregular solu-
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tion outlines. Finally, above this layer are several feet of red and 
yellow clay containing much angular chert. This cherty clay forms 
the surface soil. The appearance of the phosphate bed . is ~bown on 
Pl. LXV. It also shows the overlying elay with its embedded bowlders 
of phosphate and limestone. 

On the opposite side of "\Vilsdorfs Branch the phosphate bas been 
opened by stripping, and the conditions are somewhat similar to those 
above noted. The phosphate bed is here also continuous, but some
what thinner, varying from 2 to 4 feet in thickness. Above this, 
instead of the obscurely bedded clay, there is from 8 to 10 feet of clay, 
sand, and gravel, the latter containing pebbles as large as 3 inches in 
diameter, but mostly between one-half inch and lt inches·. The gravel 
is well rounded and, so far as observed, composed entirely of chert. 
This material was evidently deposited by running water, but the bed
ding is extremely irregular and the materials are imperfectly sorted. 
The material gives the impression of having been deposited by a stream 
flowing under hydrostatic pressure; in other words, of being a cave 
deposit. Above the gravel is clay similar to that on the opposite side 
of the branch, containing large irregular masses of phosphate, and 
finally a thin layer of cherty clay soil forming the surface. 

ORIGIN OF THE DEPOSITS. 

As stated in the former report on these white phosphates, the con
clusion arrived at from examination of the surface outcrops was that 
the lamellar variety had been formed by deposition from sol uti on in 
cavities in the limestone. The observations recently made on the more 
extended exposures amply confirm this conclusion. They show, more
over, what could not be determined from the surface outcrops, that 
the cavities in which deposition took place were very extensive, form
ing, in fact, large caverns in the limestone. It appears that the phos
phate was deposited in a so mew hat uniform and continuous layer on 
the floors of these caver.ns in general,. following their undulations, but 

· more was deposited in the depressions than on the elevations. Phos
phate was also deposited in less regular cavities in a limestone above 
the stratum in which the main cavern formed. When this limestone 
was dissolved these masses settled down with the residual clay in which 
they are now embedded. During this readjust1nent, brought about by 
the solution of the limestone, the phosphate was repeatedly fractured 
and recemented, giving it a brecciated structure .. The phosphate was 
doubtless deposited in these caverns from quiet water, but they also 
contained at times rapid streams which carrie~ sand and gravel and 
formed alluvial deposits. The latter differ distinctly from those formed 
by surface streams under ordinary conditions. Since the stream was 
more or less confined above by the roof of the cavern, as well as at the 
sides, the water was sometimes under hydrostatic pressure. Under 
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such conditions the laws which govern ordinary stream transportation 
and deposition do not apply, and the deposits possess certain charac
teristics which clearly indicate the conditions under which they were 
formed. 

EXTENT OF THE DEPOSITS. 

Since the lamellar variety of the white phosphate was deposited in 
limestone caverns, it will be found only where the conditions were 
favorable for the formation of caverns. It need not be expected above 
the top of the Silurian, since the Carboniferous limestone in this region 
contains so large a proportion of chert and other impurities that it 
probably never gives rise to the formation of caverns. It should fur
ther be noted that certain horizons in the Silurian limestone are much 
more soluble, and hence better adapted to cavern formation, than others. 
This is the characteril:;tic of certain beds of lJpper Silurian limestone 
which have a granular crystalline structure and are composed largely 
of crinoid sterns. v\iherever these beds are exposed by stream cutting 
they are apt to be cavernous. At numerous points in this region the 
streams sink and flow for considerable distances in underground chan
nels, and this is most often the case where the erosion of the valleys 
has reached the surface of this easily soluble limestone. The white 
phosphate therefore, although· its connection with any particular bed 
is in a n1easure accidental and not essential, as is the case with the 
brown phosphate, 1nay be expected to occur in greatest quantity at the 
horizon of these particular beds. Hence the latter, identified by their 
peculiar fossils and physical characteristics, will afford a guide of some 
value in further prospecting. 

Since this phosphate was deposited in caverns, it can not be e:A'})ected 
to have very great lateral extent. As stated in the previous report, it is 
essentially a pocket deposit, although the possibilities for extensive 
deposits are much greater than were recognized at the time that report 
was made. The examination of one deposit, no matter how thoroughly 
it is exposed to view, will not enable the prospector to make definite 
estimates as to the extent of any other deposit. Doubtless -similar' 
natural exposures may lead to inferences of some value, but they can 
not be depended upon to take the place of actual prospecting. Each 
deposit must be examined itself, and the amount of rock which it con
tains, as well as its character and the depth of overburden, mw::~t be 
determined by systematic exploitation, similar to that which has been 
employed by the Perry Company at \Vilsdorfs Branch. The neces
sity for this thorough examination of each individual deposit can not 
be dwelt upon too strongly. 

Probably the greater part of the white phosphate in this district 
will be obtained by open workings. The character of the overbur
den-unconsolidated clay in which movement takes place with great 
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ease-is such that underground working will be attended with the 
greatest difficulty. Substantial and expensive timbering would be 
required wherever the phosphate was removed, and doubtless even 
then a large proportion of the rock would be wasted. The specific 
gravity of this rock is so much greater than that of the brown phos
phate that a very much greater overburden can be removed with 
profit for the same thickness of bed. \Vhere the phosphate bed has a 
thickness averaging 3 feet it is probable that 16 or 18 feet of over
burden can be removed with profit while the rock commands present 
prices. The phosphate which is disseminated through the overlying 
clay can be saved easily with the proper plant, which should include 
screens and washers. Owing to the much greater density o~ this rock, 
the matter of drying is less important than with the brown phosphate. 
It would, however, probably pay to dry the rock before shipment, and 
this might be done by open-air burning, or more economically with an 
ordinary rotary drier. 

DEPOSITS IX OTHER PARTS O:E' THE DISTRICT. 

Considerable interest attaches to the distribution of the white phos
phate and the possible extension of the productive territory. If the 
conclusion outlined· above is correct--namely, that the phosphate 
deposits were accumulated in caverns in the limestone-a consideration 
of the geologic conditions prevailing elsewhere in the district shoqld 
be of material assistance in locating other deposits. -

The topography of the region between the Tennessee and Buffalo 
rivers has been described in a previous report, but its main features 
may be again briefly. described in order to render statements regard
ing the distribution of the deposits intelligible. For a considerable 
distance the Buffalo and Termessee rivers flow north nearly parallel 
with each other, and their tributaries head upon the intervening land 
and join the trunk streams very nearly at right angles, flowing east 
to the Buffalo and west to the Tennessee. The tributaries of the 
Buffalo are very short as compared with those of the Tennessee, so 
that the divide between the two drainage basins is much nearer the 
former stream than the latter. Streams of considerable size enter 
the Tennessee at intervals of about 5 or 6 miles, and shorter ones 
frequently intervene between these main tributaries. 

Beginning in the vicinity of Perryville, the creeks of the first class 
which enter the Tennessee are Spring, Lick, Toms, Roan, a·nd Crooked; 
while the streams of the second class are Parish Branch, between 
Spring and Lick creeks, and Deer creek, between Lick and Toms 
creeks. These creeks are characterized by rather narrow, level valleys 
and are separated by ridges rising 300 or 400 feet higher than the valley 
bottoms. These ridges are simply portions of a deeply dissected 
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upland plateau, the altitude of which in this region is between 900 
and 1~000 feet. They are capped by the Lower Carboniferous chert, 
and are entirely coyered with forests. \i'\Thile these ridges reach a 
tolerably uni_form eleyation, the distance from their summits down to 
the limestone is quite yariable. Thus, in the ridge between Lick and 
Spring creeks the chert i:; comparatively thin, the limestone reaching 
more than two-thirds of the way from the yalley bottom to the top of 
the ridge. The rocks of the region are, in a general way, horizontal, 
though not strictly ~o~ and when considered in broad area they show 
considerable undulations. It should be remarked that the DeYonian 
appears to be entirely wanting in this region, the Lower Carbonifer
ous chert or cherty limestone resting directly upon some member of 
the Silurian, usually the sparry crinoidal lin1estone abm~e described. 
The bed~ descend toward the north~ and in Roan and Crooked creeks 
the valley~ are not cut down to the surface of the limestone. On 
Toms Creek there is a dip to the westward which carries the ~urface 
of the limestone below the creek yaJley about ± miles from it~ mouth. 
It then rises so that the limestone is Pxposed hetwPPn this point and 
the Tennessee River, hut again dips westward, and the surface of the 
limestone is probably near the riYer surface at the mouth of Toms 
Creek. On Roan Creek the limestone is nowhere exposed except in 
the bed of the Tennessee Ri,~er near its mouth. It will be readily 
understood that the conditions favorable for the deposition and pres 
eryation of deposits of white phm;;;phate are most fayorablc in those 
region;:; where the. surface of the lipwstone reaehes a short distance 
ahoye the level of the ntlle)' bottom-;. \\,...here the surface of the 
linwstone is too high ahon~ the yalley bottoms the depo~its, if they 
were ever present. haye heen largely r<:>nwn.'d by erosimL whPn'a:-; the 
conditions for the formation of ca''Prns are not present where the 
limestone ::;urface i::; below the le,~el of permanent ground water in 
the valleys. 

On the south side of Spring Creek about three-fourths of a mile 
fron1 the Tennessee River is a small deposit of white phosphate. on the 
hillside. from 75 to 100 feet aho,~e the level of the ereek. The slope 
is steep and co,~ered with a thin layer of chert~ through whirh the 
limestone ledg-e:-3 project at many points. The depo:::;it has. been 
thoroughly prospected by means of a long trench on the hillside and 

· abo a ~haft. The ehert is confined chiefly to a fpw inches of surface 
soil. e nder this is yellow clay' with fragments of limestone and some 
chert, down to the surface of the solid limestone ledges. The latter is 
extremely irregular, and the small ea\ities contain numerou:-::; bowlders 
of white phosphate embedded in the yellow or blue clay. The amount 
of phosphate exposed in the cut is very small, and there is no indica
tion of a large body at this point. 

About 2 milPs east of the above locality, on a tributary of Spring 
Creek. there are a couple of small areas on the hillside carrying some 
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bowlders of phosphate. The slopes are covered with chert and yellow 
. clay, in which the phosphate i~ embedded. No prospecting has been 
done at this point, but the limited extent of the territory covered by 
the float indicates that the deposits are small in extent. Numerous 
outcrops of limestone show that the solid rock is near the surface, 
which precludes the possibility of finding 'extensive deposits of phos-
~~~~ . 

The next deposits to the north are on the hillside facing the Ten
nessee River near the mouth of Parish Branch, and about a mile from 
the river on the south side of this branch. Both these localities have 
been thoroughly prospected. The phosphate is somewhat more abund
ant than at the locality fir3t described, but it is evidently limited by 
the shallowness of the clay which covers the limestone. The phosphate 
appears to be of excellent qualit}r, being made up entirely of the 
lamellar v-ariety, white or pink in color, alternating with zones slightly 
more massiv-e and somewhat porous, which have a gray or greenish 
color. The phosphate occurs, so far as can be seen, only in bowlders 
disseminated through the clay, but most abundant near the surface of 
the limestone. It does not form a continuous layer as at Toms Creek, 
and the am~unt of clay to be removed would be considerable compared 
with the amount of phosphate obtained. These depo~its may contain 
a few hundred tons, hut fron1 l)resent indications the amount would 
scarcely exceed that. 

The white phosphate has been found at three points on Lick Creek. 
The first is about 2 miles from the Tennessee River, on the Sparks 
place. It is near the top of a spur on the south side of the creek. The 
surface of the limestone is covered with a thin layer of cherty cla.r, and 
within an area about 50 by 100 feet numerous fragments of phosphate 
occur on the surface and are shown in a few shallow pits. The small
ness of the area within which the float rock is found indicates that no 
considerable deposit occurs here, although there may be a pocket of 
some depth. About 5-! miles ·from the river, also on Lick Creek, the 
phosphate shows in the roadside as a ledge in place about 2 feet in 
thickness. Its lateral extent can not be determined, but it is probably 
not great. Little if any float rock appears 0~1 the surface, and the 
presence of the ledge would not be suspected except for ·the accidental 
expostire in the road cutting. About a mile farther up the creek on 
the south side of the valley, on Tom Young's place, several large bowl
ders of phosphate occur on the cultiv-ated hillside. No prospecting has 
been done here, but the scarcity of float would indicate that the deposit 
is small. 

The distribution of the phosphate deposits on Toms Creek has 
already been de8cribed, and thorough prospecting has failed to reveal 
any considerable amount between the main deposits near the mouth of 
Wilsdorfs Branch and the Tennessee River. 

On Roan Creek, which is next north of Toms Creek, white phosphate 
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has been found at one point about 5t miles from the Tennessee River. 
A prospect pit in the creek bottom has brought to light a small amount 
of the breccia variety. The phosphate forms a matrix in which par
tially rounded chert pebbles are embedded. The latter are in every 
way similar to the gravel forming the bed of the creek. As already 
stated, this creek does not cut down to the limestone, except at its 
mouth, and therefore the conditions favorable for the formation of 
the lameller variety are nowhere present in its valley. The same con
ditions prevail in the next creeks to the north, Crooked Creek and 
Blue Creek. Numerous leases have been taken on the farms in these 
valleys, but they afford no indication whatever of deposits of phos
phate. Occasional bowlders of chert breccia cemented by limonite are 
found, and these are locally regarded as indications of phosphate. 
They, of course, afford no indication whatever of the presence of such· 
deposits. 

Little can be added to descriptions of the Toms Creek deposits east 
of 'Vilsdorfs Branch contained in the former report. 1 They have not 
been opened to any extent, and while conditions at a few points a~·e 
favorable for the existence of extensive deposits, their extent can be 
determined only by further systematic prospecting. 

Some prospecting has been done in the vicinity of Beardstown at 
points noted in the 1896 report. The lamellar phosphate here occurs 
more or less intermingled with clay, and the test pits have not yet 
revealed a continuous bed such as appears at Toms Creek. It is by no 
means impossible, however, that such a bed may not occur at greater 
depth than the pits have yet reached. This locality affords better 
promise than any other in the district except 'Vilsdorf, and is worthy 
of more systematic exploration than it has yet received. 

VARIETIES OF Pl:IOSPI-IATE. 

In the former report on the Tennessee white phosphates the following 
classification of the deposits was adopted: (1) Stony, (2) lamellar, (3) 
breccia. 

The first variety consists of a siliceous skeleton, the cavities in which 
were originally filled with lime carbonate, but are now filled with lime 
phosphate. The latter forms from 27 to 33 per cent of the rock. This 
stony phosphate is found in cons.iderable abundance in the northern 
part. of Perry County, on Terrapin and Red bank creeks. No attempt 
has yet been made to utilize it, and unless some inexpensive method is 
devised for concentrating the lime phosphate, it is too low grade to 
compete with the other varieties. · 

The third variety, the breccia phosphate, which forms most of the 
surface outcrops in the Toms Creek district, appears to be confined 

1 Seventeenth Ann. Rept. U.S. Geol. Survey, Pt. II. 
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almost exclusive!~~ to the surface. Its importance, therefore, is rela
tively small, and it is questionable if it exists in sufficient quantit:r to 
justify the development of n1achinery for separating the phosphate . 
from the chert, even if this separation were found to be practicable. 

Only the lamellar variety, therefore, has thus far been develo.ped. 
· Fortunately this variety, which is the highest grade and the most easily 

prepared .for market, appears to be also the n1ost abundant. Selected 
specimens of the thin plates contain 85 to 90 per cent of lime phos
phate. The less dense, greenish material, which is associated with the 
white and pink plates, contains some ferrous iron and runs slightly 
under 80 per cent of lime phosphate. There appears to be no difficulty, 
however, in getting from such deposits as are being worked on \Vils
dorfs Branch a uniform product which will run between 79 and 81 per 
cent of lime phosphate. 
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REPORT ON THE GEOLOGY OF THE .. PHILIPPINE 
ISLANDS. 

By GEO;RGE F. BECKER. 

SOURCES OF INFORJ\IA.TION. 

An attempt will be made in the following paper to bring together, 
so far as is practicable, all that is known of the geology of the Phil
ippine Islands. The report is intended as a vade mecum for geologists 
in the field and a guide to the literature in the office. Doubtless some
thing has escaped which should have been included, especially among 
the shrewd remarks of early Spanish travelers, but research in that 
direction is curious rather than profitable. If here and there they 
caught a glimpse of truth, with which it would be pleasant to credit 
them, most of their views on geological matters were of a grotesque 
falsity, with which it would be unkind to reproach them. 

In the bibliography will be .found references to about 100 papers 
touching on the Philippines. The greater number of them are of very 
subordinate value, containing only casual observations, or compilations 
which sometimes show careless preparation. Some errors I have 
noted; many more I have simply ignored. 

Serious work began late in the fifties, with a group of German· and 
Austrian geologists and explorers. Ritter von Hochstetter spent a 
few days in the Philippines, but his chief work was done elsewhere in 
the Far East. Baron von Richthofen, though but a short time in 
Luzon, was fortunate enough to discover nummulites at Binangonan. 
Carl Semper spent years in toilsome travel in the archipelago, almost 
completely cut Qff from civilized intercourse. His labors were zoologi
cal, but his studies of coral reefs are of great geological importance, 
and his geological collections are most valuable. . They enabled Mr. 
Oebbeke, in 1881, to make his important study of massive rocks, and 
they furnished the material for ~lr. K. Martin's paper on the Tertiary 
fossiis of the Philippines {1895). JVlr. Martin's paper seems to me so 
exactly suited to the end here aimed at that I have translated it a~ a 
·complement to this report. J agor was in the Philippines at the same 
time with Semper. He was not a specialist, but a very intelligent 
traveler, and he made many geographical observations. His col
lection of rocks was worked up by Roth, who took occasion to compile 
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everything then known of the geology of the Philippines. J·agor'::; 
human skulls were studied by Virchow, and both these important 
_papers appeared in 18'73 as appendices to J agor's travels. Mr. R. von 
I)rasche spent a few months in the islands, and explored new ground 
in 18'75-'76. His Foraminifera were studied by Mr. Felix Karrer, and 
threw new light on the stratigraph)r. ~1r. J. Montano al8o made some 
studies in ~Iindanao in 18'79 to 1881, which, however, were mainly 
ethnological. 

The Spanish engineers Sainz de Baranda, Antonio Hernandez, Jose 
Maria Santos, and Jose Centeno have contributed many details to the 
sun1 of knowledg·e. l\1uch more has been done by l\1.r. Abella, who, 
under conditions which seem to have been very discouraging, spent 
many years in geological research. Much the best maps of the islands 
ha\re been prepared by :Nlr. Enrique d'Almonte, whose work was 
largely perfonned in connection with Mr. Abella. \Vhere ~1r. d'Al
monte was able to make suiTeys himself the execution was admi
rable, as I have reason to know. In much of the area of his .maps he 
was compelled to rely on insufficient information. Besides other 
favors, I have to thank him for a table of areas of some of the islands, 
given on pages 496--497. The best map of -:\Endanao and the J ol6 
Archipelago is that prepared by the J esnit missionaries. The two maps 
aceompanying this report, Pis. XL VII and XL VIII, are. borro,ved 
frOin the Atlas of the Philippine Islands prepared by the Jesuit Fathers 
and printed by the Coast and Geodetic Survey, 1901. "'\Vhile they 
are not wholly satisfactory, I know of none so good on a similar seale. 
:\-lr. Luis Espina compiled for n1e from the archives of the InspP-eci6n 
de )'linas a sketch of the mineral resources and the geology of the 
islands which has been very useful. 

In July, 1898, I was ordered to report to the military governor of 
the Philippines for duty as a geologist, and I accompanied Gen. E. S. 
Otis to )lanila. I remained in the Philippines fourteen monthE:~ but 
could accomplish little geological work because of the attitude of the 
natives. \Yhen the cessation of the rains made it 1>racticable to tra\~e1, 
~Ir. ~.:\...guinaldo's associates had assumed a threatening attitude and soon 
afterwards became ~·war rebels." I was able to do something about 
~Ianila Bay as far north as San Fernando, and a little at Laguna de 
Bai. .I had son1ewhat more success at Negros and Ceb6., but geolo
gizing under arms with a n1ilitary escort is more exciting than peo:fit
able. I visited Iloilo, Guimaras, and J ol6, and had excellent oppor
tunities of studying from the decks of Yessels the terracing of Rohol, 
lHindanao, and other islands. The military authorities affordP-d me 
all the facilities practicable without deliberately risking troops for the 
sake of information which can wait.· I ha-re to thank them for much 
kindness and for many privileges which rarely fall to the lot of a geolo
gist. If the positive results of my stay in the islands are small, it has 
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enabled me to· get a better grasp of the geological situation than I 
could have acquired without an inspection of the country, and it is to 
be hoped that the digest here presented will aid my successor in mak

·ing better headway. 
The Spanish g·eologists have dealt in much detail with earthquakes 

and with mineral springs. These subjects are not included here, but 
the render interested in them will find the literature cited in the bibli
ography (p. 594 ). It is intended that in most cases this report should 
enable the field geologist to dispense --with other papers; but for field 
work in either Panay or Cebu, lVIr . .Abella's memoirs on those islands 
will be req nisi te. 

It appears certain that lVIalaysia forms a single geological province. 
I have therefore made the attempt to draw upon Borneo, Java, and 
the Banda Islands f01: instruction and suggestion. J unghuhn, Ver
beek, and other Dutch geologists have done a vast amount of work 
wh.ich can not safely be neglected in dealing with the geology of the 
Philippines. lVlessrs. Alfred R. 'Vallace, Dean C. 'Vorcester, and F. S. 
Bourns also have contributed to geological knowledge of the islands 
through their studies of the distribution of living forms in .Malaysia. 

In treating the subjects of the various sections of this report a 
geographical arrangement of each has been adopted in order to 
facilitate perusal. The information available is so fragmentary that 
any attempt to treat separate areas completely would fail. For the 
purpose of triaking it practicable to combine data locally I have pre
pared· a special index of provinces (p. R12), by means of which the 
reader will be able to collect the facts presented for any single prov
mce. The latitudes of this index are intended to assist ~;uch readers 
as are unfamiliar with the geography of the country in orienting 
them·selves. 

Geog-raphical names in the Philippines are a source of much trouble. 
This arises partly .from the fact that various cartographers have heard· 
native names a little differently. Thus, a river in :\1indanao is called 
on maps both Craan and Gran, which are clearly two attemptH to 
reproduce the same word. Much worse than this is the native atti
tude toward natural objects, which they regard from what may be 
called a village standpoint. Thus, a famous mountain is often desig·
nated }lajayjay for no better reason than that a village near it has 
that name. To the native, it would seem, a river is merely the water 
passing such and ~;uch a town, so that for him the stream has as many 
names as there are towns on its banks. 

The phonetic Spanish system of spelling native names is a great 
convenience. All .Filipino names are pronounced as if they were 
Spanish, and, when properly written, there is but one possible way 
either of pronouncing the syllables or of aceenting the words. Spanish 
names usually follow exceedingly simple rules of accentuation, and, 
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when there is an exception to the general rules, this is indicated by 
a \Yritten accent. The reader must be warned, however, that the 
accents on native names are often carelessly treated by Spanish print
ers, no doubt through unfamiliarity with the correct accent. I have 
tried to write the names correctly in this paper, because it is intended 
for use in the field, and geologists will find that natives will fail to 
con1prehend geographical names which are mispronounced. It is to 
be hoped that the present excellent method of name writing will be 
preserved in Government reports. 

In consulting the literature readers will find that maps to which 
they will need to refer are drawn to different prime meridians. For 
this reason I have usually given only latitudes. The islands are so 
narrow that. it is little trouble to run down a latitude and find a 
position marked on the map. Some Spanish maps count longitude 
from Madrid, others from the ob.:;ervatory at San lfernanqo, near 
Cadiz. French authors count from Paris, and the usage in Germany 
is variable. In dealing with miscellaneous maps and charts of the 
Philippines, it is convenient to know the following longitudes: 1 

II 

Greenwich Observatory _________________ . _______________________ _ 0 0 0 
Madrid Observatory ____________________ . _______________________ _ 3 41 21 'v 
San Fernando Observatory ______________ . _______________________ _ 6 12 24 ''T 
Paris Observatory ______________________ . _______________________ _ 2 20 14 E 
Berlin (Urania) Observatory ____________ . _______________________ _ 13 36 53 E 
Ferro _____________ . ____________________ . _____ - ___ - - ___ - - - _ - - - - - - 17 20 ow 
Manila CathedraL ______________________ .. ______________________ _ 120 58 8 E 

NOTE 0~ SOME AREAS IN V ARlO US PROVINCES AND DISTRICTS IN THE PHILIPPINE 

IsLANDS. 

[By Enrique d'Almonte.] 

District of Samar : Square kilometers. 
Island of Samar ____________________ .. ________________ -.- _________ . 12, 606 
Island of Capul _________ . ___ . __ ... _. _____ . _____ . ______________ . _ _ 40 
Island of Daluripi _ .. _. __ . _. ________ .. ___ . _________________ . _ _ _ _ _ _ 37 
Islets N. of Samar _. _____ ... _ .. __ ..... ____ . ______ . __________ ... _. _ 140. 25 
Islets E. of Samar _______ ~ _. ____ . ___ .. _____ . ____ . ___ . ______ . ____ . _ 24 
Tomonjol and Suluan. ___________ . __ . _. __ .... __ .. __ .. _ .. ___ . __ . __ . 87. 50 
Islets \V. and SvV. of Samar ________ .. __ . __ ... __ ... __ .. _. __ ._._._. 189. 25 

Total . ______ . ___ . _____ . ___ . _ . ____ .. __ . __ . ___ .. ____ . _____ .. ____ . 13, 124 

District of Calamianes: 
Cuyos Islands .. _. __ ._. ______ . _____ .. _______ . _____________ - ___ -___ 149 
Culi6n _ . __ . ___ . ___ . _ . _ ..... _ . _ . ___ ..... __ .. ____ . __ . __ . ____ . _ _ _ _ _ _ 388 
Busuanga _________________________ ... __ . _ . ________________ . _ . _ _ _ _ 994 
Remainder of Calamianes __ . ____ . __ .. _ . ______________ . _ _ _ _ _ _ _ _ _ _ _ _ 395 

Total ____ . _ . ____ . _________ . __ ... _ .. __ . __ . _______________ . _____ . 1, 926 

lTbe observations are taken from the Xautical Almanac, 1896, p. 492. 
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Square kilometers. 
J ol6 Archipelago, including Tataran ________________________ . ____________ - 2, 560 
Bahtbac Island and adjacent islets, including Cagayan J ol6. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 604 

District of Leyte: 
Island of Leyte __________ . ___________________________ .. __ . ________ _ 
Island of Pana6n ______________________ . ________ .. ______ . _________ . _ -

Island of Biliran ______ ......... _ .............. _ ................... _ . 
Adjoining islets .· ............ _ . _ ...... _ ..... _ . _ .. __ . _ ........ _ ...... . 

7, 109 
187 
512 
62 

Total _____ .. _ . _. __ . _ . _ .. ___ . _____ .. _ .......... _ .......... _ ... _ .. _ _ 7, 870 

District of :\iasbate and Ticao: 
Island of Mas bate. __ ..... _ ....... ___ . _ ...... ___ ... _ ..... _ .. __ ... -. _ . 3, 201 
Island of Ticao .. _ . _ .... _ ... _ ...... _ ..... _ . _ ... _ ... _ . _ . _ ...... _____ ~ . 327 
Adjoining islets _ .......... _ .... _ ... _ ... __ .. __ . _ ... __ ........ _ .. . . . . . . 136 

Total ____ ................ _ ... _ ... __ ... __ .... _ .. _ . _ .. _ . _ ...... _ .. _ . 3, 664 

ProYince of Mindoro: 
Island of Mindoro._. __ . __ . _______________ ... _._ ... _. __ .. _ .. ______ ._. 9, 653 
Semerara, Ilin, and remaining southern islets ... _ .. _ ..... _ .. _. _ .. _... . 192 
.1\iarinduque and adjacent islets .. ____ .. ____ ...... _ ... _ .... _ .. __ ....... 918 
Lubang group._._ ..... _._._._ ... _._._ ......... _ ..... _ ..... _ .... ___ .. 215 
Other adjacent islets .... ____ ... _____ .. _ ..... ___ " .......... _ ...... _... 22 

Total ______ . _____ . ____ . __ ..... _ . _____ . _ ... _ . _ .. __ .... _ .. _ .... _ . . . . 11, 000 
District of Rombl6n . _ ....... ______ . __ . _. _____ ......... _ ..... _........... 1, 288 

District of Catanduanes: 
Island of Catanduanes ..... _ .... _ . _ .... _ ........... _ ...... _ ......... . 
Adjacent islets _____ .. ____ . _. _ ..... ____ . __ ..... __ .. __ ........... _ .. _. 

Total _________ ..... _ .. _ ............... _ .......................... . 
District of Burias. __ ........ _ ....... __ ........... __ ..................... . 

District of Cebu: 

1,720 
85 

1,805 
507 

Island of Cebu ___ ........... _ .... _ ...................... _. . . . . . . . . . . .J., 188 
Adjacent islands ........ _ ... - ........................... _. . . . . . . . . . . 458 

Total. _____ ._ ........... _ .... __ .................. _ .... _. _ ....... _ . 4, 646 

District of Bohol: 
Island of Bohol __ .. _ .. _. _ ....... _ ...................... _._........... 3, 685 
Adjacent islanch; ..... ____ . __ ....................... _ ........... _.... 121 

Total . _ . _ .......... _ ...... _ .................. _ .... __ .. _ . _ . . . . . . . . . 3, 806 
Island of Siquijor .. __ ................... _ . _ . __ . __ . ___ .. ___ ... _ ......... _ _ 271 

CRYSTAT .... T .... INE SCHISTS AND OT .... DER l\IASSIVE ROCJ{S. 

The exposures of crystalline schists and the older massive rocks in 
the Philippine Island~; are neither good nor conveniently situated for 
study. As a matter of course they are scarcely to be found except in 
the mountains or in deep ravines. As a rule, they are heavily covered 

21 GEOL, PT 3-01--34 
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with saprol~e, soil, and dense vegetation, while the localities where 
they are to be found are largely in the possession of uncivilized tribes. 
The mountah1 system of northern Luzon and the eastern coast ranges 
of that island in the provinces of Infanta and Camarines Norte are 
largely composed of these rocks. They are also found on Lubang 
Island, in the sierras and seacli.ffs of Panay, and in the deep ravines of 
Ceb(l. On the east coast of Leyte there is a limited occurrence of 
crystalline schists, and the series is probably represented in Samar. 
In the great southern island they appear in the provinces o£ Misamis 
and Surigao. The occurrence of metallic ores is suggestive of a still 
wider distribution of these formations. 

The older rocks of the islands appear to emb1~ace crystalline schists 
and gneiss, granites in small quantities, and possibly some syenite, 
while diorites and diabases and gabbros are abundant. The most 
important contributionc; to knowledge of these rocks are due to 
Messrs. Jagor, von Drasche, Montano, and Abella. It is a little diffi
cult to correlate the information, which is fragmentary and not alto
gether accordant. Mr. von Drasche, who began his studies in the 
Zambales Range, compares the rocks which he met in the Caraballo 
Sur, the Cordillera Central, and the San :Mateo Mountains with tho~e 
of Zambales. Mr. Abella's most elaborate studies were made in Panay, 
but during his long residence in the archipelago he became fan1iliar 
with many areas. His determinations in some cases fail to agree 
with Mr. von Drasche's. Mr. Montano's examinations were confined 
chiefly to Mindanao, where Mr. Abella also had made studies. 

Aside from somewhat vague and casual mentions, 1 the first state
ments concerning the older rocks with which I have met are by Meyen 
and Itier. The former about 1832 observed that the limestones in 
which the somewhat famous caves occur near San Mateo, Manila 
Province, rest upon diorite. 2 Itier 3 a few years later drew attention 
to the character of the stream pebbles at :Angat, in the Province of 
Bulacan. This locality lies at the eastern' edge of the great central 
plain of Luzon, ·and in the mountains a few miles farther east is 
an important iron n1ine. Seemingly on the strength of these facts, 
1\-Ir. von Drasche lays down on his map an area of crystalline schists 
directly east of Angat. 

In his studies of the Zambales Range, which lies to the west of the 
Province of Pangasim1n, Mr. von Drasche reached the conclusion that 
this sierra is composed chiefly of gabbroitic and dioritic rocks. "\Yhat 
he calls diabase-gabbros are more or less peculiar, but are closely 
related to ordinary gabbros. The best exposure appears to be along 

I Dana did not land in northern Luz6n, but states that it is said to be covered with granite, gneiss, 
etc. (Wilkes Expl. Exp., Vol. X,1S49, pp., 539-545.) He cites no authority. Humboldt, in Cosmos, 
makes a similar statement on Dana's authority (Vol. IV, 1858, p. 404), and other writers have fre
quently cited Cosmos on this subject. 

!! Reise um die Erde, Part II, 1835, p. 23i. 
3 Bull. Soc. geog., Paris, 3d series, Yol. Y, 1845, pp. 365-389. 
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a trail across the range just to the northward of the coast town of 
Santa Cruz. This path follows a river called by Mr. von Drasche the 
Santa Cruz River, but which appears on Mr. d'Almonte's map as the 
Nayon. It crosses the divide in latitude 15° 51'. ~1ost of the west
ern slopes of the range consist of the gabbro in thick layers (Baenke) 
with northerly strike and westedl dip. In connection with the gabbro 
occur dioritic schists, but wheth.er these are uralitic derivatives of the 
gabbro is not discussed. The green dichroitic hornblende lies in irrBg
ular patches among the plagioclases. The gabbro is granular, and to 
the naked eye shows olive-green and light-brown grains, both of which 
turn out under the microscope to be augite. This augite, he says, 
"·exhibits a not inconsiderable dichroism between reddish brown and 
olive green.'' It seems probable that Mr. von Drasche was dealing 
with a mixture of green augite and brown rhombic pyroxene. The 
augite showed a tendency to a single cleavage. Portions of the rock 
are sharply banded. An analysis of this rock is given below. A 
similar rock was found on the eastern slope of the range, well down 
toward the plain of Pangasimin. It, too, was analyzed, and its com
position is remarkable for the excessively small percentage of soda 
and potash. Among the gabbros on the western side, Mr. von Drasche 
found one which was olivinitic, the diallage being green and quite free 
from dichroism. This I take to mean that the appearance of olivine 
was accompanied by the disappearance of hypersthene. Serpentines 
were found along this trail. Farther south, on the Bucao River Pass 
(latitude 15° 13'), Mr. von Drasche also found gabbros and serpentines. 
In the latter he detected remnants of olivine and bronzite. 1 

In examining the 1nineral springs of the country Mr. Abella encoun
tered compact argillaceous, ancient-looking slates at the eastern base 
of the southern end of the Sierra Zambales. They occur in the town
ship of O'Donnell, at a place called Canan. It is noteworthy that they 
strike ENE. and have a northwesterly dip of 25°. 2 

On th~ San Mateo River in Manila Province access is afforded to the 
foothills of the eastern ranges, and here the rocks appear to have a 
marked similarity to those of the Zambales Range. 1t has already 
been mentioned that Meyen found diorites beneath the limestones. 
Near by ~1r. von Drasche found coarse-grained gabbros on the Poray, 
a small tributary of the San Mateo. They ·contain hornblende as well 
as diallage, form thick layers, and dip to the eastward. Higher up 
the stream he met beds which are stratified, resemble sandstone, and 
are dark green. They consist of crystal fragments, mostly rounded 
and much decomposed. Mr. von Drasche had this 1naterial analyzed, 
and its chemical and mineralogical composition led him to regard it 
as a diabase tuff. It is unfortunate that the term tuff should be used 

1 Fragmente zu einer Geologie der Insel Luzon, 1878, p. 21. 
2Manantiales, 2d study, 1893, p. 144. 



500 GEOLOGY OF THE PHILIPPINE ISLANDS. 

by so Inany geologists to denote waterworn sediments derived from 
eruptive rocks. By a slight extension of the usage, arkose would be 
denominated granitic tuff, which would certainly be a retrogression in 
nomenclature. The excuse is, of course, that it is sometimes difficult 
to say whether such fragmental masses are pyroclastic or hydroclastic. 
In these days of microscopical study, however, so important a point 
stould not be left uncertain, and tuff should be limited to essentially 
pyroclastic material. 

At Mainit, on the Payagmin River, 6 kilometers from Boso-boso, 
lV16rong Province, is the center of an extensive area of ancient slates. 
They are described as diabasic and are accon1panied by diabasie con
glomerates. The strata at Mainit strike N. 10° ,V., and dip eastward 
ahnost vertically. 1 

The following are the analyses made for Mr. von Drasche. I is the 
gabbro from the Santa Cruz or Nayon River, on the western slope of 
the Zambales Range; II is the gabbro from the eastern slope of the 
same range on the same section ; III is the so-called diabase tuff from 
Poray Creek, San Mateo River. The analyst was Dr. Berwerth. 

Analyses of gabbros and diabase l1J:tf. 

I. II. III. 

-------------------/---- ----~----
Si 0 2 •••••••••••••••••••••••••••• ___ • _ • ___ •• __ • - • 

Al
2
0

3 
••••••• _. _. _. __ ••••• ___ ••• ____ •• ___ ••.. __ • _. 

FeO ...... _ ..... _. __ .. _ . - ___ . _ ...... _ ....... _.-. 

50.52 

20. 12 

4.38 

Fe203- . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - -- -- - - - - - - - - - - - - - -
CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9. 75 

l\lgO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11. 30 

1{20 - --. - - - - - ------ -.---- - -- - -- - -- --- -----.------ 2. 76 
1'\ a20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 48 

48. 93 i 51. 69 

21. 12 20. 11 

6.95 9.36 

11.99 6.26 

9. 54 : 4.85 
I 

.05 1. 21 

. 41 1. 97 

. 59 I 7.07 · Ignition ...... ~ ... ~ ............................. ! • 36 
-------1----------------

TotaL .................................... [ 101. 67 99.58 : . 
! 

102.52 

Older massive rocks occur also in the Caraballo Sur and in the Cara
ballo Central or Cordillera Central of northern Luzon. The first defi
nite statement known to me on the subject is by Centeno in 18'75. The 
range which forms the eastern limit of the valley of the Abra River, 
or the northeastern branch of the Caraballo, he says is pyrogenic, in 
consequence of which the tributaries of the Abra which come from 
the eastward carr.r larger quantities of volcanic and plutonic rocks, 
such as trachytes, diorites, and various species of porphyry, granite, 
syenite, etc. 2 Semper traveled in this region, but was little impressed 

1 Abella, )!anantiales, 2d study, 1893, p. i5. 2 )femoria geol6gico-minera, 1876, p.19. 
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with the presence of ancient rocks. 1 Among the specimens which he 
collected, however, Mr. Oebbeke found a quartz-porphyry from 
Cabayan, a village in the Province of Benguet, and a quartz-diorite 
from the Agno River, near the same place. 2 JVIr. von Drasche crossed 
the Caraballo Sur, and made trips through the provinces or districts 
of Union, Benguet, Lepanto, Bontoc, and Ilocos Sur, which lie along 
the Caraballo Central. The basal rocks in this last range, in his 
opinion, consist of diorites, diabases, protogine-gneiss, and chloritic 
schist. 3 Some details are as follows:· To the northeast of Trinidad, the 
capital of Benguet, is a large area of diorite, and in seams in this rock 
occurs gold, exploited by the Igorrotes. ~ A portion of this diorite is 
quartzose. At the village of Amlimay, on the Agno, in Benguet, the 
lowest formation is quartzose schist. 5 At Vigan, the capital of !locos 
Sur, there n.re chlorite-schists and protogine-gneiss. 6 Both on the 
Agno and on the Abra plagioclase-hornblende-chlorite rocks underlie 
a formation· named by von Drasche '~the Agno beds," 7 which is also 
found in the Caraballo Sur, on the Pinquiang River. The lowest por
tion of this formation consists of coarse breccias and conglomerates of 
the dioritic rock. The overlying strata are of finer grain, with transi
tions to sandstone, which are again succeeded by green and purple 
beds, these consisting of thoroughly decomposed rock and being filled 
with calcite veins. The Agno series is very coarsely bedded, and often 
faulted. lVIr. von Drasche counts the Agno beds among the primitive 
rocks (Grundgebirge) of the region. No fossils were found in them. 

JVIr. von Drasche crossed the Caraballo Sur from Carr~nghin, ii.1 
Nueva Ecija, to Bambang, in Nueva Vizcaya. A few miles south of 
the crest lies the refuge which he calls Camar!n Santa Clara. This 
he found surrounded by a beautiful, typical, fine-grained, massive 
syenite in place. From this point to the summit of the pass, a six 
hours' ride, he found everywhere in ·place a beautiful coarse-grained 
:rock almost identical with the gabbro of the eastern slope of the 
Zambales Range. 8 

Mr. Abella's observations differ markedly from Mr. von Drasche's. 
In a paper elated in 1881, but seemingly written before he had read the 
Austrian geologist's memoir, JVIr. Abella strongly insists on the pre
dominance of diorites in northern Luzon. In a trip from Carranglan to 
Bambang and to Solano, a few miles north of Bambang, he found that 
not only the crest of the range consisted of diorite, but the underlying 
rock all the way from Camarin de Salazar (doubtless von Drasche's Ca
marin de Santa Clara) to Solano, 9 a distance of over 30 miles. In 1892. 
:fi'lr. Abella again referred to this subject. He then examined his suite 

1 Die Philippinen und ihre Bewohner, 1869, p. 99. 
2 Neues Jahrbucb, Beil.-Band I, 1881, pp. 495, 497, 498. 
a Fragmente, 1878, p. 42. 
4 Ibid., p. 33. 
5 Ibid., p. 35. 

o Ibid., p. 41. 
7 Ibid., pp. 34, 37. 
8Jbid., p.27. 
9 Apuntos fisicos y geol6gicos, 1884, p. 30. 
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of specilnens collected in 1881, this time under the microscope, and 
found neither syenite nor gabbro, but only diorite. The diorites of 
the region are in part quartzose and so crystalline and granular, he 
says, that to the naked eye they resemble' rocks of the granitic family. 1 

As Mr. von Drasche appears to have relied on megascopical inspection, 
the weight of evidence is on .the side of Mr. Abella. 

In the Caraballo Central also Mr. Abella is very positive that dio
rites are the oldest exposed rocks, agreeing only partially with Mr. 
von Drasche. The peak of Mount San Tomas, or Tonglon, in Union 
Province, famous as the site of a great earthquake in 1641, is a bolo
crystalline, somewhat quartzose, horn blendic, cbloritic diorite. This 
rock in various facies extends far to the north, south, and east of 
Tonglon and is probably continuous to the Agno River. Some of its 
facies are augitic and others porphyritic. At Galiano is a rock which 
Mr. von Drasche describes as unquestionably a hornblende-trachyte 
tuff. 2 Mr. Abella has examined this material at various points and 
studied its relation to the diorite massif of Touglon, which it sur
rounds on the south and west. He pronounces it simply a sandstone 
composed of material derived from the dioritic· area. Mr. Abella 
also gives many notes on a formation which would appear to be that 
named the Agno beds by Mr. von Drasche. It is extensively devel
oped throughout Union Province and in Benguet. It rests on diorite. 
The basal beds are conglomerates with more or less rounded dioritic 
pebbles, often of enormous size. The middle portion consists of 
sandstone~, and the upper strata of clays containing lignite and fossil 
shells of species now living in the Philippine seas. 3 The supposed tuff 
at Galiano belongs to this same series. Such partial information as 
was available to Mr. Abella in 1893 concerning the Cordillera Central 
of northern Luzon, including its branehes reaching to the China Sea on 
the west and to the Cagayan Valley on the east, led him to belieYe that 
it consists of a core of ancient diabasic and dioritic schists together 
with massive rocks belonging. to the same type and epoch, which is cut 
at some points by very modern trachytes and andesites and is overlain, 
to the west at least, by the same limestones, conglomerates, sand
stones, and clays which constitute the post-Tertiary formation of the 
central part of Luzon. i 

Semper seems to be the only naturalist who made public any notes 
on the Sierra Madre of northeastern Luzon. Two of his specimens 
represent pre-Tertiary massive rocks. Of these, one comes from the 
range near the _coast town Palanan, latitude 17° 5'. It is described by 
Mr. Oebbeke as a peridotite containing diallage, enstatite, and pikrite. 
The other specimen probably comes from the western foothills of the 
same range. It was a pebble in the brook called Dicamuni, and this 

I Terremotos de 189'2, 1893, p. 32. 
2 Fragmente, 18i8, p. 31. 

a Terremotos de.1892, 1893, p. 33. 
• )Ianantiales, 2d study, 1893, p.18. 
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brook is said to be "in the land of the n1inangas." Semper's map 
shows ~1inanga in latitude 17°, at or about the locality of the settle
ment named Malum1 on Mr. d' Almonte's map. 1 This pebble, accord
ing to Mr. Oehbeke, is a norite. 

The cordillera of Baler and La Infanta, lying to the east of the great 
plain of Luzon, is described by l\1r. Abella in much the same tern1s as 
the Caraballo Central. It consists of diabase and diorites, in part 
schistose, pierced by modern volcanics. 2 To this range belongs the 
spur containing the San Mateo caves and the gabbroitic area near by 
them examined by Mr. von Dl'asche, of which mention has already 

·been made (p. 499). 
The foregoing notes cover all the occurrences of ancient massive 

rocks and crystalline schists known to me north of Laguna de Bai. 
Immediately south of the lake neo-volcanics appear to stretch quite 
across Luzon. . In the southwesterly prol<;mgation of the island, how
ever, there are patches of the rocks in question. Of these the most 
northerly is in Tayabas Province and was visited by Mr. von Drasche. 
This very small area lies just to the west of Antimonan, in latitude 
13° 59'. The rock is a g1~eatly decomposed, green talc-chlorite schist 
with a high easterly dip. 3 

One of the most important areas in the whole archipelago surrounds 
the ports of Paracale and Mamhulao, in Camarines Norte.! This is the 
most promising auriferous district known in the islands, and the rock 
is also of special lithological interest. Roth describes it as follows: 

On the northeast coast of the province, the cotmtry between Paracale 5 and l\1am
bulao consists of gneisses and hornblende-schist in which there are rich quartz veins. 
The mountain lying a quarter of a league north of Mambulao, and the mountain 
north-northeast of Mambulao (divided by the Mount Dinaan Brook), consist of 
gneiss, in which the white layers are separated by thin, discontinuous, uneven lay
ers of tombac-brown mica. The white layers are composed of a mixture of fine
grained quartz, some orthoclases, and plagioclases. The rock is said to contain gold. 
The mountain half a league northwest of Paracale, Mount Dinaan, and the stretch 
between Paracale and Mambulao consist of hornblende-schist. The fresh rock from 
Mount Dinaan is dark colored through the preponderance of rather coarse horn
blende, narrow discontinuous white stripes being due to aggregations of plagioclase 
in small crystals. Besides these minerals there is some pyrite and brown mica. The 
magnet extracts no magnetite from the powdered rock. The weathered rock between 
Paracale and Mambulao strikes east and dips to the south at 40°, is gray-green, soft, 
intersected by stringers of magnetite, and converted sometimes into serpentine-bear
ing talcose schist, and sometimes into talcose serpentine-schist. 6 

I For further details as to this locality see footnotes to Mr. Martin's paper which follows this report. 
2 Manantiales, 2d study, 1893, p. 16. 
a Fragmente, 1878, p. 59. 
•Till within a few years there were two provinces, called Camarines Norte and Camarines Sur . 

. Early in the last decade they were united into a single province, Ambos Camarines. About the same 
time the southeast end of Albay was separated from it, and designated the Province of Sorsog6n. 

oRoth.writes Paracali, Which iil not now the accepted form. 
6 J agor's Reisen, 1873, p. 344. 
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This quotation contains the second unquestioned reference to ortho
clase among the pre-Tertiary massive rocks discussed in this notice. 
Judging from the distribution of gold and iron mines on Mr. d' Almonte's 
map, this area of ancient rocks should stretch from Mambulao to near 
Daet. Between Paracale and Mambulao Mr. von Drasche found a 
layer (dike~) of peridotite, about a hundred paces in width, which pro
jects into the sea. 1 

In Camarines Sur there are diorites on the southwest coast just to 
the westward of the port of Calbajan. They are not schistose, the 
grain is variable, and the feldspar is relatively anorthitic,_ since it is 
completely decomposed by hot chlorbydric acid. The hornblende is 
black. The rock contains magnetite and some pyrite. 2 

In San1ar J agor found no ancient rocks in place, but sediments 
which he collected on the north coast appeared to Roth, after panning, 
to be derived from gneiss or mica-schist. From the Base3r River, on 
the south coast of the island, J agor brought home pebbles which Roth 
considered an oligoclase porphyry. 3 

In Leyte, on the east coast, half a league north of Tanauan, J agor 
observed a projecting rock consisting of chloritic quartz-schist. 4 

At Culi6n, in the Calamianes, Paleozoic schists and quartzite are 
said to occur. 5 

The Island of Lubang lies to the northwest of Panay, about latitude 
1B0 50'. Dana 6 reported, '' Luban contains copper pyrites in talcose 
and chlorite slate, and the same formation extends into Mindoro, where 
it passes into serpentine, specin1ens of which were contained in the 
c·abinet of Senor Roxas." At San Jose too, on the coast of Panay, the 
same geologist saw pebbles of talcose schist. This island has since 
been investigated by Mr. Abella, not exhaustively, yet with much care. 7 

The commonest ancient rock of Panay is a quartz-diorite of granular 
texture, or a tonalite, in which labradorite is the predominant feldspar, 
and the quartz is in part granular, in part interstitial. The ferromag
nesian silicates are reddis}:t biotite and green fibrous hornblende. l\1ag
netite is absent. This rock of granitic type is associated with others 
which are sen1i-porphyritic and contain no mica. There are also 
quartzless diorites connected with the other varieties by transitions 
and carrying some n1agnetite. l\1r. Abella further describes rocks 
containing both augite and hornblende, which he classifies with the 
diabases, but he does not discuss the question how far the green fibrous 
hornblende of the diorites may be uralitic. · 

The diabases are less abundant. They also are labradorite rocks. 
''The crystals of augite a1·e individualized and well characterized, but 
what chiefly distinguishes these diabasis from the diorites is that, both 

1 Fragmente, 1878, p. 62. 
~Jagor's Reisen, 1873, p. 348. 
3Ibid., pp. 352-3.')3. 
4 Ibid., p. 220. 

&J. E. Tenison-Woods, Nature, Vol. XXXIII, 1886, p. 231. 
61:. S. Expl. Exp. 1849, Vol. X, p. 539. 
7 La Isla de Panay, 1890, p. 97. 
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in the groundmass, and eRpecially as inclusions in the pyroxene, there 
is a great abundance of ferrous iron, and above all of magnetite, which 
was not found in the diorites." Whether the structure is ophitic is 
not stated, but I infer from the absence of mention of minute augites 
that the groundmass is feldspathic, so that the rock might perhaps be 
classed as an ancient, holociTStalline pyroxene-andesite. .At one 
locality (J\ilount Nasog) much decomposed gabbro was found. Certain 
pictites, though accompanying the rocks described above, n1ay pos
sibly, in Mr. Abella's opinion, belong with the neo-volcanic group, 
while the serpentines met he classifies with the older group. Tuff's 
appear to have accompanied the diorites and diabases, and stratified 
rocks, including the lignitic beds, intervened between the eruption of 
these rocks and the neo-\rolcanic andesites and hasalts. 1 In Mr. Abella's 
map of Panay the ancient and neo-volcanic rocks are not differentiated. 
The massive rocks are mainly confined to the range which forms the 
eastern boundary of the Province of Antique, and to the divide which 
forms the western boundary of Concepcion. Excellent tonalites, fit 
for quarrying, Mr. Abella says, occur on the shore, on the west coast, 
at Tinanagan, in latitude 11° 44' 30", some 5 1niles westerly from 
Pan dan; and also on the east coast at Colasi, in latitude 11° 4' 30". 
He suggests this rock as a substitute for Hongkong granite, which is 
largely employed for paving in Manila. 

In the Island of N egros I did not chance upon any ancient rocks. I 
should expect to find such in the watershed of the southwest coast of 
Negros, a region which I was unable to visit, rather than in the main 
volcanic sierra of the island. 

Cebu is covered for the most part by a mantle of coral, 100 or more 
feet in thickness, which reaches from the crest of the island to the sea. 
In some localities, however, the coral is absent, a condition due, at 
least in part, to stream erosion. One such exposure occurs in the foot
hills of the n1ain range, to the west of the capital town, also named 
Cebu, and extends for several miles both up and down the island. A 
similar exposure lies on the western slope of the central range nearly 
opposite that just mentioned. Other areas of minor extent are found 
toward the ends of the island. A_ portion of these denuded areas is 
occupied by schi::;ts and pre-Tertiary massives. Th~y have been 
exan1ined by Mr. Abella, and his specimens were determined micro
scopically by Mr. Jose MacPherson. At a single point, Bag bad, 2 Mr. 
Abella found an amphibolic slate, and he inclines to the opinion that 
the geological foundation of the island is of this character. The oldest 
massive rocks are almost exclusively diorites, often much jointed, and 
sometimes exhibiting traces of schistosity. Dioritic tuffs accompany 
the diorites. The only exceptional specimens noted are felsophyres, 

1 La Isla de Panay, 1890, p.109. 
2 I have not been able to find this point on the map, or any note as to its precise locality, in :Mr. 

Abella's memoir on Cebu. 
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which appear in this case to be porphyritic diorites, a single actinolite 
rock from the hot springs of Cagbao, 1 and a single g-•.'anite. The 
granite comes from the upper part of the Panoypoy Brook, and there
fore from a point 3 or 4 miles to the northwest of Consolaci6n, a town 
lying 8 miles or so to the northeast of Cebu. Of these specimens l\'Ir. 
Abella says: "Until other more detailed investigations disclose the 
part played by these rocks we can only consider them as accidental." 2 

·on the Guadalupe River, which empties into the sea at the town of 
·Cebu, I met with a rock which is probably allied to Mr. Abella's 
granite. It occurs in the strean1 bed about three-quarters of a mile 
above the point at which the river debouches into the coastal plain, or 
some 4 miles from Cebu. It is a fine-grained, greenish-gray rock, con
taining chlorite and some pyrite. It has been much crushed and jointed. 
Under the microscope it appears thoroughly granular, and is com
posed of striated and unstriated feldspar, quartz, hornblende, iron 
ore, and other minor constituents. It is somewhat decomposed. A 
considerable portion of the feldspars is unstriated. The predominant 
plagioclase is oligoclase, but there are a few grains of labradorite, one 
of them neatly inclosed in oligoclase. A few individuals might pos
sibly be interpreted as albite, but these were not so oriented that they 
could be certainly determined. The unstriated feldspars have a smaller 
index of refraction than balsam, and are on the whole more decom
posed than the plagioclases, being largely filled with sericitic n1ica. 
The quartz is interstitial, and is much cracked, no doubt by pressure. 
The hornblende also appears to be of somewhat later development than 
the feldspars. It is green and fibrous, but there seems no evidence 
that it is uralitic. The abundant chlorite and epidote are certainly 
in part derived from the hornblende. There is a moderate quantity of 
magnetite and semningly a little ilmenite, surrounded by leucoxene. 
A few apatites and zircons were observed. To make certain of the 
proper classification of the rock the following partial analysis was 
carried out by Mr. George Steiger: 

Per cent. 
CaO _______________ . _________________________________ ..• _ ••..• · .. _ ......... _ 2. 66 

1{20 ---- ---- -- ------ ------ ------ - ----- ------ ------ ------------ . ----------- 1. 07 
N~O ...... _____ ... ___ .. ___ . _______ . _. _______ .. _______ •• __ ....•.. _____ . __ • 6. 19 

Estimating the amount of hornblende at 5 per cent, and supposing 
a tenth part of this mineral to be CaO, the analysis is compatible with 
the following hypothetical composition: 

Per cent. 
Quartz .... ____ . _______ ..... __ ..... _ . _ ..... __ • __ . __ .• _________ ~ __ .. ____ .... _ . 25 
Hornblende ... ___ ... __ .... _._ .. _______ .. _ .. ___ ._ .. __ .... _._. __ . ___ .. __ ·_. ___ .. 05 

Labradorite (Ab1An1 ) ---------------'---------------------------------------- 07 

1 This place is 3 or 4 miles northwest of )Iinglanilla, a town 6} miles southward of CebtL Pos
sibly, and indeed probably, this specimen is identical with the amphibolic slate from Bagbad, which 
may be a small village near the springs. 

2 Rapida descripci6n . . . de Cebu, 1886, pp. 96-101. 
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. Per cent. 
Oligoclase (Ab

4
An

1
) · _____ - ___ _ : _________________________________________ ·_ _ _ _ _ 42 

Albite ______________________________________________________________ . _______ 15 
Orthoclase _____________________________________ . ______________ . _ _ _ _ _ _ _ _ _ _ _ _ _ 06 

The amount of unstriated feldspar, however, is much in excess of 6 
per cent; and I am forced to the conclusion that the rock is composed 
largely of soda-orthoclase. It can not, however, be classed otherwise 
than as a diorite. It seems not·improbable that J\tir. Abella's granite 
may be a rock with a larger percentage of a similar orthotomic feldspar. 

Mr. A. F. Renard found among the specimens of the Challenger 
expedition a pyroxene-olivine rock which he compares to a basalt, but 
inclines to. think pre-Tertiary and a melaphyre. It was collected in a 
ri v.er bed near Cebu, Cebu. 1 

The late Mr. William Ashburner, a well-known American mining 
expert, examined a gold-quartz vein on the Island of Pana6n in 1883. 
This island lies immediately to the south of Leyte, from which it is 
separated only by a channel a few hundred yards in width. The mine 
lies just south of. Pinutan Point and is marked on Mr. d' Almonte's 
map. Ashburner reported the walls of the vein as greenstone
porphyry. 2 This term would not exclude "propylitic" neo-volcanics, 
but in all probability points to diorite oi· diabase. 

Concerning the great Island of Mindanao, only scatter~d observa
tions are available. Sainz de Baranda 3 noted the occurrence of ser
pentine on the east coast of the island at Canmahat and in J\'Iisamis 
Province at Pigtao. Mr. Centeno states that at Pigholugan, near 
Cagayan, in the Province of Misamis, there are quartz veins in talcose 
schists. The auriferous districts of the Province of Surigao may, he 
points out, be regarded as a continuation of the Misamis district. The 
most notable deposits here are in the mountains of Canimon; Binuton, 
and Canmahat, a day's journey southward from the town of Surigao. 
The terrane is here composed of much altered talcose slate and ser·pen
tine. 4 Mr. Semper collected on the Maputi, which is an upper tribu
tary of the Agusan H.i ver in Surigao. Here he found a uralitic gab
bro and a chloritized, aphanitic; augite-plagioclase rock, containing a 
few plagioclase phenocrysts. The specimens have been described by 
J\tlr. Oebbeke. 5 They are probably facies of the melaphyres found by 
Mr. Montano. Mr. Ashburner examined a slate belt in the extreme 
northern portion of the island, about 8 miles to the southward of the 
town of Surigao, at the headwaters of the Cansuran River. It con
tains auriferous quartz stringers. Mr. Montano collected melaphyres 

1 Voy. of Challenger, Vol. II, pt. 4,1889, pp. 160-175. 
21>fanuscript report of l\Ir. Ashburner, 1883, shown me by his clients. 
3He also mentions crystals of rutile from an island called Bigat, which is unknown to me. Anales 

de Minas, Madrid, Vol. II, 1841, pp. 197-212. 
il\femoria geol6gico-minera, 1876, p. 49. 
&Neues Jahrbuch, Beil.-Band I, 1881, p. 498. 
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at a number of points in eastern :Mindanao. Such are the eastern 
shore of the Bay of Butuan, the eastern coast of the island between 
Bislig and Catel, and the diYide between the waters which flow north
ward into Butuan Bay and those which flow southward into the Gulf 
of Davao. The river of this southern drainage basin Montano calls 
the Sahug. Other authorities give it different names. In its head
waters he found float consisting of melaphyre and quartz-porph:yries. · 
Melaphyre he found again at Pujada Bay near Cape San Agustin. 
QuaTtz breccias also occur on the divide between Pujada and the Gulf 
of Davao. Serpentine accompanies the melaph)Tre to the south of 
Bislig. 1 

J\1r. Minard visited the gold-bearing region of Misamis, the north
western province of Mindanao. The sandstones and conglomerates of 
the Iponan Valley, dipping 12°, are said to be broken through at many 
points by diorite and serpentine. The pebbles of the conglon1erates 
include diorites, augite-porphyry, serpentine, jasper, and marble. 2 

Some years later Mr. Abella made a reconnaissance of this region, 
examining the gold depo:::;its along the courses of several rivers, all of 
which empty into Macajalar Bay. They are the Iponan, the Cagayan, 
the Bigaan~ and the Cutman. In this region he found twq considera
ble areas of old slates. One of these touches the Iponan River 10 or 
12 n1iles fron1 the sea. The other is intersected by the Cutman and 
approaches the sea within 2 miles, near the town of Agusan, which lies 
at the n1outh of the Cutman River. Alluvial deposits fringe the shore 
of the bay and follow the streams. Otherwise the country, as depicted 
by Mr. Abella, is covered with strata provisionally referred to the 
J\1iocene. The slates are described as metamorphic and in part 
steatitic. The pebbles of the Tertiary conglomerates consist of such 
slates, serpentinoid rocks, and 1nany varieties of " trachytic rocks." 
I think that at the date of his memoir, 1879, :Mr. Abella used this 
term for nco-volcanic rocks not basaltic in appearance. The descrip
tion of the fossiliferous rocks overlying the slate leaves no doubt that 
they are Tertiary or Recent, a fact which it is difficult to reconcile with 
lHr. :\1inard's statement that they are cut by serpentine and diorite. 
In the placer a.t the Big-tog, tributary to the Cagayan, )1r. Abella 
found slightly rounded, large pebbles of orthoclase. 3 

A few miles north west of Zamboanga (in southwestern }lindanao ), 
at Caldera, Dana observed hornblendic and talcose schist in pebbles/ 
and on :\lalanipa, about 13 miles E. by S. from Zamboanga, the ('h({l
lenger expedition collected serpentinized peridotite, studied by :\Ir. 
Renard. 5 

1 :\Iis;;<ion aux iles PhiL, 1879-1881, pp. 27:!-277. 
!!BulL Soc. geoL France, 5th ~erie~. YoL II, 187-1, pp.403-406. 
a :\I em. acerca de los criadero~ auriferos . . . :\Iisamis, 1879, pp. 4, 11'1, 32, 4-'l. 
4 C S. Expl. Exp., Yol. X, 18-19, p. 539. 
;,Ibid. 
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The foregoing fragmentary notes cover all the information available 
concerning the crystalline schists and pre-Tertiary massive rocks. 
There is, however, a second line of evidence on this subject which is 
perhaps not without value, although it is inconclusive. In all cases in 
the Philippines of which details are known, crystalline schists accom
pany gold-quartz veins, copper ores, iron ores, and galena. It is there
fore probable that where nothing is known of the geology· except the 
occurrence of these ores crystalline schists exist. This deduction 
leads to the inference that the northern end of the Cordillera del 
Norte, being auriferous, consists in part of such schists, and the gold 
of northern Zambales may be taken into account in considering the 
massive rocks there. A belt of iron ores over 40 miles in length and 
presun1ably accompanied by schi~::~ts passes east of Angat in the same 
direction as the trend of the neighboring sierra. The islands to the 
eastward of central and southern Luzon would seem to be composed in 
part of schists, and with them may be considered the peninsula of 
Caramoan, which, as well as the islands Polillo, Luhuy, Catanduanes, 
a-nd Rapurapu, contains gold. To the southward of Luzon the islands 
Capul, Masbate, and Marinduque contain copper, while Sibuyan and 
Masbate produce some gold. Southern Negros has gold deposits; 
copper is reported from BaUibac, and gold from J olo. Thus, if this 
class of evidence is admissible, crystalli~e schists occur in all the more 
important portions of the archipelago except Palawan or Paragua, of 
which next to nothing is known. 1 

A n1ere inspection of any chart would lead to the inference that such 
must be the case, for most of the platform on which the islands stand 
is exposed, while wherever: the earth's surface is sufficiently incised 
crystalline schists or allied granular rocks are laid bare. Of the age 
of the rocks under discussion nothing is known directly, and it is prob
able that several eras are represented. \Vhen the neo-volcanic rocks 
come to be discussed it will be found that they belong for the most 
part to the same chemical and mineralogical types as the pre-Tertiary 
massives. There appears to have been in earlier times one period at 
least of volcanism very similar to that still progressing in the archi
pelago. Very probably it, too, was accompanied by an important 
uplift of the region. It is noteworthy that the older massives are very 
deficient in potash. The only orthoclastic rocks noted are a specimen 
of quartz-porphyry from Cabayan in Benguet; a gneiss from Paraeale, 
Ambos Camarines; a granite from Cebu, and some pebbles fron1 ~1isa
mis. Among the neo-volcanics, also, lime-soda feldspars vastly pre-, 
dominate over sanidine. 

In Borneo the centi;al portions of the mountain ranges are composed 
largely of crystalline schists. These are older than slates, which there 

1 On chart 1731 of the Hydrographic Office, which is from a British survey m 1851 by Commander 
W. T. Bate, :\Iount Kapoas, on Palawan, in latitude 10° 48', longitude 119° 17', is marked granite. 
Without further information I hesitate to accept this as a lithological determination, though it is not 
improbable. 
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is some paleontological evidence for com;idering De-vonian, and they 
may be Archean. Both in Borneo and in Sumatra the older massive' 
rocks appear separable into two groups of different ages, an older 
granitic-dioritic group and a younger diabase-gabbro series. The 
granites, quartz-porphyries, syenites, diorites, tonalites, etc., are inti
mately associated with the crystalline schists) which are doubtless in 
part dynamometamorphic forms of these rocks. There are also some 
later intrusions or extrusions of these rocks. On the other hand, the 
greater part, if not all, the rocks of the gabbro-diabase series are 
younger than Carboniferous strata. In most places in Borneo there 
are no strata between the Carboniferous and the Eocene, and many 
of these pyroxenic rocks may be of any intermediate age. At Mount 
Tamban, in South Borneo, however, Mr. Verbeek found gabbros which 
appeared to be partly Eocene and partly Miocene. 1 

There is nothing in these relations inconsistent with Mr. Abella's 
generalization that the dioritic rocks are the oldest in the Philippine 
Islands. 2 That geologist would unquestionably include as dioritic the 
schists of similar composition which accompany them. In so far as 
the older orthoclase rocks exist in the Philippines they certainly belong 
chronologically with the diorites. As for the diabase-gabbro series, 
their age relatively to the diorites in the archipelago. has not yet been 
worked out in detail. It would seem probable that some at least of 
these pyroxenic rocks are much younger than the great n1ass of the 
diorite. 

LITHOLOGICAL NOTES ON THE VOLCANIC ROCKS. 

It will surprise no one to learn that the lithology of the -volcanics 
occurring in the archipelago is in a very imperfect condition. Baron 
von Richthofen's paper of 1862 was published before the introduction 
of the microscope into the study of rocks. The first microscopical 
work done on Philippine collections was, I believe, that of Roth on 
Jagor's specimens, and was published in 1873. It is of great value, 
but many modern methods of determination were still ·unknown. 
Mr. von Drasche's notes on rocks, excepting gabbro, are meager. 
They appeared in 1878. Prof. Uarl Semper's collections, made early 
in the sixties, were examined after the publication of ~Ir. yon 
Drasc4e's memoir by Mr. K. Oebbeke in the laboratory of Professor 
Rosenbusch, and, with analyses by Mr. A. Schwager, were described 
in 18~1. This is a very thorough investigation, but the number of 
localities represented is not large. Mr. Abella giyes microscopical 

1 T. Posewitz, Borneo, Geology of the )fountain Land, pp.l3i-172. 
2 Apuntos fisicos y geol6gicos, 1884, p. 30. 
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determinations in his memoirs on Ceb11; 1886, and on Panay, 1890, 
but does not appear to have made use of the microscope in his earlier 
papers concerning Luzon. Mr. J<?seph Montano's rocks {1885) were 
examined by J\ilr. Ch. Velain, but few details are given in his n1emoir. 

In compiling what is known of these rocks and their distribution 
it will perhaps be most perspicuous to begin by lithological descrip
tions derived from study of my own very imperfect collections and 
culled from the n1emoirs just mentioned. The distribution of the 
lavas can be more conveniently discussed by itself. In examining 
thin sections I have endeavored to take full advantage of the methods 
of feldspar determination so ably developed by Mr. Michel Levy, and 
not less attention has been paid to the microlites of the groundmass 
than to the phenocrysts. 

The Island of Talim, in Laguna de Bai, furnishes a series of thor
oughly typical basalts, some of them resembling obsidian in appear
ance, though in reality nearly holocrystalline. They are characterized 
by ophitic structure and the predominance among the feldspars of 
anorthite (Ab11 An200). The phenocrysts are usually zonal, the outer 
zone. approaching or reaching calcic labradorite in composition. The 

. microlitic feldspars vary in composition more than the phenocrysts, 
and range from anorthite to sodic labradorite, showing, as do many 
rocks; either that the residual mother liquor was very far from being 
homogeneous or that the rock inadequately represents the magma, 
being, perhaps, a fractional precipitate. All of these basalts contain 
olivine, chiefly in large crystals, and in none of these could I find 
rhombic pyroxenes. The augite appears to be younger than the 
olivine, and is in no way remarkable. 

Basalts which are probably in every respect similar to these are 
described by Mr. Oebbeke from the Island of Basilan, at the town 
of Isabela, and from an islet off the coast about 6 miles due west of 
lsabela, called Lampinigan. 1 A somewhat decomposed specimen con
taining glass gave Mr. Schwager the following composition: 

· Analysis of basalt containing glass. 
Per cent. 

Si0
2 

• ______ •• ________ •• ______________________________________ •••• _. _. ____ 51. 32 
Al

2
0

3 
________________ .- _____________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 15. 48 

F e
2
0

3 
_______ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4. 48 

F eO _______ ~ _ _ _ _ _ _ ____________________________________ . ____________ . _ _ _ _ 6. 70 
MnO ____________ . ___________________ . _____ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0. 39 
CaO _ . ___ . ________________________________________ -. ____________ ·- _ _ _ _ _ _ _ _ _ 8. 68 
MgO ______ . ________ - - - - ________ - __ - - - -- __ - - . - - __ . ________ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6. 54 
N a

2
0 _______ . ___ .... _______ . _____ . _________ - - ________ . _____ . _ . __ . _ _ _ _ _ _ _ _ 3. 06 

K
2
0 _______ .. _____ --. _ . _______ . _________ .-- _-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 11 

H 20 _________ -- - ----- -- _____ --- .. _----- ---------. _. ____ . _ . ____ - __ ---- _ _ _ _ 1. 10 

Total __________ - _____________________ . - - __ . _____ . _________________ . 98. 86 

1 Neues Jahrbuch, Beil.-Band I, 1881, p.489. 
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lVlr. A. F. Renard 1 describes a decomposed rock from a river. bed 
near Cebu, Cebu, which niay be a basalt or a pre-Tertiary melaphyre. 
He inclines to the latter hypothesis because the rock contains epidote, 
but points out that this fact does· not exclude its reference to the 
basalts. The specimen was collected by the Ohallenqer expedition. 

The next well-defined group of rocks should, in my opinion, be 
classed as labradorite-basalt. I collected specimens of such a rock in 
the ravine just east of Paete, which lies on the east side of Laguna 
de Bai, about 2 miles to the northward of Santa Cruz. It contains 
abundant olivine but no rhombic pyroxene. As is well known, these 
minerals are rarely found together. The olivine is older than the 
augite. The slide contains an unusual number of determinable .feld
spar phenocrysts, almost totally devoid of zonal structure, among 
which I found only calcic labradorite. The microlites, on the other 
hand, include both labradorites and a little andesine. The pheno
m·ystic feldspars are not sufficiently numerous to produce ophitic 
structure, but the microlites do form such a network, filled in with 
minute augjtes. The groundmass differs so essentially from that of 
the andesites that to call this rock an olivine-andesite would seem to n1e 
misleading. Near the same spot I found a very coarse porphyry, with 
feldspars half an inch in length, embedded in a fine-grained dark 
paste. It reminded me at once of the material of Tuolumne Table 
Mountain, which has been so interestingly discussed by Mr. H. vV. 
Turner. As seen u~der the microscope, the same description given to 
the foregoing specimen applies, except for the great size of the pheno
crystic feldspars and the absence of andesine in the groundmass. I 
also collected a labradorite-basalt in the Island of Negros, about 16 
miles northeast of the volcano Canla6n, on the Talabe River. In this 
rock, .Qowever, there is hypersthene as well as olivine, and the feldspar 
of the groundmass consists only of the two labradorites. With these 
rocks I place that of the mountain just to the southeast of the town of 
Jol6 (Tumantangis). In this the only phenocrysts are olivines, while 
the ophitic groundmass consists of calcic labradorite, the interstices 
between them being filled with augite, magnetite, and a little olivine. 

In Panay Mr. Abella 2 has discovered leucite-nepheline-hasalts. 
A.. very curious rock defying strict classification comes from south

ern Negros, about 3 miles west of Dumaguete, the massif to which it 
belongs being andesitic. The specimen originally contained horn-

, blende as the ,~;ole phenocrystic ferromagnesian silicate, but this ha~ 
been completely converted into the ordinary "black border" of 
magnetite and augite. Outlines remaining leave no doubt of the 
original mineral. The inner portions of the somewhat sparsely dis
tributed feldspar phenocrysts are sodic labradorite (Ab1 A..n 1), but they 

I Bull. Acad. roy. Belgique, 3d series, Vol. XI, 1886, pp. 95-105; anti. Voy. of Challenger, Yol. II, pt, 4, 
1889, pp. 160-175. 

2 Isla de Panay, 1890, p. 107. 
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show a strongly marked outer zone which, instead of being more 
silicic, is less silicic than the kernel. These outer rims give the angles 
of extinction of calcic labradorite, of course, for the same crystallo
graphic positions found for the sodic labradorite of the interior por
tions. The rims also seem to differ otherwise from the ordinary zonal 
structure, their inner boundaries being more rounded than the 
periphery and apparently disregarding crystallographic form, just as 
if the outer portions ·of sodic labradorites had been changed to the 
calcic species by external attack. Some small feldspars are embedded 
in the horn blendes. These are sodic labradorite and are not inclosed 
in the more anorthitic mineral. The groundmass. contains a large 
number of microlites suitable for determination. Many of them show 
nearly square cross sections and can be determined by a method which 
I have indicated in my report on the gold fields of southern .Alaska. 1 

Some of these microlite~ show albite twinning and are demonstrably 
bounded by the base and brachypinacoid. The long sections of 
microlites in this rock are also in many cases determinable. The 
result is that the majority of the microlites are anorthite and the 
remainder calcic labradorite, which is certainly a very curious state of 
affairs. This groundmass contains nearly equal quantities of feldspar 
and augite with a moderate amount of magnetite, but it-, structure is 
not ophitic. The specimen came fi·om a brecciated flow and must 
have been formed under abnormal conditions, most likely, I should 
say, at the periphery of a moving mass of magma. The position in 
which it was found seems to show that it is a facies of andesite. 

A somewhat similar rock, from the new volcano of Camiguin de 
Mindanao, has been described by Mr. A. F. Renard. The rocks there 
collected by the Challenger expedition are pyroxene- and hornblende
andesites, the former predominating, and including as constitt:ents 
bronzite and augite. Olivines are found occasionally. In the pyroxene
andesite he found the feldspar phenocrysts composed of species rang
ing from andesine to labradorite. They show zonal structure, and the 
outer zones extinguish at greater angles than the inner ones, in contra
vention of the ordinary rule. The microlites are labradorite. lvfr. 
Renard comments thus: ~~ 'Ve have, then, to admit that the acidity of the 
magma decreased in proportion to the development of the feldspar." 2 

There are many specimens in my collection which seem to me normal 
andesites, some of them from the same neighborhood as the aberrant 
rock just described. One such, collected somewhat south of Valencia, 
from the same massif, is a very fresh hornblende-andesite, containing 
a little augite, but no hyporsthene, the phenocrystic feldspars being 
chiefly calcic labradorite, while the microlites are chiefly sodic labra
dorite, a few being andesine. There is the usual quantity of iron ore, 

1 Eighteenth Ann. Rept. U. S. Geol. Survey, Pt. III, p. 32. 
2 Bull. Acad. roy. Belgique, 3d series, Vol. X, 1885, pp. 734-751, and Voy. of Challenger, Vol. II, pt.4, 

1889, pp.160-175. 

21 GEOL, PT 3-01--35 
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apatite, zircon, much glass, and no suggestion of ophitic structure. 
The Island of Corregidor and the neighborhood of :Mariveles, at the 
n1outh of Manila Bay, was the only volcanic region which I was able 
to study without being armed and guarded, and I have a better suite 
of specimens from that region than from other localitie~. Excepting 
a dike (which is dacite), all the rocks I could find along the shore or in 
the foothills of the Mariveles Range, or among the pebbles brought 
from higher altitudes by the streams, are andesites. In texture they 
vary from the basaltic to the trachytic type, and there are agglom
erates and tuffs in abundance; but they are all essentially labradorite 
rock~ without ophitic structure. For the most part they are pyroxene
andesites, containing augite and a dichroic rhombic pyroxene, but one 
gray rough rock, which is quarried for use in :Manila, is hornblendic. 
In one specimen only from this region I was able to detect a single 
minute square crystal, which gave an extinction of 41° and must be 
anorthite. As a rule the phenocrystic feldspar~ are Ab3 An"', while 
the n1icrolites are 1nore sodic, ranging downward to andesine. Nearly 
all these rocks are nwre or le~s glassy. I found no olivine. I am 
rather explicit about the rocks of this locality because Roth 1 calls the 
rock of this region dolerite .. 

On the west coast of Negros the count1;y is aUuvial, and the beau
tiful volcanic range ending to the southward in the ever-steaming 
volcano of Canla6n is distant; but the streams near Bac6lod bring 
down volcanic pebbles which appear to be exclusively andesite, and 
chiefly hornblende-andesite. A slide shows a glassy rock in which 
hornblende·, in phenocrysts and microlites, is the only ferromagnesian 
component. This is greenish brown in tint, very dichroic, and extin
guishes at a low angle. The feldspar::;, large and small, are labradorite, 
chiefly of the sodic variety. Magnetite, apatite, and zircon complete 
the ~omponents of this simple rode On the Talabe River, on the 
east side of Negros, nearly opposite Bac6lod, I also found vast quanti
ties of andesite pebbles, brought down from the volcanic range. One 
is a glassy pyroxene rock in which the only notable feature is an 
interesting variation in the zonal structure of the feldspars. In two 
phenocrysts a zone of anorthite (Ab11 An200) was· sharply determined 
inclosing calcic labradorite and inclosed by calcic labradorite. It is 
difficult to make sure how such fluctuations can occur. Near Duma
guete, in southern N egros, I also found an otherwise normal andes
ite which contained one phenocry:st and a microlite 'vhich were 
anorthite. Underlying the corals in eastern central Cebu, about 2 
miles west of Naga, and again on the Guadalupe River to the west 
of the town of Cebu, I found very normal hornblende-pyroxene
andesite with labradorite feldspars. 

1 Jagor, Reisen, 1873, p. 341. I think Jagor's labels must have gone wrong. 
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~1r. Oebbeke.1 g·ives descriptions of various andesites, with analyses 
of rocks, and sometime~ of components as well. In- :Mr. Sen1per's 
collection he found far more augite-andesites than hornblende-andesites. 
Of the latter, one is of especial interest. It is a white pun1ice from 
:Nlagalang in the Pampanga, just to the west of :Nlount Arayat. The 
feldspars appear megascopically very like sanidine. The hornblende 
is green. The rock also contains some scales of very dark mica, the 
angle between the optic axes of which is relatively large. The micro
scope and analysis .show that the phenocrystic feldspars are Ab1An1, 

but near the oligoclastic limit of that species. The groundmass is 
glass with' a sprinkling of magnetite. A specimen of hornblende
andesite from the small Island of Limasaua, 2 just south of Leyte, 
examined by Mr. Oebheke, contains feldspars which do _not give sharp 
extinctions, as Mr. Fouque observed in certain sanidines, the dark tint 
passing across the section as the slide is revolved. This rock also 
contains a somewhat abnormal quantity of potash for an andesite. 
The analysis is given below. . 

The rocks of the Semper collection from lVIariveles correspond with 
my own in most respects, being labradorite rocks, more or less glassy, 
without ophitic structure. Portions of the Mariveles rocks examined 
by Mr. Oebbeke were found to carry hornblende in addition to aug·ite, 
and some grains were detected of a mineral which is probably olivine. 
ln one respect my results differ frmu Mr. Oebbeke's. He found the 
augites strongly pleochroic. Such crystals, when isolated and exan1-
ined separately, gave finite extinctions. "Their analysis gave :Fe (Mn): 
Ca: ~Ig=l: 1.2: 3, and the conclusion is drawn that the mineral is not 
a rhombic pyroxene. In my slides all the pleochroic pyroxenes cut 
parallel to the axis give ~ero extinction and seen1 to me unquestion
ably rhombic, while in the individuals which gave sensible extinction 
angles I could detect no dichroism. · 

Mr. Oebbeke finds the roc_ks of Taal volcanic augite-andesite, while 
Mr. von Drasche 3 regarded them as dolerite, except certain ejecta 
which "might perhaps be classed as augite-andesites." According to 
lVIr. Oebbeke, all the specimens have a silica content of between 56 and 
58 per cent, and the olivine is accessory only. He states, however, that 
in the case of certain specimens a doubt might arise as to which group 
they belonged with. The main mass of the crater is a labradorite rock 
containing phenocrysts of augite and plagioclase in a groundmass 
which is not ophitic and is largely glassy. Whether certain decom
posed yellowish grains were referable to olivine could not be deter
mined. .An analysis is given in the table below, as well as of the 
essentially similar rock of Great Binintiang, a small crater at the 
northwest end of the Taal Island. 

1 Neues Jahrbuch, Beil.-Band I, 18/:il. 
20ebbeke writes Limansaua, which appears to be incorrect. 
3Fragmente, 1878, p. 51. 
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Analyses of andesites. 

[Analyst, A. Schwager.] 

I. I 

Si 0
2 

___ - - - - __________ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 54. 48 
A1

2
0

3
• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 19. 44 

Fe
2
0

3
• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 80 

FeO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4. 90 

1\1n 0 ____ - - - - - - - - - - - - - - - - - - - - - --- - - - -- -- ---- - - · -
CaO . ____ . - .. _ .. __ . _ ... ____ . _ . __ ..... _ 7. 08 

1\'IgO ____ . _ . _ ..... ____ . ___ • ___ . ___ . _ . _ 3. 7-2 
N a

2
0 ___ .. ____ .. _ . ___ . ____ . _____ . _ _ _ _ _ 3. 58 

II. I 

54.62 

16.96 

4.50 

4.27 

. 35 

8.56 

5.20 

3.26 

1. 80 

.73 
Trace. 

100.25 

K 20 .. ______ . _ . ~ .. _____ - - - - - .. - - - . - - - . i 3. 32 

~~ ~i~~i~~~l~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~1----- ~·- ~~ -1----

Total .. _____________ . __________ . 100. 02 

I III. 
I 

58.42 

17.64 

5.66 

4.00 

. 48 

4.50 

2.54 

4.44 

2.52 

.42 

. 31 

100. 93 

I IV. 
/ 

v 

56.02 

16.52 

5.02 

5.51 

. 36 

4.20 

4.67 

5.83 

1. 66 

. 47 

---------

100.26 

I. Somewhat abnormal hornblende-andesite from Limasaua Island, just south of 
Leyte. 

II. Augite-andesite frorn )'Iariveles Point. 
Ill. Augite-andesite from main crater of Taal. 
IV. Augite-andesite from Binintiang crater at Taal. 

I found an interesting dacite on the Island of Corregidor, at the 
entrance to :Manila Bay. It forms a wide, irregular dike crossing the 
island from north to south just east of the little settlement, San tTose, 
and terminates in a bold white cliff, visible from the south passage, or 
Boca Grande. This Tock is affected by a system of rectilinear pressure 
joints, and some considerable dynamic action has occurred since its 
intrusion. It is blindingly white, and shows to the naked eye, besides 
feldspar, only some small quartzes and minute, opaque mica scales. 
Onder the microscope the mica is brownish green, unusually opaque, 
and extremely dichroic. There are no other ferromagnesian silicates. 
There are few phenocrystic feldspars, and these are sodic labradorite. 
Two or three quartzes also appear. The bulk of the rock is made up 
of feldspar microlites, with just a sprinkling of magnetite and a little 
apatite. The slide contains hundreds of microlites of almost exactly 
square cross section. They seen1 divisible into two groups, one giving 
angles of extinction relatively to the sides of about 43°' while the 
other gives angles of about 38°. If the bounding faces of•these micro
lites were the base and brachypinacoid, these angles would indicate 
anorthite and calcic labradorite. On closer examination I found that 
a fair proportion of these little crystals showed truncation of two 
corners and that a smaller portion were twinned, the plane of contact, 
however, running diagonally across the squares. It is thus evident 
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that the bounding faces of the square microlites in this rock are the 
bernidomes, nand e or (021), instead of the base and brachypinacoid. 
Hence the determining angles of extinction are about -!0 and 4t0 and 
the corresponding feldspars are the two oligoclases, Ab3 An1 and 
AbiAn1 • This result is confirmed by examination of the long sections 
of the microlites, all of which extinguish a·t extremely small angles. 
Not having hitherto seen microlites bounded by hemidomal faces 
alone, I was particularly careful to test the development of the feld
spar microlites in the andesites and basalts described in this pape1< but 
found no similar cases among the more anorthitic feldspars of these 
rocks. So far as I know, dacite has not been discovered elsewhere in 
the archipelago, but it occurs in the Nloluccas. 

Besides basalt, the andesites, and dacite, there is reason to suppose 
that trachyte and rhyolite occur in the PhHippines. Baron von Rich
thofen determined as trachyte a rock which is found in contact with 
the nummulitic limestones on the peninsula of Binangonan, and Nir. 
von Drasche concurs in the determination. Among J agor's specimens 
Roth describes a white· pumice containing a little dark mica and feld
spar which seems to be sanidine. It was collected between the villages 
of Y riga and Buhi in the Province of Camarines Sur. Mr. von Drasche 
describes as trachytic a tuff which occurs over most of the western 
portion of the inland plain of Luzon from Mount An1yat westward to 
the watershed. At P6rac, in Pampamga, lie found in a tuff fragments 
of which he says: 1 "The rock of which these lumps consist is an 
uncommonly foamy, pumice-like, 'blindingly white, sanidine trachyte. 
In the cavities there are numerous white, large, cracked sanidil)es and 
thick, short, columnar hornblende crystals." Farther westward he 
found this pumiceous rock passing into "sanidine-hornblende-trachyte, 
with a compac·t groundmass which is sometimes white and sometimes 
brick red." At the Canan hot springs in O'Donnell, Tarlac Province, 
Mr. Abella found dikes of a very pretty sanidine-trachyte, of porphy
ritic texture, cutting ancient-looking slates. 2 At Galiano (U ni6n) Mr. 
von Drasche found a trachyte tuff which was microscopically exam
ined. 3 "In a powdery~ brown groundmass lie numerous scraps of 
dichroic hornblende and rounded feldspar grains. Both ingredients 
are fairly fresh. The feldspars seem to be of two kinds, one ortho
clastic and the· other plagioclastic." Mr. Semper's specimen from 
Magalang, which ~lr. Oebbeke determined as hornblende-andesite, 
certainly came from the area regarded by Mr. von Drasche as trachytic 
tuff. It must also have resembled the P6rac specimen strongly in 
external appearance. Mr. von Drasche's description of the Galiano 
specimen seems to leave it open to question whether it is a potash 
rock, while lVIr. Abella denies that it is a tuff at all, pronouncing it a 
sedimentary rock derived from the degradation of an adjoining diorite 

• Fragmente, p. 12. 2 l\Ianantiales, 1893, p. 144. a Fragmente, p. 31. 
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area. 1 vVithout further study this rock can scarcely be accepted as 
trach}7te. Of the trachyte in the Binangonan area I find no litholog
ical description, and Roth, judging from Jagor's specimens, thought 
the occurrence dubious. ~1r. Semper's collections seem to have con
tained no trachyte. J\1r. Abella describes a single trachyte from 
Panay at Barbaza, Province of Antique, which he inclines to regard 
as an accidental local facies. '"In a decon1posed and completely 
amorphous magma [ devitrified glass~] together with granules of augite, 
there are to be seen in this rock feldspars which show most clearly 
Carlsbad twinning, and although there are also visible some plagio
clases, they are less abundant and not so characteristic as the ortho
clases." This passage reads a~ if Mr. Abella depended upon Carlsbad 
twinning to differentiate orthoclase, but he may, of course, have 
en1ployed some other and really applicable test. 2 

Mr. von Drasche found rhyolites in the Province of Bontoc (Luzon). 
Of such an occurrence be writes: 3 ''It is a hard, white rock with 
splintery fracture. In the dense groundmass are visible sanidines with 
glassy luster, and gray, opaque feldspar prisms, quartz in formless 
grains, and sn1all augites, certainly a rare combination of minerals. 
Under the microscope the groundmass resolves itself into a confused 
mass of crystals, in part colorless, in part brown, the latter being per
haps augite ( ~). Those gray feldspars consist of the same mixture, 
very strange to sa:y, and are separated from the rest of the groundmass 
by a dark border. There are few augites; magnetite occurs in very 
pretty crystals. All the phenocrysts are rendered very impure by 
groun~mass and contain numerous glass pores." It is not impossible 
that hard, white, splintery dacite, such as I collected in Corregidor, 
may som.etimes have been mistaken for rhyolite, while it seems highly 
improbable that Corregidor should be the only point on the line of the 
Sierra Zambales at which dacite exists. 

The basalts an.d andesites of our Asia,tic province might have come 
from Alaska or from the western Cordilleras of North America, s<;> far 
as their composition and structure are concerned. There is the same 
unexplained adherence of the feldspars to definite types, only enlpha
sized by cases of exceptional composition. There is the same general 
uniformity in the groundmass of the rocks, accompanied by the occur
rence of numerous exceptional microlites and not very infrequent 
reversals of the ordinary rule of deposition, according to which the 
more calcic feldspars are precipitated before the more sodic species. 
There can be little doubt that detailed field study in the Philippines 
will reveal most of those variable associations of massive rocks whieh 
of late years have clain1ed so large a share of the attention of litholo
gists. The principles which underlie rock formation are clC'arly 
worldwide, and I do not doubt that they extend to other planets. 

t Terremotos en Luz6n durante 189'2, 1893, p. 33. 
2 Isla de Panay, 1890, p. 103. a Fragmente, p. 39. 
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Bunsen showed that magmas, so far as they are homog~neous liquids, 
are to be regarded as solutions. Considerable latitude, however, is 
permissible in defining that portion of such a magma which is to be 
regarded as the solvent. ·The simplest relations appear to me to result 
when the eutectic mixture of the substances involved is considered as 
the solvent. This mixture is definite and, at any given pressure, has a 
constant composition, inalterable by partial solidification. A,t temper·· 
atures above its point of solidification a eutectic mixture is capable of 
dissolving a greater or smaller excess of any of its constituents, so 
that with a single given eutectic solvent, solutions of variable compo
sition may he produced in infinite variety. For instance, there is a 
well-known and technically important eutectic mixture of _lead and 
silver which, when superheated, will dissolve further quantities of 
either lead or silver and may serve as the base for an endless variety 
of alloys. If we knew all about magmas, it seems fairly certain that 
we could define a number of eutectic mixtures, each, when heated 
above iti:l melting point, yielding· an infinite variety of solutions corre
sponding to rocks of an infinite variety of compositions. Thus, if a 
labradorite-basalt is conceived as a eutectic mixture, capable at suffi
ciently high temperatures of dissolving more feldspar and olivine, it is 
easily conceivable that rocks of this class should be found containing 
many large feldspars or no feldspathic phenocrysts, much olivine or 
none at all, while the groundmass, representing the eutectic mixture, 
would maintain a nearly uniform composition and character, inde
pendent of the phenocrystic composition. 

From this point of view the groundmass· of rocks would be more 
interesting and important than the phenocrysts, while it has usually 
been studied with less care, because of the greater difficulties in the 
way of mineralogical determination. The groundmass would either 
consist substantially of the eutectic mixture or afford a closer approx
imation to it than does the whole rock. 

It is difficult to imagine that the comparatively small number of 
elements which enter largely into the composition of massive porphy
ritic rocks should form any very great number of independent eutectic 
mixtures; and it seems to me that it would be possible to elaborate 
a eutectic classification of those rocks which have consolidated from 
the liquid state-I mean the porphyries-each rock group representing 
a series of solutions in one eutectic liquid. Such a classification would 
also have certain geological advantages over others, for the compo
sition of the groundmass' of rocks largely determines their orogenic 
significance. The capacity of a magma to flow during injection or 
after ejection depends chiefly on the viscosity and the latent heat of 
the groundmass or, approximately and in the most important class 
of cases. on the properties of the eutectic solvent. Commonly the 
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phenocryst-; are n1ere flotsam in the stream of liquid rock, and do not 
seriously interfere with its capacity to flow. 

Even among the rocks which represent solidified fluids there is a 
class not subject to such a classification as is here proposed. It seems 
an inevitable conclusion ·from the laws of precipitation that there must 
be many rocks which have been formed by fractional crystallization. 
There is no difficulty in seeing how this process might go on, but the 
greatest difficulty in comprehending how it could be obviated alto
gether. Especially must this be true of dikes and laccoliths, where 
convection currents (incomparabl}T more effective, except at distances 
within a few centimeters, than any process of molecular flow) must 
feed the crusts growing on the containing walls with saturated or super
saturated solutions. 1 Now, such fractional precipitates are essentially 
impure. Either in nature or in the laboratory, they represent neither 
the substance dissolved nor the solvent or mother liquor, but only 
fortuitous mixtures of the two-crystals of precipitate, including and 
entangling variable quantities of mother liquor; crusts, which vary in 
composition fron1 millimeter to n1illimeter. Rocks of such origin 
appear to me insusceptible of any ::;trict classification and fit only to 
throw a dim light on the qualitative composition of the magma, which 
they represent, indeed, but only partially and irregularly. Were a. 
eutectic classification worked out, it would probably be easy to recog
nize these impure partial precipitates, which would then receive the 
scant attention they deserve. It is hoped that the laboratories of the 
U nitcd States Geological Survey will be able to throw some light upon 
rocks of eutectic composition within a moderate time. 

NOTE ON ~.rHE DIS~l'RIBUTION OF r.I'HE VOLCANIC ROCKS.' 

Anything like a comprehensive description of the distribution of 
voleanie rocks in the Philippine Islands is as yet quite impossible. 
The interior of northern Luzon is little known, but is supposed to con
sist mainly of crystalline schists, broken through at some points by 
intrusives and volcanics; and a similar statement is true of the east
ern range of Luzon, the Sierra Madre, as far south as the Province 
of Principe. Crystalline schists appear again in Camarines Norte. 
But to the north, the west, and the south of this area volcanic rocks 
are abundant. The southern portion of the Zambales Range and the 
greater part of the territory between the Bay of Manila and the Strait 
of San Bernardino are occupied by volcanic rock. In the Visayas 
volcanic rocks are not rare, but NegTos only is remarkable in this 
re::;pect. Nearly the whole of the range, which extends from one end 

1 Am. Jour. Sci., 4th series, Vol. IV, 1897, p. 257. 
2 References already given in the preceding section are omitted in this note. 
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to the other of. that exquisite island, is volcanic. According to Sem
per, all of the larger Visayas show extinct volcanic cones except Cebu 
and Bohol. Of Mindanao it is known that there are crystalline schists 
along the eastern coast and i\1acajalar Bay on the north coast, but the 
island contains at least three active volcanoes, not to speak of the more 
numerous extinc.t ones. Finally, much of the J ol6 group is volcanic, 
and Palawan is known to contain volcanic peaks. Thus, while it is by 
no means true, as has sometimes been alleged, that the archipelago is 
of volcanic origin, volcanic areas are distributed at short distances 
from the Batanes to Tawi-Tawi. 

The rocks which have been more or Jess inadequately determined as 
trachyte are of limited distribution. One doubtful specimen comes 
from Panay, at Barbaza, in the Province of .Antique; the remainder 
are aJl from Luzon. In that island, near the southern end, in Cama
rines Sur, between the villages Yriga ·and Buhi, a pumice-like tuff was 
considered trachytic by Roth. :.Mr. von Drasche found the rock at the 
base of Maqul'ling, not far to the southward of the town of Calamba, on 
Laguna de Bai, which he regarded as trachyte. Baron von Richtbofen 
discovered trachyte on the peninsula of Binangonan, on the north side 
of the same lake; and Mr. von Drasche, on his map, colors the western 
half of the peninsula as trachyte. On that shore I collected basalt, 
but was obliged to remain under cover of the guns of the J.Yapindd!n 
and could not get inland. The trachytes recur on the San .Mateo 
River, near the caves about 5 miles above the tow·n of San ~1ateo, in 
Manila Province. Mr. von Drasche found a large area of trachyte 
farther north. He encountered this rock at P6rac in the Pampanga, 
and to the westward of that town in the foothills of the Cordillera de 
Mabanga; again close to O'Donnell in Tarlac, and once more in the 
Province of Pangasinan, among the foothills of the Sierra de Zamba
les, not far from the town of Aguilar. He summarizes his observa
tions thus: " On the eastern slope of the southern half of the Sierra 
there are superposed on these rocks [gabbros and diorites] thick 
masses of trachytic tuff, which include numerous fragments of tra
chyt~. These tuffs can be followed to the watershed at an altitude of 
3,000 feet, and on the east stand in close relationship with the plain 
of Pampanga, the surface of which consists principally of their decom
position products. The crystalline rocks must be pierced by numer
ous intrusions of trachyte, for one finds great quantities of such rock 
species in all accumulations of

1
pebbles derived fron1 the Sierra." 

In the provinces of Lepanto and Bontoc also Mr. von Drasche found 
trachytes abundant, but closely associated ·with andesites and basaltic 
rocks. The important copper deposits of ~Iancayan occur, he says, 
in a quartz lens embedded in sanidine-trachyte. 

:Yir. Abella recognizes the very general distribution of trachytes in 
the Cordillera Central and the mountains east of the great plain of 
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Luzon, but the only precise locality I find mentioned i::; at Canan, on 
a tributary of the Patlin River, ahout 2 miles to the westward of 
O'Donnell, in Tarlac Province. Here dikes of porphyritic sanidine
trachyte make their appearance "on the one side in the slopes of the 
hills Marangla and Cospien, and on the other between the town and 
the river Capatfan, forming the volcanic line of the hills Dayagdag, 
Taoagan, and Patlin." 1 I am not in po::;session of maps showing these 
hills by name, but they will doubtless be identified with ease fr01n 
O'Donnell. 

Mr. von Drasche also found rhyolites, or, as he calls them, quartz
trachytes, in these northern provinces. He met with this roelt a short 
distance to the northwest of Mancayan) the central town of the copper 
district in the Province Qf Lepanto. The rhyolite lay in blocks along. 
the Abra River. On the road from Sabangan to Bontoc, capital of 
the province of the same name, he also found rhyolite, which, in this 
district, appears to occupy an important area. 

Basalts and andesites seem to be closely associated in the Philippines, 
as they so frequently are elsewhere, but the quantity of pyroxene
andesite probably far exceeds that of any other volcanic rock in the 
archipelago. ~lost of the notes on these rocks refer to isolated locali
ties or volcanic cones, and they can not be delimited areally until a 
geological survey of the islands is made. Some of these notes will be 
reserved for the remarks on volcanoes, which will claim attention pres
ently. The Island of Talim, in Laguna de Bai, is basalt, and much of 
the shores of the lake is also basaltic. The Mariveles district, f01·ming 
the north headland of ~Ianila Bay, wa8 pronounced basalt by Roth on 
the 8trength of Ja,gor's specimens, and thi8 determination was accepted 
by ~Ir. von Drascbe, who did not visit the locality. I suspect that 
some of Jagor's labels were displaced, for my personal examinationi? 
and Mr. Semper's specimens show that the region is andesitic, the 
pyroxenic variety predominating. 

The chain of extinct and active volcanoes which stretches from 
Laguna de Bai to the extreme southeastern point of Luzon appears 
to be mainly andesitic~ but not deYoid of basalts. In hil:i intere8ting 
study of Panay ~1r. Abella finds that the mountain system, the ::;kel
eton of the island, is composed largely of massive rocks of two eras. 
The older is characterized by di01·it~s and diabases, the younger by 
andesites and basalts. This later period may be regarded lithologically 
a::; a repetition of the earlier one. In the Samaraquil Peak of Anini-y, 
at the southwestern extremity of the island; )1r. Abella found nepheline
leucite-basalts. He considers the basalts as generally younger than 
the andesites. 

In X egros a magnificent range extends from near the northern end 
of the island to the active peak of Cnnlaon. At the first glance thil:i 

1 :Manantiales, 1893, pp. 18, 19, 144. 
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range resolves itself into three mountain$ of most unusual similarity, 
and there can be no substantial doubt that the two more northern 
masses are extinct volcanoes of the same type as Canla6n. I was unable 
to reach the main range, but the streams on both coasts bring down 
such a mass of pyroxene and hornblende-andesite as to indicate that 

·these are the principal rocks. In the eastern foothills, on the Talabe 
River, I f<;mnd basalt in place which seemed to be older than a portion 
of the coral reefs, and is certainly older than the later ejecta of Can-
1a6n. To the southward of the volcano the range is lower and less 
sh:iking than to the northward, but at the southern end. of the island 
the Dumaguete Peaks, or Cuernos de Negros, again rise to an altitude 
of several thousand feet. In this region, near Dumaguete and V alen
cia, Tanjay and Bais, I saw only andesite rocks. 

In Cebl1 most of the country is covered with a blanket of coral, but 
where the streams have cut through this Mr. Abella found some 

·decomposed andesites. I, too, found on the river above Naga, about 
2 miles from the town, a considerable sheet of hornblende-pyroxene
andesite. 

In the Island of Leyte, at :Mount Dagarni, according to Roth, J agor 
collected fresh hornblende-andesite. Dagami is the name of a town in 
northeastern Leyte which J agor visited, but he probably collected his 
specimen oil 1\1ount Manacagan, as he calls it, a few miles .south of 
Burauen. He speaks of the rock of this mountain as "a very horn
blendic trachyte." 1 On the Island of Limasau, just south of Leyte, 
Mr. Semper found hornblende-andesite, and Mr. Renard has determined 
the rocks of Camigu1n de Mindanao as pyroxene and bornblende
ande~tes. 

In Mindanao, the great Apo Volcano, according to lVlr. Joseph 
lVlontano, 2 is andesite. He also found andesite north of Lake Dagum 
on Mount Bunauan. This locality is in the valley ~f the Agusan, in 
eastern Mindanao. In much the same region be found andesites at 
the western foot of the coast range, on the river Miaga. A few miles 
upstream from Bntuan, at the mouth of the Agusari, he found decom
posed dolerite. Mr. Semper also c.ollected augite-andesites from sev
eral points along the Agusan, as well as close to Zamboanga, at the 
southwest extremity of lVIindanao. Basalts this naturalist found near 
Isabela, on Basilan, and on the neighboring islet of Lampinigan. 
J. Itier 3 states that from Mount J)~o.J in the center of Basilan, basaltic 
ridges, not over 500 meters in-height, run E. and 'VNW. 

Near J ol6, on the island of the same name, I found basalt. This 
island is n1entioned by Mr. KotO i also as basaltic, as are the Calamianes. 

1 Jagor's Reisen;1873, p. 221. 
2 Rap. sur une mission aux 1les Philippines, 1879-1881, p. 287. 
a Descrip. des iles Solo: Bull. Soc. geog., Paris, 3d series, Vol. V, 1846, pp. 311-319. 
4Geol. struct.ure l\Ialayan arch.: Jour. Coil. Sci. Tokyo, Vol. XI, 1899, pp.114, 117. 
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Vast quantities of pyroclastic tuffs and volcanic sediments accompany 
the more solid flows almost everywhere in the Philippines. They are 
especially abundant in the great central plain of Luzon, and semn to 
stretch in an almost unbroken, ·nearly flat area from near Lingayen 
Gulf southward past Manila, past Taal to the seacoast of Batangas. 
Mr. von Drasche regards these tuffs as trachytic from the north coast 
of Manila Bay northward, and as doleritic to the southward, but Mr. 
Oebbeke shows that some of the northern tuff is andesitic. In the 
more southerly area, along the Pasig, I am confident that andesitic tuff 
is abundant. Unfortunately my specimens are lost. On the other 
hand, much of the basaltic rock of the Laguna de Bai region is tuffa
ceom:l. In a large proportion of cases the tuff is so decomposed that 
a determination of its original lithological character would be very 
difficult. There can be no question that this tuff area has been laid 
down in water. So uniform a distribution and such flat surfaces 
could not have been attained under subaerial conditions. Evidence of 
aqueous rearrangement of material is frequently visible, and plant 
remains, or even traces of lignite in minute seams, are not rare. 1 'The 
light scoriaceous material of which the tuffs are composed may, as is 
well known, be carried to almost indefinite distances by river or 
oceanic eurrents. 2 There is no doubt that since the close of the Ter
tiary the sea has flowed freely from Tayabas Gulf to Lingayen Gulf, 
and such a channel must have been traversed by currents sufficiently 
strong to account for the wide distribution of the tuff. Father Zuniga 
seems to have been the first to see in ancient eruptions of Taal the ori
gin of the greater part of the material forming the southerly tuff area. 
He has been substantially followed by all who have expressed their 
opinion on this subject; but Mr. Abella points out that all the volcanic 
vents from Arayat to Banajao must have contributed material to 
this accumulation, 3 in which opinion I entirely agree with him. 

The volcanic rocks of the Sunda Islands and the Banda Islands are 
seemingly in all respects similar to those of the Philippines. In the 
Dutch and English possessions in the Far East there is the same pre
ponderance of pyroxene-andesite ;:tccompanied by hornblende-andes
ites and basalts. Leucite rocks, rare in Asia, occur on the small 
Island of Bawean, to the south of Borneo, and in eastern Java, as well 
as in Panay /' and dacite accompanies andesites in the islands of the 
illiasser group, 5 while trachyte seems to be rare. The similarity 
extends beyond specific names. :Mr. Oebbeke6 made direct compar-

I Dana obtained many specimens of plants from the tuff, mostly palms, seemingly of recent species. 
No vertebrate remains have been detected so far as I have been informed, though the Spanish geolo
gists have been on the watch for them. 

2Sir A. Geikie notes that at one eruption of Sakurajima (Japan) it was possible to walk a distance of 
23 miles on the pumiceous material floating in the sea. Text-book of Geol., 1893, p. 215. 

s El monte l\Iaquilin, 1885, p. 24. 
•Kot6, loc. cit., p. 88. 
6K. Martin, Reisen in den Molukken, geol. Theil, 189S, p. 219. 
aN eues Jahrbuch Beil.-Band I, 1881, p. 488. 
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isons between the S~mper collection and the specimens in Professor 
Rosen busch's cabinet from other parts of Malaysia. He concludes that 
"there is scarcely a type which is not represented on all the islands 
alike." Mr. J. L. C. Schroeder van der Kolk examined ~1r. Martin's 
rock specimens from the ~1oluccas. The only massive rocks were 
granite, peridotite, dacite, and pyroxene-andesite. The dacites are 
separated into two groups, one being highly pyroxenic and containing 
labradorite, while in the other the ferromagnesian silicates are repre
sented by biotite and the feldspars are less calcic. Sanidine enters 
into the second group of dacites in varying quantities, and there seem 
to be transitions to rhyolite. 1 The dacite of Corregidor is akin to this 
second group, and it is probable that other of van der Kolk's types 
occur in the Philippine Islands. 

VOLCANOES, ACTIVE AND EX'riNCT. 

A considerable number of mountains in the Philippines have ejected 
ash or lava recently, or since the occupation of the country by the 

, Spaniards. Many other cones are plainly volcanoes of no ancient 
date, and concerning some of these it is doubtful whether or not they 
have been active during the last four centuries. The accounts of 
early Spanish writers, chiefly priests who were intent on other mat
ters, are in part very vague and ambiguous. I shall endeavor to 
collect here such information as seems important concerning all the 
volcanoes known with certainty to have been active, and also the avail
able data as to the principal cones which are clearly extinct or dor
mant volcanoes. The latter group could doubtless be increased almost 
indefinitely. At the close of this section (pp. 541-542) appears a little 
tabular statement on the subject. 

Beginning at the south, there is at the southern end of l\1indanao a 
group of volcanoes none of which is known to have been in eruption 
since January 4, 1641.- On that date there was a disturbance in the 
Philippines which extended far and wide. It has been discussed at 
length by Perry and others, but most satisfactorily by J agor. 2 The 
original information is contained in a report to Pedro, archbishop of 
Cebu, printed by Raymundo Magisa in Manila in 1641. The original 
is extremely rare. It is reproduced in the Obras Filos6ficas of J. E. 
Nierembergius and in Zuniga's Estadismo de las Islas Filipinas. This 
last I have seen. It is alleged that three outbursts took place on this 

I Sammlungen des geologischen Reichs-l\Iuseums in Leiden, Vol. V,1896, p. 70. 
2 The incident was investigated by order and commission of the archbishop, but the report is anony

mous. The document appears among Retana's appendices to Zuniga's work, and is evidently repro
duced with care. 
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day in different portions of the archipelago, accompanied by earth
quakes, which were also felt in Cochin China and Cambodia. A Span
ish squadron was off the south coast of Mindanao at the time and some 
of the ships were almost overwhelmed by volcanic ash. These ships, 
which were approaching Cape San Agustin from Zan1boanga, were 
then "in the neighborhood of an island called Sanguil, on which the 
volcano had broken out." The name of this island has led to much 
confusion. In the original report it appears as Sanguil, while Nierem
hergim; has Sanguiz, and the name appears in various other forms in 
literature, some of which a~·e probably mere misprints. Perry came to 
the conclusion that the report referred to the I:;land of Sanguir, one of 
the Celebes group, but Semper and Jagor believe the volcano to have 
been in Mindanao. Even if Sanguil and Sanguir are originally the 
same word, the identit)T proves nothing, for in the Philippine Islands 
a num her of geographical names are repeated. According to the Gui'a 
Oficial, the Sanguil language is still one of those spoken in the Prov
ince of Davao (southern Mindanao), and the admirable Compendio de 
Geogra.fi'a of the Jesuits says ''the Sanguils inhabit a small area on the 
southern coast of Mindanao near Sarangani," which is one of the 
names of the southernmost cape of Mindanao. On the ethnological 
map of the Jesuits this area is shown. :Most authorities seem of the 
opinion that this volcano was on the Sarangani Peninsula, in spite of the 
express staten1ent that it was on an island. On the Jesuit map, how
ever, as well as upon the charts of the Hydrographic Office, a volcano 
is marked on the island now called Balut, one of the Sarangani Islands. 
It lies in latitude 5° 25' and is within 10 miles of the coast. The vol
cano is said to be now extinct. 'Vhen this island is visited it will be 
worth while to observe whether conditions indicate an eruption of con
siderable violence within two hundred and fifty years. On the penin
sula there is also a volcano called Sarangani by Jagor and Semper, but 
Butulan b~r Centeno and other:s. There is no certain record of an 
eruption of Butulan. 

The second eruption of January 4:, 1641, is described as occurring 
near Jol6. The report runs: "And although, at the time, the dark
ness and atmospheric disturbance were so great that the people of 
J o16 could not perceive whence came the stuff which fell from heaven 
upon them, yet when it became light it was observed that at the same 
time when the volcano burst forth at Sanguil, Mindanao, the elements 
there also had become excited, and that a second ,~olcano had opened 
on a small island which lies opposite the bar of the chief river <;>f J ol6, 
where lies our military station. The crater of this volcano is still 
open." Semper and J agor are of the opinion that such an eruption 
really took place, but no further outbreak is known to have occurred 
there, and the remains of the crater have not been described of late 
years, so far as I know. 
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The third eruption on the same January 4 took place from what was 
called ''a water volcano" by the arch bishop's agent. The description 
makes it clear that by this term he had no intention of indicating ther
mal phenomena, but merely an outburst of water accon1panying what 
he himself called a frightful earthquake. It took place in Luzon 
among the Ig-orrotes, "who relatively to the llocos live five days' 
journey eastward and inland." Three hills and several villages are 
said to have been thrown into the air in fragments and utter.y annihi
lated. This locality has been regarded as lVIount San Tomas, o;: 

Tongl6n, some 15 miles from Aringay, in U ni6n Province. 'I'h1s 
identification does not appear accordant \Vith the original description, 
and how it was reached I have not succeeded in ascertaining. 1 

A group of volcanic cones exists a little to the northward of the Bay 
of Sarangani. They are extinct or dormant, so fa1 as is known. 
Indeed, excepting their position, which is doubtless only approxin1atb, 
I know nothing of them. Their names are Magolo, Matutum, and 
Malibato.. Of these the first is entitled a volcano on the map of l\1in
danao in the Compendio de Geografia, and the second is similarly des
ignated on 1v1ontano's map. lVIatututn is said to be visible from the 
sea at a great distance. 

Mount Apo is the highest niountain in the Philippine Islands. It 
was ascended in 1Fi80 by Mr. Montano 2 and Governor Joaquin Rajal, 
who found the altitude 3,143 meters, or 10,311 feet, and in 1882 by 
Messrs. A. Schadenberg and 0. Koch, 3 who determined the height at 
3,280 meters, equal to 10,761 feet. Mr. Velain determined Mr. Mon
tano's specimens as andesite. The latter describes the mountain as in 
the solfataric stage, the cone being covered from about the 7,500-foot 
contour to the summit by a mantle of sulphur. An enormous cre
vasse opened in the flank of the mountain emits jets of sulphurous 
acid, .which escape with a strident roar. According to the Guia 
Oficial, the summit consists of three peaks, of which the present crater 
forms the most southwesterly. There is a lake· on the ridge from 
which issues a cold stream, while another ravine carries hot water. 
Though Apo is well known to be active, there is said to be no record 
of its eruptions. It is sometimes called Davao, from the name of the 
gulf near which it lies. This gulf on old charts appears as Tagloc Bay. 

ISan Tomas is not volcanic. :Mr. von Drasche says of it (Fragmente, page 30): "It is usually 
considered an extinct volcano, because a passage m a report on the simultaneous eruption of three 
volcanoes in January, 1641, points to it. Ja.gor gives a literal translation of this document, from 
which, however, it appears that (1) this outburst can be referred to any possible mountain in north
west Luz6n, and (2) nothing whatever is said of a true emptiOn. The pertinent passage reads," etc. 
In the Spanish translation Mr. von Drasche's statement is represented by this phraseology: "Being 
in reality au extinct volcano, as is established by the following account which Jagor copies from a 
document dated in January, 1641, and referring to the simultaneous eruption of three volcanoes at 
that date." Mr. Abella, supposing the Spanish translation to be correct, comments thus: "If, indeed, 
the account of 1641, which Drasche copies, is confused, that which this geologist himself gives of the 
geological character of Tongl6n is not less so."-Terremotos, 1893, page 30. A careless translation is 
an unconscionable thing! 

2 Rap. sur une mission aux iles Phil., p. 287. 
a cited by F. Blumentritt in Bull. Soc. acad. indo-chinoise de France, 1882-83. 
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Macaturin lies over 20 miles to the northeastward of Pollok Point, 
in lUana Bay. Berghaus called this mountain !llano. Semper called 
it Pollok or Sujut, and this last is the name given it on Jagor's map. 
Centeno alleges that this volcano has 1

' ejected enormous blocks of con
glomerates of various igneous rocks, like those which are to be seen 
to-day in the port of Pollok, distant seven leagues from the volcano.'' 
As appears from Perry, an eruption of Maca turin occurred in 1765, 
and the Guia O:ficial notes eruptions in 1856, 1865, and 1871. The 
last was preceded by earthquakes which destroyed many villages. Mr. 
Centeno 1 gives on his map a volcano, Cottabato, just south of the Rio 
Grande and a few n1iles from the town. He observed many conical 
hills like Cottabato along the course of the river, but was prevented 
fron1 making an examination of it or any of them. He gives no record 
of eruptions or of other details concerning this mountain. 

One of the most interesting of Philippine volcanoes is on Camiguin, 
or, more specifically, Camiguin 2 de Mindanao, for there is another 
volcanic islet of the same name in the north. This one is close to 
Mindanao and in latitude 9° 12'. According to " information from 
Manila," reported by Jagor, this island up to 1871 consisted of three 
ridges. On the sun1mit of one of them, Catarman, there was a crater 
lake the water level of which was subject to great fluctuations. Some
times it dried up and sometin1es, as in 1827 and 1862, it overflowed. 
Often it was agitated by evolutions of gas. No historical eruption had 
taken place. 3 

• 

. On February 16, 1871, according to Centeno/ earthquakes began to 
be felt in the island, whiyh increased in severity until April 30. They 
then ceased suddenly, and a volcano appeared 400 yards southwest of 
the village of Catarman. At 3 p. m. a thick column of black vapor 
rose, with a strong odor of sulphur. It quickly became incandescent 
and set the woods on :fire. At the end of a week a little volcanic cone 
2 meters high had formed and ''kept pouring lava into the sea, at the 
same time gaining in height and width; but such has been the activity 
of the crater that now, after four years of existence, it already meas
ures some 1,500 feet in height above sea level, in addition to which it 
has acquired a breadth of half a mile." Roth takes his information 
from the Spenersche Zeitung, 1871, No. 167. "On May 1, at 5 p.m., 
a hill above the village of Catarman split, with heavy shocks and 
thunderous noise. Smoke, ashes, earth, and stones were thrown out. 
The crater had a length of 1,500 feet, a breadth of 150 feet, and a depth 
of 27 feet. At 7 p. m. a second eruption took place. No mention is 
made of a lava flow." The fissure-like shape of the crater here described 
is interesting and suggestive. As noted above, Centeno reports a 

1 Memoria geol.-min. de las islas Fil., 1876. 
2 The Compendio de Geografia writes this Camiguing. There is reason to suppose that the Span

iards ha>e dropped a final g from a good many native names. 
3Jagor's Reisen, p. 328. •Ibid., p.lO. 
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stre~m of lava. In the Illustrated London News of October 7, 1871 
(Vol. LIX, p. 327), there is a sketch of this volcano bJr Lieut. F. C. P. 
Vereker, but the editors have confounded the island with Camiguin de 
Babuyanes, in latitude 19° 10'. The cut represents the island as cov
ered with mountains of impossible steepness and shows the eruption 
progressing in a depression near the foot of one of the mountains. 

Camiguin was visited by the Clwllengm' expedition in 1875. It is 
described as a dome, 1,950 feet in height, without any crater, but still 
smoking and incandescent at the top. 1 

On the Island of N ep;ros there are two volcanic vents. One of these 
is a very small affair, at the southern end of the island~ some 10 miles 
from Dumaguete, on the southeastern slope of the Cuernos de Negros. 
It is· called Magaso. I was told in Dumaguete that vapors arise from 
a small crater-like vent, and that there are cracks in the hot rock in 
which a stick will inflame. There are sulphur deposits and strong 
sulphur springs at its base. The Cuernos are largely-so far as I 
know, wholly-andesitic. The volcano of Canla6n is in the central 
range of the island, of which it forms a.culminating point. It lies in 
latitude 10° 24' 35''. 2 The upper part of the mountain has the typical 
form of a volcanic cone, but this portion rests upon a more irregular 
mass, which forms a portion of the range stretching northward for 
some 30 miles. The Spanish hydrographic office gives the elevation 
at 8,192 3 feet, so that it would rank with Data, and be exceeded only 
by Halcon, Apo, and May6n. It is visible frmn near Iloilo and can be 
seen even from vessels cruising on the eastern side of Cebu. From 
the sea on the western side of. this island, called Tan<?n Passage, Can
la6n is a very impressive spectacle, for, in addition to the picturesque 
form of the cone, steam is always pouring out from at least two vents 
at the summit. No violent eruptions are remembered, but ash has 
been ejected from time to time. The last considerable ash fall occurred, 
as I was informed at San Carlos, in July, 1893. There was also an 
eruption in 1866.! Andesite is the prevailing rock of this region, as 
shown by the stream pebbles, and I suppose Canla6n andesitic. On 
some Spanish ·maps and in J agor's Travels this mountain appears under 
the name ~Ialaspina. 

The Island of Siquijor is sometimes called Fire Island, and this seems 
to have led to the inference that there was a volcano upon it. Accord
ing to Mr. Semper, this inference is entirely false. There are neither 
craters nor hot springs upon it. He is of the opinion that the spec
tacle of the natives fishing by torchlight at night led the early Span
iards to christen the island Isla de Fuego. 

1 Voyage of H. li. S. Challenger, Narrative, Vol. I, 1885, Part II, p. 653, with a cut. 
2 Derrotero del Arch. Fil., by Capt. C. de Arana, )lad rid, 1879. 
3BowMtch's Navigator and British Admiralty charts. 
• :Mendez de Vigo, Hist. geog. geol. y estad., Vol. II, 1876, p.173. 

21 GEOL, PT 3-01--36 
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According to .:\lr. Semper, extinct \rolcanoes exist in nearly all the 
i~lands. Ceb{l and Bohol, like Siquijor, show none; but the.r exist, 
he says, on Leyte, Samar, and in the western mountain region of north
ern :\tlindanao, "\Yhile in the high range of Palawan such extinct volca
noes raise them~ehTes far above the mean crust of the sierra· to which 
they belong. 1 Same of the peaks are said to be more than 2,000 
meters (6,561 feet) in height. In the Compendio de Geografia mention 
is made of a volcano named Calayo and. situated in Pulangui. In 
another passage Pulangui is said to be a town in northea~t Paragua 
(or Palawan). As I have met with no referenee to such a volcano in 
the eastern island::.;, or to any other town of this name, I suppose the 
volcano to be in northeast Palawan. According to }lr. :Mendez de 
Vi go, 2 there are two nwuntains on the Island of Duma ran, close to 
the northeastern end of Paragua, which often emit smoke and sulphur
ous fumes, but are not known to have ejected streams of lava. They 
are called Alivancia and Talasiquin. 

The charts show crater-like depressions at the southern end of 
Cagayan J ol6, one of them bJ.-oken down at the edge and admitting 
the sea. Capt. Charles S. Perry, U. S. N., who landed there to raise 
the American flag, informs me that these are unquestionably cratrrs, 
but that they are to some extent covered with vegetation and can not 
therefore ha,·e been acth·e very recently. They seem first to have 
been recognized as craters by Mr. F. H. H. Guillemard. 3 

On the line of Palawan, but close to Borneo and to the south of the 
small Island of Bangue}T, an islet rose from the sea during the earth
quake of 1897, according to l\1r. R .. :.M. Little,"' but the rock is 
described as grayish-white sandstone, and no indications of yolcanic 
action are noted. 

In the I~land of Le~·te there are two volcanic Yents in the solfa
taric phase from which much sulphur has been gathered. They lie to 
the southward of Bunl.uen, in the northeastern portion o£ the island, 
and were visited by J agor. 5 The more southerly is called l\1ount 
Danan. The other is called the crater of Kasiboi, and lies, according 
to ~Tag·or, on a mountain named l\1anacagan. This mountain, on n-Ir. 
d' Almonte's map. is called Himaiacagan. .J agor describes the rock as 
"very hornblendic trachyte." It is probably the rock determined by 
Roth as hornblende-andesite. Roth probabl:r refers to Kasihoi when 
he states that the outflow of the solfatara at Dagami (some miles north 
of Burauen) forms a brook with a temperature of 50c R. =1±5c F. 6 

The Guia Ofi.cial mentions a volcano at Burauen called Caolangojan, 
which, I suppose, is anot~er name for one of those just referred to. 

The Island of Biliran is well known for its sulphur deposits, the best 
in the archipelago. The sulphur occurs in solfataras. SQme o£ which 

I Die Phil. u. ihre Bewobner, pp.l6, 31. 
2 Hist. geog., geol., y estad., Yol. II, 1876, p. 23. 
a Cruise of the M'lrchesa, 1889, p.175. 

4 Geog. Jour., 1898, p. 298. 
5 Reisen, 1873, p. 2'20. 
6 Ibid., p. 354.. 
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are extremely hot, J\1r. Abella 1 getting temperatures of no less than 
115° C., 'vhich would show that the water is a strong solution of some 
salts. These hot springs contain pyrite of recent formation "pro
duced by the reducing actioH either of an excess of sulphur or of yege
table remains, brought by water or wind, on the iron sulphate which 
had previously formed." Mr. Abella says nothing of craters, but refers 
the solfataras to still existing volcanic action. He compares the phe
nomena on Biliran to those near Burauen in Leyte (writing Buranen, 
however, doubtle~:;s by mistake), and calls attention to the fact that the 
volcanic range continues southward throug-h Panaon to Surigao, Min
danao, while to the northward it is connected through J\1aripipi and 
other small volcanic islands with Bulusan on Luzon. J\1aripipi, by 
the way, is represented by Mr. d'Almonte as a conical island, almost 
round, about 3! miles in diameter and 3,000 feet high. Its plan 1s very 
much like that of a volcanic cone. The chief rock of Biliran is described 
by Mr. A bella as containing greenish and black hornblende and pheno
Cl'ystic feldspars in a feldspathic groundmass, while augite and mag
netic iron are sometimes visible. This description makes it substan
tially certain that the rock is hornblende-andesite. 

In Panay a few warm springs seem the only present manifestations 
of volcanic activity. There is a peak on Mindoro, the elevation of 
which is 2, 700 meters (8,858 feet). It is called Halcon or Alcon, but 
I can ascertain nothing further about it. 2 Near the port of Galera, 
according to Mendez de Vigo, there is a small, very deep lake, which 
smells of sulphur and may be a crater. 3 

The southeastern portion of Luzon is famous for its volcanoes, active 
and extinct. Of these the most southerly is Bulusan. It lies on the 

· Strait of San Bernadino, and Jagor calls attention to the striking shni
larity of its shape to that of Vesuvius. According to the Guia Oficial its 
height seems comparable with that of Mayon. "At present it is nearly 
extinct, but sometimes emits aqueous and sulphurous vapor~:;." The 
Estado Geografico, page 31.4, states that it began steaming in 1852, 
after long seeming extinct. 

Mayon, or the volcano of Albay, is, next to Taal, the most famous 
Philippine volcano. It is possibly the most symmetrically beautiful 
volcanic cone in the world, and at times 'its crater is almost infinitesi
mal, so that the meridional curve of the cone is continuous almost to 
the axis. The height has been variously determined, and appears to 
change with each eruption. Since the crater always remains small the 
height should tend to increase, but the determinations are probably 
not sharp enough to develop this tendency. J agor's barometrical 
measurement in 1859 was 2,37 4 meters. The Spanish Hydrographic 
Commission, according to Mr. Abella, gives 2,522 meters. Mr. 

I La Isla de Biliriin, 1885, p. 10. 
2 Koto speaks of it as a volcano, but without citation; Geol. struct. Malayan arch., 1899, p.l19. 
3Hist. geog., geol., y estacl. 
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d'Almonte's map of 1883 gives 2,527 meters. .Nlr. Abella himself 
gives 2, 734 meters, but he did not reach the summit, because his vi~it 
was made during the eruption of 1881-82, and he does not state his 
means of determining the height. Mr. d'Almonte, however, made a 
sketch map of the mountain for Mr. Abella's memoir, 1 and I faney 
that he measured the height by triangulation. In English mear:;ure 
Mr. Abella's elevation would be 8,970 feet. The rock of Alhay is 
described by Roth and von Drasche as dolerite, put ·~rr: Oebbeke 
regards it as an olivinitic augite-andesite. 

Albay has had a vast number of eruptions. Father Coronas 2 gives 
some details as to eruptions in 1616, 1766, 1800, 1814, 1827, 1835, 1845, 
1846,1851,1853,1855,1858,1868,1871,1872.1873,1881,1885,1886-87, 
1888, 1890, 1891, 1892, 1893, 1895, and 1896, and he describes the erup
tion of 1897. According to the newspapers, there was an eruption 
early in 1900. Some of these eruptions have been very serious. In 
1814 about 1,200 lives were lost (Jagor, by error of transcription, r:;ays 
12,000), and the country was covered with ·ash. Many picturesque 
details may be read in Perry or elsewhere. Of more permanent 
interest than the destruction of life and property i::; the character of 
the e1nanations. J\1r. von Drasche, adopting Stohr's 3 hypothesis of 
three periods in the life of a volcano (first, that of lava flows; second, 
that of agglomerate flows; third, eruptions o£ ash), considers May6n 
in the second stage, and saJrs that the ash eruptions are seldom inter
rupted by small lava flows from the summit. Mr. Abella states from 
observation that' the ash ejections are small and preliminary to exten
sive flows, and Father Coronas gives a map of the flows of ~897, when 
lava from the summit poured down in various directions, even reach
ing the sea at a horizontal distance of about 6 miles from the crater. 
In 1897 ,. however, there was much ash as well as flowing lava. An area. 
of about 4 square degrees was covered with ash, which, nevertheless, 
forn1ed an orogenically insignificant layer at points considerably 
removed from the foot of the mountains. At Tabaco, less than 10 
miles from the crater, the inhabitants were reasonably in fear of 
smothering, but the ash which fell was only 3 or 4 centimeters in 
depth. Per contra, on the mountain side the fall was heavy; the vil
lage of San Antonio, more than 4 miles from the crater, was so buried 
under lava and ash that the ridgepoles of the houses were hidden. It 
would appear from the desQriptions that a very considerable part of 
:\Iay6n consists of a solid framework of laya flows, which alternate 
more or less irregularly with ash eruptions, but that the external form 
of the mountain is determined by showers of ash and coarser frag
mental ejecta. 1 can hardly believe that there is ordinarily any such 

1 El :\Iay6n, 1885. 
I! La erupci6n del volcan :\Iay6n en 189i, Manila, 1898. 
3Emil StOhr, Der Vulkan Tengger auf Ost-Java, Naturwiss. Verein der Rhein pfalz, Diirkheim, 1868, 

p. 200. 
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regularity in the life history of a volcano as is implied in Stohr's 
hypothesis. Study of the history of May6n and comparison with 
other volcanoes show that the form of the vertical cross section is a 
definite one 1 (depending on the resistance of the material to crushing), 
and it follows that the material ejected during anJ' considerable erup
tion is so distributed that the vertical depth of the added layer is sub
stantially uniform from the summit to the base. Of course, more 
mater1al falls near the top than near the bottom, but more rolls down 
from the steeper slopes of higher portions than from the gentler 
slopes near the foot. If each particle were to remain where it fell 
the slope would become steeper at each eruption and the mountain 
would tend toward the shape of a cylindrical column. 

A large number of extinct or dormant craters exist between May6n 
and Laguna de Bai. Only one of these has certainly been known to 
break out since the occupation of the country by the Spaniards. The 
n1agnificent cone of Bamijao, 7,382 feet in height, towers over Laguna 
de Bai, and is visible from Manila Bay. Its crater, now 700 £eet deep, 
was occupied by a lake till 1730, when, according to the Estado Geo
gn1fico, a violent eruption took place, bursting the southern side of the 
crater and pouring out both water and incandescent lava. Since then 
it has been dormant. The Estado Geografico also alleges that Iriga, 
in the Province of Camarines Sur, underwent eruption in 1641, but 
fJ agor give::; seemingly good reason for believing that this statement, 
not to be found in earlier works, is a mistake. ~Iany of the extinct 
cones retain traces of solfataric action, or at least give vent to hot 
springs, but there seems to be little of special interest known about 
them which can not be included in the table on pages 55-56, where 
they are catalogued. 

Solfataras and hot springs are numerous throughout this region. 
One of the more remarkable occurrences of this nature is near the base 
of Mount Mallnao, in the Province of Albay, a short distance from the 
town of Tiui and at a small settlement called Naglabong. Some of the 
springs here deposit siliceou::; sinter, similar to that of the Yellow
stone,'Iceland, and New Zealand, in various fantastic forms, and pyri
tous deposits of recent date are also found. The water was analyzed 
by Rammelsberg for Roth and .Jagor. In 100,000 parts he found 7.5 
silicic anhydride, 25.4: lime with a trace of iron, 0.2 magnesia, and 
abundant chlorides, but no sulphates. The occurrence is enthusiastic
ally described by J agor and bas been discussed by Mr. Abella among 
the subordinate volcanic emanations of Mallnao (1885). Mr. Abella 
found still more silica in this water, viz, 0.28 per thousand parts, or 
28 per hundred thousand. He compares his results with Ramn1elberg's 
on the erroneous assumption that the German chemist's results are per 

1 The vertical outline is the hyperbolic sine curve. A discussion may be found in my report on the 
gold fields of southern Alaska: Eighteenth Ann. Rept. U. S. Geol. Survey, Pt. III, 1898, pp. 20-25. 
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thousand parts. 1 ~Ir. Abella confirms the absence of sulphates in this 
water. He found the temperature of the water at various vents from 
52° to 106° C. 2 

The hot springs at Los Banos on Laguna de Bai, at the base of 
~IaquHing, are very well known, largely because they are so accessible 
frmn .:\lanila, and have long been supposed to possess remarkahle 
curative properties by the natives. 3 I shall not attempt, however, to 
include in thii:l paper any account of the numerous hot and mineral 
springs of the Philippines. They form the subject of two memoirs by 
a special commission, of which Mr. Abella was chairman. 

The Taal Volcano is a very peculiar one and, when order prevails 
a1nong the natives, is readily accessible from Manila. It has conse
quently often been described, both by Spaniards and by others. 
Chamisso visited it in 1818, Hofman in 1825, the 'Vilkes exploring 
expedition and Delmarche in 1842, Semper in 1859, and von Drasche 
in 1876. Of the accounts published by these travelers, Semper's is 
the most instructive, and he collected the specimens from which :Mr. 
Oebbeke determined the lava as andesite. :Vlost of the accounts, 
however, leave much to be desired, because the travelers did not 
rmnain long enough to make any detailed surve.ys. The most com
plete account of Taal is to be found in Centeno's memoir, written in 
1883, and accompanied hy maps and sections. 

Taal lies on a small volcanic island in the lake of Bomb6n. 4 The 
island has an area of some 220 square mile~:;. There is a relatively large 
central .crater and several smaller extinct ones. Of these latter, that 
at the northwest corner of the island is known as Great Binintiang, or 
Binintiang :.Nlalaqu1, and that at the south end as Little Binintiang, 
or Binintiang ~lunti. The central or main crater is nearly round, its 
diameter on a north-south line being 1,900 meters (6,233 feet) and the 
ea::;t-west diameter 2,300 meters (7,546 feet). The edge of this crater 
is somewhat irregular, but is nowhere broken through, its highest 
point standing at only 320 meters (1,050 feet) abm~e sea level and its 
lowe::;t at 130 meters (!26 feet). It is said that Cosima in Japan is the 
only other volcano of similarly low altitude. 'Yithin the rim are two 
hot pools, known respectively as the yellow and the green lake, and a 
little active cone about 50 feet in height fron1 which escape stea1n and 
sulphuroui:i gas in varying quantities. The level of the interior pools, 
according to Centeno, is by 1neasurement, at least very approximately, 
that of Bomb6n Lake itself. The following analyses by .:\Ir. Centeno 
show the composition of the solid residue in one liter of water from 
(I) the yellow or more northerly lake and (II) the green lake. The 

1 Perhaps another ca;<e of careless tran~lation. I have not seen the Spani!'h translation of Jagor. 
!! Emanaciones voleanicas subordinadas al )!alinao, 188.1. 
3The precise locality is railed )!ainit, a name which occurs at many hot springs in the Philippines 

and is said to be the )!a lay word for hot. The French tnweler, de la Gironiere, called )fount ::\Iaqui
ling )!ainit because it is close to this hamlet. 

4 Old writen: use the form Bombong. 
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temperature of the yellow lake is 100° C.; that of the other pool i::; 
high, but it could not be approached on account of its steep banks. 
The soil of the crater is heated to about 50°. The inner walls of the 
crater are so steep as to make descent into it very difficult. 

Analyses of solid residue in hot waters from crater of Taal Yolcano. 

Constituent. I. II. 

---------------------------1-----
Grams. Grams. 

Sodium chloride ______________ . _. _________________ . _____ - _, 

Potassium chloride ________________________________________ ; 

Ferric chloride. ________ --_---------------------- .. -------- -i 
I 

Ferrous sulphate - _ ---- ------ - ----- -- ----- - - -- - - - ---- - - - --- j 

Aluminic sulphate - -- .... -.- - ..... - ----- - ----- - - - ----- ---- i 
)Iag~csic sulphate _- .. -.- .. ------------------------------- j 

CalciC_ sulphate .... _ ....... __ . ___ ..... __ ........... - .. ---. -I 

15.9412 

0. 7095 

4.1907 

0.5693 

0.9360 

1. 3200 

0.5100 
Sodic phosphate. _____ . __ .. _ ............... ______ .. _ . _ . __ . . 0. 5867 

Free sulphuric acid ___ ........... _______ ._ ........ _. __ .. __ . 1. 5855 

Free chlorhydric acid . ____ ............. _ . _________ .... __ .. : ......... . 

Silica ..................... _ ... _ . _ ...... __ .............. _ . _ · 0. 6400 

Total ...... _ ... __ ........ ___ . _ ........... _ . _ ... - ... _ l 26. 9889 I 

30.8588 

3. 4i16 

9.6736 

1.6772 

3.0600 

0.4644 

0. 7620 

1. 4888 

7.8264 

0.7400 

60.0228 

The concentration and acidity of these waters seem remarka~Jle. I 
know of none elsewhere closely resembling them. 

Taal has had some violent eruptions since the beginning of the 
Spani::;h occupation, the worst being in 1'754:. The earliest known 
record i:; by Father Gaspar de San Augustin, who wrote in 1680. His 
account is given in full by Centeno for the light it throw:; on the con
clition of the volcanoes prior to the more recent eri1ption:;, and I have 
exan1inecl the original work. Father Gaspar 1 say:;: "In this lake of 
Bomb6n there is a small island upon which is a, fiery volcano, wont at 
times to eject numerous and very large burning stones which de~troy 
and lay waste many cultivated field~ which the natives of Taal possess 
on the slopes of the said Yolcano." Father Alhurquerque, priest of 
the town of Taal, which lay on the shore of Bomb6n but is. now 
destroyed, proceeded to the volcano in order to exorcise and sanctify 
it. He had himself let down into the crater, "which had two mouths, 
one of sulphur and one of green water which is always boiling. To 
this place now come many deer, which are attracted by the saline 
deposits (salitrales) existing about the lake of the volcano. The open
ing which lies toward the town of Lipa [SE] has a width of a quarter 
of a league, and through the other, which is smaller,, the volcano 

t Conquistas de las Philippinas, )!ad rid, 1698, p. 254. This book may be seen in the Boston Public 
Library. 



536 GEOLOGY OF THE PHILIPPINE ISLANDS. 

began to send out smoke in such EJUantities that" a fresh exorcism was 
clearly requisite and was duly solemnized. From that time up to 
1680, the date of writing, no fire or smoke had issued from the vol
cano. It appears from this description that Taal over two hundred 
years ago must have been very much in the same condition as it is 
to-day, excepting that deer would perhaps :find a visit to the salt 
deposits in the crater more difficult now than in the days of Friar 
Gaspar. 1 

Eruptions are recorded at Taal in 1709,1715,1716, and 1731. From 
the account of Father Francisco Bencuchillo, quoted by Centeno, it 
appears that the outbreaks of 1709 and 1715 were confined to the island, 
doing no damage on the outer shores of the lake. Incandescent stones 
were thrown out, "and a great :fire ran like a river all across the island" 
( corrio por toda la isla). Mr. Centeno finds no trace of continuous lava 
flows on the island which are anything like so recent as the last century, 
and believes that the accumulation of red-hot ejecta on the slopes ·of 
the volcano must have conveyed a false impression to the inhabitants 
watching the destruction of their property from a distance. In 1716, 
according to Father Francisco Pingarr6n, rector of Taal, as quoted by 
Centeno, a more serious eruption took place. After sounds mi8taken 
for discharges of artillery had been heard, :fire was descried bur~ting 
from the volcano on the island at the side toward Lipa, on a point 
called Calavite. This point is now called Calauit, and is the south
eastern corner of the island. The fire then shifted into the lake in the 
direetion of ~fount :Macolod, thr:owing up water and ashes in immense, 
bubbling masses, rising like towers into the air. The water grew hot 
and black, fish were strewn on the beaches as if they had been cooked, 
and the air was so full of sulphurous smells and the odor of dead 
fish that the inhabitants sickened. This state of things lasted three 
days. In 1731, so Father Bencuchillo writes, '' fire broke out in the 
lake in front of the point which looks to the east, obelisks of earth and 
sand so large and high raising themselves from the water that in a few 
days an islet was formed with a quarter of a league of coast line." 
Centeno thinks the Father referred to the northeastern point of the 
island, and that the islets which now exist there were formed at this 
eruption. Possibly, however, an island of pumice may have been 
formed at Calauit and have been washed away at a later date. It 

1 Le Gentil (G. J. H . .T. B.le Gentil de la Galai~iere), in his Voyage dans les mers de l'Inde, a !'occasion 
du passage de Venus, 6 Juin, litH, Vol. II, li81, p. 18, translates this account, quoting the author 
as Gaspard, and stating that "at present many wild boars [sangliers] come to the neighborhood, to 
which they are attracted by the saltpeter which they find about the lake." The dictionary meaning 
of salitral is saltpeter deposit, but the term is still used for almost any deposit of efflorescent salts, very 
much as alkali is employed in the far West for deposits bearing little resemblance to hydrated oxides 
of the alkaline JIJJ!tals. In Father Gaspar's day chemical distinctions were almost unknown, and the 
U."e of the word salitral can not have been more definite than it now is. Pe;-ry (ibid., p. 66} still further 
improves on Gaspar, and states that many wild boars come to the neighborhood, attracted by the sul
phur! Perhaps be thought even such a preposterous assertion credible of a country where the horses 
still insist on having molasses. 
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would be interesting to examine the existing islets with a view to 
estimating their age. 

I have given somewhat full details of these eruptions because Mr. 
Semper thus summarized the early history of Taal: "Two doubtful 
eruptions are mentioned in the years 1634 and 1645 without statement 
of the name of the craters. From 1707 to 1733 the two Binintiangs 
alternated with one another till at length, in 17 49, the middle crater 
burst out, silencing the other two. From this time on it has assumed the 
role of bringing to the inhabitants of the neighboring villages, in the 
smothering ashes, death and at the same time a blessing." The bene
faction, he explains, is the fertile soil into which the ash is transformed. 
He gives rio authorities for the eruption of the Binintiangs, nor do 
Perry and Centeno refer to any. Mr. Semper is a careflil.l writer, but 
possibly he has confused the accounts of eruptions on the eastern side 
of the island with indications of past eruptions on the western side 
afforded by the little craters with long names. Mr. Centeno states 
that Little Binintiang is now base-leveled, and though geologically 
recent is very ancient. Great Binintiang still emits hot steam, but 
Centeno does not appear to eonsider its last eruption very recent. 1 

The greatest eruption of Taal took place in 1754. It consisted only 
of fragmental ejecta, but these were sufficient to destroy four villages 
lying about the lake. This ash, Semper says, has now indurated and 
a new growth of bamboo and palms has sprung up round the project
ing ruins. The eruption began, according to Bencuchillo, on May 15, 
and continued with intervals till December 1, when it ceased and a 
typhoon supervened, lasting two days~ and destroying all the volcano 
had left. In the tropics nature has wonderful powers of recuperation. 
"In spite of the terrible lessons of the last century," comments Cen
teno, "all of these localities have been repopulated. Their fertility, 
their surpassingly beautiful topographical situation, and their unim
provabl~ healthfulness charm the people into a prompt forgetfulness 
of past disasters." No great eruption has occurred since 1754. In 
1808 and in 1873 there were outbreaks, but the damage done seems to 
have been confined to the island itself. 

Lake Bomb6n has a rudely oval form with a mean diameter of 
about 12 miles. I have not been able to ascertain its level, but the 
surface can not stand many feet above the sea, for the Rio Pansipit, 
which connects the lake with the Gulf of Balayan, is only about 6 
miles Long and has no cataracts, and it was formerly navigable. It 
cuts through a low mass of tuff. The other portions of the lake are 
encompassed by a crest considerably higher than the surrounding 
country. At some points this crest comes close to the shore of the 
lake, while at others a narrow strip of lowland intervenes, but, as 
Mr. von Drasche pointed out, the watershed is everywhere so near the 

1 The Guia Oficial, however, speaks of vague reports of eruptions of Binintiang ~Ialaqui. 
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shore that the lake has not a single affluent. The entire surrounding 
region is composed of volcanic material, almost altogether tuff. 
Father ~ufiiga regarded the lake as originating in the col1ap:·w of a 
volcanic cone, and to thi~ theory von Hochstetter, von Drasehe, and 
Centeno assent. The theory of volcanic collapse seemH to imply that 
an empty space beneath the earth\; surface ii-i forn1ed hy the eruption 
of lava and that the intervening rock is too weak to bear the load put 
upon it; so the country over a mine sometimes sub~ides. I douht this 
theory as applied to volcanic cones, excepting when invoked to aeeount 
for local details of structure. It seems to me Yery improbable that a 
considerable cavernous subterranean space is left when lava is extruded, 
nor can I think the foci of yoleanic activity so dose to the surface 
that such a cavern, if formed, could be filled by metm::; of mere sub
sidence of the cone. If the focal di~;tance from the surface is many 
miles, ~uch a eavern would be filled in immediately by molded or frac
tured rock from its own sides, and even this would most likely only par
tially relieve the tendency to upheaval which ::-;o usually accompanies 
active volcanism. 1 On the other hand it is well known that craters of 
vast size have been formed by explo~iom~. and I can see no reason to 
doubt that Bomb6n may have been, probably has been, formed in this 
way, ·in spite of its large dimen::-;ions. 2 

From the southern edge of Bomb6n to the Gulf of Batangas, and 
again fron1 the northern edge of the lake to the northern end of :Manila 
Bay, stretches a great area of tuff, to which reference ha.s been made in 
discussing the distribution of volcanic rocks. The area to the north of 
the lake slopes with extreme gentleneHH toward the bay, decrPasing in 
elevation only 500 to 600 meters in 30 kilometers, on a wonderfully 
steady slope. All oh~erYers seem to he forced to the eonelusion that 
most. at lea~t, of thi~ tuff comes from Taal. Cnder subaerial condi
tion:-; I should say that this would be impossible~ such masses eould 
not be projeeted to di~tancps so great or distributed in such a manner 
along ~:;o flat a eountry. :Xothing i~ more certain, howeyer, than that 
Luzon stood at a considerably lower leYel than it now does in recent 
time~. Taal and Bomh6n n1u:st haye been immersed, and a channel 
then passed from Batangas Gulf to the ea~tward of the Zambales 
Range into the Gulf of Lingayen. In such eireumstances the adual 
dbtribution of tuff from the Taal vent would be intelligible. 

1 Pep:!ndajnn or Papanc1uynng. nt it~ eruption in lii2, ha>< been reg-arded as a promiiwnt instance of 
co:l:;p,e. Lyt•ll "Tote: "lt w:1~ t''timntt•d tl:::t ::n t>xtPn~ of grnuml. of thl' mom1~11in :~ ... plf :aH"l ih 
immediate environ~, 15 miles long and fully ti broad, wns by this commotion ~wallowed up in the 
bowels of the earth.'' tPrineiple!', 11th ed., l~ii, ch. 30.) But Junghuhn showed that no collapse ut 
all o(•eurred. Such an area, with 40 rillages anrl nt>url~· 3.000 human beings, was buried. under ejecta, 
rai~ing the level of the eountry. (Java, Germ. tram., lN-1, 2d part. p. 97.) 

~ )lr. von Dra~Phe. while as;.:enting to the theory of eollap!'t>, nevertheles~ speaks of Bombim as "u 
crater Iakt>," and )lr. Koto refers to it in the same way 1Ioe. eit., p. 1191. It might l1t' ({llt'~tiont•rl 

wl!et!:Pr the tern crater il' properly applieable to mere "'ink~. even of voleanie origir.. hut that i~ tl 
mattPr of usagP. In thi!' partkuiar ea~e the ambiguity of the term lt>aves me in doubt whether )lr. 
Kotu she.res my view or )1r. von Drasehe's. 
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The conditions, then, seem to point to the hypothesis that at the 
locality of Lake Bomb6n there existed a volcano, at least the lower por
tion of which was below water lm·el; by ordinary eruptions and kraka
toan cataclysms vast quantities of scoriaceous ejecta were expelled, 
and such of these as fell into the Batangas-Lingayen channel, or its 
drainage area, were distributed as the more or less stratified tuffs now 
so widely spread along this conrse; finally, Taal itself is the small inner 
cone of a great crater of explosion. This hypothesis appears to account 
for all the facts at present known to me, such as . the rim about the
lake, the contour of its bed, the steady slope of the northern tuff plain, 
the distribution and characte!' of the tuff. I am by no means of the 
opinion, however, that all the tuffs of :Manila Province came from 
Bomb6n. 

Returning to enumeration of volcanoes, there are to the southeast 
of Lake Bomb6n two mountains supposed to be extinct vents, but of 
which next to nothing is known. One of them is called ~1alarayat, a 
peak of which is called Sosoncambing, and the other is Tombol. 1 About 
the same latitude and off the western coa:-~t is the alleged volcano Ambil. 
~Ir. Semper investigated this case and could find no evidence that there 
has been any eruption on this island in historical times. On the charts 
what appears to be a·crater is shown with an elm·ation of 2,500 feet. 

In the Sierra de :\1ariveles there are no present signs of volcanic 
activity beyond hot springs, but the range is unquestionably of volcanic 
ol'lgm. Prominent points upon it are Pico de Loro on the southern 
headland of )1anila Bay, the Island of Corregidor, Nagouliat Peak, and 
Butilao Peak. It has been alleged that there is a crater on Corregidor, 
but I found none. Nir. von Drasche has suggested that Corregidor 
and the little island Pulo Caballo are parts of the rim of a large crater, 
and this appeared probable to me too during a visit to these islands. 

Xorth of the )1ariveles Mountains lies the Cordillera de Cabusilan, 
which contains volcanic-looking peaks (sketched by :\1r. von Drasche), 
especially Pinatubo, but I know nothing further about them. 

:\fount A.rayat is a striking object, even from the mouth of the Pasig 
River, looming up over an extensive plain in solitary grandeur. The 
merest glanee is sufficient to show that it is a monadnock and in all 
probapilityvolcanic. There are two peaks, of which only one is visible 
from the south. It is densely wooded and shows no crater, according 
to ~lr. von Drasche, who regards the rock as dolerite. :\Ir. Oebbeke, 
who examined specimens from both peaks, says that the groundmass is 
chiefly feldspar, and he elasses it as an olhTine-bearing augite-andesite. 
Arayat must have been extinct _for a very long time. 

It has already been noted that San Tomas, or Tongl6n, on the eastern 
boundary- of G ni6n Province, is not a volcano, either active or extinct. 

1 )Ir. Semper collected augite-andesites from )fount Binay and the mountain>< of southern Batangas 
which have been described by )lr. Oebbeke. I can not find Binay on the maps, where it is probably 
represented by some other name. 
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On the other hand, Mount Data is regarded by Messrs. Semper, J agor, 
and Espina as an extinct volcano. Mr. Hans Meyer ascended Data in 
1882 and by barometer found the height 2,245 mete.rs. He found a 
lake some 1,100 yards in diameter on a bench on the eastern slope of 
the highest part of the mountain. 1 This is perhaps a crater lake. This 
traveler says nothing of the rock, but at Mancayan, only about 5 1niles 
from the peak, the rock is sanidine-trachyte, according to l\1r. von 
Drasche. 

The remaining volcanie mountains of the archipelago lie in one 
group at its northern end. Mr. James Horsburgh mentions the little 
island Camagu1n de Babuyanes as having formerly been a volcano, and 
says that on the west end of the Island of Babuyan Claro there is a vol
cano.2 Meyen states that in 1831 the latter underwent a violent erup
tion. Semper says Babuyan Claro seems to be continually in eruption 
and that Camagu1n is now in the solfataric stage. In 1856 a new vol
cano made its appearance not far from Camagu1n, at the Didica reefs, 
or Farallones. It is called the Didica Volcano. It appeared in Sep
tember or October, 1856, between two rocks well known to the natives, 
at first as a column of. "smoke." No earthquake attended· its first 
appearance, but in 1857 it underwent a violent eruption, attended by 
earthquakes. From that time to 1860, when ~Ir. Semper saw it, the 
volcano was constantly active, and in four years had reached a height, 
according to his triangulation, of 700 feet. He was unable to visit the 
spot. There is, finally, a volcano on the main Island of Luzon, in the 
eastern coast range, some 25 miles south of Cape Engafio. It was dis
covered by Mr. Claudio l\1ontero, of the Spanish Hydrographic Com
nusswn. In 1860 ~Ir. Semper, from Aparri, saw smoke ascending 
from this mountain, and his servant, who went to its base, assured him 
that it was well known among the natives as a'~ fire-mountain." 3 

In the following table are collected the principal data available con
cerning 20 active and 29 extinct or dormant volcanic vents. I may 
repeat here that 8an Tomas and Siquijor, or Fire Island, are omitted 
because it has been shown that they are not volcanoes. Calayo, sup
posed to be on Palawan, is left out because there are no data as to its 
position, while I have no means of separating the positions of the two 
volcanoes said to exist on Dumaran de Paragua. The principa,.l syno
nyms are given, that which seems most appropriate being put first. 
The latitude and longitude are only approximate and have been read 
from maps. So far as possible ::\1r. d'Almonte':::~ map:::~ have been used 
to fix positions and elevations. ),fr. Abella's determination of alti
tude has been taken for );fayon and .Mr. :\Iontano's for Apo. Anum
ber of the heights of Luzon volcanoes are those originally determined 
by Jagor, but I do not know the sources of all of )1r. d'Almonte's 

1 Weltreise, 1890, pp. 253-287. )feyer had a paper in Globus, 1883, which I have not been able to see. 
2 The India Directory, or directions for sailing to and from the East Indies, 2d ed., 1817, p. 328. 
a Die Philippinen, 1869, pp.14, 98. 
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figure~. )lany of them are doubtless his own. The longitudes of the 
table are for the prime meridian of Greenwich. In the section on 
"Sources of information" the Greenwich longitude of other prime 
meridians i~:; noted. 

A.cti1;e and soljataric ·volcanoes. 

Approximate-

X arne. Province. : I Longi- Height 
:Latitude. I tGdr~:~~f in feet. 

Rock. a I D..te of omptlon. 

1 I wich. I I 

)----: 
Babuy{m Claro .. ,; Batanes .......... 19 30 121 56 •••••.•••• 1 •••••••••••••• , 1831,1860. 

Camiguin de Ba- : ..... do ............. 18 55 121 52 .......... -············· Solfatttric. 
buyanes. I 

Didica ................. do ............ 19 12:2 \J 700 ········------ I 1856 to 1860. 
Cagua or Caua ... i 

I 
Solfataric in 1860. Cagay{m ..... ·····; 18 13 12'2 ·! 3,920 · .............. 

Taal -------------1 Batangas ......... 14 120 57 1,050 ! Andesiteb .. no!!, 1i15,1i1G,1i31, 

1749, 1754, 1808, 
I 1873. 

Banajao or :"Ira- Laguna ........... I 14 121 27 7,3821 Andesitec .. 1730. 
jaijai. 

)Iay6n or A! bay. Albay ............ 

1 

13 16 123 39 8,970 Andesiteb .. 1616,1766,1800,1814, 

1827, 1835, 1845, 

1846, 1851, 1853, 

1855, 1858, 1868, 

1871, 1872, 18i3, 

1881, 1885, 1886, 

1887, 1888, 1890, 

1891, 1892, 1893, 

1895, 1896, 1897, 

Bol~-'n . I so,.,.6n .... ·I 
1900. 

12 47 124 1 .......... ............... 1852. Solfataric. 
Gmnon (B1hran Leyte ............. 11 32 124 28 Andesite d .. Solfataric. 

Island). · . · ; 

Kasiboi or Cao-j ..... do ............ 1 10 55 124 53 Andesitee .. Do. 

langoj~? I 
53[ .......... Danan .........•...... do ............ ' 10 54 124 Andesitee .. Do. 

Alivancia ........ Paragua .......... f 10 30 119 48 i· ......... .............. Do. 
Ta!Miq uin ............ do ............ , 10 30 119 48 ········-- -------------- Do. 
Canla6n ......... Negros Oriental .. 10 25 123 6 .... ~~~~~-I Andesite?/. 1866,1893. 

1\Iagasu ............... do ............ 15 123 Andesite?/ .
1 

Solfatarie. 

Camiguin de l\lisamis ..... ·····I 12 124 42 1, 950 1 Andesite g . . 
1

1871, 1875. 

l\Iindanao. 
i I 

Macaturin, or I Cottabato ......... 1 36 124 26 .......... ! .............. 1765,1856,1865,1871. 

Pollock, or Su- ! I 

jut, or Illano. I ' I 

I 

'~: ~:: I· ~·d.'."~~ h : : 
Apo o~ n•vao •... , DAvao ....•••..••• , 3 125 17 i Solfataric. 
Sangu1l or San- ..... do ............ 25 125 19 ! 1641. 

gir (Balut Is- , 

J:l~~d.'): ........ ! Jol6 •............. j 

I 

5 ! i 120 
·i I 

i6 58 1 ••••••••• ·\ Basalt? f .... 1641. 
I 

a The queries indicate that the composition of the volcano is inferred from specimens collected 
near it, but not on it. 

bOebbeke. dAbella. 
cv.Drasche. eRoth. 

/Becker. 
gRenard. 

hVelain. 
i Uncertain. 
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~'.rtinct or dormant 1·olcmwe.~. 

X am e. Province. 

Data .................... Lepanto .... _ ......... 
Ar(tyat ···-------------- Pumpanga ............ 
Pinatubo ............ _ ... ..... do-----·-··-------
Butilno ................. : Bataan .... _ .......... 
Nagouliat or ~Iariveles.: ..... do ................. 
Corregidor ............. ..... do ................ I 

Pico de Loro ............ ('a vite ................. i 
Tulim ------------------ )f6rong .... _ ......... -I 
l\faquiling .............. 

-:~~:~:, ..•.•. -••• -.-~ Cristobal ---------------
l\falarayat !llHl Soson-

cam bing. 
I 

Tombol ................. ..... do ................ 
Am bil ................ _ . :\lind oro ... _ .......... 
Loboo ------------------ Batangas ............. 
Labo ·----------·------- Camarines Xortc ..... 
Colasi ------------------ ..... do ................ 
Is~rog .................. Camarines Sur ........ 
!riga .................... ..... do ................ 

l\Ialinao ................ .AI bay ----------------
l\fazaraga ............... ..... do ................ 
Pocdol or Bacon .... _ ... Sorsog6n -------------
l\Iainit or Sapongan .... Surigao ............... 

1 Cottabato or Taviran ... Cottabato .......... -- ·I 
Cagayan Jol6 ........... B~1labac 

I --------------
l\Iagolo ................. Davao ................ 
l\Iatutum ............... ..... do ................ 

l\lalibato --------------- ..... do ................ , 

Bntnlan or Sarangani .. ..... rlo ................ I 

Balut or Sanguil (?) .... ..... do ···-----······-·i 
--

a v. Drasche. bOebbeke. 

Approximate-

Lati- Longi-
tude. tude. 

Height 
in feet. Rock. 

- ~---- ~~-~----------

16 fli 120 55 7,364 Trachyte'? a 

15 13 120 42 2,880 Andesite. b 

Iii 9 120 19 6,0.)() 

14 43 120 21 4,376 Andesite'?c 
H 31 120 26 4,678 Andesite'? c 
H 23 120 32 640 Andesite, dacite. c 
14 13 120 36 2,270 Andesite?c 
H 20 121 13 1,519 Basalt. c 
14 8 121 10 3, 724 Basalt.d 

14 3 121 24 fi,2AA Basalt?cl 
13 58 121 11 Andesite? b 

13 49 121 10 Andesite'?b 
13 48 120 16 : 2,500 

13 39 121 16 3,451 Andesite?b 
14 1 122 46 5,092 Andesite. a 
13 58 122 59 .\ndesite. d 

13 41 123 21 6,450 Andesite.d 
13 26 123 26 3, 976 Basalt and a'ldesite. a 
13 26 123 34 Basalt. d 

13 18 123 35 I 4,442 Basalt.d 

13 5 123 54 

9 28 125 33 1---- ~. 115 

6 124 18 

59 118 30 

19 125 

11 125 10 

8 125 2 

42 125 18 I 

24 125 20 
_I 

3,117 
I 

cBecker. dRoth. 

VOLCANIC BELTS. 

So 1arge a portion of the Philippines consists of ,~olcanic rock as to 
make it manife8t that there must be in the archipelago a considerable 
number of volcanic beltH. Such zones form one of the most prominent 
features of )'Jalaysia as a whole, and when these are passed in review it 
appears that the volcanic structure of the Philippines must bear cmn
plex and interesting relations to that of the entire region. .T. D. Dana 1 

was, I believe, the first to call attention to the linear disposition of the 
volcanic islands of the Pacific and to refer this arrangement to geotec
tonic principles. Xaumann, 2 Perry, 3 Suess, 4 Junghuhn, 5 Centeno, 6 

1 t:". S. Expl. Exp., Yol. X, 1849, pp.ll-23, 415-436. 
2Lehrb. der Geognosie, Yol. I. 1858, p. 93. 
3Phen. vole.: ::\I em . .Acad. de Dijon, Yol. YIII, 1860, 

p.31. 

4.Antlitz der Erde, Yol. II, ISS8, pp. 213-217, etc. 
oJava. Yol. II, 1854 (German trans.), p 807. 
O::\Iemoria geol6g.-min. Fil., 1Si6, p. i. 
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"\Vichmann,I Verbeek~2 :::Uartin,3 )!olengraaf/ Koto,O and others haYe 
contributed to the ~:;ubject, which, howeYer, still requires much study, 
especially with reference to the Philippines. 

The Xicobar Islands, Sumatra, J aya, and the Little Suuda group lie 
along the edge of a vast submarine precipice, or, in other words, at the 
very abrupt limit of the continental plateau. Lines of folding and 
volcanoes, Tertiary and n1odern, accompany the course of this southern 
limit of Asia. Some of the most active and remarkable volcanoes of 
the world are here. Papaudayang, in "\Vest Java, had a great eruption 
in 1772, destroying 40 villages. Galung Gung in 1822 destroyed 114 
villages; and it is some measure of the violence of the Krakatoa explo
sion of 1883 that over 36,000 people perished. Off the eastern coast 
of the Philippines there is also a rapid deepening of the sea bottom, 
marking the eastern edge of the continental plateau, and here, too, 
there is a series of active or extinct volcanoei:i which stretches from 
close to Formosa southward to the ::\,Ioluccas. According to Naumann, 
these two great lines meet in the volcanic island of Nila, about latitude 
6c 30' S., longitude 129c 35' E., but later studies show that, while in a 
generalized way this statement represents the distribution of the main 
volcanic lines, the volcanic systems of the Banda Sea are very complex. 
In this neighborhood submarine elevations connect )lalaysia and Aus
tralia, and complexity of structure is therefore to be expected. As 
n1any as three curved folds appear to exist here with a common center 
near the middle of the Banda Sea. They certainly serve to connect 
the Sundn volcanic line with the Formosa line ; but: though consider
able study has been devoted to the subject, the evidence is not suffi
ciently full to unite geologists as to the actual linear connections 
between volcanic localities. The Foi·mosa line seems clearly to con
tinue along the ea!"tern coast of the Philippines southward through 
Gilolo, in the :Moluccas, but Koto and others regard Buru and Ceram 
as a recurved portion of one of the concentric Banda Sea arcs, and as 
running in this locality perpendicularly to the Formosa line. For the 
present purpose it is not needful to enter into minutire concerning the 
Banda Sea area. 

\Yithin the region outlined by the submarine cliffs of the continental 
plateau and by the great volcanic arcs lie Borneo, Celebes, and' the 
western portion of the Philippines, as well as the peninsula of ~Ialacca 
and its continuations, Bangka and Billiton. These latter are closely 
connected, structurally and otherwise, with the Nicobars and Sumatra, 
and they are of minor interest so far as "the Philippines are concerned. 

I Gesteine von derlnsel Kisser: Beitriige zur Geologie von Ostasien, Yol. ll, 1887, p.197. Xeues Jahrb., 
1893, pt. 2, p.176. Petermanns :\Iitteil., 1893, p.18. Zeitschr., D. geol. Gesell., 1893, p. 543. 

2Verbeek et Fennema,DeEcrip.geol. de .Java et :\fadoura,1896, p. 993. 
3Reisen in den :\Iolukken, geol. Th., 1897, p. 57. 4Petermann's :\Iitteil, Yol. XL1, 1895, p. 203. 
5Geol. structure of the :\Ialayan archipelago: Jour. Coll. of Science, Tokyo, Yol. XI, pt. 2, p. 83. 

This is in part a very convenient review. 
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On the other hand, a glance at su~h a map as Stieler's physical map of 
Asia is sufficient to show that Borneo, Celebes, Gilolo, and the Philip
pines are very nearly related from a structural point of view. The 
southwe~tern ranges seem to gather in toward the eastern edge of the 
Philippines as do the branches of a tree to its trunk. The eastern 
coast range of "}Iindanao is continued south\Yard~ by the Talaut Islands 
and others, to Gilolo in the l\tloluccas. Near the center of our· own 
Island of Leyte there is a fork in the mountain system, and the west
erly bran~h is seemingly continued southward~ through ~Iount Apo 
and the southernmost point of l\tiindanao, by way of Sanguir Island 
to Celebes. In the Visayas, at :Masbate, it would seem that a second 
branch is thrown off, extending through ~egros and western )Iinda
nao, Basilan, and the J ol6 group to the Bornean coast. )lore obscure 
is a line which starts apparently in Panay and is marked in the J ol6 
Sea by the Cagayanes, including Cagayan de Jol6, for which the Gov
ernment of the "C nited States is now negotiating with Spain. A very 
important line is represented by the Calamianes and Palawan, con
tinued in Borneo by the range one point of which is the lofty Kina 
Balu, which is not volcanic. This range extends through Borneo to 
its south west coast and, in the opinion of some geologists, not includ
ing lVIr. Verbeek, there connects with Bangka. In northern Luzon 
the coast range or Sierra ~Iadre is clearly. continued by the Babuyanes 
and Batanes to the neighborhood of Formosa (or Taiwan), but the 
relations of the Zam beles Range and the Caraballo del Norte are not 
evident on mere inspection~ 

The interpretation of these topographic features is more or less 
difficult and uncertain. Lines of folding must of course be discrinli
nated from ranges due to erosion, and while volcanic outbursts are apt 
to mark anticlines, this is not an invariable rule. The question of 
continuity is sure to arise in discussing volcanic belts, and it is some
times assumed that where any considerable gap occurs between areas 

. of volcanic ejecta the fissure system connecting vents is also lacking. 
This does not seem to me a correct inference. As I read them, volca
noes represent points on a zone of active dislocation where a powerful 
resistance leads to the dissipation of epeirogenetic energy. Di~::~loca

tion without attendant volcanism is common enough even in volcanic 
regions, for active volcanoes are characteristically accompanied by 
inactive or extinct ones, and from this association it is only a step to 
volcanic zones in which spots exist where there neither are nor ever 
have been volcanic vents. Thes-e gaps I suppose to mark portions of 
the fissure system so related to the zone as a whole that resistance to 
dislocation is ne,rer intense enough to supply the latent heat of fusion 
to the hot rocks on the isobathic surface of melting. 

It follows as a matter of course, from these and similar considera
tions, that minute study of the structure and lithology of a country is 
needful to a satisfactory elucidation of its -volcanic and tectonic s~Tstem, 
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a topographic sketch being quite inst~fficient for the purpose. Never
theless, when it is distinctly under::;tood that a discussion of the subject 
is intended only to be tentative and suggestiy·e, speculation may lead 
to the accumulation of facts which otherwise would be overlooked. 

Perry 1 proposed to classify the volcanoes of Luzon into three lines 
nearly parallel to one another. The three trend northwesterly. One 
includes iVIariYeles and Taal, a second Arayat and Bam1jao, the third 
lVIayon. The )1ariveles-Taal system, in Perry's opinion, passed 
southward through Siquijor and Mindanao, including the volcanoes 
:Macaturin and Sanguil; it took in Ternate and probably reached the 
Banda group. lVIr. von Drasche 2 called atte.ntion to the fan-shaped 
disposition of the islands and to the forking of lVIasbate, one prong of 
which is parallel to southern Luzon and the other to Negros and Cebu. 
Mr. Centeno, in his lVIemoria, 3 distinguished tvvo systems, one passing 
through Arayat, Taal, centrallVIindoro, Canlaon, and lVIacaturin; the 
other through lVIayon, Burauen (in Leyte), Camiguin de Mindanao, 
Apo, and Butulan. He regards the two systems as uniting to the 
south of J\1indanao, their prolongation passing through Sanguir and to 
the Moluccas. He also refers to the northerly continuation of the 
volcanic system of the Philippines toward Formosa, but without 
specifying the relations of the northern portion to the more south
erly lines. J\1r. Abella 4 called attention to the continuity of the 
volcanic phenomena in Leyte northward through Biliran, Maripipi, 
ete., to the volcano Bulusan, and to lVIayon in southern Luzon, as 
well as southward to the eastern coast range of Mindanao. Mr. Koto 5 

gives the Philippines a single belt of active volcanoes. From the 
Babuyanes and Cape Engafio it passes out to sea, reaching land again 
in Camarines Norte and including Biliran and Camiguin de Mindanao 
in its course. In the Gulf of .Davao it forks, one branch reaching 
Sanguir and Celebes and the other Talaut and Gilolo. This seheme 
omits the active volcanoes Macaturin, Niagaso, Uanlaon, and Taal. 
:Mr. Koto, however, adds tectonic lines. Two of these diverge from 
J\1asbate; the eastern branch crosses the volcanic belt in Leyte and 
follows the eastern coast range of J\1indanao; the other branch fol
lows :Negros and western Mindanao to Jolo. A third tectonic line 
follows the Sierra de Zambeles; leaving the shore at lVIar.iveles, 
it intersects Ambil and follows Palawan to Kina Balu, in Borneo, 
reaching the center of that great island. 

These notes suffice to show that, so far as details are concerned, .there 
is co_nsiderable diversity of opinion. To my thinking, too much effort 
has been made to show unbroken continuity of volcanic zones. Fis
sures occur far more often in parallel systems than singly, and just as 
dikes frequently jump from one fissure of such a system to another, 

1 Documents, etc., 1860, p. 35. 2 Fragmente, p. 3. 3 :\!em. geol6g. min., 1876, p. 8. 
~Isla de Biliran, p.ll. 5 Geol. struct.l\:lalay arch., p.112. 

21 GEOL, PT 3-01--37 



546 GEOLOGY OF THE PHILIPPINE ISLANDS. 

so 1 think do the greate1: volcanic phenomena. Fissures, furthermore, 
.:ommonly occur in two systems, cutting one another at a large angle, 
and there are somewhat clear indications that such is the case with the 
~rolcanic belts in the Philippines south of :Manila. These two systems 
are approximately parallel to the two prongs of ~1asbate, but each is 
curved, the centers of CUlTature lying in the China Sea, one of them 
much to the southward of the other. I should con~ider, provisionally, 
that the elevations of northwesterly trend, such as the mountains of 
eastern J\1indanao, Leyte, Tayabas, Mindoro, northwestern Panay, and 
perhaps the northern extremity of Palawan, belong to the one system, 
l)ut represent a considerable number of different though associated 
fissure::;. The trends of the northeasterly character also seem to 
belong to one system. The western fork of ~1asbate appears to 
continue to northeastern Panay, but to be interrupted with an offset 
in the southwestern portion of that island. The. southerly prolonga
tion, it seems to me, is to be found in the Cagayanes. ·of course PaJa
wan, Negros, excepting the southern end, and the Basilan-Jolo group 
belong in this system. So nearly as I can make out by plotting, the 
two systems intersect at pretty constant angles of about 60°. A fairl}r 
consistent and satisfactory scheme of short arcs can be arranged in 
this way for the ranges south of l\1anila, but I hesitate to print 
my diagram, because a map conveys an impression of certainty and 
definiteness which in this case would be err6neous. 1 

To the north ward of ~1anila the same scheme of ranges seems less 
plausible. I am almost inclined ·to think that the Sierra :Madre and 
the Caraballo del Korte, which are composed largely of crystalline 
schists, are each made up of short arcs belonging to each system. 
Some support for this guess is to be found in :Mr. d' Almonte's large 
map of Luzon, where the watersheds show several zigzags. This 
regim~ is perhaps a '' horst" in ~1r. Suess's sense. As for the Sierra 
Zambales, it· seems to me most probable that it continues southward 
through Pico de Loro and Cape Santiago to the lofty Alcon Peak, in 
Mindoro, and so into Panay, for a series of hot springs extends south
ward from ~1ariveles through Pico de Loro to Balayan, near Cape 
Santiago, in Batangas Pro·dnce. 2 The western range of middle Luzon 
---•Jld thus be affiliated with the system with a northwesterly trend. 
J)1r. von Drasche, however, calls attention to the fact that the Sierra 
Zambales exhibits a remarkable double repetition of the two main 
directions of L~z6n, one northerly, the other northwesterly. 3 'Yith 
Arayat I can do no better than leave it in its impressive loneliness. 

It is not only in the matter of volcanic zones that the Sunda and 
Banda islands are homologous with the Philippines. The volcanic 

t Dana called attention to the symmetry exhibited in the trends of the islands. "Thus the body of 
Luzon is at right angles with the southern extremity; Palawan is at right angles nearly with :Min
doro," etc. He also points out that both of the two systems of trends are cun·ed. 

2 Abella, ::\Ian. min., 2d study, 1893, p. iO. aop. cit., p. 21. 
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rocks of the Routhern islands, as has been pointed out above, are sub
stantially indistinguishable fron1 those met with in the Asiatic depend
ency of the United States. These islands are occupied to a large 
extent by Tertiary strata, and have undergone slow, recent uplift 
marked by raised coral reefs. Even their older massive rocks seem 
much the same as in Luzon, but they also contain Paleozoic and 

. J\'lesozoic strata, not yet discovered in our possessions. 

NOTES ON HISTORICAL GEOLOGY. 

Pre-Tertiary strata are entirely unknown in the Philippine Islands. 
'Vhether they are absent or merely undetected is questionable. If 
they are absent, it must either be because the elevation throughout the 
Paleozic and M:esozoic was as least as great as it now is, or else because 
the sediments of those periods have since been removed by erosion. 
In either event it might be expected that the archipelago would stand 
on a very extensive submarine plateau, built up of sediments derived 
from the land area. Such is not the case; the islands now stand high, 
and about three-quarters of the total platform area is dry land. 
]'urthermore, the greater part of the submerged territory lies either 
immediately west and south of Samar, and thus between the Visaya 
Islands, or about the Jol6 group; while a rise of 100 fathoms 1 would 
add very little to the area of either Luzon or Mindanao. There is . 
thus no physiographical reason to suppose pre-Tertiary strata absent. 

Still less does analogy point to the absence of. Paleozoic or Mesozoic 
beds, for both are fairly abundant in the Sunda Islands, while mani
fold similarities show that they and the Philippines belong to a single 
geological and to a single zoological provin.ce. If such strata exist, it 
may be that they are so folded up with the greatly disturbed Eocene 
that they have not hitherto been differentiated. From the descriptions 
of Surigao and J\1isamis, it would seem, too, that considerable areas of 
slate are there exposed and that portions of these rocks are not highly 
metamorphosed. This region may possibly yield fossils. In carrying 
on geological investigations in the Philippine Islands, the indications 
afforded by the constitution of neighboring islands should evidently 
be borne in mind, for if the similarities which might be expected do 
not manifest themselves, the cause of difference demands elucidation. 

In Borneo pre-Tertiary strata appear to be somewhat extensively 
developed. Of the supposed Devonian, Mr. Posewitz 2 writes as 
follows: 

On the islands of the Malay Archipelago the oldest slates, in which up to a short 
time ago no fossils had been found, are included in the so-called ''old slate-forma
tion,'' to distinguish them from the ''younger slate-formation,'' which, in Suniatra, is 

I This is, of course, not a mere arbitrary depth, but approximately the lower limit of wave action. 
2Borneo, Its Genlogical and Mineral Resources, p. 164, London, 1892. 
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included by Y erbeek in the Culm ::\feasures. Their distribution is very extensive, as 
they occur in all the islands. In Borneo they contain gold; in Bangka and Billiton, 
tin. \Vith regard to the age of these phyllites, it was only known up to quite lately 
that they were pre-Carboniferous, as the Carboniferous strata in Sumatra are under
laid by them .. In recent years, however, fossils have been found in west Borneo, 
which, however, are so badly preserved that up to the present an exact determina
tion of their age has not been made. But the fossil evidence is not against the view 
that the formation might be Devonian. 1 

It is perhaps from analog}r with these slates that :Mr. :L\1ontano pro
nounces the ancient massi-ve rocks o.f the Philippines "principally 
Devonian." 2 It would certainly be surprising if none of the older 
schistose rocks of the Philippines should turn out to be equivalent to 
the old slate of Borneo. In Sumatra, Verbeek considers this old slate 
as Silurian or Devonian, or a mixture of both. 3 The Carboniferous ir::; 
known to exist on Borneo and other of the Sunda Isiands. It seems 
to pass by insensible gradations into the underlying slates, but to be 
separated by a sharp unconformability from the overlying rocks. It 
is composed of sandstones and limestones, often standing on edge. It is 
extensively developed in north Borneo. 4 The Upper Juras~ic (weisser 
Jura) has been detected in west Borneo in rock previously supposed 
to belong to the ''old slates," 5 and from the same region Liassic fossils 
have been described. 6 In Sarawak, too, .an Oolitic fossil has been 
found. 7 

The Cretaceous is also represented in the mountains of west Borneo. 
Specimens collected by -van Schelle near Sajor, on the River Seberuang, 
were determined by Boettger and Geinitz as Upper Cretaceous. The 
extent of the Cretaceous is unknown. 8 

Most of the area of Borneo is occupied by Tertiary strata, and there 
seems no doubt that all three divisions of the Tertiary are represented. 
Their delimitation is not so certain. 

In the Island of Timor occur both Permian and Triassic strata, fos
sils from which have been identified by l\1r. Rothpletz. 9 'Vith them 
are found nummulitic limestones containing Alveolz'na, and capped by 
reef limestones. This island further contains a series of massi-ve rocks 
-very like that of the Philippines. On this subject and for further 
information the reader will do well to commit ~lr. B. Koto's excellent 
review. 10 

The age determination of the :1\-Ialaysian formations, both ~Iesozoic 
and Tertiary, is a matter of extreme difficulty, and has led to much 

I Jaarboek van het )Iynwezen in :Xederlandsch-Indie, 1886, II, p. 12'2. 
2::\Iission aux iles Phil., 1881, p. 272. )fontano gives no grounds for his assertion. 
a Posewitz, Borneo, p. 166. Verbeek, Sumatra's Westkust, pp. 287-238. 
4Posewitz, ibid., p. 167. 
5Fr. Vogel, Samml. geol. Reichs-)Iuseums en Leiden, Vol. V, 1896, p. 127. 
op, G. Krause, ibid., p. 154. 7 R. B. Xewton, Geol. )lag., 1897, p. 407. 
s Posewitz, ibid., p. 1i3. 9Am. Xaturalist, 1891, p. 959. 
IOOn the geologic structure of the ::\Ialayan Archipelago: Jour. Coli. Sci., Tokyo, Vol. XI, 1899, pp. 

83-120. This paper contains a few inaccuracies of statement concerning the Philippines. 
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unavoidable difference of opinion, because the subject can be approached 
from different points of view. No deposits have yet been discovered 
which serve to establish a direct connection between Tertiary strata of 
the East. Indies and those of the North Temperate Zone, nor does the 
configuration of Eurasia give much hope that such a terrane will be 
discovered. It is to America that geologists must turn for a direct 
correlation of formations in the two zones, and studies there will 
doubtless throw much light ultimately on the East Indian faunas of the 
past. This is no place for a full review of the literature of the lVIalay
sian Tertiary, but a few notes on the subject, and especially on the 

. Eocene, will be useful to those readers of this paper ·who happen to be 
unfamiliar with it. 

Junghuhn/ in his great work on Java, attempted no divisions of the 
Tertiary, and even expressed doubts as to the validity of Lyell's 
three sections of that period. In 1858 F. von Hochstetter 2 segregated 
the Eocene into three divisions, but in 1866 he modified his views so 
far as to refer the highest of these to the l\1iocene. The two remain
ing Eocene series were: 3 

(a) Lower group; coal-bearing system. l\fany exploitable seams of bituminous 
pitch coal in quartzose sandstone and clay slate. Fossil tree trunks common, but 
fe"· fossil shells, or none at all. 

(b) ·upper group. Orbitulite and nummulite limestones; with compact limestones 
and older coral limestones, he:wily deYeloped beds, greatly tilted in certain localities. 

The ~1iocene he also divided into two groups of marly, tuffaceous 
heels. 

lVIr. Verbeek, in 18'75, in conjunction with Bottger, Geyler, and 
von Fritsch, subdivided the Eocene of Borneo into three stages, as 
follows: 4 

Stage a, sandstones with indurated clays, clay slate, and coal seams. 
Stage (3, soft shales and marls. 
Stage y, limestones. 

The observations and collections of l\1r. Verbeek and others led to 
much controversy, in which l\1r. ·Martin and :Mr. \'Yichmann, both of 
whon1 have made journeys in the ~~Ialaysian Archipelago, took an active 
part. lVIr. Martin, in 1879-80, laid down broad principleR of correla
tion which appear very important. 5 He held that mere comparison of 
speciet; or genera in tropical and boreal rocks could lead to no trust
worthy conclusions, the tropical faunas being radically different from 
the coeval European faunas. Age determinations, in his opinion, 
should be made by comparison between fossil tropical faun~s and the 

1 Java, Vol. III, 1854 (Germ. trans.), p. 91. 
2Jahrb. K. -k. geol. Reichsanstalt, \Yien, Vol. IX, 1858, p. 294. 
3Reise der osterreichischen Fregatte ..Yomm urn die Erde., geol. Theil, Vol. II, 1866, p. 149. 

· 4 Die Eoclinformation von Borneo und ihre Versteinerungen, 18i5, p. 4. 
5 Tertilirschichten auf Java, allg. Theil, 1879-80, p. 21. See also Sammlungen des geol. Reichs

:Museums in Leiden Vol. V, 1899, p. 259. 
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living fauna in the same region. Yet even this method is held to be 
inapplicable in the precise form worked out for the European Ter
tiary, for in the Tropics physical conditions vary so much less than 
in boreal regions that the extinction of species must be less rapid, 
and therefore a greater proportion of living species is to be antici
pated in a Tertiary formation of Malaysia than in a homonymous for
mation of Europe. On these grounds he declined to recognize :Nir. 
Verbeek's Stage y as Eocene, and expressed himself dissatisfied with 
the determination of Stage f3. 

In 1883 Mr. Verbeek made a change of no very great importance 
in his classification of the Eocene by adding- at the bottom an unfossil
iferous basal conglomerate, and by characterizing his divisions thus: 1 

Stage I, breccia stage ; Stage II, quartz sandstone stage ; Stage III, 
marl sandstone stage; Stage IV, orbitoide stage. In 1892 fossil evi
dence forced him to change his opinion as to f3 andy, or III and IV, 
and he referred the lower of these to the Oligocene and the latter of 
then1 to the Upper l\1iocene 2 thus reaching much the same opinion as 
Mr. Martin had expressed. 

While this report was in preparation, lVIr. Martin published a paper 
on the division of the fossiliferous strata of Java, which he elassifiesas 
follows: 3 

Quaternary; consisting of fluviatile and marine deposits, the latter rich in :Mollusca 
and at some localities in remains of whales. 

Upper Pliocene; represented by the Kenden beds, rich in remains of Stegodonand 
Cervus, containing also Pithecanthropus erecttts Dub. 

Pliocene-Miocene, or the Java series, possibly including some pre-Miocene rocks. 
This constitutes the greater part of the Island of Java and most of the fossils from the 
island which h:rve been described come from it. Among them are Lepidocyclinaand 
Cycloclypeus. This series extends north,vard through the Philippines to central 
Japan. 

Eocene; marine beds of small extent with nummulites, Ab:eolina and Orthophrag
minct. They contain coal. 

Cretaceous limestone with Orbitolinct from Banjumas. This rock is not known to 
exist at any other point in Java. 

For the purposes of Philippine geology it is important to remark 
that the series which carries the black lignites accompanied by quartz
ose sandstones, has been regarded by all the geologists cited, and by 
most others, as Eocene; while there appears to be a gap in the :Miocene 
of the Sunda Islands which may correspond to an unconformability 
there, and which answers to a very pronounced discordance in the 
Philippines. 

The Tertiary of the Philippines is fairly well developed, but very 
insufficiently investigated. In presenting his determinations of the 

I Top. en geol. Beschrijving van Sumatra's Westkust, 1883, pp. 315 et seq. 
2 Neues Jahrbuch fiir Mineralogie, etc., 1892, part 1, p. 66. 
3Die Eintheilung der versteinerungsflihrenden- Sedimente von Java: Sammlungen des geolo

gischen Reichs-Museums in Leiden, Vol. VI,1900, pp.135-245. 
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fossils in the Semper collection ~1r. K. ~1artin has luminously re
viewed the whole Philippine Tertiary, and his paper should be in the 
hands of every student of the geology of the archipelago. For this 
reason I have translated it in full, instead of attempting a mere con
densation, and my version will be appended as a complement to this 
sketch. \Vhile it is possible that future investigations may make 
minor changes in :Nir. ~1artin's conclusions, they appear adequately to 
represent the best results which can be reached until much further 
investigation of the islands has been accomplished. 

The Eocene has been recognized, thus far, only in the nummulitic 
limestones. These were first discovered by Baron F. von Richthofen 
at Binangonan on Laguna de Bai, in :NI6rong Province. They were 
detected in stone quarries northeast of the town, where the limestone 
projects in a pillar-like mass through trachyte. The nummulites are 
mentioned as belonging to several species, but no specific determina
tions are given. He considers the barren limestone of the caves near 
San ~1ateo and those of J ala-J ala on Laguna de Bai of the same age. 
The limestones are crystalline at their contact with trachyte. At 
Zamboanga (~1indanao) he found similar limestones, though no fossils; 
and believed that the excellent brown coal found in the Bay of Sibu
guey, in Zamboanga Province, belongs to the same formation. 1 ~1r. 

Abella also found nmnmulitic lin1estone in Ceb6, at Ginagdanan, a. 
gulch within about three-fourths of a J?-1ile from the Esperanza coal 
mining prospect, in the township of Compostela, a few miles to the 
north of west from the town of that name. This is on the east coast 
of Ceb6, in latitude 10° 25'. The position of the mine seems to be 
marked on lVIr. Abella's map, though not its name. The fossils were 
so imperfect that the species could not be determined. 

Mr. Abella in describing his Compostela section gives the following 
notes : ''In the rocks of this section we found among the lignites and 
sandstones of the mines only a few fossil plants, which were indeter
.minable; and among the limestones certain indistinct forms hal£ con
verted into spar which could. afford no certain indication as to their· 
age. Nevertheless, in breaking some pieces of limestone from Ginag
danan, we found included in the compact mass .certain forms which, 
though specifically indeterminable, should be considered as nummulites 
in the opinion of various competent persons." He adds that such 
was the opinion of Mr. Jose lVIacPherson, who perceiyed a striking 
similarity between specimens of these strata and those of nummulitic 
limestone in the Province of Cadiz, Spain, which he had studied. 2 It 
should be added that the strata between the mine and the fossil locality 
are very highly inclined, a part dipping to the northward and a part 
to th~ southward ; so that the lignite and the fossiliferous limestone 

tzeitschr. D.geol. Gesell., Vol. XIV, 1862, pp. 35i-360. 2Jsla de Cebu, 1886, p. 109. 
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might be of very different ages so far as the .stratigraphy Is con
cerned. 

Chiefly on the strength of this discovery,Mr. Abella regards a large 
area in Cebu as Eocene. It consists of "clays and marls in a compact 
or slaty condition ; sandstones, calcareous sandstones, and conglom
erates; compact or erystalline limestones and some lignite seams ; all 
of these in beds which have undergone extreme disturbance." 1 

I must confess that the paleontological evidence as to the existence 
of the Eocene in the Philippines seems to 1ne far from satisfactory. 
In Borneo no nummulites, it is said, occur in J\1r. Verbeek's Stage a, 
the only beds now considered Eocene, while one species is found in the 
Oligocene ((J) and four in the tq~per 1\1iocene (y). 2 In British India~ 
Burrna, 3 and Timor, indeed,"' nu'inmulitic Eocene is recognized, but 
it would see'm probable a priori that the Philippine nummulitic beds 
would be comparable with those of the adjacent Island of Borneo 
rather than with the far-away formations of Burma and Timor. I can 
see no reason as yet why the Binangonan limestones may not be 
Oligocene or eyen ~liocene. 5 On the other hand, there seem to me 
structural reasons for correlating the lignitic series of Ceh(t with 
Verbeek's Stage a, as wj]l be explained a little later. \Vhile desiring 
further light, howeyer, I fully recognize J\1r. ~Iartin's authority on the 
paleontological question involved. 

Two horizons of the Upper :Miocene have been detected. The earlier 
is revealed by the collections of that model explorer, Semper. He 
found fossiliferous beds in the valley of the Rio Grande de Cagayan, 
Province of Isabela, Luzon, which are characterized by a typical mul
lusk Vica'J'yct callosa .J enk, var. noY. semperi :lYiart. They occur in the 

- neighborhood of a place which Semper calls ::\1inanga, in latitude 17°, 
which seems to be the town named l\Ialunu on ::\lr. d~Almonte\; map. 
It may be that ::\1inanga is the name of a suburb (barrio) of 1\Ialunl1. 
A considerable number of species where collected on the banks of the 
Catalangan River, and on the banks of the Ilaroen, which latter appears 
to be identical with the Tan·etic of the Spanish geographer's map. 
Another important locality is the brook called by Semper Dicamui 
and seemingly also Dicamuni. In a note to :i\lr. ::\Iartin 's paper I have 
gi,'en reasons for believing that this stream is abo near ::\Iinanga. 
The same Vicw·ya.~ was also collected by Semper at Alpac6, in Ceb(t. 
This is in the coal region not far from ~aga, and seemingly comes 
from a marl oyerlying the Eocene limestones, which is referred to by 
::\Ir. Abella as cropping at the head of the atTO}'O Sibod. G 

l Isla de Cebu, 1886, p. 95. 2 Posewitz, Borneo, 1892. p. 19i. 
:JGeikie, Text-book of Geol., 1893, p 981. 4See KotO, loc. cit., p. 92. 
5 While there is little doubt that tropical strata, both in the East Indies and the West, ha>e been 

regarded as more recent than they are because of the ~trong similarity of fos!'il shells to Ii~·ing species, 
it should be noted that in the Torrid Zone lllllSSes of coral limestones are sometimes transformed with 
great rapidity into masses so dense as to bear great lithological resemblance to rocks of far greater 
antiquity. 6 Isla de Cebu, 1886, p. 11-1. 
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The occturence and character of this marl require attention both for 
its own sake and because of its relations to the other rocks of Ceb(t. 
After having described the massive rocks of the island and the con
torted lignitic series, which he considers Eocene, ::VIr. Abella proceeds 
to describe his Quaternary formation; and, incidentally, certain marls. 
Extracts from these descriptions had· be::;t be given in literal transla
tion because of the importance of the points involved. 1 

Surrounding the rocks hitherto described on eyery side, lies an essentially calca
reous terrane, which, in general terms, may be said to pass over into the coral reefs 
on the coast and to rise to\vard the interior, forming masses as high as those in 
Mount l\'Iangilao. In addition to the limestones, there is exposed at many points 
beneath them a bed of marl, more or less argillaceous, which must be referred to 
this formatiori, since its stratification is always concordant with the limestone and it 
contains fossils similar to those found in 'the limestone. This bed can only be seen 
toward the central portion of the island and toward the south, in its widest portion, 
generally appearing at the bottom of the deepest ravines. [At )fagdagoog, in the 
district of Consolaci6n, which is on the eastern coast, he found such a marl dipping 
at 20° to the southeast. It is grayish white, and almost plastic \Yhen extracted, but 
hardens rapidly on exposure.] Among the many fossils found in it, in addition to 
the species which are mentioned later, we found the genera Cance1·, Dolium, and 
Oljclolites. This Cyclolites we also found in the Compestela road where it crosses the 
first hills near the coast. * * * At Mount Alpac6, again, appears another bed of 
gray fossiliferous marl, analogous to that at :\iagdagoog, but in circumstances which 
are entirely exceptional in the matter of position. In fact, it is found isolated, over
lying the mass of compactly crystalline limestone of the old road to the mines, and 
seemingly with a dip of 50° to the northeast. In it we collected a large portion of the 
well-preserved fossils, which, when determined, as we shall see further on, have 
turned out to be identical with living species, demonstrating the recent age of the 
bed. · :\loreover, we have found other marls, identical in composition and containing 
similar fossils, always lying under the limestones with conformable stratification, not 
only at the bottom of the beds of the rivers Bairan and Sapangdac6, btit'also in the 
gulch Jaguimit of the Pandan Valley so close by [the Alpac6 locality]. We must, 
therefore, rationally suppose, as we have pre\'iously indicated, that some landslide or 
other local convulsion has brought this marl bed into a certain sort of association with 
the nummulitic limestone of Alpac6, at a distance from the coarse limestones of the 
coast, to which formation it must be referred. [The reference in the last sentence 
is to the passage2 noticed by J\fr. Martin. At Jaguimit, ::\Ir. Abella says the stratifi
cation of the older series is very confused and difficult of elucidation, the dips being 
45° to the NE., while a little more to the westward they are40° to theSE.] Continu
ing farther toward the valley of Alpac6 a trench is crossed which, at that point, is 
excavated in a rather crystalline limestone. This, judging from its position, would 
seem to be related to the limestone of S{tyao, but appears to dip in the contrary sense; 
that is to say, at 55° to the NNE., its stratification, however, being confused and diffi
cult of exact determination. Moreover, to complete the confusion above the lime
stone, even at the head of (en yertientes de) the Sibod gulch, appears a stratum of 
fossiliferous marl, which can not be considered as belonging to this terrane either on 
account of its lithological character or because of the fossils which it contains. 

The head of Sibod Gulch seems to be on ~1ount A1pac6 (1,526 feet) 
and less than 2 miles from the mines, which stand 978 feet above sea 
level. vVhen Semper visited the mines he must have crossed this marl 

1 Isla de Cebt1, 1886, pp. 120 to 12ti. 2lbid., pp. 113-114. 
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bed, which contains well-preserved fossils and would seem, from ::\lr. 
Abella's description, to be the only known locality thereabout ·where 
good fossils occur or are likely to be found. :Yir. Abella states that 
the lignitic series (at least except at this one locality) contains no mate
rial resembling this almost plastic marl, and such is certainly my 
observation both in Cebu and in Negros. In the Hgnitic series he was 
never able to find any well-marked fossils. Hence, it is highly improb
able that Semper could have found so striking an object as a deter
minable TTica?'y(t excepting in this marl. :;\1r. :Yiartin in his paper on 
the Philippine Tertiary made no express mentiori. of the material 
attached to Semper's specimen, but had this not been compatible with 
its derivation from marl, :Nir. ~1artin would never have concluded it 
"very probable that at this point Eocene limestones are overlain by 
1\'liocene marls." 

In response to a letter of inquiry :Mr. ~lartin has been good enough 
to w.rite 1ne as follows: 

In the Semper collection, and labeled "fossils from the argillaceous strata of the 
coal mines at Alpac6," there are fragments of a light-colored, bluish-gray, friable 
earthy marl, which is full of fossils. After moistening, these last are easily extracted; 
but the shells were in part fragmentary when they were embedded; others were 
well preserved, but have been injured by careless handling or remain only as casts. 
For these reasons I have been able thus far to identify no species and only the genera 
Pecten, CaTdita, and Conus(?). There are, however, also numerous Foraminifera and 
among them with certainty a few Orbitoide.s. Accordingly, these marls can not be 
younger than the )Iiocene; possibly they are still older, a point which there is reason 
to hope may be determined by examination of the middle chamber. Judging from 
the adherent matrix, the same beds have yielded a small Naticct and a small A ncilla
ria, both in a large number of well-preserved specimens. Perhaps the Vicw·ya, too, 
is from the same beds, for from its state of preservation it must come from strata 
which are petrographically extremely similar. If the marl with Orbitoides should 
turn out to be }Iiocene, it will be in the highest degree probable that the Vicarya 
belongs with them. 1 

Taking all these various circmnstances mto consideration, it is prac
tically certain, to my thinking, that Semper's Vicary(t came either 
from the same marl beds where )'Ir. Abella. also collected a consider
able number of different species or from a stratum conformably asso
ciated with them. These, however, have all been determined by the 
Spanish geologists as post-Pliocene. Unfortunately, in his list of 29 
fossils belonging to living species, ~ir. Abella does not give the local
ities separately. The discovery of living species in the marl does not, 
of course, preclude its determination as 1\Iiocene. Strangely enough, 
however, not one of the fossils determined for ~~Ir. Abella by :;\1:r. 

I Later :\fr. :\fartin was so obliging as to write" that the Orbiloides referred to belong to Lepidocyclina, 
as has been determined in very interesting sections prepared from them. The strata concerned are 
therefore post-Eocene and older than the Pliocene. They correspond to an horizon of the Java 
group and are to be regarded as :\Iiocene." 

The inferences drawn in the text are thus confirmed by very weighty evidence. The information 
reached me only in time for insertion as a footnote, the small type of which will not derogate in 
minds of professional readers from the importance of the fact recorded. 
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Gonzalez Hidalgo is specifically identical with lVIr. lVIartin's list of 
:Miorene fossils from near Minanga, unless "Capucimex" is a misprint; 
but the following correspond generically: 

Conus insculptus Kiener. 
Fussus [Fusus] colosseus Lam. 
)iurex capucimex [ capucinus?] Chem. 
"1Iurex enclivia Lam. · 
Venus magnifica (?) Sow. 

I can see no reason for doubting that lVIr. Abella is correct in regard
ing the Alpac6 marl as belonging with the series the most strikmg 
portion of which is the mantle of coarse cotalline limestone. lVIr. 
Kot6, however, infers from the literature that Semper's fossil deter
mines the age of the lignite. 1 Now it is absolutely certain that there 
is one great unconformability both in Cebl1 and in Negros. It lies 
between the lignitic series and the coral mantle. Mr. Abella's obser
vations see_o;1 to show that certain marls form the most ancient portion 
of the coral-reef series. He regards the Alpac6 marl bed as excep
tional, seemingly, however, only because it is not accompanied by the 
coarse reef coral. I see nothing incomprehensible in this. In the 
neighborhood of lVIount Uling, a few miles to the northward of Alpac6, 
I had ample opportunity to observe that the blanket-like mass of reef 
coral has been cut away, undermined, and dissolved by surface waters. 
That at some point or points the soft but relatively insoluble marl 
should remain, after the removal of the superjacent limestone, would 
not be wonderful, and such I suppose to be the origin of the Alpac6 
bed. As most of the marl beds occur in the bottoms of water courses, 
it is not impossible that the Alpac6 exposure shows lower beds of the 
marl than any .other with which lVIr. Abella met, and that this accounts 
for the absence of Vicarya from his collections. 

:Mr. Hidalgo's fossil determinations would make the entire coralif
erous superjacent series of Cebl1 Pleistocene. This does not accord 
with Mr. Martin's conclusions for other portions of the archipelago, 
where he regards the older coral reefs as Pliocene. It is almost 
impossible to believe that the vast mass of coral on Cebl1, rising as it 
does to the very crest of the island, and in latitude 9° 45' reaching 
2,362 feet in elevation, does not include representatives of the older 
reefs. On the other hand, taking Semper's fossil for a guide, consider
ing also the astonishing regular terracing of the southern end of the 
island, the prevalence of terraces nearly everywhere throughout its 
extent, and the even, horizontal crest of the northern part of Ceb6., 
the following conclusion might be drawn: Ever since the later lVIiocene 
there has been a continuous, very slow, rise of the island and exten
sion of its land area, raising above water successively Upper l\Hocene, 
Pliocene, and Pleistocene beds, the total uplift amounting to over 

1 Loc. cit., p. 117. 
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2,000 feet. Now thi~ i~ almost word for word the conclusion which 
l\Ir. ~1artin ha~ reached with reference to J ava. 1 

The differ~nce hebveen Semper's discovery and l\1r. Abella's results 
seems quite inexplicable if Mr. Hidalgo's determinations are precise. 
It is therefore most desirable that some colleague should reexamine 
l\1r. Abella's Ceb(mn fossils, which are doubtless accessible in J\-Iadrid. 
It i:-; an extremely important feature of the foregoing discussion that, 
if the conclusion is correct, the lignitic series of Cebtl is separated hy 
a great unconformahility from the lowest Miocene strata yet known 
in the Philippine Islands. As the upturned lignitic series is also much 
eroded, a long period also elapsed between the folding of tho bods and 
the epoch of TTica'ryct callosa. Hence also the lignitie series may be 
assumed to be as old as the Eocene. The analogy of other islands 
renders it very improbable that it is as old as the Chalk. 

That a great upheaval took place late in the Eocene and early in the 
lVIiocene, the effects of which were felt fro1n the Pyrenees to tho East 
Indies, is well known. Eocene beds are found in the Himalayas up to 
an e]eyation of over 16,000 feet. 2 It is natural to connect the crum
pling and upheaval of the strata of Ceb(l with this great earth move
ment. On the other hand, I am surprised to find little or no reference 
to such a convulsion in Borneo. \Vhile the a, or sandstone, stage, 
sometimes dips at angles of over 40°, it is often far ·less inclined. 
The later beds, however, seem to lie at still sn1aller angles, and perhaps 
unconformabilities will yet be found. 3 It would thus appear as if the 
thrust which folded Cebu came from tho Pacific, and that its effects 
were n1ost intensely felt at no very great distance from the edge of 
tlw continental plateau. 

In the Island of X egros, the folding of the lignitic series has been 
similar to that in Cebl1. The predominant rock of this series along 
the Talabe River is sandstone, which is accompanied by shales and 
some limestone. The whole series is considerably indurated. The 
strata are much distorted and faulted. The strike is usually to the east 
of north, or nearly in the direction of the axis of the volcanic range. 
The dips are from 30c to 70° or more, and it is clear that the coral-reef 
formation, which is continuous for some miles from the coast, rests on 
the upturned edges of the lignitic series. 

In the Island of Panay, which has been described by )lr. Abella, the 
structure is less clear. In the interior of the ranges he found thin 
lignite seams and strata comparable in their lithological charac~er 

with those of Cebu. The limestones are in part crystalline, and they 
contain traces of organisn1s, probably Foraminifera, but nothing deter-

I Xeues tiber dns Tertiiir von Java, etc.: Samml. des geol. Reichs-::'IIuseums, Yol. Y, 1895, p. 28. 
·• There can be no doubt that, since the later ::'IIiocene, there ha.s been a continuous and >ery ;;low 
exten . ..,ion of the land area, which bas laid bare in ~uccession the l"pper ::'IIiocene, the Pliocene, and 
the Quaternary strata." Yerbeek's Stagey is found at one point a tan elen1tion of 1,088 meters. 

2Geikie, Text-book of Geol., 1893, p. "9i9. 3 Posewitz, Borneo, 1892, pp. 178, 181, 206. 
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minable. The strata are disturbed and folded. The strikes are in 
general northerly and seem, as a rule, to follow the local directions of 
the ranges. The dips often reach high values, and the strata are some
times practically vertical. The angles o~ dip usually decrease from the 
axes of the ranges. These older rocks, regarded by )1r. Abella merely 
as Tertiary for lack of fossils, are surrounded by relatively recent, 
coarse, coralline limestone~, contai~1ing a few fossils belonging to liv
ing species. They pass over into living reefs at some points along the 
shore::;. They seem to be confined to much lower altitudes than are 
the corresponding rocks in Cebli On l\1r. Abella's principal section, 
·in latitude about 11°, they first appear near Janiuay, which has au 
elevation of 82 meters, and something like 100 meters seems to be their 
limit. 

Nowhere could l\1r. Abella discover a d'iscordance between these 
coarse coralline rocks and the underlying strata, as he is very careful 
to point out. 1 That there must be an unconformability somewhere in 
the strata of Panay between the vertical beds of the mountain crests 
and the flat limestones of the coast, seems almost certain. It is hardly 
possible to imagine conditions under which such an anwunt of disturb
ance and folding could be brought about in the upland rocks without 
involving unconformability. The most evident trial hypothesis is 
that the strata immediately underlying the coral rock belong to a for
mation not earlier than the Upper Miocene, and that the discordance 
is to be looked for below this horizon in~tead of at contact with the 
limestone. The relations of the strata in Panay seem to form a con
necting link between the conditions in Ceb(l or Negro.s and those of 
Borneo. 

On the reasonable hypothesis that the black lignites of the Philip
pines are of Eocene age, this formation is very generally distributed 
through the southern provinces of Luzon and throughout the Visayas. 

·For details the reader is referred to the section of this paper dealing 
with lVIineral Resources, but the localities in question may be enumer
ated here in general terms. Black lignites seem to occur in Tayabas, 
Camarines Sur, Albay, and the Island of Catanduanes, in Samar, l\1as
bate, Marinduque, northern and southern Mindoro, and in Leyte. 
While nothing· definite is known of the various coal seams in eastern 
Mindanao, it is probable that some of them resemble the Cebuan fuel. 
On the Gulf of Sibuguey, in southwest Mindanao, there is black lignite 
of a high quality. · 

It may further be noted that at the town of Lib6n, in Albay, there is 
coal and a] so a building stone containing fish scales. 2 This locality 
may afford an opportunity for an important study. 

The occurrence of Vicarya at Alpac6 has led me into a long digres
sion from the enumeration of deposits, but where so littl~ is known 

I Isla de Panay, 1890, p. 91. 2 Roth, in Jagor's Reisen, 18i3, p. 349. 
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concerning the stratigraphy and the fossil faunas, a thoroughly system
atic treatment of the geology of a region is impracticable. 

A higher horizon, though probably also Upper l\1iocene, is repre
sented by the foraminiferous Inar]s occurring in Zambales Province 
along the west coast of Luzon up to 400 feet altitude, between Palauig 
and Santa Cruz. The Foraminifera of these rocks were investigated 
by :\1r. Felix Karrer. 1 Tuffs occur in the range of hills on the coa:-:;t 
of Aringay, Union Province, Luzon, which l\1r. :Martin thinks perhaps 
equivalent to the Zambales strata just mentioned. He considers it 
possible that both these series belong in the Pliocene. This formation 
has not been identified elsewhere and the fossib may easily be over
looked, most of the specimens being less than 2 n1illimeters in length. 

In discussing the crystalline schists and older massive rocks, refer
ence has been made to a series called by Mr. von Drasche the Agno 
beds. They are extensively developed in Benguet and Union provinces 
(northern Luzon), and unquestionably represent a basal c-onglomerate 
overlain by sandstones and clay. Mr. von Drasche at first classed 
them as primitive, afterwards as Paleozoic; 2 while l\1r. Abella, who 
seems to have devoted more time to them, says that the upper strata 
contain lignite and fossil shells of surviving species. There seems 
nothing in the Spanish geologist's description incompatible with the 
hypothesis that the lower part of the Agno beds represents the basal 
conglomerate formed during the Miocene subsidence of the Philip
pines. It is some\vhat tempting to seek in then1 the equivalent of 
Mr. Verbeek's breccia stage of the Eocene, which consists of unfossil
iferous strata underlying Stage a; but the absence in the region of 
Benguet of the Cebuan lignitic series and the character of the organic 
remains appear to indicate that this portion of Luzon was above water 
during Eocene times. 

In :M.isamis, surrounding the gold fields, l\'Ir. Abella found a large 
area of sedimentary rocks lying upon ancient sla.tes. 2 It stretches 
eastward fro1n lligan for at least 30 miles, and from this line north
ward to the westen~ headland of Macajalar Bay. Its southern and 
eastern limits are unknown. The beds consist of conglomerates, cal
careous sandstones, marls, and limestones. Mr. Abella compares them 
to the Nagelflue and the l\1olasse of Switzerland, but I should regard the 
likeness as interesting rather than as in1portant. l\1ore significant is 
their resemblance to Mr. Verbeek's Stage f3 or III. They are some
what distorted, a dip of 35° to the north being noted at one point. 
They contain numerous organic remains, especially in the hill ESE. 
of the town hall (tribunal) of Tagsulip, but the fossils are very imper
fect. l\1r. Abella thought himself justified in referring one specimen 
to Tm·binolia. This fossil arid the general character of the deposit led 

1 His memoir is appended to von Drasche's Fragmcnte. 
2 X eues J ahrbuch fi.ir 1\Iineralogie, etc., 18i9, p. 265. 
a Criaderos auriferos de . . . ::\Iisamis, 1879, 'Passim. 
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him to refer the formation provisionally to the l\1iocene, a step which 
seems to me reasonable in the circumstances. l\1r. Abella was not in 
n'lisamis to make paleontological studies, but to report on the gold 
fields. The region evidently promises results to the paJeontologi~t. 

Off Jol6 Bay, at the little island called ~1arongas, I found the rocks 
soft conglomerates and sandstones, containing fragments of coral and 
basalt pebbles. The strata are considerably tilted, and a heavy basalt 
dike intersects them. Possibly these strata are of the same age as the 
Nlisamis beds just referred to. 

Concerning the Pliocene and post-Pliocene, :.Mr. ~1artin reaches the 
following conclusions: 

The beds of the Agusan River (:Mindanao) are Pliocene. It is probable that as 
such are also to be counted the hard, light-gray marls of the River Salac y l\iaputi 
(Mindanao) and the clay beds of Paramis (Samar), as well as the older coral reefs of 
the Philippines, especially those of Benguet, which are assuredly not older than the 
Pliocene. 

Quarternary are the shell banks which stand 15 feet above the leYel of Laguna 
de Bay (Luz6n), and those on the beach at Paranas, and again on the south coast of 
Samar, where, at Nipa-Nipa, these beds reach an elevation of 60 feet above sea 
level. Here, too, belong the fossil coral reefs, which are intimately connected with 
the living reefs and are widely distributed in the Philippines. ·with them belong 
the recent limestones of Ceb6.. · 

For further details the reader is referred to the accompanying 
paper by Nlr. :Martin, but one or two additional localities may be 
noted. According to Charles Darwin, ~1r. Cuming found a large bed 
of fossil shells on the Rio Grande de Cagayau, in the Province of Isa
bela, at Cabagan. This town lies in latitude 17° 25'. The fossil
bearing str-atum is about 50 feet above the river, and the fossil shells 
are said to be certainly of the san1e species as those now living on the 
shores of neighboring islands. 1 Cabagan is about 30 miles from Sem
per's localities, near l\1inanga or Malunu. I am not aware that :Th1r. 
Cuming's specimens have been described. :Mr. Karrer states that 
J\1r. Hugh Cuming made collections in the Philippines, and that, 
excepting the Foraminifera turned over to Dr. Carpenter, his "col
lection of mollusks is reported to have been acquired by the British 
:Museum (Brady)." 2 It is to be hoped that some of the paleontologists 

· interested in the Far East will examine it. J\1r. Cuming is said to 
have spent the years 1S37-1841 collecting in the Philippines. 'Vhen 
geological explorers can again reach the upper waters of the Cagayan, 
they will doubtless endeavor to establish stratigraphical relations 
between Cuming's locality and Semper's. 

J\1r. von Drasche heard reports of the occurrence of recent.shells in 
the great plain of Luzon, but did not see them. Semper regarded the 
reports as probable, but did not investigate the matter. Centeno, 
however, gives details of interest.:~ 

1 C. Darwin, Strvcture and Distribution of Coral Reefs, 2d ed., 1874, p. 178. 
2 R. von Drasche, Fragmente, 1878, p. 84. 3 :\I em. geolog.-min., 18i6, p. 21. 
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In the townships of Tarlac and [San )liguel de] Camiling, close to the lakes of 
Canaren and l\1angabol, some deposits of marine fossils were found in 1861 by that 
enlightened naturalist, Father Antonio Llanos. In the former, about half a league 
north of the settlement, h1 a place called )lalitlit, there appear some beds which 
abound in fossil species belonging to genera which now exist in ·warm seas. Among 
the many species there found, only the following have been determined: Berinires, 
Trochus, Griphea, Caryophillea, 1lfeanclrina, Astrea, Oculina, and others. These shells 
are dug up by the natives to make lime. They sink shaft'3 which cut the fossil beds 
at a depth of four or five varas [11 to 14 feet], after having pa.'3sed through a thin bed 
of clay banded in different colors. The said beds rest upon one of a yellowish, soapy 
clay .. The known extent of these deposits· is very small. [Tar1ac is on the railway 
and very accessible from Manila.] In the township of Camiling and, as we have 
mentioned aboYe, near Lake Mangabol, at some 5t or 6 leagues from the Gulf of Lin
gayen, at an elevation above sea level of not less than 250 feet, are found beds of fos
sils, analogous to those of T~irlac, which also the natives use to prepare lime. In 
addition to the species noted, there has been found at this latter point Pholas. The 
beds also contain some small mollusks upon which Pholas lived, such as Physa, Bal
anus, Cerythium, Cytherina, and others. The rock containing these specimens is a 
volcanic tuff, which consists of a conglomerate of ash, pumice, and clay. At many 
points it is found to be covered by a calcareous sediment upon which may be seen 
some fossil Serpulas, and these appear to belong to the species hexagona. 

The lake here referred to appears on :i)1r. d'Almonte's map as the 
P/nag de :Niangabol, because it contains water only in the wet season. 

Semper collected Potarnides JXtlnst?·is Linn. at Zamboanga. He 
also found Potam1:rles sulcatus in the humus layer of the hill at Sinaan 
[Dinaan ~] on the Island of Cebu. 1 Abella, too, reported this species 
from the post-Pliocene of the same island. 

The coralline limestone which plays so large a part in Philippine 
geology has a number of peculiarities which are of geological impor
tance. These are due to the mode of growth of the coral polyps, the 
limitations to their growth, and the solubility of the calcareous mass. 
It is well known, of eourse, that living corals are usually but not 
invariably confined to water not exceeding some 15 or 20 fathoms in 
depth, that they can not live when exposed to the air even at the low
est tides, that they flourish only when constantly washed by moderate 
currents of sea water, that fresh water or dirty water kills them, and 
that dead corals either dissolve away or are converted by a more par
tial process of solution into crystalline limestone. 

vVhile sediments tend to horizontal stratification, corals grow freely 
on steep surfaces; so that, on a rising island, the coral limestone tends 
to form an even layer approaching 100 feet in thickness and following 
the topograph:y which previously existed. Thus in such cases actuall:y 
coeval corals follow contours 'instead of surfaces; and if an island 
rises perpendicularly, the under portion of the highest corals is the 
oldest. In the Philippine coral rocks there is a ver~r rude sort of 
stratification, which seemed to me on Guimaras, .Negros, and Cebtl to 
be only locally developed. Such a parting might be caused by a 

I K. )!artin, in Sammlungen des geologischen Reichs-Museums in Leiden. Die Fossilien von Java, 
Leiden, Brill, 1899, 4°, p. 211. 
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shower of volcanic ash, or by a flood of fresh water, or, perhaps, more 
frequently still, by mud. The rains accompanying typhoons are tre
mendous, more so, perhaps, than what is known in the United States 
as a "cloud-burst," while a typho.on extends over a large area. For 
example, in October, 1875, according to Mr. Abella, 1 the rains .attend
ing a typhoon brought down such torrents of mud from the ashy 
slopes of May6n that 1,500 persons were overwhelmed and smothered, 
while the destruction of property was immense. This storn1 must 
have carried into the sea millions of tons of sediment and must have 
rendered the water temporarily quite unfit for coral growth. This, 
indeed, was an extraordinary case, but many of these hurricanes pass 
aeross the archipelago each year. In my opinion it can not be inferred 
that any pseudo-stratification of coral rock was ever horizontal unless 
there are special grounds for that opinion, and the observer n1ust be 
very cautious in inferring upheavals from inclined stratification. 

A marked peculiarity of the corals is that they grow upward to a 
limiting line or a plane, instead of seeking the lowest possible level, like 
sediments. Thus the crest of the Cordillera Central in the northern 
portion of Ceb(l is an even line many miles in length, which at once 
suggests base-leveling, but seems to be due in reality to what may be 
described as the summit-leveling of coralline growth. Similarly, bar
rier reefs and fringing reefs, when seen from a distance, simulate ter
races and may lead to misinterpretation, although, like terraces, their 
upper surfaces indicate approxi~ately the position of the sprface 
of the water. The details of topography of coral reefs often differ 
markedly from those of sedimentary terranes. Thus, in northeastern 
N egros, on the Tala be,. I found a series of hills flanking the main 
range with excessively steep slopes and crests only a few feet in width. 
They were composed of rough coral and seemed to represent barrier 
reefs. · 

Most of the caves in the Nlalaysian Archipelago are in the older coral 
rocks of Pliocene or early Pleistocene age, and this leads to a most 
curious method of geological detern1ination. The swallows which 
build the edible birds' nests, Iiirundo esculenta, frequent these caves, 
and, according to Mr. Posewitz, 2 where these nests are reported, Ver
beek's Stage y may be inferred. Thus, Palawan (Paragua) is famous 
for its birds' nests, and it is therefore at least highly probable that the 
island is provided with a mantle of coral reefs of Pliocene age. 

I shall not attempt to go into a discussion of atolls, of which I have 
made no studies. It is well known that Semper was led by his inves
tigations of the corals among the Philippines and the Pelew (Palaos) 
Islands to dispute Darwin's subsidence theory, seemingly not alto
gether without success. 3 Semper brought much evidence to bear to 
show that only the exterior lateral surface of a mass of growing coral 

J El i\fay6n, 1885, p. 10. 2 Borneo, 1892, p.190. 3l)ie Philippinen, 1869, p. 100. 

21 G.EOL, PT 3-01--38 
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:flourishes, while the interior dies, decays, and yields to solYent proc
esses. "The recent field inYestigations of coral reefs in all quarters of 
the globe are, to a great extent, confirmatory of Semper's views. As 
exceptions to Darwin's theory, Mr. Alexander Agassiz mentions all the 
reefs which he has studied in Florida, Y ':lcatan Bank, Cuba, Bermuda, 
the Bahamas, the \Vest India Islands, the Galapagos, the Sandwich 
Islands, Australia, and the Fijis. 1 

In the Jol6 Archipelago, the charts indicate several well-developed 
ato~ls, such as Simon or Island (latitude 4° 52', longitude 119° 50') and 
Tumindao (latitude 4° 45', longitude 119° 20'), as .well as. several in 
the Tapue group (latitude 5° 30'). The charts of this region also show 
innumerable coral reefs, which are bare at low tide and must therefore 
have been uplifted. In the Provinee of Beng·uet is a very famous 
atoll, first recognized as such by Semper, in which lies the pro
vincial capital La Trinidad. It has been described by Semper,2 von 
Drasche, 3 and Abella. 4 The eleyation of La Trinidad is 3, 960 
feet (Abella). The atoll is about 2 geographical 1niles in diameter, 
according to Semper; the wall varies from 500 to 100 feet in height, 
the inner side is bare, and the slope is 25° to 35°. A stream passes 
through the craterlike valley, passing the wall by narrow slits. 

The recent plains of the Philippines require little attention geolog
ically, though they form the most valuable and thickly settled portion 
of the islands, and, indeed, this is the case throughout ~Ialaysia. In 
large part these plains are areas of marine denudation and deposition, 
outer portions of the continental plateau whieh have been lifted above 
water level in very reeent times. Reeent unfossilized shells often 
occur scattered through the earth of these plains, as is the case on the 
southern outskirts of Manila, where intrenchments effeeted exposures. 
lVherever the land has been only peneplained it shows minute terracing, 
frequently to be seen along the course of the P:isig, and finely displayed 
on Binangonan Peninsula, Laguna de Bai. The streams, too, are 
engorged as a natural consequence of uplift. A portion of the low
lands consists of confluent deltas, which are usually composed of very 
rich land, and country of this description is naturally intersected by 
bayous, or, as they are called in our Asiatic territory, esteros. The 
environs of Manila Bay to the northward of the city consist chiefly of 
this delta country. 

Laguna de Bai is an extremely shallow sheet of water, dammed back 
by a low swale of indurated tuff through which the P:isig River has 
cut its ehannel. The lake is only about 4 fathoms deep in the deepest 
portions, which are nearl}r on a leYel with the Bay of Manila. The 
lake bed seems to ba,~e changed somewhat since the Spanish occupation, 

1 The islands and coral reefs of Fiji: Bull. ~Iuseum of Comp. Zoology, Vol. XXXIII, 1899, p. 41. In
teresting comparisons can be made between the geology of this group and that of the Philippine~. 

2 Zeitschr. fi.ir. allg. Erdkunde, Yol. XIII, 1862, p. 84; and Die Philippinen, 1869, p. 18. 
a F.ragmente, 1878, p. 30. 4 Terremotos de 1892, 1893, pp. 13, 38. 
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and a small island, Sunuli, which formerly existed near Los Banos, is 
now united to the mainland. Near the outlet, however, an old settle
Juent, Pueblo de Bai, is now under water, seemingly in consequence 
of slight earth movements. 1 According to Martinez de Zuniga, a town, 
called Tabuco, which existed according to official records on the western 
shore of the lake in 1603, is now under water, the settlement having 
been moved to the pre.sent village of. Cabuyao, a few miles to the north
west of Calamba. 2 

· 

The lake basin is merely a portion of the great plain of Luzon, sepa
rated from the main area by a slight undulation of surface. When the 
country stood at a little lower level it must have been an arm of the 
sea. Such is also the belief of the natives, among whom there are 
reports that it contains sharks. These have not been verified, so far as 
I know. A similar rumor, also unsubstantiated, exists concerning 
Lake Bombon, which is much lower and much closer to salt water than 
Laguna de Bai. Bomb6n, however, is. several hundred feet in depth, 
and, as has been mentioned, I consider it a crater due to explosion. 

I have already discussed the Pliocene and post-Pliocene uplift of the 
archipelago as indicated by the distribution of fossils. It must also 
be considered from the more striking physiographical point of view. 
Physical evidences that the islands are rising at the present time, or 
have been rising within a few years, abound from one end of the 
group to the other. It is also clear that the amplitude of the move
ment has been very great. Whether minor fluctuations, temporary 
subsidences of relatively small amount, have occurred is a delicate ques
tion which can not be definitely settled at present; but the distribution 
of living animals seems most easily accounted for on the hypothesis of 
osci11ation. 

Repeated mention has been made of the continuity which sometim.es 
exi~;ts between the growing coral along shores of the islands and the 
coralline limestones on the land, but the distribution of instances 
exhibiting this relation has not been described. In intimate connec
tion with it is the terracing either of the dead corals or of terranes 
which, for local res.sons, are devoid of coral. It would be useless to 
set down all the cases noted of transition from living coral to exposed 
limestone. Semper 3 wrote: "Everywhere on the shores of the 
islands, on Camiguin to the north of Luzon and on Basilan near Zam
boanga, on the eastern coast of Luzon and of Mindanao, as well as on 
Bohol and (according to report) on the Calamianes and Palawan, occur 
raised coral limestones, somet1mes in long continuous patches, some
times in isolated ones ; and these limestones are continuous with the 

1 Abella, El monte l\faq uilin, 1885, p. 9. 
2Estadismo de las Islas Fil., edited from manuscript by W. E. Retana, Madrid, 1893, p. 334. Tnis 

work and its elaborate appendices are very valuable contributions to Philippine lore, though con
taining little of a geological nature excepting bibliography. 

3 Die Philippinen, 1869, pp. 18, 99. 
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living reefs, the two being connected by the waterworn lower portions 
of the limestones and the upper parts of the reefs, which are exposed 
at low water and are still rising." A glanee at the charts of the archi
pelago will show how superabundant is evidence of this class. Semper 
was especially struck with the phenomena on the islet of Lampinigan, 
close to Basilan, where trachytic (really basaltic) talus above high 
water is cemented by coral, and a waterworn cave containing a pot
hole exists over 20 feet above the level of the highest tides. Similar 
observations have been made by all observers, and especially by Mr. 
Abella in his studies on Ceb{l and Panay. Dana long since stated, from 
information, that on Point Santiago, in the Province of Batangas, coral 
exists at an elevation of 600 feet. Mr. Abella, in describing the gold 
fields of Misamis, refers to the raised corals along the Bay of Macajalar 
as very abundant. The distribution of the localities here noted shows 
that the phenomena in question have been observed in all areas of con
siderable extent within the archipelago. Mr. Abella makes th~ inter
esting statement that the Caroline Islands are undergoing 4epression. 1 

At Bac6lod, in western Negros, the sea is shoal and muddy and there 
are no corals. The edge of the wide plain of western N egros stands 
a few feet above high tide, and the sea is encroaching upon it so rap
idly that undermined cocoanut trees strew the shore or hang on the 
ragged edge of the little bluff. At Dumaguete, too, on the southeast 
coast, there are no raised corals, a fact which, I think, must have a 
connection with the volcanic nature of the locality, but between 
Dumaguete and Tanjay (a few miles to the northward) there are well
developed terraces. On the southern outskirts of Tanjay the old 
burial ground is on a broad knoll of decomposed coral more than 50 
feet above tide level, and on the main coast road, a mile south of Tan
jay, is a hillock of well-preserved coral. The first hills to the westward 
of San Carlos, northeastern NegTos, are coral~ some of which is at least 
300 feet above the sea, and the natives say it is found far higher up in 
the mountains. On the Talabe there are sharp ridges of coral, ele
vated to at least 600 feet, which have been mentioned above as 
probably barrier reefs. The Island of Refugio, lying off San Carlos 
and Talabe, is all coral, and it rises to 70 or 80 feet. Off the town of 
Cebu, Cebu, lies the Island of Mactan, on which ~lage1lan was· killed. 
The reefs about it are most interesting, for they· are partially exposed, 
and terrace after terrace, of small altitude, can be studied there, the 
vertical intervals being only a few feet. One of the most marked 
le,·els, forming the tops of some reef~, is about 8 feet above the water, 
and the exposed portion i~ worn and dissolved into the most fantastic 
.':lhapes. Some small masses stand on pedestals~ like bowlders on a 
glacier~ and others are cavernous. 1\'Iangroves and other plants have 
already taken possession of the upper surfaces. The lowest terrace 
appeared to me to correspond ·nearly to low low water. At Jol6. also, 

1 Guia Oficial, 1898, p. 131. 
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there is evidence of uplift. There \s a little island called l\1arongas, 
about 5 miles northwest of the town of J ol6, composed of tilted sand
stone and a basalt dike. It is partly surrounded by reef coral, some 
of which stands 2 or 3 feet above water. A storm beach about 5 feet 
in height here incloses a mangrove lagoon. One side of this pond is 
formed by the sandstone island, while the storm-beach barrier appears 
to rest upon coral reef. The circi1mstances seemed to me illustrative 
of atoll formation. It is alleged by Mr. Espina that in Palawan 
actual uplifts have been observed by residents .. 

Higb. terraces, as well as low ones, are abundant throughout the 
islands. I should say that on the Island of Cebu it would be difficult 
to find a place from which there are not to be seen either horizontal 
coral ridges or incised terraces. Especially fine are the terraces on 
the southern exposures of Cebu and Bohol. Here the rocks as they 
rose have been exposed to the swell caused by the southeast mqnsoon, 
and the terraces are more sharply marked than they are in more shel
tered situations. This part of Cebtl must approach 2,000 feet in 
height, and is scored with a vast number of terraces, all of which are 
sensibly horizontal; nor could I perceive any division between them, 
s11ch as would answer to a partial submersion followed by renewed 
uplift. In such a case it might be expected that the upper set of ter
races would be less distinct than the lower set, the dividing line cor
responding to the greatest temporary submersion, but nothing of the 
kind is perceptible. In steaming along the coast of 1\tlindanao from 
J ol6 to Cebu it is evident that in that great island also terraces form 
one of the most prominent topographical features. 

All the evidence thus far adduced, both paleontological and struc
tural, points to a progressive uplift of the archipelago, beginning in the 
later Miocene and still proceeding. This evidence, however, is too 
fragmentary to be absolutely conclusive, and the possibility of minor 
fluctuations is not excluded. The distribution of living forms is cer
tainly calculated to throw some light on the more recent history of 
the Philippines, and should be made to contribute all it can. At the 
same time it must 'not be forgotten that obstacles which seem geologi
cally of small moment may limit the extension of species, as has been 
pointed out by Mr. Wallace himsel£. 1 The Island of Cebu affords a 
striking example of this fact, as will presently be noted. In dealing 
with the Philippines, Mr. Wallace regards the greater part of the 
birds and mammals as descended from Bornean forms, while, in his 
opinion, there is also evidence that a direct connection at one time 
subsisted between Luzon and continental Asia. He says: "Absence 
of a large number of Malayan groups would indicate that the actual 
connection with Borneo, which seems necessary for the introduction 
of the Malay types of Mammalia, was not of long duration, while the 
large proportion of widespread continental genera of birds would seem 

I Jour. Royal Geog. Soc. London, 1863. p. 231. 
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to imply that greater facilities had once existed for migration from 
southern China, perhaps by a land connection through Formosa, at 
which time the ancestors of the peculiar forms of deer entered the 
country." 1 

Mr. Dean C. Worcester and Dr. Frank S. Bourns 2 have also exam
ined the former distribution of land within the Philippine Arehipelago 
as elucidated by the present distribution of the avifauna. It would 
appear that Cagayan Sulu, Balabac, Palawan, and the Calamianes have 
been more recently connected with Borneo than the remainder of the 
islands, while the Island of Cebu, strangely enough, seems to have 
been separated from the eastern islands of the archipelago for a very 
long period. At first sight it would seem that an induction of this 
character could scarcely be made from the distribution of winged ani
mals, for other islands of the archipelago are in full view from every 
point of the shore of Cebu. The peculiarity of the Cebuan fauna is 
accounted for in Mr. Worcester's opinion by the lack of necessity for 
periodic migrations on the part of the birds. ·' While in temperate 
climates most birds are compelled to make long journeys, in order to 
escape rigors of climate and to find proper food, birds in the Tropics 
may be hatched, grow old, and die in a single grove without being 
impelled, except by restlessness, to transgress its limit. 

Negros, Panay, Guimaras, and Masbate, according to these zoolo
gists, form a well-defined group of islands. So, also, do the islands 
:from Sulu (or Jol6) to Tawi-Tawi. On the other hand, they tell us 
that the chain of islands on the eastern side of the archipelago, from 
Luzon to Mindanao and thence to Basilan, show a very close relation
ship. 

It seems impossible to understand such a distribution of the exist
ing fauna unless it can be assumed that land connections formerly 
existed between islands now separated by considerable channels. It 
is fairly clear that in the early Miocene the whole area of the archi
pelago must have been continuous with Borneo, and that partial sub
mergence followed; but if connections had never since existed between 
land masses which are now separated by water, each island might be 
expected to exhibit its own peculiarities, as do Mindoro and Ceb{l. 
The easiest way to account for the present distribution of life is to 
assume that at some time, perhaps during the Pliocene, there was a 
temporary uplift carrying the archipelago somewhat above its present 
level, so that some of the islands were connected, and that this uplift 
was followed by subsidence. There is an alternative, however, for it 
ma:y be imagined that connections which once existed, in spite of a 
greater general submergence of the Philippines, were eaten away in 
relatively recent times by waves and tidal currents. This hypothesis, 

I Geographical Distribution of Animals, Vol. I, 1876, p. 345. 
2 Proc. t:. S. Xat. )Ius., Vol. XX,1898, pp. 549-625. 
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however~ is of very dubious value. If, for example, Negros, Guima
ras, Panay, and l\1asbate were now to be depressed, even 100 feet or 
so, a very wide interval, 30 miles or more, would exist between 
Negros and Pana}r, while nearly as great a distance would intervene 
between Pana}r and Masbate. It is almost incredible that, in these 
quiet land-locked waters, connecting isthmian areas of such extent 
have been cut away by wave action and left no monadnocks to tell the 
tale. Inspection of the charts seem~; rather to indicate, in the shoal 
waters which separate thig group of islands, a submerged ·coastal 
peneplain. 

If a fluctuation such as is here . suggested has occJirred, it. would 
have produced a. nonconformity of erosion which would probably be 
traceable on minute study. It should certainly be sought when 
opportunity offers. · 

Summarizing the foregoing facts and inferences, it would seem that 
the geological history of the Philippines is something as fo~lows: From 
early Paleozoic times onward an archipelago has usually marked the 
position of these islands. Prior to the Eocene nothing definite is 
known of them, but further investigation will very likely disclose 
Paleozoic and Mesozoic strata there, as in the Sunda and the Banda 
islands. During the Eocene it is probable that the lignitic series of 
Cebl1 was deposited, and the contorted indurated strata, which in other 
localities also carry black lignite relatively free from water, should be 
referred provisionally to this period. \Vhether the nummulitic liine
stone found at Binang-onan is Eocene seems to me to be an unsohred 
question. After the Cebuan lignitic epoch a great uplift and folding 
took place, and this may have been a detail of the late Eocene move
ment which so profoundly modified Asia and Europe. It must have 
brought about temporary continuity of land area between Borneo and 
Luzon. Somewhere about the middle of the Miocene the country 
sank to a low level. Many of the present islands must then have been 
far below water, while Luzon and l\1indanao were represented by 
groups of islets. Observation::; appear to suggest that the Agno beds 
represent the basal conglomerate formed at this subsidence. A slow 
rise began again during the later 1\tliocene, and may have continued 
to the present day without inversion, yet the actual distribution of 
living forms is such as to give son1e grounds for believing that, at 
son1e intermediate period, the islands were a little higher than they 
now are, but sank again only to rise afresh. The diorites and associ
ated massive rocks, including their tuffs, may have made their appear
ance about the close of the Paleozoic. The less siliceous of these rocks 
seem to have followed the more siliceous intrusions as a whole. The 
gold deposits, and perhaps other ores, are so associated with these 
massive rocks as to indicate a genetic relation. The neo-volcanic period 
began as early as the highest lVliocene horizon, and very probably at 
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the post-Eocene upheaval. If the semiplastic marls of Cebu are all 
Miocene, the earlier andesitic rocks, at least, date back nearly to the 
great upheaval. Among these rocks, also, there is sometimes a tend
ency for the basalts to follow the andesites, but the one dacite found at 
Corregidor is later than the andesites of that island. The relation of 
the trachytes to the andesites is not certain, but the ::;anidine rock is 
probably the earlier. A very large part of the neo-volcanic ejecta has 
fallen into water and been rearranged as tuffaceous plains. The vol
canic vents appear to me to occur rather on a network of fissures than 
on a single system of parallel diaclases, and the volcanic activity is to 
be regarded as a thermal manifestation of the energy of upheaval. 

Before dismissing the general geology of the Philippines, I may 
perhaps be excused for calling attention to a particular aspect of that 
difficult subject, the paleontology of the tropics. From one point of 
Yiew it is n1ore interesting and more important than that of temperate 
zones, for it must ultimately be made to contribute to the physical 
history of the globe. If the solar radiation has been variable during 
geological time, it must have left some paleontological evidences, how
eyer obscure, of change in insolation, especially near the equator; and 
it seems hardly conceivable that any decipherable record besides these 
evidences should exist of changes in the sun's thermal emanation. 
Several other causes, as well as change in solar radiation, would tend to 
bring about alterations in cli1nate on the earth's surface. Variations in 
the eccentricity of the earth's orbit, and in the obliquity of the ecliptic, 
must influence.climate; but at the equator only to an insignificant extent. 
Changes in the distribution of land would influence the distribution of 
the warm waters flowing fron1 the tropics toward higher latitudes, but 
would see1ningly not considerably affect climatic conditions at the 
equator. An alteration in the composition of the atmosphere _would 
atlect the radiation from the earth's surface; so that if the diather
mancy of the atmosphere were decreased, the ,mean temperature of 
the globe would increase. How the effect of such a change would be 
distributed over the earth's surface has not, so far as I a1n aware, 
been adequately discussed. It is possible that it would tend rather to 
a uniforn1 high temperature throughout the world than to an increase 
of n1ean temperature at the equator, because of the·increased rapidity 
of atn1ospheric circulation. There can be little question that this 
problem can be, and will be, solved; and the light which paleontology 
is capable of throwing on the former mean temperature within the 
tropics will then tend to elucidate the history of the entire solar sys
tmn. Geological exploration in :\.falaysia is a cause in which many have 
alread3r laid down their lives, either meeting death with arms in their 
hands, like George ~liiller, F. 'V. 'Vitte, and F. I-Iatton, or succumb
ing more painfully to disease, like L. Horner and others; but the 
cause is worthy of the sacrifice, and they ha,re afforded the world an 
example which should be cherished. 
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l\II~""'"ERAL RES01.7"RCES. 

COA~. 

True (Paleozoic) coal does not exist, so far as I am aware, anywhere 
in :Malaysia. The nearest approach to it is a black, pitchy lignite, simi
lar to that of \Vashington. The difference between lignite and true 
coal lies mainly in the quantity of combined water, which not only 
diminishes the percentage of combustible material, but requires the 
expenditure of combustible constituents to convert it into steam or 
dissociated gases of the temperature of the flame. The black lignite 
is the most valuable mineral asset of the Philippines, and is widely 
spread from southern Luzon southward. It is difficult to trace its 
distribution in detail, becau:::;e there are also brown lignites of small 
value at many points, while the report:-:; are in large part not suffi · 
ciently explicit to determine which fuel has been detected. The black 
lignite is probably of Eocene age, like the very similar fuel of Labuan, 
in ·North Born_eo, well known throughout the Far East, and other 
Bornean or Javanese lignites. The brown lignites in the Philippines 
probably correspond, both geologically and in quality, to the late Ter
tiary lignites of Borneo. The Japanese "coal" is also a lignite, and 
at least no better than the black fuel of the Philippines, which will do 
good service for all local purposes, and in case of need will answer for 
vessels of war. As will be seen later, its heating effect is approxi
mately from two-thirds to three-quarters of that of the best Paleozoic 
steam coals, such as Cardiff. 

Coal seams are recorded at a great number of localities in the Phil
ippines, but in a large proportion of cases the information is insuffi
cient to decide whether the occurrence is one of black Eocene lignite 
or the later brown lignite. The brown fuel in so heavily wooded a 
country would, in 1nost cases, be economically worthless, but might 
be geologically important. To some extent a guide may be found in 
the mining concessions, for it is improbable that any one would go to 
the expense of taking up depo:::~its of brown lignite. In the Island of 
Luzon conce:::;sions have been g-ranted only in the extreme southeastern 
corner, the Province of Albay, but Centeno states that applications 
were made for concessions in Tayabas, though no work was done. I 
am not aware of any reason to believe that Eocene coals exist to the 
northward of Tayabas. 

Thus the following localities in Luzon at which fossil fuel has been 
found 1 are probably, though by no means certainly, late Tertiary lig
nites. In Cagayan there is an occurrence at a bayou or slough called 
Calbong, in the township of Amulung. · In Abra lignite is found on 
the riYer :Malauas, in the township of Dolores. In Union it occurs at 
Aringay. ~Ir. von Drasche was unable to lea1:n anything of the deposit 
when he visited the town, but thought it mig-ht be in the tuff. Again, 

1 Guia Oficial, 1898, p. 125. 



570 GEOLOGY OF THE PHILIPPINE ISLANDS. 

in the Island of Polillo there is ligni~~.at a place called Burdeos, which 
is not on the map; so, too, at Norzaga:ray, in Bulacan, and at ~1ontal
ban, in ~fanila Province. This last is very probably associated with 
the nummulitic limestone. In M6rong Province there is lignite at 
Tatauiran Gulch and elsewhere. 

In Tayabas a considerable nun1ber of coal mines are marked on }fr. 
D'Almonte's map, and these I am inclined to refer provisionally to the 
Eocene group. That more is not heard of them may very possibly be 
due to thinness of seams or other disadvantageous features. A group 
of these coal prospects centers at Antimonan, a port at· the narrowest 
part of the Tayabas Isthmus. These mines are all within 15 miles 
of the town. Two are on Alabat, an island to the north. There are 
also two little islands to the south, Pagbilao Grande and Chico, each 
of which has coal, and two more prospects lie on the mainland to 
the southeast. Farther off in this same direction, in the region of 
Macaleton, is still another so-called mine. 

In Camarines Norte there seems to be no coal, while in Camarines 
Sur it is found near Pasacao, on the southwest coast, 1 and also on the 
Caramuan Peninsula, which forms the eastern extremity of the prov
ince. Jagor 2 heard that coal was found at three localities in this pen
insula. On the map a single one is marked. Opposite lies the Island 
of Catanduanes, which administratively belongs to the Province of 
Albay. In this island, according to Mr. Espina, there is coal at Bat6, 
in the southeast eorner. · The localities just mentioned seem to lie at 
the edge of a field which stretches sou·thward into Samar and which 
is extremely promising. About 12 or 15 miles to the southward of 
Catanduanes lie the small islands of Carraray, Batan, and Rapurapu. 
Here the lignite is black, resembling bituminous coal in appearance; 
it is of excellent quality, is found in seams of good thickness, and is 
close to tide water. "Nir. Espina, who has visited the place, gave me 
the following notes: 

The seams are lignite and their thickness is very variable, but is always greater 
than 0.75m, and never exceeds from 3m to 4.50m. The dip varies from zero to 37° and 
40°. The quality of the coal is fairly good, as is shown by the following analyses 
made in the Inspecci6n General de :\linas of seven specimens from the Bilboa mine, 
Viscaya district, Batan. [Six of the analyses are of the coal, and show very little 
variation; one is of the bituminous shale underlying the seams. The mean of the 
six coal analyses is as follows:] 

Jfean of si.c analyses of coal from the Bilbon mine, Yiscaya district, Batan. 

Hygrometric water ____________________________________________________ _ 
Volatile substances ________________________ .. ______ . ___________________ _ 
Fixed carbon ________ .. _. __ . ________ . _____ ... _________________________ _ 
Ash _______________ .. _ .. _ . ________________ ... _________________________ _ 

Per cent. 

13.518 
37.463 
44.455 
4.564 

TotaL __________ . ____________ .. ______ . ___________ . ______ . _ _ _ _ _ _ _ _ 100. 000 

1 E;opina, Ligero Bosquejo, 1898, p.1fl7. 2 Reisen, 1873, p.166. 



·BECKER.) COAL. 

Carbon equivalent to combustible constituents _______________ . _______ _ 
Carbon equivalent to volatile constituents_ .. _ ... _ ................... . 
Calories of combustible portion .. _ ................................. . 
Calories of volatile portion ____ ... __ ....... _ ........................ . 
Quantity of steam at 100° from water at 40° _________ ... _ ...... kilos .. 
Fuel requisite to produce 1 kilogram of steam __ . _ ............. do ... . 
lVIean density ____ ..... __ ....... _ .. __ ............. ·_ ................ . 

571' 

0. 68035 
0. 23560 

5, 497. 22800 
1, 905. 02750 

6. 24918 
0. 16656 

1. 30 to 1. 40 

Col~r, jet black, with iridescence and high luster; hardness, less than steel; texture, 
laminar and cleavable; flame, reddish white with somewhat dense smoke; odor, Yery 
resinous; ash, yellowish, ·dull white; duration of flame, 1' 45". 

A coal mine is marked on :Mr. D' Almonte's map in western Albay, 
not far from Lib6n and a little south of Lake Bat6. Roth 1 also says 
that a bitumi~ous limestone from ~Iontecillo, nea~ Libon, contamt; fish 
scales. The stone is used for building. It would be interesting to_ 
ascertain whether a connection could be established between the coal 
and this fossiliferous limestone. 

The Batan coal seems to reappear at Gatb6, not very far from Bacon, 
in Sorsog6n Province. Among the seams here Centeno 2 says that one 
is from 4 to 8 meters in width, nearly vertical, and strikes N. 20° vV. 
This coal was tried on steamers, and found satisfactory. A company 
undertook to exploit it, but with what success I do not know. The 
last Luzon locality is near Magallanes, latitude 12° 50'. Beyond its 
position on the map I have no information. 

In Samar, according to Centeno,. the coal deposits of Sorsog6n con
tinue. He gives a locality, Loquilocon, and Mr. Abella mentions 
Gandara and Paranas. The last two towns are on the west coast, at a 
considerable interval. A line drawn through them would pass near 
Gatb6, and its direction would be very like the strike of the bed at. 
the last-mentioned place, differing some 60° from the prevalent strike 
in Cebu. 

There is coal at Cataingan, in southeastern J\tlasbate, and two con
cessions have been granted. In Marinduque lVIr. Espina reports coal, 
and so, too, at Subaan, on the north coast of Mindoro, but without 
details. In southern Mindoro, at Bulalacao, and on the adjacent islet, 
called Semerara, there are coal seams which appear to be important 
and on which there are mining concessions. Mr. Espina reports the 
quality as similar to that of Batan and the thickness of the beds as 
from 75 centimeters to 2t meters. Centeno says that the croppings 
at Semerara are between high-water and low-water marks. 

In Panay Mr. Abella found no important eoal seams, but thought 
that the thin seams found, 8 or 10 inches in width, might perhaps be 
aeeon{panied by others of more value now covered by soil. He notes 
especially Balete, Buruanga, and Valderrama, in Capiz Provinee, and 
Dingle, in Iloilo Pr~oyince. 3 . 

1 Jagor, Reisen, 1873, p. 349. 2 :\I em. geol.-min., 1876, p. 35. s Isla de Panay, 1890, p. 201. 
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In the northeastern portion of Negros coal seams occur, lying 6 or 8 
miles fr01n the cou,st and in a line substantially parallel with it. They 
are exposed in the channels of the rivers Talabe, Calatrava (or Macasi
lao), and Luzon. It is said that some of the seams are of good width 
and quality. I visited that on the Tala be, but found nothing of value. 
Two seams were exposed; neither had over a foot of fuel, and they 
carried p:trite. The lignite was jet black, and seemed to belong to the 
same class as the Ceb(Ilignites. The seams lay between walls of bitumin
ous shale and dipped 30° N\V. The stratification in the neighborhood 
was much disturbed. There were many pieces of float coal in the river, 
and very possibly there are other seams hereabout, but the natives pro
fessed to know of no other exposure. It was my intention to explore 
the entire belt of deposits, but an attack on my escort by a relatively 
large body of natives put an end to prospecting. This belt is well 
worth exa1nination when the natives quiet down. Governor Larena 
also informed me of a coal deposit in southwestern Negros, to the 
eastward of Caban~alan. Efforts to obtain detailed information failed. 

Ceb(l divides with Albay and Sorsog6n the reputation of being the 
most important coal region of the archipelago, and it has been exam
ined with care by Mr. Abella. The coal occurs chiefly on the eastern 
slope of the central range, between Danao, latitude 10° 30', and Bol
jo6n, latitude 9° 38'. It is also found on the west coast in the town
ships of Toledo (10° 17'), Balamban (10° 29'), and Asturias (10° 33'). 
The principal deposits are in the townships of Danao, Compostela 
(10° 26'), and Naga (10° 13'). In 1899, work was going on only at the 
Compostela mines, which were supplying coasting steamers in a small· 
way. The existence of coal has been known to the natives for an 
indefinite period, and a mountain in the Naga district bears the name 
Uling, which is the Visaya name for coal. The Spaniards first became 
aware of the coal deposits in 1827. Since then work has been done in 
a fitful1nanner from time to tin1e and at various points, but nowhere 
with enei·gy and n1ethod. 

\Vhile coal occurs in almost every township along the eastern coast, 
l\lr. Abella properly protests against speaking of the region as a coal 
basin. The strata are sharply flexed, folded, and faulted. As I had 
occasion to observe near :;\lount Uling, the coal-bearing series not 
infrequently stands in a vertical position, and the conditions are such 
that continuity can not be depended upon. :Most careful exploration 
would be needful in opening any mine, and the expenses of 1nining 
can not fail to be seriously increased b)r the position and fractured 
condition of the seams. At the same time, labor is cheap, the distance 
to the shore is only a few miles, and the Cebu coal should be able to 
con1pete with Japanese or Australian on the :Manila market with a very 
handsome profit. The seams often reach -! feet in thickness, and one 
at Compostela is over 8 feet in width. The strike is characteristically 
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to the east of .north, or in the direction of the axis of the island, while 
the dip is westerly or ea~terly, according as the seam is on one side or 
the other of the local axis of folding. The dip is seldom under 30°, 
and rises to 80° or 90°. Some of the seams are of very good q11ality, 
being free from pyrite and standing the weather well. There are 
pyritous seams, however. · . 

The best idea of the quality is to be had from )'Jr. Abella's assays. 
As is well known, the results of coal assays vary considerably with the 
method employed. For this reason7 Mr. Abella very wisely assayed 
Cardiff coal and Australian coal at the same time. and by the same 
method as his Ceb(l coals. As the chief point of interest in such tests 
is to ascertain the relative value of the material tested, the result is 
entirely satisfactory. Tests of some of these coals were also made on 
Spanish war vessels and unde1: boilers at the arsenal at Cavite. In 
these last the quantity of water evaporated- per unit of coal was 6.5 
units. The conclusion drawn from the tests on the Santa FilO?nena, a 

·government vessel, was tl:mt for the ordinary purposes of navigation 
the coal is acceptable even burned alone, but when mixed with one
third Cardiff coal the results are excellent. For further details of 
these tests, I must refer the reader to Mr. Abella's memoir, but I 
reproduce here his table of analyses. Only the first two of them 
fairly represent the coal below the surface unimpaired by weathering. 
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Compostcln. 

Senm of Cnritlad tunnel, Caridud mine, 1. 34.0 54.. 56 34.. 53 9.60 1. 31 
Composteltt. 

4.! Regular, reddish . Pulverulent ...... Light red ....... 0.167 0.698 1, 3G9 5,G43 

Upper outcrop of Snnta Rosa mine, Dnnao. 1. 319 57. 9·1 31.75 9. 23 1. 08 4 Regulnr, bluish ... ..... do ............ Reddish ........ 0.083 0. 662 6il 5,353 
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:r.rantij{t outcrop, Legnspi mine, Danao .... 1. 320 47.30 33.43 16.G5 2.62 3! ..... do ............ ..... do ............ Red ............ 0.075 0.625 605 4,642 

Upper outcrop, l\iugliji mine, Danao ....... 1. 301 37.92 37.34 18.75 5. 99 3 Short, dark ............ do ............ Very red ........ 0.161 0.540 1, 305 4,367 

Outcrop Baisn.bn.is mine (Cnjuml\y ~tnd 
Jmnay{tn), Danao. 

1.315 50.50 30.85 1G.12 2.53 4i Regular, dark .... ..... do ............ Yellowish ...... 0.131 0.636 1,058 5,139 

Outcrop, M:aulincop mine (Tagamacan, 1. 262 48.09 31.68 17.20 3.03 5 Regular, reddish ...... do ............ Very red ........ 0.106 0.887 860 4, 747 
Balamban) Danuo. 

Australian (mixed Newcm;tle and Syd- ]. 365 71.45 ]6.25 2.90 9.40 61 J,a,ge, b d g h t, Pomu,, bright... . Rcddi'h gmy •. ·I 0. 053 0. 768 432 6,205 
ney). ct black tipped. 

English (Cnrdiff) b ........................ 1.389 83.00 8.60 4.50 3.90 5 Short and dark... Almost pulvern- Gray............ 0.103 0. 932 842 7,5:30 
lent. i 

n Wl\ mixed in eqtml p1trtH coal which we were assured l'll.me from the 'Nollerong mines (Sydney) and the Agricnlturnl company'>~ mines (Newcastle.) 
b We were nssnred that the conl cnme from Cardiff. 
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I made a visit to the neighborhood of :Nlount Uling from N aga. All 
the mining prospects were abandoned and caYed in, and the deep soil 
concealed exposures, except in the beds of the water courses. I saw 
several exposures, the best of which was in the bed of a brook called 
Cambagnao, to the southeast of Mount Uling peak, at au altitude of 
some 600 feet. Here a thickness of 4 feet was exposed, while the 
bottom of the seam could not be reached. The coal was bright and 
free from pyrite; the seam was nearly fiat, with a slight southerly dip; 
the hanging wall was sandy shale. This coal was somewhat jointed. 
At a quarter of a mile below this exposure the strata in the stream 
bed are vertical. The crest of the range above the coal deposit is 
formed by a cliff of coral limestone 100 feet or so in height. It is 
perfectly evident, however, that the coral rock rests upon upturned and 
considerably faulted strata.. A specimen of lVIount Uling coal, from 
the claims of the Philippine Mining and Development Company, was 

· analyzed in the laboratory of this Survey in J nne, 1900, by ~lr. George · 
Steiger, and gave the following results: 

Analysis of Mount (Jling coal. 
Per cent. 

l\loisture ................................ ·_............................... 8. ·i4 
Y olatile matter ..................... ·_ . . .. . . . . .. .. .. .. .. . . . . .. . .. .. . . . .. . . 43. 01 
Fixed carbon.. .. .. .. . . .. . .. . . . .. . .. . . . .. . . .. .. . . . . .. . . . .. .. . . . . .. . .. .. .. 46. 29 
Ash ................................... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 96 

Total ........................................ : . . . . . . . . . . . . . . . . . . . . 100. 00 
Sulphur .... · ........................................... _._............... 0. 36 
Phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 02 

The coke sinters together slightly, but is not firm. The ash is red
brown. 

It will be observed that this analysis corresponds pretty well with 
the analyses of Compostela coals by Mr. Abella. As is well known, 
the amount of fixed carbon obtained from a coal varies somewhat with 
the method of manipulation, so that this determination is largely a 
matter of convention. The method employed in the laboratory of the 
Survey .is given in the report of the committee on coal analysis. 1 

I was not permitted by the commanding officer in Cebi1, Colonel 
Hamer, to visit Compostela and Danao, because the natives were on 
the eve of a serious outbreak. 

Leyte possesses coal, but even the name of the locality is unknown 
to me. It is said to be in the southwestern part of the island. An 
analysis made in the Inspecciqn de Minas showed it to be of the same 
class as the Cebu coal, giving 5,800 calories. 

In :Mindanao and its adjacent islets coal is known to exist at 1nany 
points, but beyond the presence of the seams I have been unable to 
ascertain anything. I can, therefore, only catalogue them. On the 

1 Jour. Am. Chem. Soc., Vol. XXI, 1899, p.1116. 
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small Island of Dinagat, near the northeast cape of Mindanao, there 
is coal, at Tubajon. On the islet Siargao (near Dimigat) coal occurs at 
N umancia, on the west side, and at Cabuntug, on the east. Vv ell down 
on the east coast, in latitude 8° 10', is point San cop, which is also a 
coal locality, as is the river Uasauman, in latitude 7°, and Mati, or 
Matti, in latitude 6° 50'. On the south coast, in latitude 6° 4', and on 
the same rneridian as Iligan, is the river Craan, or Gran; and here, 
too, coal is found. Knowledge of all of these localities I owe to )fr. 
Espina. According to the Guia ·Oficial, there is coal a few miles 
north of Iligan, at Naauan, and the sa1ne authority gives a locality, 
Marasingan, which I can not find. A trustworthy Filipino told me 
that the coal at N aauan was good. Baron von Richthofen speaks of 
lignite of admirable quality from the Gulf of Sibugai to the northeast of 
Zam boanga, without specifying the precise locality. Coal is reported 
by Montero in Balabac. 1 

While it seems reasonable to class all the Visayan coals mentioned 
above as Eocene, because of their composition and the stratigraphical 
relations in Cebu and N egros, the same assumption is not justified in 
Mindanao for lack of knowledge. It would be in no way surprising, 
however, to find the coals of eastern Mindanao similar to those of 
Leyte, which is clearly a continuation of the Surigao Peninsula. 

GOLD. 

There is scarcely a province in the Philippines in which gold has 
not been obtained by the natives, who are skillful pan n1iner~ and 
clever in dealing with accessible quartz. Gold mining is with them an 
ancient industry. It is said that Chinese writings of about the third 
century, A. D., report gold as the chief product of Luzon. 2 Before 
lHagellan's arrival it seen1s certain that con1meree was carried on with 
China, and that the Filipinos paid for silks and other manufactures in 
gold, trepang, dye woods, and edible bird's nests. 3 The unconstrained 
life and dazzling possibilities of gold digging suit the happy-go-lucky 
tmnperament of the Filipino, and, since 10 cents a day is ''wages," 
they have been able to work deposits down to a very low grade. EYen 
the tricks of the trade are not unknown to them, and at the time of 
my visit to one armJr post the native miners nearly succeeded in indu
cing American officers to take an inteTest in gravel salted with brass 
filings. Some of the fields seem pretty well exhausted above water 
leYel, and it would be rash to assume that there is any really Yirgin 
ground among the alluvial deposits or any croppings not familiar to 
the natives. 

The more important known gold fields are three in number, and the 

I El arch. Fil., etc., su hist., geog., y estad., ::\fadrid, 1886,p.433. 
2 Dr. 0. F. von )Hillendorf, formerly German Consul at ::\fanila, is quoted by :\lr. F. Karuth as 

making this statement: U. S. Cons. Rept., 1898, p. 414. 
3Jagor, Reisen, 18i3, p. 10, citing )lorga, Sucesos de las i~. Fil., 1609. 
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most northerly of them lies about Nlount Data, in the country of the 
Igorrotes. Data is in the Cordillera Central and in latitude 16° 55'. 
The second and best-known district is that of Camarines Norte, very 
accessible by sea, and about 115 miles to the E. by S. of IVIanila. The 
only other hopeful region is the northeastern portion of Mindanao and 
the adjacent islets. 

The following note on gold in Luzon was compiled .for me by Nlr. 
Luis Espina from the records of the Inspeccion de Minas in Manila, of 
which he was in charge in September, 1898: 

Gold is found in moderate quantities nearly all over the Island of Luzon, but more 
particularly and under conditions favorable for exploitation in the following town
ships and districts, proceeding from north to south: 

1. Abra Province. 
2. Village named Fidelisan, Bontoc Province. 
3. Village namec~ Suyuc, Lepanto Province. 
!. Village named Tubuc, Lepanto Province. 
5. Village named Dugon, Lepanto Province. 
6. Village named Acupan, Benguet Province. 
7. Village named Tabio, Benguet Province. 
8. Village named Capunga, Benguet Province. 
9. Village nan~ecl Itogon, Benguet Province. 

10. Village named Gapan, Nueva Ecija. 
11. Village named Pefiaranda, Nueva Ecija. 
12. Village named Paracale, Ambos Camarines. 
13. Village named Mambulao, Ambos Camarines. 
14. Village named Labo, Ambos Camarines. 
15. Village named Capalongan, Ambos Camarines. 
16. Village namedlVIaculabo, 1 Ambos Camarines. 

In the Province of A bra gold is found in alluvial deposits, and in the sands of the 
river of the same name, as grains, and has an average fineness of 750 to 792 thou
sandths. In the Province of Lepanto gold occurs in three different ways-in veins, 
in alluvial deposits, and in river sands. Its fineness is from 0. 792 to 0.833, and it is 
somewhat light colored because of a considerable silver content. It is usually accom
panied by ores of silver, copper, iron, and lead. In the provinces of Bontoc and 
Benguet the deposits are in all respects analogous to those of Lepanto. In the Prov
ince of Nueva Ecija the gold is exceedingly pure, brilliant in color, and 0.958 fine. 
It is found as rounded particles in alluvium and sometimes in small crystals. 

The Igorrotes, who inhabit Abra, Bontoc, Lepanto, and Benguet, 
are extraordinarily reticent about their gold mining. Nearly two 
hundred years ago Morga wrote that the '~ Y golotes" would not permit 
the Spaniards access to the mines. 2 Even Semper, who stood on 
intimate terms with the Filipinos, was not allowed to visit· any gold 
m.ines in the Cordillera Central. An Englishman of long residence in 
northern Luzon, who had handled much Igorrote gold commercially, 
informed me that no outsiders of any race were permitted to visit the 
quartz mines or even to prospect for quartz, though such are some
times allowed to wash g1·avels in the streams of the Agno and the 

1 Islet 10 miles from ~ram bulao. 
2 Sucesos de las islas Filipinas, Mexico, 1609, p. 134. This rare work is in the library of Harvard 

College. 
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Abra river basins. This concession, I take it, is a sign that the Igor
rotes consider such gravels pretty well exhausted. As will be seen in 
the account to be given of the copper depo~;its, the Igorrotes are 
gifted with mechanical skill and are not afraid of solid rock. It is to 
be· inferred that their quartz mining, though rude, is tolerably effective, 
and perhaps approaches ~1exican work. The great topographical 
accentuation of their country favors tunnel drainage and must enable 
them, in many cases, to dispense with pumping or bailing. Beyond 
the information already given, I have been able to ascertain nothing 
of interest concerning this northern district, which, as has been noted 
elsewhere, lies in a region of crystalline schists and older massive 
rocks. I am aware of no indication that neo-volcanic rocks are so asso
ciated with the quartz veins as to lead to the hypothesis that the gold 
deposits are related to these eruptions. Indeed, throughout the archi
pelago the phenomena point to an age at least as great as the l\1esozoic 
for the greater part of the gold, while analogy with other gold fields 
suggests that the Tertiary period of volcanism must have brought 
about a partial renewal of the conditions necessary and sufficient to 
lead to gold deposition. The corresponding phenomena, however, are 
yet to be observed. 

The gold district of Cam~rines Norte is also in the gneissic rocks. 
Here quartz veins are found· canTing, besides gold, iron pyrite, copper 
pyrite, galena, and zinc blende, sometimes also accompanied by lead 
chromate. At Labo~ Centeno 1 notes that native copper is occasion
ally, yet rarely, observed in the veins, and Morga observes that the 
gold is alloyed with copper. The general direction of the yeins in 
this region, according to Centeno, is north and south, except those of 
Gumihan and of Mount Lugas, which strike northwest. They 
are approxin1ately vertical, and their width is from 1 to 5 inches, 
though at some points they are much wider, reaching 3 or 4 hands 
(palmas), but in such cases they becon1e poo1~er. 

Mr. von Drasche made an excursion from Mam bulao to a locality 
called Dagupan, which had recently been opened up, and imparts the 
following information: 

The road from :Jiambulao leads southwesterly over black clay slates. These clay 
slates, of uncertain age, are intersected by numerous intensely corroded cellular 
quartz stringers, in which the gold occurs. The water courses carry numerous 
auriferous pebbles, and sand, which is washed for gold. At the time of my visit a 
great number of small shafts were also being driven, some 15 fathoms (Klafter) deep, 
-especially at points where quartz stringers were visible at the surface. The very 
primitive methods of concentration naturally involve the loss of a great part of the 
gold, but the profits seemed to me good, for there were more than 700 men and 
women at work. 2 

1 l\1emoria geol6gico-minera, 1876, p. 47. 
2 Fragmente, 1878, p. 63. I do not find Dagupan near )Iambulao. There is gold at Tllillbaga, a 

little west of south from )fambulao. 
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Of course there are numerous placer mines in this region, but of 
these there is nothing special to tell. Beach sands are also washed. 
Reports indicate that gold is found in the wall rocks as well as in the 
veins, but I suspect that this is for the most part an erroneous conclu
sion. In such a country the saprolite, or rotten rock in place, is often 
auriferous, even when the tiniest quartz stringers can not be found, 
and this is to be traced to the solution or replacement of small aurifer
ous quartz stringers, the g-old after the removal of the quartz remain
ing in the saprolite. Mr. von Drasche's statement that the stringers 
are corroded and cellular shows that such solvent action is going on, 
and miners should at least beware of assuming that there is gold in the 
solid rock, excepting at contact with veins. 

~1r. Thomas Browne, a miner, informed me that, at Paracale, the 
rock is granitic and the nearly vertical veins strike N. about 40° E. 
He stated that there are veins as much as 20 feet in width ; and a chute 
in one is al1eged to have given assays as high as 38 ounces to the ton. 
Such assays, of course, mean very little, for it is seldom that. a gold 
mine offers no rich specimens. 

The descriptions of Camarines Norte remind me greatly of the gold 
fields of the southern Appalachians, where also tiny veins and aurifer
ous ~aprolite play a relatively large part. I can see nothing to indi
cate that Camarines will ever be very important as a gold-producing 
region. Certainly it is no" poor man's country," nor has it yet proved 
profitable to enterprises with capital. The industrial history of this 
district is one of decadence. It must have been of this region that 
Hernando Riquel wrote in 157 4 in his "very true and certain account of 
what has recently been known concerning the new islands of the West." 
He says that in Luzon •' there are many mines of gold in many parts 
which have been seen by Spaniards, and all say that the natives work it 
as they work silver mines in New Spain. And the metal has a continu
ous vein like the silver ore. Trials have been made, and the mineral 
presents itself so plentifully, that I do not write about it, lest they 
should suspect me of exaggeration [how convincing is such fine self
control!]; but it is sufficient to say that I swear, as a Christian, that 
there is more gold in this island than there is iron in Biscay." 1 

Tradition, indeed, indicates that the placers were originally very 
rich; and this there is no reason to doubt. According to Morga the 
natives worked them with more energy before the Spanish conquest 
than after it. Spaniards coming from Mexico early settled in Cama
rines Norte, and brought with them lVIexican methods of treating the 
ore, which are still practiced there. In 1643 the Crown levied a royalty 
of a fifth, which was later reduced to a tenth. In Morga's time (1609) 
the reduced royalty yielded $10,000 annually, and Gemelli Carreri 
learned fro in the Governor at Manila that the product was $200,000, 

1 Broad sheet printed at Seville in 1574. Taken from App. 4 to H. E. J. Stanley's translation of 
:Morga's Sucesos de las islas Filipinas, ~fexico, 1609, London, for the Hakluyt Soc., 1868. 
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which is a reasonable figure, since such a royalty was sure to be evaded 
in large measure. Spaniards began to establish works on a larger scale 
about 1700, and ever since that time there has been a long procession 
of enterprises following one another to disaster and oblivion. The 
nearest approach to success seems to have been attained by Francisco 
Estorgo, in the middle of the last century. He, lucky man, after 
losing one fortune at :Mambulao, made another at Paracale·, and wisely 
went home to Spain. In 1876 Centen9 reported that the production 
was 30 ounces a month, bringing about $10 per ounce, so that the 
annual gross receipts of the entire mining population were $3,600. It 
is to be hoped that expenses were small, and it is no "'onder that Jagor 
found the people almost naked and extremely poor. 1 

For pulverizing the ore the natives use a species of trip hammer 
made by attaching a heavy stone, serving as a head, to a sapling. A 
second stone answers for an anvil. After placing the quartz on the 
anvil, the workn1an drives down the head, the elasticity of the sapling 
raising it again for a fresh blow. The crushed quartz is ground in an 
arrastre, concentrated in a batea, and washed clean in a cocoanut shell. 
In this last operation a soapy vegetable sap (gogo) is added, I fancy in 
order to prevent gold from :floating. 

In Panay, Mr. Abella gives a number of localities at which grn.vels 
have been washed for gold, seemingly without notable success. The 
best of then1 appears to be at Astorga, a suburb of Dumarao. This 
town is in the Province of Capiz and its latitude is 11° 16'. No product 
is stated. In the Province of Iloilo gold is known at San Enrique and 
Bar6toc Viejo. In Cebu there are old workings, but all of them were 
abandoned in 1886. Some of them had been opened on pyritous vein
lets in diorite. In the Island of Samar there is gold at Pambujan. 
Th~ Island of Pana6n lies immediately south of Leyte. On its 

eastern coast is a settlement called Pinutan, and a short distance to the 
southeast of the town is a mine which was examined by vYillia~n 
AshburNer; Several veins of quartz outcrop on the coast, and extend 
in a westerly direction into the mountain. These veins are parallel; 
they strike east and dip south. The wall rock is'' greenstone-porphyry." 
There is some wall rock in the vein, and the sulphurets are chiefly 
pyrite, accompanied by galena and zinc blende. One vein, about 6 
feet. wide, has been worked to a considerable extent, some 871 tons 
having been treated up to 1883. The yield was $6 or $7 per ton. 2 

Concessions for gold mining have been granted at Tigbauan, just south 
of Pinutan, and, according to the Compendio de Geografia, there was 
a productive 1nine at Inolinan. This name is borne by a point in the 
southwestern part of the Island of Pana6n, but no settlement called 
Inolinan is marked on the map. The deposits of this island are evi
dently near together and doubtless in the same formation. 

1 Cf. Centeno, ::U:em. geol6g.-min.,p. 47; and Jagor, Reisen, pp. 141, 150. 
2:Manuscript report. 
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The mystery of the unknown still hangs about the Island of Min
danao, and there is an impression in many minds that it is an Eldorado. 
Nlore is known of it than is generally supposed, and what is known 
justifies no extravagant anticipations. The auriferous regions are two ; 
one of them lies immediately· south of the Bay of Nlacajalar, on the 
north coast, in 'the province or district of 1\1isamis; the. other comprises 
the e~stern coast range of the island, in Surigao Province, but is 
only· known to contain gold in promising quantities near the northern 
end of that range. Of the two districts, that in Misamis is the more 
famous. 

The 1\1isamis gold field has been reported upon by Sainz de Baranda, 
Centeno, Minard, and Abella. The last-named geologist studied this 
region more thoroughly than the others, and is the chief authority on 
the subject. · 

The auriferous deposits include veins, placers, and river sands; the 
veins, however, have been worked only to a slight extent and were 
abandoned long before 1\tlr. Abella's visit. Very little gold comes 
from the river beds. The placers lie near the rivers, but at some 
distance above them, and it is evident from the descriptions that the 
recent uplift of the coast has eng·orged the rivers to some extent. 

Four rivers emptying into the Bay of l\1acajalar are flanked by 
placers. The most important is the Iponan, and the gravels are scat
tered along it for a distance of 12 miles. On the Rio Cagay~1n (not to 
be confounded with the great river of northern Luzon), or rather on a 
tributary, the Bitog, there are gravels for about 2 miles. There is a 
single placer on the Bigaan and two on the Cutman. The one locality 
where gold-bearing quartz in place is found is also close to the Cut
man, less than 3 miles from the town of Agusan._ These rivers are 
known to be accompanied b}r placers farther south than the latitude of 
Iligan-say 8° 10'-but that part of the country was in the bands of hos
tile 1\1obammedans and was inaccessible to 1\1r. Abella. The l\1oros 
worked them, however, doubtless by the same methods ·as the Christian 
Indians of the coast. Along the Iponan the graYels are found at an 
elevation above the river which usually does not exceed 66 feet, or 20 
meters. They are not continuous, but occur in patches~ the conditions 
showing that intermediate areas ha\'e been removed by erosion. They 
·rest on marls or conglomerates, supposed to be Tertiary; and the 
miners distinguish three layers-black, grass-root soil; red, plastic 
clay; and the pay streak (dugca.lon). The last consists of sand, quartz, 
pebbles of porphJ7 ry, and pebbles of magnetite. The pay streak runs 
from half a meter to 3 meters in thickness, and seems to average about 
1.6 meters, or, say, 5! feet. Mr. Abella was at much pains to deter
mine the amount of gold per cubic meter in the Iponan placers, and 
found it about 3.5 grams. The average fineness of the gold is 0.658, 
and the pay gravel would, therefore, run 1 pennyweight 3 grains per 
cubic yard in fine gold .. 
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The placers of the other river basins just mentioned differ inconsid
erably from those of Iponan. The gold from the Cagayan is a little 
finer, that from the Bigaan and the Cutrnan a little baser. The thick
ness of the pay streaks is within the same limits. 

The river washings amount to nothing in the way of product. It is 
well to note that those engaged in it n1ake from 12!- to 25 cents a clay. 

Quartz stringers carrying gold are found at Pigholugan Hill, on the 
right bank of the Cutman, between the gulches called Cabagcahan and 
Pigholugan. The rock is :q1etamorphic argillo-siliceous slate, striking 
NNE. The stringers vary in thickness from 1. 6 to S inches, and are 
nearly vertical, striking E. They contain wire gold as well a~ metal 
in scales, and a little arsenopyrite. There are ancient, abandoned, 
caved-in workings on this deposit. 

It is a 1:emarkable fact, pointed out by )1r. ~1inard, that the l\1isa
mis gravels contain platinum as well as gold, a statement confirmed by 
Mr. Espina, but not referred to by ~1r. Abella. Mr. Minard also 
found in tlle placers flakes of lead, which he supposed to be native. 
In all probability, however, it is Spanish, 1nuch ammunition having 
been expended at various times in this region. 

In working the placers the natives concentrate by a species of pud
dling and handle the concentrates with the batea and the cocoanut shell, 
which in the Philippines seems to take the place of the horn spoon in 
Mexico. Placers are worked only in the rainy season. I do not find 
in Mr. Abella's memoir any estimate of the output. Mr. Centeno puts 
it at about $27,000 per annum. 

According to the Compendio de Geografia, the eastern range of 
.iVlindanao is auriferous from its northern extremity as far south as 
Caraga, latitude 7° 12', but chiefly in the neighborhood of Surigao, 
Mainit, Taganaan, Placer (all within 20 n1iles of the northern cape), 
Lianga (latitude S0 33'), and Suribao (latitude S0 25'). Centeno give~ 
some further detail~. In the townships of Taganaan the localities are 
Bagon-Duangan and Danao. In Placer Township the gold is found 
at Tinabingan. The most important district, he says, is in the moun
tains of Canimon, Binutong, and Canmahat, "a day's journey" (10 
miles?) fron1 the town o£ Surigao. . Here there are veins, in talcose, 
serpentinoid slate, up to 3t inches in width. Some are quartzose and 
others carry carbonates. In these, especially the latter, occurs gold 
with iron and copper pyrite, galena, and zinc ble)lde. The rich veins, 
he says, strike east and west, while other poorer or barren vein::; take 
other direc.tions. The veins are pockety and very little work has been 
done on them. 

"'\Villiam Ashburner, a California mining expert of note, visited Suri
gao in 18S3. He examined some washings on the Consuran River, 
where the Biga empties into it, Smiles south of the town of Surigao. 
Here he found gold which was angular and, in one case, filiform. He 
met no quartz, and thought the gold must come from decomposed 
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eruptive rock. In discussing Camarines Norte I have referred to the 
fact that quartz may be removed by solution, or converted into sili
cates. Ashburner was inform~d that $20,000 had been taken out 
during the previous year. The placer is worked in the same way as 
are the placers on the Iponan. He also examined a slate belt at the 
head of the Consuran, which contained irregular gold-bearing pockety 
stringers of quartz and spar. This must be near the locality called 
Canimon by Centeno, and is perhaps identical with it. It evidently 
resembles Pigholugan in Niisamis. Ashburner visited Placer to see a 
deposit forming a ridge between two small streams and rising to a 
height of 150 or 200 feet. Here he found fragments of auriferous 
quartz, which were being worked, but no vein. Neither in this region 
nor in the Island of Pana6n was Ash burner able to find anything which 
he.coulclrecommend to his clients. Indeed, all the reports fron1 ~1in
damw made by responsible engineers indicate very mediocre deposits, 
a large part of which is already exhausted. 

In addition to the gold deposits described above in the Philippines, 
there are c~rtain localities not known to be of any commercial value, 
but which are of interest because they tend to throw light on the dis
tribution of the formations whence the gold is derived, presumably 
older massive and schistose rocks. Gold is found at Pamplona, 1 in 
the extreme north of Lnzot-1, latitude 18° 25', and is probably derived 
from the northern portion of the Cordillera del Norte. Another locality 
is Balincaguin,2 in Zambales Province, latitude 16° 7'. A gold mine 
has been opened on the Island of Polillo, near the town· of that name, 3 

latitude 14° 50'. This island is on the east coast, and belongs to the 
Province of La Infanta. Lahuy 4 and Catanduanes 5 are islands lying 
to the eastward of Camarines Sur, and are both reported to be aurifer
ous, as is th~ township of Caramuan, on the peninsula adjoining them. 
To the south of Catanduanes is the Island of Rapurapu, 6 which con
tains both coal and gold. Sibuyan Islancl 7 is north of Panay, and 
gold has been found there. At Lubang, on the island of that name, 
which belongs to Mindoro Province, Dana found gold-quartz veins 
and chalcopyrite. 8 

lt has been alleged that Mindoro itself is auriferous, but this state
ment, I think, refers to the province rather than to the island; at least 
the only locality I have been able to hear of in this province, besides 
Lubang; is at :Niospog·, 9 on the Island of Marinduque, to the northea:;;t 
of the Island of Mindoro. The natives wash gold from the sands of 
Masbate. 10 The.re is gold in northern Bohol, at Getafe, 11 and on Dina-

1 Guia Oficial, 1898, p.125. 
2Ibid. 
31\Iap of Luzon, d' Almonte, 1883. 
4 Guia Oficial, 1898, p.125. 
5 Espina, op. cit., p.171. 
G Centeno, Mem. geol6g.-min., 1879, p. 46. 

7 Ibid., and Sainz de Baranda, loc. cit. 
aU. S. Ex pl. Exp., Vol. X, 1849, p. 539. 
9Map of Luzon, d'Almonte,1883. 

to Compendio de geografia, 1892, pp. 23, 72. 
n Guia Oficial, 1898, p.125. 
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gat, 1 an island just north of the northern extremity of :Mindanao. In 
Negros, as I learned from Governor Larena, alluvial gold is found in 
two rivers. One of them is the Nabulao, in the western portion of the 
island, and the other is the Zamboanguita, at the southern extremity. 
In J ol6 also gold is known to exist; .at least, so I was assured while 
there. 

COPPER. 

The only copper deposits which are known to be important are in 
the Province of Lepanto, near Mount Data (latitude 16° 57'), and 
these are also the only ones concerning which any detailed information 
is available. They have been reported upon by Antonio I!ernandez, 2 

who visited them in 1850, and by Jose Maria Santos, 3 who examined 
them. in 1861. They have been worked by that strange tribe of nativ~s, 
the Igorrotes, probably before thf'. Spanish discovery of tht: archipel
ago, and ever since. For a time they were also exploited by the 
Can ta bro-Fil i pin a Cmn pan y of Manca yan, under the direction of Santos, 
whose death would appear to have crippled the enterprise."' Prelim
inary· work commenced in 1856, 5 but production did not begin till1864:. 
Fron1 that year to 1874, 1,116 metrical tons (at 1,000 kilos) was pro
duced, 6 but when von Drasche visited the place, in the winter of 1875-76, 
no work was going on. I have not heard that the company has ever 
resumed. A difficulty, and seemingly the chief one, is the inaccessible 
position of the mines on the divide between the headwaters of the 
Agno and the A bra. 7 When narrow-gauge railways pass up these 
valleys the question of transportation will be solved. 

The chief deposits are at Mancayan, but in the same region there 
are veins also at Suyuc, Bumucun, and Agbao. These latter carry 
ores differing somewhat in composition from those of Mancayan, and, 
in the opinion of Santos, could be mixed with those of the greater 
deposit to advantage. l\1ancayan lies about 5 miles west of Data, and 
the other localities can most easily be placed with reference to it. 

As Santos describes Mancayan, 8 the veins would seem to be asso
ciated with a mass of quartz-porphyry, either caught up in an erup
tion of a neo-volcanic rock or bounded by parallel fissures through 
which lava has been extruded. It may be somewhat difficult to regard 
this view as final, but it seems more acceptable than Mr. von Drasche's 
assertion that the veins lie a lens of quartz en~bedded in trachyte. 

The following notes are taken from Santos and for the most part are 

I Compendio de geografia, 1892, pp. 23, 72; and Sainz de Baranda, Cons. geogn'., etc., 1841. 
2 Revista min era, Madrid, Vol. II, 1851, pp.ll2-118. 
arnforme sobre las minas de cobre. . . . en Lepanto, :\Ianila, 1862. 
4 Centeno, Memoria geol6gico-minera de las is. Fil., 1876, p. 44. 
o Santos, Informe, p. 20. 6 Centeno, op. cit., p. 45. 
7 The altitude does not seem to ha>e been determined. I was told in Manila that it is about 5,000 

~eet. s Op. cit , pp. 25 et passim. 
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literally translated. The ~1ancayan deposit appears in a deep ravine 
called Fabio or ~1agambang, on the south side of ~1ount Aban, one of 
the western spu1·s of the great Data. At thi~ locality there 1s a 
quartzose mass in a vertical position, not more tha·n 80 or 100 meters 
in thickness, which strikes northwest and is exposed at the southeast 
by a great cut, partly due to the mining operations of the natives. 
Toward the northwest it is partially concealed and at a. distance of 400 
meter~ disappears under argillaceous porphyry, 1 which is more recent. 
The siliceous mass is of similar character throughout its extent; it is 

· sometimes compact, sometimes crystalline, often porous, and always 
charged with iron pyrite. It contains decomposed ·feldspar in irregu
lar veins or porphyriticaliy disposed. ·The croppings are of columnar 
form. The whole mass is fissured or jointed in different directions, 
though the principal ore"'"bearing· fissures strike \VN,V. On the 
strike of the quartzose mass, some 14 meters to the northwest, there 
are, as it were, small islands of quartz-porphyry in the argillaceous 
rock, which latter is there of small thickness. From these con
ditions it is to be inferred, according to ·Santos, that the quartzose 
mass under discussion, inclosing the ore deposits, is a body of quartz
porphyry completely metamorphosed by the advent of the argillaceous 
porphyry and subsequently by the process of ore deposition. Be the 
origin of the compact quartz what it may~ it is at all events older than 
the argillaceous porphyry. This, by its own intrusive force and by 
the contraction attending its consolidation, produced the fissures or 
cracks, not only cleaving the quartz but continuing into its own mass; 
and these openings were filled with ore subsequently to the complete 
consolidation of the rock. ~1r. Santos was led to this conclusion from 
inspection of a drift on a vein which, after passing out of the quartz
ose mass, followed the contact between it and the porphyry and at last 
struck into that rock, the strike of the vein making changes of direc
tion to correspond with the course indicated. In the Inore important 
workings it is apparent that the ore occupies not only' the larger fis
eures, which strike \VN,V., but also veins which have a differ.ent direc-

. tion, the two systems forming a network or reticulated vein. At the 
time of Mr. Santos's visit three parallel veins were exposed, dipping 
at 70° to the NNE. They had a mean width of 1 foot. He inferred 
from the croppings and the old workings of the Igorrotes that there 
must be not fewer than six veins. As ores Santos recorded tetrahe
drite, both antimonial and arsenical, chalcopyrite, chalcosite, peacock 
ore, the black oxide, and other oxidized or carbonated species, as well 
as iron pyrite. The chief ore is tetrahedrite. The gangue he calls 
white clay. Comb or ribbon structure is common and the proportion 
of the various cupriferous minerals is v~ry variable. 

1 I understand Santos to mean by this term a quartzless, partially decomposed lava, which he, as 
WEU a.<~ von Drasche, regarded as trachyte. 
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Santos 1 made an effort to avoid the tendency to select rich speci
mens in sampling, and gives the following as the mean composition of 
the different ore breasts of the native workings: 

},fean composition of the ore b1·easts of the native },fancayan copper workings. 

Per cent, Per cent. 
Copper_ _ ........ _ .. ___ ..... ___ . 16. 64 , Iron ... __ . __ . __ ......... ____ ... l. 84 
Silica. __ . __ ... _____ ...... _ ....... 47. 06 1 Loss ......... __ ... ___ ......... _ 0. 25 
Sulphur. _______ .... ___ . ___ ..... _ 24. 441' 
A t

. -
12 

Total .. _ .......... _ _ _ _ _ _ _ 100. 00 n 1n1ony ....... ___ . ___ ......... o. 
Arsenic . _____ .- _ ..... _______ ... _ . 4. 65 

After a preliminary sorting, which takes place in the mines, about 
40 per cent of the ore carries over 10 per cent of copper, and more 
than half the ore contains above 6 per cent of metal. 

:Nlr. Carl Zerrener 2 described enargite and covellite from specimens 
of Mancayan ores in 1869, and Mr. A. vVeisbach in 18'74,3 from similar 
specimens, established the species luzonite, which he regarded as 
dimorphous with enargite. Mr. August F1:enzel also has described 
the luzonite and other ores. :from J\1ancayan, as well as the matte. 4 

M1> von Drasche visited :\1ancayan and made the following note: 5 

l\Iancayan was formerly the site of extensive copper-mining operations, which are 
now discontinued. The ore was known to and worked by the Igorrotes before the 
coming of the Spa11iards. I am indebted to the friendly communicativei"less of two 
Spaniards who were working over old dumps for some information about the occur
rence of the ores, and I also went through some of the tminels. The copper ores 
occur in a quartz lens embedded in sanidine-trachyte, the lens having, on the whole, 
an E.-\V. elongation. In this ore [apparently misprint for quartz] the ores occur in 
parallel veins, whi<:h likewise strike east and west, so that the tunnels, which run 
north and south, cut all the veins. The veins are said to be locally as much as 7 
meters wide, and have a steep dip. The distance separating these very regular veins 
is reported as generally very small. The ores are chiefly luzonite, enargite, and coyel
lite, the first often h1 fine crystals. I also observed barite, calcspar, copper pyrite, 
malachite, stalactites of copper sulphate, arsenious acid, and a saponite-like mineral 
stained blue with copper salts. 

Suyuc lies 3 or more miles by road southeast of lVlancayan. Here 
the porph}rry, instead of being argillaceous, becomes feldspathic and, 
according to Santos, is trachyte. Sometimes it is so granular as to be 
easily confounded with syenite. The copper ore~ contain peacock, 
chalcosite, and black oxide, but consist chiefly of mingled copper pyrite 
and iron pyrite. They occur in 'reins and are associated with a white, 
opaque, feldspathic mass full of veinlets of quartz and iron oxides. 
The Igorrotes have worked these deposits, but not extensively. 

Three n1iles eastward of this deposit lies Bnmucun. Here there is 
a vein at the bottom of a stream containing chalcopyrite, quartz, and 
fluorspar with smaller quantities of derivative copper ores. The vein 

1 In forme, p. 38. 2 Berg- und hiittenmannische Zeitung, 1869, pp. 105,113. 
a ):lin. Mittheil., sup pl. to K.-k. geol. Reichsanstalt, 1874, p. 257. 
4 Min. Mittheil., 1877, pp. 203-204. 5 Fragmente, 1878, p. 36. 
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is 8 or 10 inches in width, strikes E., and dips N. almost vertically. 
The natives were able to go dowri only some 30 feet on account of 
water. This ore and that of Suyuc would, in Santos's opinion, be 
valuable at :Nlancayan, because they contain no antimony, little arsenic, 
and plenty of iron. 

Agbao is a mile and a half south of Suyuc. It has three small veins 
within 3 feet, separated only by clay. They aggregate only 6 inches 
in width, strike NE., and dip SE., at 45°. The ore is tetrahedrite. 

The copper mining and smelting of the Igorrotes is a very curious and 
interesting matter. This tribe is in most respects semibarbarous. 
They are heathens and live in squalor. Semper visited them and fur
nishes a really disgusting description. He also points out, however, 
that industrially they stand on an astonishingly high level, and show 
most remarkable skill in the working of metals as well as in their extrac
tion. They have turned out not merely implements of small dimen
sions, but copper kettles no· less than 3t feet in diameter. From 1840 
to 1855, according to Santos, as much as 20 tons of copper utensils 
and ingots were exported annually by the Igorrotes. They made 
pots, tobacco pipes, and ornaments. It was this trade which drew the 
attention of the Spaniard1:l to the region. It was the opinion of Santos 
that the Igorrotes have Chinese or Japanese blood, and it is commonly 
believed that they are descended from Chinese invaders who brought 
the art of smelting with them. Their appearance and their customs 
are considered as indicating such an origin. 

Their mining and metallurgy were :first investigated by Hernandez, 
later and more fully by Santos. It is almost humiliating to :find how 
well up in technology these dirty sa,rages are, but perhaps the great 
discoveries in copper smelting have been common property ever since 
the age of bronze. 

The following account is almost literally translated from Santos's 
n1emoir: 

The ore-bearing territory is divided among the neighboring villages 
in p1·oportion to the number of inhabitants, and any attempt to shift 
the claim limits leads to bloodshed. The property of each village is 
again eli vided among certain families, in consequence of which the dis
trict looks like a honeycomb. vVinning in is accomplished by :fi.ring-1 

that is, by kindling a :fire at suitable spots against the breasts, so that 
the tension of the aqueous vapor developed in the ore may split off 
flakes, this operation being assisted by the use of iron tools. The :first 
sorting takes place in the mines, the rejected portion being left on the 
floor and so raising it that at subsequent :firings the flame of the billets 
licks the face and much of the roof. The character of the rock and 
the imperfect nature of the process led to many cases of caving, some 

1 In 1869 I witnessed firing in the Rammelsberg mine at Goslar. It was there practiced only on Sun
days. It is doubtless one of the oldest technical proc~sses known to man. 
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of large extent; The ores won were classified into rich stuff and quartz
ose ore. The former went.directly to the furnace, while the latter was 
subjected to a long and thorough roasting, during which, after a part of 
the sulphur, antimony, and arsenic had been volatilized, a sort of sweat
ing of iron and copper sulphides took place. These substances united 
in globules of matte~ which adhered to the exterior of the quartz frag
ments and, in great part, could then be separated from the gangue. 

The furnaces consisted of circular depressions in a clay floor, and 
were 15 em. in depth, with a diameter of 30 em. A nozzle of .fire 
clay, standing at an angle of 30° above the hole, united two bamboo 
pipes which were fitted into the lower ends of two cylinders made of 
pine logs, containing pistons packed with grass, which moved alter
nately up and down, furnishing blast. 1 "\Vhen the furnace was ready 
they charged it with 18 or 20 kilos of rich or roasted ore, which, 
according to repeated assays, contains 20 per cent of copper, taking 
the remarkable scientific precaution to place the ore at the nozzle and 
the fuel against the wall of the furnace, this wall consisting of 
uncemented stones piled to a height of half a meter. After the fire 
was lighted and the blower put in operation, thick white and orange
colored fumes were thrown off, these being due to the partial volatili
zation of the arsenic, antimony, and sulphur, until at the end of an 
hour only sulphur dioxide was giyen off; and the temperature had 
reached the highest possible point. The blast was then stopped and 
the product ren1oved. This consisted of slag (or rather of lumps of 
ore which on account of the quartz gangue were reduced to a porous 
mass through the eliquation of the metallic sulphides, and were not 
scorified because of lack of bases and of a sufficiently high temperature) 
and a very impure n1atte, weighing 4 or 5 kilos, with a content of 50 
to 60 per cent copper. This matte, with that produced at other simi
lar runs, was roasted in a strong fire for twelve to fifteen hours, with 
the result that a great part of the three volatile substances mentioned 
above was dissipated. 

In the same furnace they set on edge the cakes of roasted matte, 
being careful in this operation also to. plaee the charcoal against the 
wall, and, after blowing half an hour, obtained, first, slag consisting 
of a silicate of iron with indications of arsenic; second, a matte with 
70 to 75 per cent of metal, which they took off in very thin crusts by 
means of sprinkling the exposed surface with water; third, black 
copper, tnore or less in quantity according to the degree of desulphur
ization_ of the material' smelted, but always impure. The n1attes 
obtained in this second operation were ag-ain roasted, with the precau
tioq that the wood was interposed between the crusts to aYoid frittiug 
before the fire had driyen off the objectionable components. 

1 This is a weH-known Chinese blMt engine, such as I haYe seen at the tin-smelting works in Bangka. 
It was in use ~n China long before bellows were abandoned in European works. 
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To· avoid loss through oxidation in casting copper~_ either black or 
refined, they covered the furnace with a helmet-shaped fire-clay cruci
ble, thus making it easier to lade the met& I into molds of the same clay. 

The black copper obtained at the Recond beat, and the matte from it 
also, but only after previous roasting, were submitted to a third smelt
ing in the same furnace, this being reduced in size by the stone wall 
and by the addition of the crucible mentioned above. This heat pro
duced an iron-silicate slag, and a black copper, which, after casting in 
clay molds, was forthwith disposed of commercially. This black cop
per contained 94 per cent copper and wa~-; rendered impure by yellow 
carbide of the metal and the oxide, formed superficiall)7 during slow 
cooling despite the precautions. taken to avoid it by whipping the 
exposed surface with green boughs. 

If the copper is to be employed to manufacture pots, pipes, or other 
household utensils and ornainents which these natives make with so 
niucb patience and skill, they apply a refining process differing from 
the preceding in only one feature: the amount of charcoal is diminished 
and the quantity of air increased, as the end of the heat is approached, 
for the purpose of oxidizing the carbide of copper. 

Repeated assays have proved that, even when they treated ores with 
a mean content of 20 per cent, they got only 8 or 10 of black copper 
at the third heat. 

Concerning the remaining copper deposits in the Philippines, scarcely 
anything is known except the localities in which they are to be found. 
In :Mr. Abella's summary of mineral resources, in the Gu1a Oficial, he 
states that there is copper at Antamoc and at Casalugan in Benguet, but 
gives no details. In 1823 copper-mining concessions were applied for 
to work two deposits in a mountain called Taloo, near Antimonan, in 
Tayabas Province. 1 It is, perhaps, a legitimate inference that these 
localities are in the small area of crystalline schists there noted by Mr. 
von Drasche. At the same time application was made for claims 3-! 
miles south of Mambulao, at Iba, and on the Gulf of Guinobatan, 5 
miles south-southwest of :Nlambulao. These places are in the Province 
of Camarines Norte and in the schist area. J agor states that there 
was a shaft at the Iba locality said to be 84 feet deep. Two copper 
localities are marked on Mr. d' Almonte's map in Camarines Sur, east 
of the town of Caramuan, or Caramoan, near the shore of the channel 
which separates Catanduanes from Luzon. Roth refe.rs to the copper 
of Caramuan as an indication that the mountains at this point are com
posed of crystalline schist. Jagor saw specimens of native copper 
eoming from a locality north of Patag Cove. 2 This corresponds to one 
of the mines laid down on lVlr. d' Almonte's map. 

In the Island of Mas bate, at ~1ilagros, near Assit, native copper was 

1 Centeno, :Memoria geo~6gico-minera, 1876, p. 45. Several of these miscellaneous notes are from the 
same source. 

2 Jagor. Reisen, 1873, pp.145, 347. 
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discovered jn 1847. Centeno saw fi~e specimens. This nune was 
worked for a time, but the ore gave out or was lost. Masbate also 
contains gold, and the occurrence of these metals suggests a crystalline 
schist area in this little-known island. On the Island of Capul~ between 
Samar and Luzon, Centeno also notes copper pyrites. 

In Panay Mr. Abella met with no deposit of copper, but saw stains 
at Mount Uarauisan, latitude 10° 50', Province of Antique. He thinks 
this -corresponds to a report by the provincial governor in 1842 of the 
discovery of an extensive deposit a league from the town of Siba1om. 
From the natives of the region he could ascertain nothing about this 
ore. At Barbaza, in latitude 11° 12', in the s~n1e province, Mr. Abella 
met a native who owned a specimen of native copper the source of 
which he refused to disclose, though stating that it was not veri far 
away. 1 

In the Island of Marinduque, at Torrijos, the Guia O:ficial states 
that copper occurs, without further information. At Lubang, on the 
island of the same name to the northwest of Mindoro, Dana found 
copper pyrite, probably only as an accon1paniment of the gold.~ 

That copper pyrite is met with in the Surigao Peninsula of northern 
Mindanao among the gold :fields is known. According to the geog
raphy of the Jesuit fathers, there is a workable deposit of good 
quality at the hamlet of Taganaan, 3leagues from the town of Surigao. 
A merchant resident in Palawan informed me that there is copper in 
Balabac. 

ARGENTIFEROUS LEAD. 

Galena is found in Camarines Norte in the area of the crystalline 
schists accompanying other sulphurets and gold. Concessions have 
been granted for lead n1ining at a mountain called Tinga, near Paracale~ 
and at a hamlet nan1ed Imbong-imbong, in the township of ~iambulao, 
but these ores were worked only for the gold. Centeno reports the 
Tinga occurrence as very rich, but the veins as only from 3 to 10 centi
meters in width. 3 Paracale and ~1ambulao have a reputation among 
mineralogists as a source of lead chromate and vauquelinite. Jagor 
visited two localities, but found the specimens practically exhausted. 
One is near Paraeale, in a gneiss hill ten minutes' walk from the vil
lage of Malaguit. The other is a mile and a half north by east from 
Mambulao~ in the plumbiferous mountain Dinianan, which is com
posed of horn blende-schi~t. Roth states that the chromate is found 
in quartz veins and is accompanied by vauquelinite, like the occur
rence in the Ural Mountains.! Caramuan, in Camarines Sur, is credited 
with lead ore in the Guia O:ficial. It i~ probab!y associated with the 
copper deposits in that district. 

1 Is}it de Panay, p. 197. 2 C. S. Ex pl. Exp., Vol. X, 1849, p. ·539. 
3:\f:emoria geol6gico-minera, 1876, p. 53; Guia Oficial, 1898, p. 127. 
4Jagor, Reisen, 1873, pp. 144-145,345. 
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In the Island of Marinduque, Province of Mindoro, at Torrijos, 
there is a lead deposit regarded by Mr. Espina as important. 1 The 
assays are said to give, for average ore, 56.55 per cent lead, 0.0096 
per cent silver, and 0.0006 per cent gold. No further information is 
available. 

Cebu contains lead ores upon which Mr. Abella has reported thus: 2 

The most important metalliferous deposits, and indeed the only ones which 
deserve the name, yet discovered in the island are those of gold- and silve:r,--bearing 
galena. They lie toward the center of the island, at Panoypoy, township of Consola
ci6n, and at Acsubing and Budlaan, in the township of Talamban, the first two being 
those which gave rise to the claims of the company known as Lq, Cebuana. The 
deposits all consi~t of bunches, veins, and stringers of pyritous galena, which form 
an irregular network in the rock complex of the eastern area of the interior of the 
island. They iack system or regular direction, and form therefore a true Stockwerk. 

Centeno found the ore extremely rich in silver and gold, but mining 
seems to have been abandoned. 

In Mindanao Mr; Espina saw specimens of lead ores, but was una
ble to ascertain whence they came. 

IRON. 

Something like a belt of magnetite deposits exists among the moun
tains lying to the east of the great plain of Luzon. The northern 
portion of this belt is 12 or 15 miles to the eastward of San Miguel de 
Mayumo, on the headwaters of the stream which passes through that 
place. In this neighborhood the positions of four mines :ire indicated 
on Mr. d' Almonte's map. A few miles east of south from this group lies 
a second, about 10 miles northeast of Angat. Here ahw four mines are 
shown, and this district has the reputation of possessing the most val
uable iron ores in the archipelago. At a similar distance to the north
east of Bosoboso another iron mine has been worked. Ten miles north 
of east from l\16rong there is still another iron mine, in the Province 
of Laguna de Bai. All of these deposits are in the foothills of the 
range which forms the western boundary of the Province of La 
Infanta and at nearly equal distances from the crest. The belt is 44 
miles in length, and evidently stands in genetic relations to the range. 
According to assays made in the laboratories of the Inspecci6n General 
de Minas, the Angat ores carry from 60 to 70 per cent of iron. The 
impurities do not seem to have been determined. I find in so serious 
a paper as Centeno's Memoria the statement that these ores contain 
75 to 80 per cent of iron; but magnetite, though the richest of iron 
ores, can not contain more than 72 per cent of iron, as should be well 
known. Of the nature of the deposits I have been able to obtain no 
descriptions, except that the ore is abundant. 

In Cam~rines Norte there is a mine of magnetic iron som.e 6 miles 

1 Espina, Bosquejo, 1898, p. 165. 2Isla de Cebli, 1886, p. 146. 
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south of Paracale on the Malaguit River. The Guia Oficial also men
tions a deposit in the township of Mambulao at Calam bayungan. 

The Filipinos work the ores of Angat and of San Miguel de :Nlay
umo. Unfortunately I did not succeed in seeing the process or in 
getting any satisfactory description of it. There .is no doubt, how
ever, that it is a bloomery process. The steel produced is chiefly 
made into plowshares, which are so good that they bring a much 
higher price than those of European manufacture. The process is 
probably nearly identical with that still in use in Borneo; but, if not, 
it would be most interesting to know what are the differences. I 
therefore make no apology for introducing here Mr. Posewitz's 
_description, in which ·he follows C. H. L. lVl. Schwaner, who wit
nessed it: 1 

The cylindrical blast furnace has a height of 3 feet 4 inches and a circumference 
of 10 feet. The shaft has the form of a parallelopiped (8 by 6 inches) and becomes 
wider toward the top, having a pyramidal form. The smelting hearth is 25 inches 
long, 19 inches wide, and 9 inches high. 

The material of which the furnace is constructed is a yellow clay, which is obtained 
from the banks of the rivers. 

This material, having been kneaded and purified, is pressed in a cylindrical bark 2 

mold having the dimensions of the furnace. It is allowed to dry for a month or 
more. The mold is then removed and the furnace bound ro.und with Spanish cane 
(rattan), in order to give it greater strength and to provide against bursting. The 
dry-air process is completed by a small fire. 

The smelting only lasts one day. The floor of the hearth is first covered with 
powdered charcoal to a depth of 2 inches, in the middle of which a hole is made, 
which serves to collect the iron. The tapping hole is closed by clay. A semicircular 
hole is left to let out the slag. The blast apparatus consists of a hollo·w tree stem, 5 
feet 5 inches long and 3 inches in circumference [diameter?], open at the top and 
closed at the bottom. Directly above the floor there are 3 openings on the same 
level and close to one another. . These openings are intended ,for the insertiqn of 3 
bamboo tubes, 29 inches in length, through which the blast has access to the tuyers 
and to the furnace. The tuyers ar~ made of baked clay. They are 11 inches in 
length, and narrow considerably in the part op.ening into the furnace. In the bellows 
there is a valve, which is made air-tight by feather down. It is '''orked by hand. 

Burning charcoal i~ thrown from aboYe into the furnace, and a gentle blast 
produced sufficient to cause the charcoal layer to glow. The furnace is then filled 
to two-thirds of its height with wood charcoal. The ores are first submitted to a 
roasting action by piling them up in layers between wood, igniting the pile, and 
allowing it to burn one day. The ore is then broken into pieces of the size of a 
nut, mixed with charcoal in the proportion of 1 to 10, and thrown into the furnace. 
Usually two hours and a half suffice to sink the ore, after ·which more ore and coal 
are added. 

The slag is run off at intervals of twenty minutes, the tuyers being removed and 
the blast stopped for five minutes while the slag is running off. A drawback to this 
method is that a large part of the iron goes into the slag. 

As soon as all the fuel is burned the tuyers are taken out and the stopping of the 
hole in the hearth remo\·ed. The iron, which is in the "form of a viscid, molten 

1 Posewitz, Borneo, 1892, p. 433. In A. :Marche, Lu<;!On et Palaouau, Paris, lSSi, p. 85, I find brief 
notes on the process at Angat, which seem to indicate that the process there employed is substantially ' 
the same as in Borneo. 

2The English translation has cork, by error, for bark. 
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mass, is then drawn out of the furnace by means of wooden tongs, placed on a finely 
broken slag, and beaten with wooden hammers until it becomes smooth. 

Such a mass, weighing 45 pounds, represents a day's work for four men, and costs 
2 florins. It contains much slag, however, and, having been divided into ten parts 
has to be several times remelted and beaten with hammers until it is pure enough 
for smithy work. 

·while iron smelting has almost entirely ceased, this is not the case with the smithy 
work. ·weapon smiths still exist who manufacture excellent blades. Especially 
worthy of mention are the works of the great industrial place, Negara, in south 
Borneo, of which the "Negara blades" have a widespread reputation. 

The natives prefer their own iron to the European, as experience teaches that 
the keenness and durability of these weapons are superior to those of European 
manufacture. 

MISCELLANEOUS. 

Petrolemn bas been discovered within a few years in the islands of 
Panay, Cebu, and Leyte, but is not as yet known elsewhere. In 
Panay it is found at Janiuay in the Province of Iloilo and is accom
panied by natural gas. I have not beard that it is exploited. In Cebu 
oil is found on the west-coast, at Asturias, Toledo, and Alegria. The 
well at Toledo (10° 17') has been exploited to some extent/ and there 
is a concession for oil and one for coal at the same locality in this 
township. An oil concession has also been granted at Alegria. In 
Leyte oil occurs in the township of San Isidro, and bas been taken up. 
This is probably the locality marked as a petroleum mine on Mr. 
d' Almonte's map on the west coast, in latitude 11° 15', though this is 
closer to Villaba than to San Isidro del Campo. Nir. Espina states 
that petroleum from neai· Villaba is highly charged with paraffin. 

Sulphur has been extracted under concession only at Biliran, but 
the volcanoes and solfataras of the islands offer endless opportunities 
for "clandestine exploitation" all the way from Mount Apo, in :Min
danao, to the volcano of Cagua, 2 near the northern extremity of Luzon. 
Jagor 3 gives a pleasant account of sulphur extraction a little south of 
Burauen, in Leyte. ' 

There have been various reports of the discovery of quicksilver in 
the Philippines; e. g., in Panay, Mindanao, and in the Province of 
Albay. All seem to be founded on accidental losses of exotic metal. 

Excellent marble is found on the Island of Rombl6n, to the north of 
Panay. It is used in Manila for fonts and the like. In Cebu also 
there is a concession for marble at Tuburan (10° 43'). Marbles for 
building are quarried at Montalban and at Binangonan (the nummulite 
locality) in Manila Province. 

Kaolin is found at Los Banos, Laguna Province, and fictile clays at 
numberless points. 

Stibnite from Bataan Province was seen by Centeno/ but there is 
no evidence that any valuable deposit occurs. So, too, zinc blende is 
known to exist, but only as a valueless sulphuret in gold-quartz veins. 

I Guia Oficial, 1898, p. 128. 2Ibid., p. 127. a Reisen, 1873, p. 221. 4 :\I em. geol-min., 1876, p. 53. 
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LIST OF BOOKS AND PAPERS ON PHILIPPINE GEOLOGY. 

In the following list titles have been given somewhat fully, to facili
tate reference, particularly at a distance from great libraries. In the 
preparation of this report all of the paper~:~ here listed, except one, 
have been consulted at first hand or in complete reprints, and I know 
of no other works of any value on the subject except two or three 
mine reports. In the text a number of works are referred to which 
deal with ~1alaysian geology, but not with that of the Philippines. 
Of these only Hochstetter, Posewitz, and Martin are catalogued here. 
The volume of Posewitz on Borneo makes an excellent introduction 
to :\1alaysian geology. 

It should be noted that when a Spanish writer uses a double sur
name the latter is his mother's maiden name. The matron}'mic is not 
always employed; for instance, Centeno sometimes adds "y Garcfa" 
to his patronymic, but more often omits it. If in citations only one 
name is used, it must be the first and not the second. 

1574:. RrQUEL, HERNANDO. Very true and certain account of that 
which has newly been known of the new islands of the \Vest, 
and of the discovery which they mention of China, which 
was written by H. R. secretary of the goyernor of them. 
Seville, Barrera, 157 4:. Broad sheet. 

In English trans. of Morga, Sucesos, app. 4:, p. 389. 

1609. :MoRGA, ANTONIO DE. Sucesos de las islas Filipinas, :\1exico, en 
casa de Geronyn1o Bahi, Ano 1609. Por Cornelio Adriano 
Cesar. 4:0

, 10 p.l. and 172 leaves. 
This rare book may be seen in the library of Haryard College. 

1698. GASPAR DE SAx AvGvSTIN. Conquistas de las isla~:~ Philipinas 
[sic]; la temporal por las armas del Senor Don Phelipe [sic] 
segundo el prudente y la espirib-al, por los religiosos del 
orden de nuestro padre San Augustin; fn1dacion, y progres
sos de sv provincia del santissimo nombre de Je~:~us. Parte 
primera. :\fadrid~ ~fvrga, 1698. Fol., 5±± pages~ index 
and preliminary matter not paged. 

1792. ~TcAx DE LA CoNCEPCI6N. His to ria general de Philipina:; [sic]. 
Sampaloc, )foriano, 1792. Sm. 4°, 14 v. 

Great eruption of Taal in 1754 described, Y. 13, pp. 345-350. 

1803. )lARTINEZ DE Zu:NrGA, JoAQGiN. Historia de las ii:\las Philipi
nas. Sampaloc, Argiielles, 1803. so, h-, 687 pp. 
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1S.l4. ~1ARTINEZ DE ZuNIGA, JoAQUIN. Historical view of the Philip
pine I~la.nds; trans. from Spanish original of 1S03 by 
John l\1aver. London, 1S14. so, 2 vols. 

1S17. HoRSBURGH, JAl\1ES. The India. directory, or directions for sail
ing to and from the East Indies. 2d ed. London, 1S17. 

Philippines, p. 328, where the volcanoes of the Babuyanes are mentioned. 

1S25. BucH, LEOPOLD voN. Physicalische Beschreibung der Cana.
rischen lnseln. Berlin, Aca.demie, 1S25. 4°. 

Philippine volcanoes, pp. 375-378. 
There is a French translation, Paris, Levrault, 1836, 8°, in which the pas-

sage relating to the Philippine Islands begins p. 437. · 

1S29. CHAl\1ISso, A. VON. Bemerkungen und Ansichten auf der Ent
deckungsreise von 0. v. Kotzebue. 1S29. 

Philippines, v. 3, p. 92. 

1S29. HoFMANN, ERNST. Geognostische Beoba.chtungen aufgestellt 
auf einer Reise urn die \V elt in den J ahren 1S23 bis 1826 
unter dem Befehl ... von l{otzebue. 

In Archiv Hir l\1ineralogie, Geog·nosie, Bergbau, und Rutten-. 
kunde, von C. J. B. Karsten, Berlin, 1829, so, v. 1, pp. 
243-315. 

Philippines, pp. 312-315, in which Taal and other volcanic masses are 
described. 

1S32. BERGHAus, HEINRICH .. · Geo-hydrographisches Memoir zur Er
klarung und Erlauterung der reducirten Ka1te von den 
Philippinen und ·den Sulu-Inseln (No. 13 von Berghaus' 
Atlas von Asia). Gotha, Perthes, 1S32. 4°, 114 pp. 

1S35. MEYEN, F. J. F. Reise um die Erde ... auf dem . . . Schiffe 
P1~inzess Louise in den Jahren 1S30-1S32. Berlin, Sander, 
1835. 4°. 

Philippines, 2d part, p. 237. 

1S41. SAINZ DE BARANDA. Constituci6n geogn6stica de las islas Fili
pinas. 

In Anales de Minas, Madrid, 1S41, so, v. 2, pp. 197-212. 
Volumes 1 to 4 of this journal are in the library of the :Museum of Com

parative Zoology, Cambridge, 1\'Iass., and no more were published. 
They contain no other papers by this author. 

1S43. DELA:\IARCHE. On Taal Volcano in 1S42. 
In Corrtptes Rendus . . . Academie des Sciences, Paris, 1843, 

4°, Y. 16, p. 756. 
Substantially the same account by Delamarche is printed in Bulletin de la 

Societe de geographie de Paris, v. 19, 1843, p. 79. 

1S44. CHEVALIER, E. Voyage autour du Monde, execute pendant ]es 
annees 1S36 et 1S3·7 sur la corvette "La Bmdte." Geolo
gie et l\1ineralogie. Paris, 1S44. so. 

Chapter IX, pp. 231-256, deals with the geology of .i\'lariveles, Manila, and 
Laguna de Bai. 
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1845. !TIER, JuLES. Fragment d'un journal de voyage aux lles Philip
pines. 

In Bulletin Societe de geographie, Paris, 1845, so, s. 3, v. 5, 
pp. 365-389. 

1846. Extrait d'une description de l'archipel des lles Solo. 
In Bulletin de la Societe de geographie, Paris, Bertrand, 1846, 

8°, s. 3, v. 5, pp. 311-319. 
1849. DANA, J. D. U. S. Exploring Expedition during the years 1838-

1S42, under the command of Charles Wilkes, U. S. N. 4°. 
v. 10, Geology. Philadelphia, Sherman, 1849. 

Philippines, pp. 539-548. 

1S50. BuzETA, MANDEL, and BRAvo, FELIPE. Diccionario geognifico, 
estadistico, historico de las islas Filipinas. Madrid, Pefia, 
1S50. 8°, 2 v. (Half-title gives date of 1851). 

1S51. HERNANDEZ, ANTONIO. Report on copper in the district of 
Lepanto [Spanish]. 

In Revista minera, Madrid, v. 2, 1S51, so, pp. 112-11S. 
This is much less detailed than Santos's paper of 1862 on the same subject. 

1855. HUERTA, F. DE. Estado geografico, topogra£co, estadistico de 
. . . las islas Filipinas. Ma_nila, 1855. 

Geological notes passim. 

1855. LA GIRONI:ERE, P. DE. Aventures d'un gentilhomme breton 
aux lies Philippines, avec un aper<;u sur la geologie, etc. 
Paris, Lacroix-Comon, 1855. 8°. 

Contains only loosely stated reports of no value. His communicatioll8 to 
Perry are no better. 

1858. HuMBOLDT, A. voN. Kosmos. Stuttgart, Cotta, 1858. so,± v. 
Philippines, v. 4, pp. 404-409. 

1859. HocHSTETTER, F. voN. Schreiben an A. von Hmnboldt. 
In K.-k. Akademie der vVissenschaften, Sitzungsberichte. 

'Vien, 1859, 8°, v. 36, pp. 121-14:1. 
This is a report on the volcanoes visited during his cruise in the .1.Yovara. 

Luzon, pp. 130--138. 

1860. PERRY, ALEXIS. Documents sur les tremblements de terre et 
les phenomenes volcaniques dans l'archipel des Philippines. 
4th part. Extrait des Annales de la Societe d'emulation 
des Vosges, v. 10, 3d part, 1860, 8°, 110 .pp., 1 map. 

18tH. SEMPER, CARL. Reise durch die nordostlichen Provincen der 
Insel Luzon. 

In Zeitschrift fur allgemeine Erdkunde, neue Folge, vol. 10, 
Berlin, Reimer, 1861, so, pp. 249-266. 

On this journey Semper collected important l\iiucene fossils near ::\linanga. 
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1862. RICHTHOFEN, F. YON. Vorkommen det; Nummulitenformation 
in den Philippinen. 

In Zeitschrift der Deutschen geologischen Gesellschaft, 
Berlin, ~ertz, 1862, so, v. 14, pp. 357-360. 

1862. SANTos, Jos:E MARfA. Informe sobre las minas de cobre de 
las rancherias de Mancayan, Suyuk, Bumucun y Agbao 
en el Disti·ito de Lepanto, ilas de Luzon de las Filipinas. 
Manila, Press of the College of Santo Tomas, 1862. so, 
72 pp. 

1862. SEMPER, CARL. Reise durch die nordlichen Provinzen der Insel 
Luzon. 

In Zeitschrift fiir allgemeine Erdkunde, neue Folge, v. 13, 
Berlin, Reimer, 1862, so, pp. S0-96. • 

This paper deals w1th northwestern Luz6n and the raised atoll of Benguet. 

1S66. HocHSTETTER, F. VON. Reise der osterreichischen "Fregatte 
1Vovara urn die Erde, geologischer Theil. 'Vien, Go,rern
ment, 1S66. 4°, v. 2. 

This volume contains nothing about the Philippine Islands, but gives 
author's divisions of the Tertiary, p. 149. 

i868. MoRGA', ANTONIO DE. The Philippine Islands . . . . Translated 
from the Spanish ... by H. E. J. Stanley. London, 
Hakluyt Society, 1S6S. so, xxx, 413 pp. 

This is a translation of Sucesos de las Islas Filipinas. It contains some 
appendices of value. 

1869. SEMPER, CARL. Die PhHippinen und ihre Bewohner; sechs Skiz
zen. Wiirzburg, Stuber'sche Buchhandlung, 1S69. so, 
143 pp., 1 map. 

These interesting lectures deal with volcanoes and coral reefs, besides other 
matters. In the appended notes is included the author's paper on the 
coral reefs of the Pelew Islands, from Zeitsch. f. wiss. Zool., v. 13, pp. 
563,-569. 

1869. ZERRENER, _CARL. Nachricht iiber eine Anzahl aus verschie
denen Gegenden der Erde bei mir eingegangener interessan
ter Mineralien. 

In Berg- und Hiittenmannische Zeitung, Leipzig, .Felix., 
1S69, 4°, pp. 105-106. 

In this paper copper ores from Mancayan are described. 

1873. JAGOR,. F. Reisen in den Philippinen. Berlin, 'Viedmannsche 
Buchhandlung, 1S73. so, xvi, 3S1 pp., 1 map. 

This very important work contains among the appendices the papers of 
Roth and Virchow catalogued separately. An English translation exists, 
but is said to be bad and to omit the appendices. There is also a Span
ish translation, which I have not seen. 
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1873. RoTH, JUSTUS. Ueber die geologische Beschaffenheit der Philip-
pinen. 

In JAGOR, F., Reisen, 1S73, pp. 333-354. 
This paper includes most of the essential facts known at the time it was 

written, and contains Roth's discussion of Jagor's lithological collection, 
with some paleontological notes by E. von Martens. 

1873. VIRCHow, RuDOLF. Ueber alte und neue Schadel von den 
Philippinen. 

In JAGOR, F., Reisen, 1S73, pp. 355-377. 
This paper discusses particularly the Negritos. Virchow has since pub

lished other papers on the Philippine races, which, however, are 
scarcely geological. See Zeitschrift fiir Ethnologie, v. 15, 1883, p. 465; 
Sitzungsberichte der K. preussischen Akad. der ·wiss., Berlin, 1897, p. 
279; ibid., 1899, p. 14, etc. 

1S74. DARWIN, CHARLES. Structure and distribution of coral reefs. 
3d ed., New York. Appleton, 1SS9. 8°. 

Philippines, p. 180, where Cuming's observations are recorded, and map. 

1S7 4. MINARD, --. Sur les gisements d'or de Philippines. 
In, Bulletin Societe geologique de France, Paris, the Soc., 

1S74, s. 3, v. "2, pp. 403-406. 

1S76. MENDEZ DE VIGo. Historia geografica, geologica y estadistica, 
de Filipinas. Manila, 1S76. so, 2 v., maps. 

Geological notes passim. 

1S76. CENTENO Y GARciA, Jos:E. · Ministerio de Ultramar. Memoria 
geol6gico-minera de las islas Filipinas. Madrid, Tello, 
1876, so, viii, 64 pp., 1 map. 

This appeared separately and also in Boletfn de la Comisi6n del :\Iapa 
Geologico de Espana, v. 3,1876. 

1S76. DRASCHE, RICHARD VON. Ausfli.i.ge in die Vulcangebiete der 
U mgegend von Manila. 

1876. 

1876. 

1876. 

In V erhandlungen der K. -k. geologischen Reichsanstalt, 1S76, 
so' pp. S9-93. 

Mittheilungen aus den Philippinen. 
In Verhandlungen der K. -k. geologischen Reichsanstalt, 1S76, 

so, pp. 193-19S. 

A us dem .Sii.den von Luzon. 
In Verhandlungen der K. -k. geologischen Reichsanstalt, 1S76, 

so, pp. 251-255. 

Einige 'Vorte ii.ber den geologischen Bau von Siid
Luz6n. 

In ~1ineralogische ~Iittheilungen gesammelt von Gustav 
Tschermak, Wien, Holder, 1876, so, v. for 1876, pp. 157-166. 

This volume of :\Iineralogische )Iittheilungen appeared also as supple
ment to K.-k. geologische Reichsanstalt, Jahrbuch, v. 26, 1876. 
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1876. VII ALLACE, A. R. Geographical distribution of animals. New 
York, Appleton, 1876. so, 2 v. 

Philippines, v. 1, pp. 345 and 359. 

1877. FRENZEL, AUGUST. ~Iineralogisches aus dem ostindischen 
Archipel. 

In :Miner!tlogische Mittheilungen gesammelt von Gustav 
Tschermak, vVien, Holder, 1877, so, v. for 18'7'7, pp. 297-308. 

Philippines, 302-304. 
This volume of l\'Iineralogische Mittheilungen appeared also as supple

ment to K.-k. geologische Reichsanstalt, Jahrbuch, v. 27, 1877. 

1878. DRASCHE, R. VON. Fragmente zu einer Geologie der Insel 
Luzon (Philippin.en), mit einem Anhange ii.ber die Fora
miniferen der tertiaren Thone von Luzon, von Felix Karrer. 
Vienna, Gerold's Sohn, 1878. 4°, 5 pl. (incl. 2 maps). 

This book appears to include all the material of Von Drasche' s earlier 
papers. 

1878. lVIEYER, A. B. Earthquakes in the Philippines in 1876. 
In Nature, London and New York, lVIacmillan, 1878, 4°, v. 18, 

p. 265. 
Data from "Ateneo municipal." Mount Tabacon should probably be 

:Vlay6n, but that mountain seems to have had no eruption in 1876. 

18'79. ABELLA Y CASARIEGo, ENRIQUE. lVIemoria acerca de los cria
deros aurlferos del segundo di~:-5ti·ito del departamento de 
:Mindanao, :Misan1is. Seguido de varios itinerarios geolo
gicos referentes a la misma comarca. (Del Boletin de la 
Comision del mapa geologico.) Madrid, Tello, 1879. so, 
49 pp., 5 pl. 

This is much the best authority on the gold field of 1\iisamis, and contains 
suggestive remarks on the general geology of the region. 

1879. ARANA, C. DE. Den·otero del archipielago Filipino. ~Iadrid, 

Government, 1879. 
This is the official Spanish "sailing directions" for the Philippines; useful 

especially with reference to coral reefs. It contains erroneous deter
mination of :Ylount :Malaspina (Canla6n), viz, 1,390 meters. 

1879. DRASCHE, RrcHARD voN. Ueber palaozoische Schichten auf 
Kamtschatka und Luzon. 

In Neues Jahrbuch fiir lVIineralogie, etc., 1879, pp. 265-269. 
The purpose of this paper is to suggest, on lithological grounds, that his 

Agno beds are Paleozoic. 

1881. ---. Datos para un estudio geologico de la Isla de Luzon 
(Filipinas). 

In Boletin de la Comision del Mapa geologico de Espana, 
v. 8, 1881, pp. 269-342. 

This is a translation of the Fragmente, 1878, and is in part very untrust
worthy. 
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lSSl. 0EBBEKE, K. Beitrage zur Petrographie der Philippinen and 
der Palau-Inseln. 

In Neues Jahrbuch fur Mineralogie, etc., Beilage-Band I, 
Stuttgart, Koch, 1SS1, so, pp. 451-501. 

This is an extremely important contribution to the lithology of the Phil
ippine Islands. The material was Semper's collection and the work 
was done in Rosenbusch's laboratory. 

1SS3. CENTENO, J os:E. Memoria sobre los tetublores de tierra ocurri
dos en julio de lSSO en la isla de Luzon. Madrid, Tello, 
1S83. so, 91 pp. 

This paper appeared both separately and in Boletln de la Comision del 
Mapa geologico de Espana, v. 10, 1883. It is entirely devoted to earth
quakes and their causation. 

18S3. MEYER, HANS. Height of Data, 2,245 m. 
In Petermann's MittheiJungen a us Justus Perthes' geogra

phischer Anstalt, Gotha, Perthes, 1883, 4°, v. 29, p. 194. 
Quoting Globus, 1883, no. 11 et seq., to which I have not access. 

1884. ABELLA Y CASARIEGO, ENRIQUE. Terremotos de N:ueva Viz
caya (Filipinas) en 1881, informe acerca de ellos, seguida 
de unos apuntos fisicos y geol6gicos tornados en el viaje 
de Manila a dicha provincia. Madrid, Tello, 1884. so, 131 
pp., 1 pl. (map). 

The apuntos, etc., form in tact a separate paper, quoted as such in this 
report. They appeared separately and also in Boletfn de ·Ia Comisi6n 
dell\iapa geologico de Espana, v.lO, 1883. 

1S85. El May6n, 6 volcan de Albay (Filipinas). Madrid, 
Tello, 1885. so, 23 pp., 2 pl. 

This appeared separately and also in Boletfn de la Comision del Mapa 
geologico de Espana v. 11, 1884. 

1885. Emanaciones volcanicas subordinadas al Mallnao (Fili-
pinas). Madrid, Tello, 1885. so, 14 pp., 3 pl. 

This appeared separately and also in Boletfn de la Comisi6n del Mapa 
geologico de Espana, v. 11, 1884. 

1885. El monte M:aquilin (FiHpinas) y sus actuales emana-
ciones volcanicas. Madrid, Tello, 1::S85. so, 2S pp., 2 pl. 

This appeared separately and also in Boletin oe la Comisi6n del Mapa 
geologico de Espana, v. 11, 1884. · 

1885. --- La isla de Biliran (Filipinas) y sus azufrales. Madrid, 
Tello, 1885. so, 15 pp., 1 pl. (map). 

This appeared separately and also in Boletfn de la Comisi6n del l\lapa 
geologico de Espana, v.ll, 1884. 

1885. CENTENO, J os:E. Estudio geologico del volcan Taal. l\1adrid, 
Tello, 1885. so, 53 pp., 4 pl. 

This is much the most complete paper on the subject. It appeared 
separately and also in Boletin de la Comisi6n del 1\Iapa geologico de 
Espana, v. 12, 1885. 
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1885. CENTENo, Jos.E. Noticia acerca de los manantiales termo-mine
rales de Bambang y de las salinas de monte Blanco. Ma
drid, Tello. 18S5, so, 14 pp. 

This appeared both separately and in Boletin de la Comision del Mapa 
geologico de Espana, v. 12, 1885. 

18S5. JORDANA y MoRERA, RAM6N. Bosquejo geografico e hist6rico
natural del archipielago Filipino. Madrid, 1SS5. Fol. 

Geology, pp. 115-159. 

18S5. MONTANO, JOSEPH. Rapport a 1Yl. le ministre de !'instruction 
publique sur une mission aux lles Philippines et en Malai
sie (1S79-1S81). [Paris, Hachette, 1S85.] 34 pl., 2 maps. 

This work is chiefly ethnological. 

1SS5. RENARD, .A. F. Le volcan Camigu!n, aux lies Philippines. 
In Bulletin de 1' A cad ernie royale des sciences, des lettres et 

des beaux-arts de Belgique, Bruxelles, Hayez·, 1S85, so, s. 3, 
v. 10, pp. 733-751. 

· 1SS5. WEBSTER, H. A. :f>hilippine Islands. 
In Encyclopedia Britannica, 9th ed., Edinburgh, Black, 1SS5, 

4°, V. 1S, pp. 74S-753. 
Philippine geology, pp. 748-750. 

1886. PLANT, FRANK S. Notes on the Philippines, with two maps. 
In ~Journal o:f Manchester Geographical Society, Manchester, 

the Soc., 1886, so, v. 2, pp. 19-49. 
1886. ABELLA Y CASARIEGo, ENRIQUE. Rapida descripci6n f!sica, geo

logica y n1inera de la Isla de Cebu (archipielago Filipino). 
Madrid, Tello, 1SS6. so, 1S7 pp., 6 pl., incl. map geologi
cally colored and geological seCtions. 

This appeared separately and also in Boletin de la Comisi6n del Mapa 
geologico de Espana, v. 13, 1886. 

1886. MoNTERO Y VIDAL, Jos.E. El archipielago Filipino y las islas 
Marianas, Carolinas y Palaos, su historia, geograf}a y esta
d!stica. Madrid, Tello, 1S86. so, xv, 511 pp., 2 maps. 

1886. RENARD, A. F. Notice sur quelques roches des lles Cebu et 
l\1alanipa (Philippines). 

In Bulletin de l' Academie royale des sciences, des lettres et 
des beaux-arts de Belgique, Bruxelles, Hayez, 1SS6, so, 
s. 3, v. 11, pp. 95-105. 

18S6. TEN~SON-Woons, J. E. The geology of Malasia, southern 
China, etc. 

In Nature, London and New York, Macmillan, 1SS6, 4°, v. 33, 
pp. 231-232. 

1887. MARCHE, ALFRE:p. Lm;on et Palaouan, six annees de voyage 
aux Philippines. Paris, Hachette, 1S87. so, 398 pp., 2 
maps. 
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1SSS. SuEss, E. Das Antlitz der Erde. Vienna, Tempsky, 18Fi8. 
so, 2 v. 

Philippines, v. 2, pp. 213-217. Treats especially of alignment of volcanoes 
and contains good notes on the literature. 

1SS9. GuiLLEMARD, F. H. H. The cruise of the J.¥ct?·chesa to Kam
schatka and New Guinea, with notices of Formosa, Liu-Kiu, 
and various islands of the :Malay archipelago. 2d ed., Lon
don, Murray, 1SS9. so, 455 pp. and maps. 

Notes on Cagay:in de Jol6, p. 175. 

1SS9. PosEWITZ, THEODOR. Borneo; Entdeckungsreisen und U nter-. 
suchungen. Gegenwartiger Stand der geologischen Kennt
nisse. V erbreitung der nutzbaren Mineralien. Berlin, 
Friedlander, 1SS9. S0

• 

1SS9. REcLus, ELISEE. Nouvelle geographic universelle, la terre et 
les hon1mes. Paris, Hachette, 1SS9. so, v. 14. 

Philippines, pp. 515-580. 

18S9. RENARD, A. F. Report on the rock specimens collected on 
oceanic islands during the voyage of H. l\1. S. Ohallenger 
during the years 1S73-1S76. 4°, 1SO pp. 

In Report of the scientific results of the exploring voyage of 
H. M. S. Challenger, 1873-1S76, London, Government, 
1SS9, 4°, v. 2, part 4. 

Philippines, pp. 160-175; nearly or quite a translation of Renard's two 
papers in Bull. Acad. de Belgique. 

1S90. ABELLA Y CASARIEGO, ENRIQUE. Descripcion £!sica, geolog-ica 
y minera en bosquejo de la isla de Panay. Manila, Chofre, 
1S90. so, 203 pp., 5 I., and 5 pl. (incl. 2 maps of the 
island colored geologically). 

1S90. CENTE:NO and others. ~lemoria descriptivn. de los manantiales 
minero-medicinales de la isla de Luzon estudiados por la 
comision compuesta de los Senores Jose Centeno, Anacleto 
del Rosario y Sales, y Jose de Vera y Gomez. l\1ad~·id, 

Tello, 1S90. so, 117 pp. 
This appeared separately and also in Boletin de la Comisi6n del ::\lapa 

geol6gico de Espana, v. 16, 1889. 

1S90. :l\-fEYER, HANS. Eine Weltreise. Leipzig und 'Vien, Bibliogra
phiscbes Institut. 1S90. so. 

Philippines, pp. 253-287, determined height of Data. 

1S92. BARANERA, FRA:NCISCO X. Compendio de geografia de las islas 
Filipinas, ~1arianas, J ol6 y Carolinas. 3d eel. :\lanila, 
Bren, 1S92. 12°, 192 pp., 3 maps. 

An extremely useful little book, though not free from errors. Among 
other matters it contains an index of the principal towns and geo
graphic features of the islands, pp. 121-162. 
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' 1S92. PoSEWITZ, THEODOR. Borneo; its geology and mineral re· 
sources, translated from the German by Frederick H. 
Hatch. London, Stanford, 1S92. so, xxxii, 495 pp., 4 
maps. 

This work does not deal with the Philippine Islands, but is important 
for suggestive analogies. It contains a list of several hundred papers on 
Borneo. 

1S92. WALLACE, A. R. Island life. London, :Macmillan, 1S92. so. 
Philippines, pp. 387-390. 

1S93. ABELLA Y CASARIEGO, ENRIQUE. Terremotos experimentados 
en la isla de Luzon durante los meses de marzo y abril de 
1S92, especialmente desastrosos en Pangasinan, Union y 
Benguet. ~Ianila, Chofre, 1S93. so, 110 pp., 1 diagram 
and map. 

The map is on a larger scale than any other known to me of the same 
region. The memoir is largely geological. 

1S93. ABELLA and others. Estudio descriptivo de algunos manantiales 
minerales de Filipinas, ejecutado por la comision formada 
por Don Enrique Abella y Ca:;ariego, inspector general de 
minas, Don Jose de Vera y Gomez, medico, y Don Anacleto 
del Rosario y Sales, farmaceut.ico, precedido de un prologo 
escrito por el Excmo. Sr. D. Angel de Aviles, director 
general de 'Administracion Civil. :Manila, Chofre, 1S93. 
so, 150 pp. 

The half-title is: Manantiales minerales de Filipinas; 2°, estudio clescriptivo. 
This paper is largely geological. 

1S93. ~IARTINEz DE ZuNIGA, JoAQUiN. Estadismo de las islasFilipinas, 
o mis viajes por este pais. Publica esta obra por primera 
vez extensamente anotada W. E. Retana. Madrid, 1S93. 
so, 2 v.; v. 1, 549+xxxvin pp.; v. 2, 11S+629* pp. 

Among the appendices is a valuable bibliography of Spanish works, 384 
titles, and an index of geographical points, pp. 352-420. The report on 
the three eruptions of 1641 is reproduced in v. 2, p. 334. 

1S93. AGUILAR, J. N. Colonizacion de Filipinas. :Madrid, Alonso, 
1S93. so' 414 pp. 

Geology and mineral resources, pp. 345-409, seemingly without any origi
nal matter. 

1S95-1S96. ELERA, CASTO DE. Catalogo sistematico de toda ]a fauna 
de Filipinas, etc. Manila, Colegio de Santo Toma~, 1S95- · 
~6. so, 3 v. 

The introduction contains geological opinions . 

. 1S96. :NIARTIN, K. Ueber tertiare Fossilien von den Philippinen. 
In Sammlungen des geologischen Reichs-n1useums in Leiden, 

1st s., Leiden, Brill, 1SSS-1S99, so, v. 5, pp. 52-69, 2 cuts. 
This paper is translated as a complement to this report. 
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1897. LANZAS, PEDRO ToRRF.s. Relaci6u descriptiva de los mapas, 
pianos, etc., de Filipinas existentes en el archivo general 
de Indias. Madrid, 1897. 12°, 55 pp. 

In Archivo del bibli6filo filipino, \'\T. E. Retana, ~1adrid, 

Rios, 1897, v. 3, pp. 445-497. 
Maps chronologically arranged from 1565 to 1847. 

189S. CoRONAS, JosE. La erupci6n del volcau May6n en los d1as 25 
y 26 de junio de 1897. Manila, Observatorio, 1S9S. fol., 
55 pp., 1 leaf, 2 pl.,. 2 maps. 

Father Coronas gives a succinct account of the earlier known eruptions. 
For geological information he refers to Abella's paper. 

1S9S. BECKER, GEORGE F. Memorandum on the mineral resources 
of the Philippine Islands. 

In U. S. Geological Survey, 19th annual report, part vi con
tinued, pp. 6S7 -693. 

This paper was prepared as a report to Admiral Dewey, at his request. It 
was reprinted in A Treaty of Peace between, the United States and Spain, 
55th CongreEs, 3d session, document 61, part 1, ·washington, GoYern
ment, 1899, pp. 514-518; reprinted again in The Philippine Islands, report 
b), l\lr. Lodge from Senate Committee on the Philippines, 56th Congress, 
1st session, document 171, ·washington, Government, 1900, pp. 19-24. 

1S9S. EsPINA Y CAPO, Lurs. Ligero bosquejo acerca de los princi
pales yacimientos metallferos de Filipinos. Manila, ~18., 
1S9S. fol., 191 I., folding tables and maps. 

Report prepared at my request by official in charge of Inspecci6n de Minas 
from material in that office. 

1S9S. GoBIERNO GENERAL DE FILIPINAS. Gu1a oficial de las Islas 
Filipinas para 189S, publicada por la secretar1a del Gobierno 
General. Manila, 1S9S. so, 1144 pp. and appendices. 

Contains papers by heads of departments on the meteorology, resources, 
history, and government of the islands and murh miscellaneous infor
mation. Abella is said to have written the section on Reino Mineral, 
pp. 124-131. 

1S9S. HILDER, F. F. The Philippine Islands. 
In National Geographic Magazine, \Vashington, D. C., 1898, 

v. 9, pp. 257-301. 
1S9S. KARUTH, FRANK. A new centre of gold production. London, 

1S94. 
Extracts and additional notes by author in "United States Department of 

State, consular reports, 1898, 8°, pp. 414-423. 

189S. \VoRCESTER, DEAX C.", and BocRxs, FRANK S. Contribution:::; 
to Philippine ornithology. 

In United States National }luseum, publication No. 1134, so, 
v. 20, pp. 349-625. 

Deals with distribution of ayifauna in a way to suggest changes of level. 
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1899. BECKER, GEORGE F. Brief memorandum on the geology of 
the Philippine Islands. 

In U.S. Geological Survey, 20th annual report, 1898-99, 8°, 
part 2, pp. 3-7. · 

Prepared as a report to Gen. E. S. Otis, military governor. 

1899. HERR:\IANN, RAFAEL. Besuch im Golddistrict von Camarmes 
Norte (Luzon). 

In Globus, Braunschweig, Vieweg, 1899, 4°, v. 73, pp. 10-12. 

1899. KoT<), B. On the geologic structure of the :Malayan archipel
ago. 

In the Journal of the College of Science, Imperial U niver
sity of Tokyo, Japan, v. 11, part 2, published by the Uni
versity, Tok3ro, Japan, 1899, 4°, pp. 83-120, 1 map. 

1899. STIERE, J. B. Volcanoes and earthquakes in the Philippines. 
In Scientific American, New York, 1898, fol., p. 395. 



l\HNING CONCESSIONS. 

Jlfin:ing conr:r-s.qion.q ·inforcr. in the Ph:i.l·ippine f.qlands on Angnst 17, 18.97. 

Name of milw. :\Iincmlt>x
ploited. Locality. Township_ Province or dil'trkt. 

~:~~:~•?': "'"~en:.: .. ::: • : •• : •.•.. ~. (i"'~;: ...••••• I.~~~·:,; .•.•..••.•.•••••• LHo:~ ••.•..•.....• ~Y~~ •..•••••..•••. 
Excl'~~ on tlw three prC('l'<ling ....... ·I· .... do ....... J ............................ ------ .... ·-- ·· · · ·· · ··--·· ---- ··--·- ----· 
Espemnzn .................................. <lo ........ 

1

1 Tumbaga ................. l\Iambnlao ....... Ambos Camarines .. 
L1L COJH•<•p!'i(m ........................ 1 ..... do ........ Jmbong-imbong ............... do ................. do ............. . 

~;i~:::".:.:::::: • • • •: ·: · •:: · ·: · • · • • · • • i • ·: ·;~ : • • • •: • •' ~~;~:;in: •: · • • · •: · •:::: · • . ;ni::.,o • · · •:: • : • •: ·~~ ·:: •: ·: ·:: ·: • • 
Stn.OertrtHliH ........................ J .... do ........ i Calnpcup ...................... <lo ................. do ............. . 

~::::~:~:::::~:"~"'""" ••.•..••.•.•.• ., . • :::~ • : • . • • • ~::~;:;~. • •• :. • • • . • • • • • • ~;~~~:~~ •• :] ... ·~: • . • . • . • :. :. 
Frnncisco .............................. 1 

••••• <lo ............. do ......................... do ................. do ............. . 
Snn.Jnn.n .............................. 1 ..... do ....... Sn.lulung .................. 1 Pamr.ale ............... do ............. . 
H F . • 1 C ·I ! d 1 

~:::: ;:~:~:;;::~.~.::::::::::::::::::::::::::: 1 :::: ::~~ ::::::. ~~::;:t:~~~- ~l-::::::::::::::: I:::: :d: :::::::::::: :::: :~: :::::::::::::: 
~~:;~:;:~:,':·: . :::: : . :. : . ::.: •• t .::~ :. : :::. fi~::~::~: ••.....•••••• j ~~~~~:;~'" • • • . . • : ·~~ •••..••• : ••.•• 
SilllliL :\fartn ........................... 1 ..... do __ ...... .Manaug ................. .!. .... do _ ..... _ ..... _ .... do _ ...... __ .... . 

La :\fuy Hien. ......................... J .... clo ........ Cnrbongn.jn.r ............. J .... do ................. clo ............. . 

Nueva (;alieilt ........................ l ..... <lo ........ Gumobaean-Bata ......... 

1

l\£nmhnlan ........ i·····do ............. . 

~~~:~<~~:1;1~-~~:: :::::: ·: :::::::.::::::::: :;: ::: :~~~::::::::: ~:::~:~~t~l-t:l.-~.r~-t-~r~~~~-~-::: :.:::: :;~~: :::::::::: J::: :~~~::: :; :::::::: :J 

Num
ber of 
claims. 

(a) 

~ 

(11):2 

2 

Area 
in square 
meters. 

00,000 

1~0, 000 

1:20,000 

20,056 

120,000 

120,000 

120,000 

120,000 
120,000 

60,000 

60,000 

120,000 
120,000 

120,000 

120,000 

81,000 

120,000 

120,000 

GO, 000 

120,000 

120,000 

120,000 

120,000 

120,000 

1:20,000 

1:20,000 

Grantees. 

lAideeoa & Co 

The Philippines l\Iincral 
Syndicate, .Limited. 

Bonanl'itn.l\1. Co. 

Eug'C•nio E~pcrlido. 

ltlonn,dtn M. Co. 

lThe Philippines J\Iiueml 
S~·nclicnte, Limited. 

0) 

c 
CJ 

Q 
trj 
0 
t"l 
c 
Q 
t-< 
0 
~ 

1-3 
~ 
t;rj 

'i:i 
~ 
....... 
t"l 
H 
'"C 
"'0 
H 

~ 
trj 

....... 
U1 
t"l 
> z 
l;j 
u: 



San Rafael ................................. do ........ Tog(IS .................... Paraealc ............... do ............. . 

Registro No.1 .............................. ctn........ Rio de Pnraeale ............... do ................. do .............. 
1

_ 

Registro No.2 .............................. do ............. do ........................ .clo ................ .clo .......... ~ .. . 

Hegistro No.3 .............................. do ............. do ......................... do ................. do ............. . 
Registro No.•! .............................. do ............. do ......................... do ................. do ............. . 
Registro No.5 •............................. do ........••••• do ........... .o ............• do ................. do ............. . 

Cnsa •••..................................... do ........ Color:'in ........................ do ................. do ............. . 
Pep .••...................................... do........ Tog(•s ......................... do ................. do ............. . 
Qnhn ................................ _, ...... do ............. do ...............•......... do ................. do ............. . 

Santa B:'trbnrn. .............................. do........ Bejnquillo ..................... do ................. do ............. . 
Felieidad ................................... do ........ Dinnquitan ............... Mambnln.n ............. do ............. . 

San l\Iauricio ............................... do ........ Calupcnp ...................... do ................. do ............. . 

Doiiu. Guillcrma ............................ do ........ Tagont6n ...................... do ................. do ............. . 
Dolin. Marla ................................ do . . . . . . . . Longos................... Paracale .............. do .............• 

~largarita (inveRtigation) .................. do ........ Pansol. ........................ do ................. do ............. . 
Excef!s to south of San Antonio ............ do . . . . . . . . Salulong ...................... do ................. do ............. . 
Excess to north of San Antonio ............ do ........ Longos ........................ do ................. do ............. . 
Excess of Sun Juan ........................ do . . . . . . . . Bnluarte ....................... do ...... __ . __ ...... do ............. . 
Santa Barbn.m .............................. do ........ Manaug ....................... do ................. do ............. . 

.Don Carlos ................................. do ........ Tagont6n ...................... do ................. do ............. . 

Leo Taxi! ................................... do . . . . . . . . Casu logan ..................... do ................. do ............. . 
San Vicente ................................ do ........ 1\Htquima .............. " ........ do ................. do ............. . 

Padre Jose .................................. do ........ Lipa.ta ......................... do ................. do ............. . 
Nueva California, first ..................... do ........ Ca.salogan ..................... do ................. do ............. . 
Nueva California, second ................... do ........ Guiaman ...................... do ................. do 

Nueva California, third .................... do ........ Casalogan ..................... do ................. do ............. . 
Nnevn. California, fomth ................... do . . . . . .. • l\fagsimato .................... do ................ .clo ............. . 
Nueva California, fifth ..................... do ........ Cabisnunn y Colodn .......... do ................. do ............. . 

Germanin ................................. do . . . . . . . . Capnlugan .................... do ................. do ............. . 

l\lagallanes ................................ do ........ Bono tan, l\lalngani{no, ..... do ................. do ............. . 
Cn.pinangan and Tina
pahan. 

La Candelaria ......................... 1 ..... do ........ 1 Calangag, Pinnglambi- 1. .... do ............ 1 ..... do ............. . 
ran, Tiniguiban,Quina· 
bagacaya.n. 

a Excess. b Incomplete. 

2 120,000 

GO,OOO 

(i0,000 

liO,OOO 

(iO,OOO 

GO, 000 

120,000 

120,000 

120,000 

21 120,000 
2 120,000 

2 120,000 

GO,OOO 

2 120,000 

c 2 120,000 

(a) 18,200 

(a) 45,000 

(rt) 10,25G.2fl 

120,000 

GO,OOO 

120,000 

120,000 

120,000 

41 240,000 
4 240,000 

240,000 

4 240,000 

4 240,000 

4 240,000 

2•1 1, 4-10, 000 

33 I 1, 980, ooo 

c Investig1ttion. 

Nicolas Carranceja. 

Gn.reia, Beltran & Co. Min
ing Company. 

gugenio Especlido. 

}
The Philippines Mineml 

Syndicate, Limited. 

La Bonnncitn, Mining- Co. 

1

\Thc Philippines Mineral 
Syndiente, Limited. 

}r...a Bonancita ifiniug Co. 

Hamon Caberudo. 

}La Bmmncita Miniug Co. 

Martin Buck and .Jonqu1n 
Citsanovas. 

Vicente Atienza. 

I:C 
t'l 
C': 
:r. 
t'l 

.:. 

~ 
H 
~ 
H 

~ 
Q 

0 
0 
~ 
0 
pj 
UJ 
UJ 
H 
0 
~ 
UJ 

CJ 
0 
-.1 



.!Jfining concessions in force in the Philippine Islands on· August 17, 1897-Continued. 

Name of mine. Mineral ex
ploited. Locality. Township. 

Num
Provinee or di.,triet.l ber of 

claims. 

Area 
in square 
meters. 

--------------------------1 I 
San l!,clix. 

San Federico 
San Ciriaco 
Robinson group . 
Fianta Bnlbina ...... . 
Hnn Nicol::ts ........ . 

Ln Conccpci6n 
San Rafael .......... . 
Ln Aurorn ...... . 
Hantn. Caln.linn. ............ . 
l'ilnr ................. . 

Han Antonio ............ . 

H'nn Albert? ........................... ·1· .... do ....... ·1 Rio Pacat .............. ···1· .... do 
Addn y Micaela ............................ do . . . . . . . . Arroyo Arup ................... do 
Pilary 1\Icrccdcs ............................ do ........ Cali. ........................... do 

..... do .............. 

. .... do .............. 
do .............. 

..... do·············.· 

..... do .............. 

Marin ARt.mci6n y San Lorenzo ............. do ....... ·J Balnnn ................... ; ..... do ................. do ............. . 
Han .Eugenio y Ednnrda .................... do ........ Rio Abm ................. 1 Cervantes ............. do ............. . 
Han Fernamlo y Finn I:-;iclro ................. (lo ...... ··I Gubasan ................. l\fancnynn ............. do .......... · ... . 
Eucarnaci6n ............................... do........ Deplas . . . . . . . .. . . . . . . . .. . Sagada........... Boutoc ............ . 

I 

2 120,000 
2 120,000 

2 120,000 

2 120,000 

2 

2 

1 
57 
2 
2 

2 
2 
2 
2 

2 

2 
2 

2 

2 

2 

60,000 

60,000 

60,000 
120,000 
120,000 

60,000 
3,420,000 

120,000 
120,000 

120,000 
120,000 
120,000 

120,000 
120,000 
120,000 
120,000 
120,000 
120,000 
120,000 
120,000 
120,000 
120,000 
120,000 
120,000 

Grantees. 

Emilio Spriingli. 

)
Juan Fernandez and S. 

Luis. 

The Philippines Mineral 
Syndicate, Limited. 

William Urquhart. 

lCalatino Flores. 

Aguedo Macandog. 

}Auturo Carlos Fleming. 

!Rafael Y anguru<. 

}To"' Mill• y n~u,. 
Federico Lopez PaRcual. 
Satnrnino Villaverde. 

OJ 
0 
00 

~ 
~ 
0 
t-1 
0 cu 
~ 

0 
1-l:j 

1-3 
~ 
~ 

1-d 
l:d 
H 
~ 
H 
1-d 
1-d 
H 

~ 
~ 

H 
(f) 

t-1 
p.. 
~ 
tj 
r;n 



l~ 
1-

Q 
~ 
0 
r 

Capunga 
Tnbio ... . 
Acupan ...... . 

.•.•. do .•.. ···:1 Lusong •....••..•••.... ···r Tublay •....•. ····1 Benguet •••••••••••• 

..... do ....•... La Trinidad ................... do ................. do 

..... do ........ Acupan .................. Itogon ................. do 

"" Constancia 

~ DeConcha .•................................ do ........ Sapang Bac3,l. ...... ······1 SanMiguel 
~ Mayumo. 
1 San Pio V ......•............................ do •............ do ......................... do 

o Sa pang :M:unti. ............................. do........ Mantamuro . . . . . . . . . . . . . . Angat 
1---.l.l SantaRosa1ia ......•................... Sulphur ...... Monti Caibir(tn .......... . 

San Antonio .........•...................... do ........ Cajucao 
_ San Jose............................... Coal . . . . . • . . . . Nabangig ............... . 

1---.l. ~;~:~:1~:~;~.: :::::::::::::::::::::::::: :::: :~~ ::::::::1·~-~i-r~~l::: :::::. 
~;~et:·~~1~~:~~~~~-: ::::::::::::::::::::::I:::::~~:::::::: 
Portiella .................................... do ....... . 
La :Mestiza .................................. do ....... . 

~~~;~~~~1~:::: ::::::::::::::::::::::::: :::: :~~: :::::::1 ~:~~~s 
Santa 1\faria .....•.......................... do ....... . 
Carolina .................................... do ....... . 
San Armando ....•......................... do ....... . 
San Rafael ..............•.................. do ....... . 
San Cl~Lndio .........•...•.................. do........ Napisian ...................... do ............ 

1

1 ..... do 

~~~~:.~:::::: ~: ~ ~ ~ ~ ~: .. :. :·:::: ~: : ~:: ~;~.: :~: ~.: : :.::r~~~: .. :::.:.::.:::::: :::. :;~ ::~~~~~~ ~~: .i :: :· ·;~:::::::::::::: 
San Enrique ......•......................... do........ Tag-angilan.............. Compostela.. •• • • . Cebu 
Rafael Reyes .....••••..................•... do........ Lupa .......................... do .......••....••.. do ............. . 

a Old. 

2 
1 

1 

120,000 
60,000 
60,000 

l Pablo Emilio Henmann. 

a2 

a2 
83,848.62 }Cantabro Filipina Co., 
83,848. 62 nowVenancio BalMs. 

al. 

1 

a2 

111,798.16 
150,000 
300,000 
125,772.93 

2 I 300,000 
1.50,000 

21 120,000 
1 60,000 

600,000. 
4 I 600,000 

300,000 
300,000 

21 300,000 
2 300,000 

150,000 
12 1, 800, 000 
8 1,200,000 
2 300,000 
4 600,000 
4 600,000 
4 600,000 
4 

4 

4 

4 

4 

4 
2 

600,000 
600,000 
600,000 
600,000 
600,000 
600,000 
300,000 

Hison's heirs. 
Anchuelo's heirs. 
Francisca Talag. 
Conche's heirs. 

Pablo Carlos. 
Francisco Sanchez. 

}Prudencio Ruiz. 

Jose Mufios. 
Jose Mufiosdc Bustillo. 

~New Lang"o >HningCo 

Ram6n Montafies. 
Now Langreo Mining Co. 
Antonio de Tribar. 

Rnfael Cascuro~;a y l\far
tinez. 

}Ram6n' Montafles. 

IXl 
tol 
(') 

~ 
tol 
~ 

.:.., 

~ 
H 

~ 
~ 
Q 

0 
0 
~ 
0 
l.=rj 
((] 
U1 
H 
0 
~ 
rn 

OJ 
c 
\.0 



Mining concessions in force in the Philippine Islands on August 17, 1897-Continued. 

Name of mine. Mineral ex
ploited. Locality. Township. 

Num
Province or district.! ber of 

claims. 

Balerma ............................... l Coal ......... . Bac6n ............ Sorsog6n 
..... do ...... .. ..... do ................. do 

..... do ................. do 

....• do ................. do 4 
1 

2 
4 

~I 
4 

4 
2 

2 

2 

Santo Domingo Quarry................ Marble .. .. . .. Sablayan................. Montalban .. .. .. . l\Ianila ........... .. 2 

Santa :Matilde Quarry ................. 
1 

..... do ........ May-Puti ................. Binangonan ...... M6rong ............ . 
Santa Rosa Quarry ......................... do ....... . 

Do ................................. 1 ..... do ........ 1 Panahicon .............. -~ Tuburan ....... ---~ Cebt1 ............... . 
Alia Quarry........................... Kaolin . . . . . . . Lupang-Pnti . . . . . . . . . . . . . Los Banos........ Laguna .......•..... 
Beta Quarry ........................... I ..... do ............. do ......................... do ................. do ............. . 

2 

2 

2 

2 

2 

Delta Quarry 2 

Epsilon Quarry ......... . ..... do ........ l. .... do ..... do ............ ! ..... do ............. . 2 

Area 
in square 
meters. 

150,000 

150,000 

150,000 

600,000 

150,000 

300,000 

aoo,ooo 
150,000 

150,000 

300,000 

300,000 

150,000 
600,000 

aoo, ooo 
300,000 

300,000 

300,000 

300,000 

300,000 

300,000 

300,000 

300,000 

300,000 

.soo, 000 

300,000 

Grantees. 

}villanueva & Co. 

Emilio M:ufioz. 
Villanueva & Co. 

racinW Gil y Go""fio. 

Nueva Langreo Co. 

}co•nc:lo Robc•to Blair 
Pickford. 

Ram6n Montafics. 
l\Iarcelo Dominguez. 
.Angel Tapia y Aragones. 

}Fausto Tabotabo. 

fooe Ma.Un y Ma•Uncz. 

O':l ,_ 
0 

0 
t:z:j 
0 
t"1 
0 
Q 
1-<j 

0 
l%j 

1-:3 
I:Q 
tzj 

I-'d 
I:I:l 
H 
t"1 
H 
1-d 
1-d 
H 

~ 
t:z:j 

H 
[/) 

t"1 
~ 
~ 
tj 
rp 



List of 1nines staked out after the above date, the t'itles of which are conceded and which only await registration in the general office of the treasury (hacienda). 

Name of mine. 

Alegria 

Mineral ex
ploited. 

Gold ......•... I Tigbi 

Petroleum ... . 
..... do ...... .. 

La Espcranza.......................... Gold ......... . 
l\Iaria y Leopol?a ........................... do ....... . 
l\fundaea .•................................. do ....... . 
Andres y Agustina ......................... do ....... . 
Viscaya ...................................... do ....... . 
Castilla ..................................... do ....... . 

Locality. Township. 
Num

Province or district. I ber of 
claims. 

2 
2 

2 
2 

8 

52 

2 
2 

1 
2 

Area 
in square 
meters. 

120,000 

120,000 
120,000 
120,000 

1,200,000 
150,000 
150,000 

3,120,000 

120,000 
120,000 

GO,OOO 
120,000 

120,000 

Grantees. 

Aguedo Macandog. 

r•tnllno Flo""'· 

Ram6n l\fontailcs. 

}smith, Bell & Co. 

Williams Urquhart. 

tosC Cortes Dominguo•. 

1:11 

~ 
..:..... 

~ 
H 

~ 
~ 
0 
0 
0 
!2l 
0 
t;j 
UJ 
U1 
~ 

0 
21 rn 

0':1 
~ 
~ 



PROVINCIAL INDEX. 

The following index is intended to enable the reader to collate the 
statements contained in the foregoing paper by provinces or districts, 
each locality me~tioned there being represented here by a page refer
ence opposite the province to which it belongs. In order to facilitate 
geographical acquaintance with the archipelago, the index gives also 
the name of the capital town of each province or district and the lati
tude thereof, so that if a reader who is unfamiliar with the islands 
lesires to know where to look for any province, the data here pre-
3ented will give him the information. 

The provincial divisions of the Philippines were of two classes, 
provinces being administered by civil governors and districts by 
"politico-military" governors who were army officers. The distinc
tion is now unimportant excepting that, in reading, confusion may 
arise unless the sy~::~ten1 is understood. 

The list of provincial divisions i~; that given in the Compendia de 
Geografia of the Jesuit Fathers, 1892, and is that found on most 
maps. More recently some changes were made by the Spanish Gov
ernment, of which two should be known to the reader. They are the 
division of Albay into the two provinces of Albay and Sorsog6n, the 
latter being the more southerly, and the union of Camarines Norte 
and Camarines Sur into the single province of Ambos Camarines. As 
the purpose of this index is to assist in the use of the maps of d' Al
monte, Abella, and the Jesuits, it would be inexpedient here to adopt 
the recent changes jn administration, which will soon be replaced by 
some system of American origin. 
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Luz6n and adjacent islands. 

Province. Page references. 

I 
Capital. Latitude of 

capital. 

-,-----1--

Al bay _____ ...... -1 Albay ___ .. _____ ... __ . __ 

Bataan ........ _ .. : Balanga .............. . 

Batangas . ___ . _ . _ . Batangas .. _ .......... . 

Bulac~l,n ... _ .. __ . _ i Bulac;:l,n __ .. __ .... _ ... . 

Cayagan. _ .... _ _ _ _ Tuguegarao . _ ......... . 

Camarines N ... _ . . Daet .. __ ............. . 

Camarines S .. __ . __ ; Nueva C<l.ceres ..... __ .. 

Ilocos N . _ .... ___ . Laoag .. _ ......... __ .. . 

Ilocos S ......... _ Vigan . _ .... ___ ....... . 

Isabela ___ . . . . . . . . Ilagan ....... _ ..... _ .. . 

Laguna ....... _.__ Santa Cruz ......... _ .. _ 

Manila ....... ___ . \ Manila ___ ... ___ ... _ .. . 

Mindoro ........ _ .j Cala pan ... _ .......... . 

N neva Ecija .. _ . . . San Isidro .. _ ..... _ ... . 

Nueva Vizcaya ... _ Bayombong .......... . 

Pampanga .... ___ . Bacolor ...... _ ... __ .. . 

Pangasinan . . . . . . . Lingay{m _ ......... _ .. . 

Tayabas .. _ ... _ .. _ Tayabas _. _ ~ .......... . 

Uni6n. _ .. _ ... _... San Fernando ......... . 

Zam bales ..... ___ . Iba 

District. Capital. 

Abra ............. Bangued 

Batanes ........ _. Santo Domingo de Basco 
Benguet ....... _ _ _ Trinidad ........ ___ .. . 

Bon toe .•. _... . . . . Bon toe ......... _. ..... . 

Ca vi te .......... _ _ Ca vi te ......•..••••.... 

Corregidor. . . . . . . San Jose .........••.... 

Infanta........... BinangonandeLampong 

Lepanto .......... Cervantes-----······--
M6rong .... _ . . . . . )16rong .............. . 

Principe ......... -l B~ler ...... - .......... . 
Tarlac ........... ·I Tarlac ............. _ .. . 

I 

0 / 

13 8 

14 42 

13 45 

497,531, 533, 540, 557, 561, 
56\:l, 570, 583. 

514,516,518,522. 

515,524,534,539,563,564. 

14 48 498, 570, 591. 

17 37 540, 569, 583. 

14 5 i 498, 503, 570, 577, 578, 589, 
: 590,591. 

13 37 I 503, 504, 517, 521, 533, 557, 
. 589,590. 

18 13 

17 34 : 501. 

17 8 i 502, 552, 559. 

14 17 \ 495, 511, 521, 533, 534, 563, 
! 591,593. . 

14 36 496, 498, 499, 500, 521, 539, 
562, 570, 593. 

13 24 497,498, 504, 531, 539, 557, 
571, 583, 590. 

15 18 498,501, 577. 

16 27 501. 

15 515,517,521,539. 

16 4 498, 521, 524. 

14 1 503,524,557,569,570,589. 

16 38 501,502,527,53g,558,569. 

15 21 498, 499, 500, 583. 

: Latitude of i capital. Page references. 

i 
0 / 

17 37 500, 569, 577. 

21 7 540. 

16 30 501,502, 558, 559, 562, 577, 
589. 

17 13 501,518,521,522,577. 

14 29 539. 

14 23 514,516,518,539. 

14 48 498,503,509,570,583. 

17 1 501,521,522,540,577,584. 
14 31 493,500, 517, 521, 522, 551, 

559, 562, 570, 591. 

15 47 

15 30 499, 521, 522, 560. 
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Central Island.s, or Visaya.s. 

District. Capital. \ Latitude of 
capital. Page references. 

Antique---------- San Jose de Buena vista_ 
i 

Bohol ___________ _ Tagbilaran- - - - - - - - - --- -
1 

Burias. __________ _ San Pascual ________ . ___ 

Calamianes ______ _ Cuyo __________________ 
Capiz ___________ _ Capiz -----------------
Cebu ____________ _ 

I 

Cebu _________________ -I 

I 

Concepcion ______ -I Concepcion __________ .-
Iloilo _________ • _ _ _ Iloilo ______________ .. __ 

Leyte ------------ Tacloban --------------

.Mas bate______ _ _ _ _ Mas bate ______________ _ 

Negros OccidentaL Bacolod __________ ---- _ 

N egros Oriental.__ Damaguete ___________ _ 

Romblon _________ Romblon. _ ----------- _ 
Samar __________ ~ _ Catbalogan _________ • __ 

10 44 

9 38 

13 8 

10 52 

11 35 

10 18 

498, 504, 505, 512, 518, 521, 
522,590. 

497,521,530,563,565,583. 

497. 

496, 504, 563, 566. 

571,580,583. 

497, 498, 505, 506, 507, 512, 
514,521,523,530,551,552, 
560,561,564,565,566,572, 
580, 591, 593. 

11 13 505. 

10 42 557, 560, 566, 571, 580, 593. 

11 15 ! 497, 498, 504, 507, 515, 523, 
530,557,575,580,593. 

12 24 1 497, 546, 557, 566, 571, 583, 
I 589. 

10 42 505, 514, 522, 556, 560, 564, 
572. 

9 20 1 497, 512, 513, 514, 523, 529, 
564, 572, 584. 

12 34 497, 593. 

11 48 496, 498, 504, 530, 557, 659, 
571, 580, 590. 

Jfmdanao, Jol6, and Palawan. 

Capital. District. 
1 
Latitude of I Page references. capital. 

---------------------1--------

Balabac ---------- Balabac ---------------~ 
Basilan _ _ _ _ _ _ _ _ _ _ _ Isabela de Basilan. ____ _ 

Cottabato. ________ Cottabato. ___ ---- _ -----
1 Davao ____________ 
1 

Davao _ _ _ _ _ _ _ _ ___ .. ___ . 

J ol6 ______________ : J olo _____ . ____________ .I 

7 59 497,566,590. 

6 45 511,564. 

7 15 495, 528, 576. 

7 2 508,523,526,527,576. 

6 5 497, 523, 526, 559, 562, 564, 

. . ! I M1sam1s _ _ _ _ _ _ _ _ _ _ Cagayan de )lisamis. __ _ 8 

566,584. 

3o I 498, 507, 508, 513, 523, 528, 
530,547,558,559,576,581. 

Paragua _ _ _ _ _ _ _ _ _ _ Puerto-Princesa ________ : 9 45 509, 530, 540, 561, 563, 565, 
566. 

Surigao _ _ _ _ _ _ _ _ _ _ _ Surigao. ___ . _______ . ___ ' 9 48 494, 498, 507, 508, 523, 547, 
I 

Zamboanga ______ -1 Zamboanga. --- •••..••• 

557,576,581,584,590. 

6 57 508, 523, 551, 557, 560, 563, 
565,576. 



CONCERNING TERr_IIARY FOSSILS IN THE PHILIPPINES. 

By K. :NlARTIN. 1 

The occurrence of Tei·tiary deposits in the Philippines has long been 
known. As early as 1861 F. von Richtho:fen 2 reported on nummulites 
which he had discovered in limestones in place, close to the vil_lage of 
Binangonan, on Bay Lake, not :far :from J\1anila. R. von Drasche 3 

represented these Eocene limestones, which also appear at various 
other points north of Binangonan, on his geological sketch map of 
southern Luzon; and von Richtho:fen furthermore expressed his opin
ion that the well-developed series of strata in the mountains of Zatn
boanga~ on the southwest coast of l\tlindanao, likewise ·belong to the 
ntimmulite formation. 

C. Semper collected a great number of :fossils in the Philippines, but, 
wtile the rocks brought back by this naturalist have been worked up 
by K. Oebbeke,"' the fossils have remained undescribed. Nevertheless, 
it was not unknown to Semper that these latter, at least in part, came 
:from Tertiary strata, :for he says: "Against thi~ trachytic core (of the 
Philippines) lie numerous sedimentary strata at various elevations. 
They are :fossiliferous sandstones and shales, whose mussels and snails 
are in part still found living in the surrom1ding seas. They surely, 
therefore, belong to a very recent period." Further on it is remarked, 
concerning the highest coral reefs, standing at elevations far above 
sea level, that "they seem to belong as far back as the Tertiary." r, 

J. Roth, 6 who, in 1873, compiled all the information then available, 
came to this conclusion: "In the Philippines, on a formation of crys
talline schists, lie strata which are in part certainly Tertiary (Eocene), 
and abundant young~r beds, raised banks, and coral reefs which con
tain mollusca of species still surviving in the Pacific." Shells from a 

1 Sammhmgen des geologischen Reichs-:\Iuseums in Lei den, Vol. V., 1896, pp. 53-69. Translated by 
l\Ir. George F. Becker as a complement to his paper, published herewith, on the Geology of the Phil· 
ippinc Islands. 

2 Ueber das vorkommen von Nummulitcnformation auf Japan und den Philippinen: Zeitschr. 
Deutsch. geol. Gesell., Vol. XIV, 1862, p. 357. 

a Fragmente zu einer·Geologie der Insel Luz6n, mit einem Anbange tiber die Foraminiferen der 
tertHiren Thone von Luz6n von Felix Karrer, Wien, 1878. 

4 Beitriige zur Petrographic der Philippinen und der Palau-Inseln: Neues Jahrbuch fi.ir Mineral., 
Geol., Palreont., Beilage-Band I, p. 451. 

s C. Semper, Die Philippinen und ihre Bewohner, Sechs Skizzen, \V(irzburg, 1869, p. 17. 
GUeber die geologischen Beschaffenheit der Philippinen: In F. Jagor, Reisen in den Philippinen, 

Berlin, 18i3, p. 333. 
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bank on the west side of the peninsula of J alajala, in Bay Lake, were 
determined by von Martens as belonging exclusively to recent species. 
On the other hand, extinct as well as living species, according to the 
same naturalist, occur in yellowish-gray clays which lie near Paranas, 
on the west coast of Samar. Banks of recent shells, however, were 
found also both at Paranas and on the south coast of Samar, near 
Basey and Nipa-Nipa. 1 

Tho occurrence of ~iiocene in the Philippines was first established 
by Karrer through investigation of Foraminifera which came from the 
western slope of the Sierra Zam bales on the western coast of northern 
Luzon. There occur "tuffaceous Foraminifera-bearing marls up to 
altitudes of 400 feet along the sea. coast between Palauig and Santa 
Cruz, and perhaps still farther north.''~ These marls are compared by 
Karrar with those from .Java and elsewhere. He reached the conclu
sion that the marls in question are younger than certain J a'ranese beds 
which at that time had already been assigned to tho Miocene, but he 
calls attention to the fact "that the difference in age need not be con
sidered so great as to necessitate assignment to different divisions of 
the Tertiary, since they probably represent only older and younger 
horizons." Accordingly, Karrer correlates the marls of the Sierra 
Zambales as younger Miocene. 3 

R. von Drasche pursued the con1parison between the strata of Luzon 
and the Javanese Tertiary still further, taking as his basis the division 
of tho strata of Java given by F. von Hochstetter. 4 He says: "The 
thick tuffs of northern Luzon may be included in group a of the J\llio
cene (of von Hochstetter). In this group, too, are to be mentioned the 
foraminiferous marls of the Sierra Zambales. To group b belong the 
coral reefs of Luzon, which, in Luzon, and no doubt also in Java, may be 
characterized as Pliocene." It Inust be explicitly mentioned, however, 
that the Foraminifera determined by Karrer furnish the only paleon
tological evidence for these age determinations by yon Drascho, so that, 
except so far as they apply to the 1narls of the Sierra Zambales, they 
must be characterized as mere suppositions. 

Th. Fuchs inyestigated ill-preserved remains from the same coral
line limestones of Luzon which were considered by von Drasche, accord
ing to the statements cited above, as probably Pliocene. According 
to this authority ''the forms could all be referred to living species, 
and, indeed, without forcing matters at all." Fuchs says: "In fact, 
thPre is no objection to regarding them as entirely Recent." 5 In har
mony with this statement Semper 6 mentions that in the hills of Arin
gay~ northwest Luzon, he found a coral which is closely related to 
IIetero_psamm_,ia rotundata Semp. 

J Roth, loc. cit., pp. 342,352,353. 2 R. von Drasche, loc. cit., p. 21. 3 Ibid, p. 84. 
4 Rei"e der ostereichischen Fregatte .Somra urn die Erde, geolog. Theil, Vol. II, 1866, p. 149. 
5 R. yon Drasche, le-e. cit., p. 42. 
Greber Generationswech~el bei Steinkorallen, t•te.: Zeit;;ehr. fiir wi><;;. Zoolugie, Yo!. XXII, 1Si2. 

p. :2(16. 
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The foregoing gives an account, I believe, of mrerything which 1s 
thus far known of Tertiary fossils in the Philippines. As is apparent, 
this is to all intents confined to the Numn1ulites from the neighborhood 
of Manila, nnd to the Foraminifera from the Sierra Zambales of north
western Luzon. Even on that account the fossils which were collected 
by Semper, and which, after the death of that tireless naturalist, came 
into the possession of the Leiden museum would excite special interest. 
They acquire a greater importance from their localities, for a large 
part of them come from regions which were visited neither by J agor 
nor by von Drasche, and which, indeed, have never been geologically 
investigated at all. 

Now, in reviewing Semper's collection, I was at once struck with 
Vicarya callosa J enk., which is known fron1 Java and is described in 
detail below; a~d this induced me to make a closer comparison between 
the fossils of the Philippines and those of the Indian Archipelago, 
whereb3r it at once became apparent that a whole series of species, 
especially of the Javanese Tertiary, is common to both regions. Thus 
far, indeed, I have been unable to make a complete study of Semper's 
collection, and for the time being it has little fm ther interest, because 
statements as to stratigraphical position are entirely lacking and the 
equivalent deposits of neighboring regions are still very insufficiently 
known. After completion of my monograph on the fossils of J a;va, 
however, I hope to undertake a more thorough study of the Philippine 
fossils, and to supplement this preliminary communication. 

The species of the Semper collection which have thus far been deter
mined are as follows: 

Occurrence elsewhere. 
Terebra Jenkinsi K. Mart. (Foss. von Java, p. 8) __ ... ________________ l\1. 

Terebra bandongensis K. Mart. (Foss. von Java, p.lO) ___ ... ________ .. l\1. 

ConussinensisSow.(Foss.vonJava, p.13) ------------------------- P; L. 
Conus insculptus Kien. (Foss. von Java, p. 14) .. __ . _____ .. __________ . l\1; L. 
Conus palabuanensis K. ~'Iart. (Foss. von Java, p. 16) _________________ J. 
ConusLoroisiiKien.(Foss.vonJava,p.21) ------------·------------ l\:1; P; L. 
Pleurotoma gendinganensis K.l\iart. (Foss von Java, p. 32) ___________ P. 
Pleurotoma carinata Gray (Foss. von Java, p. 37) _. ___ .... ________ . _ _ P; L. 
Pleurotoma coronifera K. }lart. (Foss. von Java, p. 38) __ ... ___ . ___ . _ . _ E. (?) ; l\1. 
Pleurotoma neglecta K. }'Iart. (Foss. von Java, p. 42) ____ . __________ . _ 11. 
Turricula bataviana K.Mart. (Foss. von Java, p. 78) _____ . ___________ . P. 
Fusus Verbeeki K.l\1art. (Foss. von Java, p. 85) ___ ... ________________ M; P. 
Latirus madiunensis K. Mart. (Foss. von Java, p. 88) __________________ P. 
Pyrula gigas K. Mart. (Foss. von Java, p. 90) .. __________________ . __ . _ l\i. 
Tritonidea ventriosa K. ::\:Iart. (Foss. von Java, p. 99) _____ . __________ . M. 
Nassa Verbeeki K.Mart. (Foss. von Java, p.llO) ________ . ___________ . P. 
1\'Iurex Verbeeki K.l\'lart. (Foss. von Java, p. 123) _. __________________ P. 
Mnrex djarianensis K. Mart. (Foss. von Java, p. 124) _____ ... _________ M. 
Murex brevispina Lam. (Foss. von Java, p. 126) ________ .. ______ . __ .. _ l\1. (?); P; L. 
Murex pinnatus Wood. (Foss. von .Java, p. 127) __________ . ___ ... _____ ~1; L. 

MurexmicrophyllusLam. (Foss.vonJava,p.127) ··----------------- l\1; L. 
Murex capucinus Lam. (Foss. von Java, p. 123) . _ ••... _. __ •. _. __ .•.. _ -; L. 
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Occurrence elsewhere. 
M urex Grooti J enk. (Foss. von Java, p. 131) _ ... ___ ... __ . __________ . _ . _ 11. 
Ranella spinosaLam. (Sammlg.I,p.201) ................ -------------- 11; L. 
Ran ella elegans Beck. (Sammlg. III, p. 137) _ •.. ____ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ M; L. 
Ranella raninoides K.1Iart. (Sammlg. I, p. 203) _______ . ____________ . _ l\f. 
Ranella gyrina Linn. (not yet known from Java) _________ . ___ ... _ .. _ -; L. 
Cypraea Smithi K. 11art. (Sammlg. III, 141) ... _. _____ . ___ .. _ .. _. _ ... :l\L 
Strom bus isabella Lam. (Notes Leyden :Mus. III, p. 19) ___ ..... _____ . _ Q; L. 
Rostellaria J avana K. :l\Iart. (Tertsch. Java, p. 50) ________ ... ___ .... ~ _ M. 
Vicarya callosa Jenk. (Tertsch. Java, p. 62). ---- ____ ... ___ .... _ ..... _ :l\f. 
Potamides Jenkinsi K. Mart. (Sammlg. III, p.l47) ______ ..... _. _ .. __ . P. 
Turritella terebra Lam. (Sammlg. III, p. 171) .. __ .. __ . _. __ ... ______ . _ Q; L. 
Natica mamilla Lam. (Tertsch. Java, p. 81) _____ . ______ . _ ..... _ .. _____ l\I; L. 
Area granosa Linn. (Sammlg. III, p. 242) . __ ...... ___ . __ ..... ____ ... _ P; L. 
Carclita clecipiens K. :\:Iart. (Tertsch. Java, p. 110) .............. _ .... _ P. 
Venus squamosa Lam. (Sammlg. III, p. 207) ___ .. ___ .. _ ............. _ P; L. 
Clementia papyracea Gray (Tertsch. Java, p. 99) _. __ . _. ___ .. ________ . :VI; P; L. 
Corbula scaphoides Hinds. (Sammlg. III, p. 196) ..................... 11:; P;. L. 
Callianassa Dyki K.1fart. (Sammlg. III, p. 36) ... _ .................. _ .:l\1:; Q. 

The appended initials indicate the occurrence of the species in the 
Tertiary of other parts of the· Indian Archipelago, as well as among 
the fauna of the present day. Thus E denotes Eocene; M, Miocene; 
P, Pliocene; J, later Tertiary in general; Q, Quaternary; L, living 
species. 

The above-mentioned fossils are distributed among the following 
localities: 

I. LUZO~. 

1. J.1finangct; right bank of the Catalangan. 

Fusus Verbeeki Mart ..... 1i; P. 
Tritoniclea ventriosa .Mart. .M. 
l\Iurex brevispina Lam ___ l\1. (?); P; L. 
l\Iurex pinnatus 'Voocl . __ :\I; L. 
Ranella raninoicles Mart.. 1i. 

Rostellaria javana Mart ___ . ___ .• :\L 
Vicarya callosa Jenk ...... _. __ . _ l\f. 
Natica mamilla Lam------------ 11; L. 
Cardit-a clecipiens l\Iart. ___ ....... P. 
Venus squamosa Lam ........... P; L. 

J . .J[inanga; right bank of the llaroen. 

Tere bra J enkinsi :Mart . _ . . . . . . . . l\L Ranella gyrina Linn._ ....... _____ . . L. 
Terebra bandongensis l\Iart ...... 11. Rostellaria javana Mart __ . _ ..... _ .. l\I. 
Fusus V er beeki :VI art. . . . . . . . . . . . }I; P. Vi cary a callosa J enk ..... __ ... _ . _ . . l\I. 
Murex Grooti J enk ........... _ . 11. Cardita decipiens l\Iart _ ............ P. 

3. Right bank of the llaroen; + 1niles abore Jfinanga. 

Fusus Verbeeki l\Iart. ... _ 11; P. 
Murex brevispina Lam _ . . 11. (?); P; L. 
Ranella raninoides l\lart. . 11 . 

Rostellaria javana 1Iart __ ... _ _ _ _ 11. 
XaticamamillaLam ............. :\I; L. 

.}.. Left bank of the Ilaroen; Jt mlies a bore Goroen. 

l\Iurex cljarianensis l\IarL. 11. 
l\Iurex brevispina Lam. __ 11. (?); P; L. 
l\Iurex microphyllus Lam. 11; L. 
l\Iurex Grooti J enk . . . . . . 11. 

Ranella spinosa Lam ............ 11; L. 
Potamicles J enkinsi 1Iart . . . . . . . . P. 
:Xatica mamilla Lam ......... _ .. l\I; L. 
Cardita decipiens l\Iart. __ ... _ ..• P. 
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5. Left bank of the flaroen; 4 miles ab01.:e Goroen. 

Conus sinensis Sow .............. P; L. Fusus V erbeeki :\Iart. _ ... __ .... _ M; P. 
Conus palabuanensis Mart ....... J. Ranella gyrina Linn . _ . _ ... _ . . . . L. 

6. Foothills in front of .Aringay. 

ConusLoroisiiKien __________ l\'1; P; L. NassaVerbeeki:\Iart ____________ P. 
P leu rotoma gendinganensis Natica matuilla Lam .. _ ... ______ M; L. 

1\'Iart ..•.••••••••....••. __ . f'. 

7. Hills close to A1·ingay. 

Pleurotoma carinata Gray ................................... __ . _ .••. _..... P; L. 

8. Dicamtti Brook. 

Vi cary a callosa J enk ..•...... - ..................•.•. ~. _ •.... --- ... -- ..... - -. ni. 

9. Satput. 

Cypraea Smithi Mart........... . . . . 1\i. Rostellaria javana )lart .. __ ... _ •.•. M. 

II. ~IINDANAO. 

1. Left bank of Agusan River at Tagasap. 

Latirus madiunensis Mart . . . . . . . P. 
:Nlurex microphyllus Lam .. __ ... :VI; L. 
Ranella raninoides Mart. ... · .. __ . ni. 

Ranella gyrina Li~:m. _ .........•• L. 
Turritella terebra Lam ____ .•.••• Q; L. 

2. Agusan River between Pagasap and Libuton. 

Turritella terebra Lam ....... _ ... Q; L. Venus squamosa Lam.----------- P; L. 

3 . .Maasin on the Agt't.san. 

Conus insculptus Kien ---------- )i; L. Murex Verbeeki :Niart ___________ P. 
Turricula bataviana Mart .. _.: ___ P. Natica mamilla Lam ............ l\'I; L. 

4- Salac y Map uti Rive1·. 

Murex Verbeeki Mart ..... __ .... P. 
Strom bus isabella Lam ....... · __ . Q; L. 
Natica mamilla Lam __ ....... __ . :\1; L. 

Area granosa Linn .. __ ....... P; L. 
Clementia papyracea Gray .. _. M; P; L. 
Corbula scaphoides Hinds _. _. M; P; L. 

5. Zamboanga, river bank 21- miles north of Zamboanga, upper stratum. 

:Nlurex capucinus .Lam ... _._ ....... ____ . __ . __ ._ ..•. _. __ .... __ •....••.... _ •••. L. 

III. CEBU. 

Coal mines at Alpaco. 

Vicarya callosa J enk .. _ ...• _ •....... _ ...... _ ••.. _. _ ................. ___ •. __ . M. 

For a considerable number of species the exact localities are unfor
tunately entirely unknown. These are Pleurotoma coronifera Mart., 
Pl. ncglecta Mart., Pyntla gigas :Niart., Ranella elegans Beck., and 
Oalliana&sa Dyki .~Iart. 
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The most interesting of these fossils are those collected from the 
bank of the Catalangan River and the Ilaroen. These are two small 
streams which at Minanga empty into the !lagan, a right-hand tribu
tary of the Rio Grande de Cagayan, which debouches on the north 
coast of Luzon. The Catalangan, "a narrow mountain torrent," is 
the less important and flows from the east. The Ilaroen comes from 
the south. 1 Unfortunately Semper's notes on his journey in this 
neighborhood bear the impress of haste. Lack of food and illness 
prevented exact observations, and consequently his report contains no 
precise information as to the localities of the Tertiary fossils from the 
Catalangan and the Ilaroen. 

Among thP.se fossils Vicarya callosa/ J enk. is of the utmost impor
tance, because this characteristic genus, of whicQ. only two species are 
known, may be considered as a good guide-fossil to the tropical Mio
cene. For V. callosa J enk. has hitherto been found only in the upper 
lVIiocene of Java, and V. Verne1tili d' Arch. oc~urs only in the Gaj 
series of western India, which also belongs to the Miocene. Accord
ing to this indication, there would be :.Miocene beds in place both on 
the bank of the Cata]angan and on that of the Ilaroen. The other 
fossils from the same localities are in complete harmony with this sup
position. From the right bank of the Catalangan, as appears in the 
list given, there are in the collection 10 species, of which 6 are 
extinct, 8 are known in the Miocene (unquestionably), and 4 have 
hitherto been found only in the J\1iocene deposits of the Indian Archi
pelago. Fron1 the right bank of the Ilaroen at Minanga 8 species 

. have been determined, among which only 1 is still living, while 6 
occur in the Miocene, and 5 of these exclusively in the Miocene. 
Each of the localities, even taken by, itself, thus points unambig
uously to the occurrence of the 1VIiocene near Minanga, and it may 
be considered as beyond question that the strata of the two localities 
are coeval. On this assumption all the fossils of Minanga may be 
regarded as a single group. This method of dealing with the subject 
gives 14 different species, of which 9, or 36 per cent/ are extinct, 11 
are ~Iiocene, and 7 are exclusively J\1.iocene. Judging fron1 all these 
facts, the strata at :\1.inanga are to be classed with the upper ~1.iocene 
bed which exists in Java in the locality denoted by Junghuhn by 0 
and at Selatjau on the Tji Longan. 

It is also presumable that the remaining fossils which were colleeted 
from the bank of the Ilaroeu aboye ::\Iinanga and Goroen (:X os. 3 to 5 
of the above list) were taken from upper Miocene strata. Further-

1 Compare the map in Semper's Philippinen, and, further, Semper's journey through the northeast 
provinces of the l!>land of Luzon: Zeitschr. fur allg. Erdkunde, :Neue Folge, Vol. X, 1861, pp. 256-258. 
In the latter paper one of the streams is called Ilagou or Ilaron, but both on the labels and on 
Semper's map it appears as Ilaroen, so that I must consider this last form the correct one. [On :\Ir. 
d'Almonte's map, Semper's :\Iinanga seems to be represented by :\Ialum1. The stream from the 
east is called Catalangan, but that from the south is put down as Tarretic. Polynomial streams 
form an abiding souree of confu..,.jon throughout the Philippines.-G. F. B.] 

2This should rend 36 per cent still alive or 64 per cent extinct.-G. F. B. 
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more, there must be such also on the brook Dicamui, since thence also 
comes a specimen of Vicaryct callosa. ·unfortunately I was unable to 
determine certainly where this brook is, yet it is presumably identical 
with the Dicamuni, which flows, according to Oebbeke, ''in the land of 
the ~linangas on the west side of the cordillera of northwest Luzon." 1 

The same typical fossil of the upper lVIi.ocene, Vica'rya callosa, occurs 
finally at the coal mines of Alpaco, on the island of Cebu, to the north 
of :::VIindanao. These mines lie in the interior of the island, in a south
westerly direction from the town of Cebu and to the northwestward 
of Naga. 

A bella y Casariego, who has drafted a general geological n1rtp of 
Cebl1,2 divides the rocks into a core of eruptives and superimposed 
strata of the Nummulite formation, post-Pliocene limestone, and 
finally Recent alluvium. The determination of the post-Pliocene strata 
depenns upon a thorough investigation of the remains found in them, 
of which twenty-nine could be identified with living specieR, while no 
extinct species whatever were found. 3 Paleontological proof is also 
given for the existence of the Nummulite forn1ation,"' but it n1ust be 
regarded as very questionable whether the entire system of strata 5 con
sidered as belonging to it ought to be regarded as Eocene. That at least 
a part of this system must be excluded is proved by Semper's find; for 
according to the map of Abella y Casariego the mines of Alpac6, at 
an elevation of 298 meters, are also in the Eocene, which, as shown 
above, is incorrect. The strata which contain Vicarya callosa, how
ever, seem to be the same which have attracted the attention of the 
Spanish naturalist and which crop out on the slope of Sibocl. In fact, 
according to Abella, the limestones at this point are covered by a 
fossiliferous marl which can not be classed with them either on 
petrographical grounds or by its fossils. 5 Although the conditions 
are not described with the clearness which would be desirable, it must 
be considered very probable that, in this region of Cebu, Eocene lime
stones are overlain by Miocene marls. 

In addition to the localities already dealt with, the neighborhood of 
Aringay in Luzon requires attention first of all. This place lies in the 
northwestern portion of the island, on the northeast coast of .Lin
gay-en Bay, and Semper visited it from the capital of the district of 
Benguet, 6 which is likewise called Benguet, or, also, La Trinidad. It 

llbid., p. 498. [I have heard of no tribe of :Minangas. According to Semper's text and his map, 
Minanga is in "the land of the Irayas," a well-known tribe in the Province of !sa bela. The proba
bilities are strongly in favor of the hypothesis that Dicamui or Dicamuni is a brook near the Cata
langan, and that in the phrase quoted from Oebbeke northeast should be sub!itituted for northwest. 
In Ilocos I can find no suggestion of similar names, and Semper correctly labels that part of the 
country "land of the Igorrotes." l\Iinanga is one of the few names entered on Semper's map in 
northern Luz6n.-G. F. B.] 

2 D. Enrique Abella y Casariego. Rapida descripci6n fisica, geol6gica y min era de la Isla de Cebu, 
Madrid, 1886. 

3Jbid., p.l25. 4Ibid., p.l09. 5Jbid.,p.ll4. 
G Reisen durch die nordlichen Provinzen der Insel Luz6n: Zeitschr. fiir allg. Erdkunde, 1862, p.86. 
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is in this sense that his descriptive terms "foothills in front of Arin
gay" (V orhiigel vor A.) and ''hills close to Aringay" (nachster Hiigel 
von A.) are to be understood, since they manifestly indicate a refer
ence to the road followed. According to von Drasche, a range of 
hills, 200 to 300 feet in height, lies between Aringay and the sea, fol
lowing the narrow strip of alluvium which accompanies the coast. 
This range is steep on the side toward the sea, and at the point in 
question is composed of light-yellow earthy tuff. Layers of tuff are 
also exposed, according to this authority, at many points between 
Aringay and Benguet/ but these tuffs toward the interior, even at 
Galiano, are "no longer earthy, but quite hard, crystalline and sand
stone like." Probably on this account Semper states 2 that sandstones 
form the entire western slope of the Cordillera from Benguet to Arin
gay, but he particularly states that this rock, ''at all events the upper 
strata of it, is absolutely devoid of fossils." The HeterO)JSct?n?nict 
already n1entioned, which Semper collected, can not, therefore, come 
from the neighborhood of Galiano, as von Drasche supposed. They 
can come only fron1 the range of hills parallel with the shore near 
Aringay, from which also the fossils that I have determined, em
bedded in a dirty, gray, sandy marl, must also have been derived. 
This range of hills at Aringay, then, must belong to the later Tertiary, 
as the fossils enumerated prove, and the conditions suggest that they 
ma:y be coeval with the-strata which are developed as tuffaceous marls 
along the seacoast between Palauig and Santa Clara, claimed by Karrer 
as late Tertiary. The fossils thus far identified, however, are insuffi
cient to determine whether the sediments of Aringay are referable to 
the Miocene or the Pliocene. 

The position of Satpat, on Luzon~ from which two Miocene fossils 
mentioned above were obtained, I have unfortunately been unable to 
ascertain. 

As for Mindanao, it can not be demonstrated from specimens which 
ha,~e been investigated that Miocene strata occur there, for I have but 
a single species, Ranella 1'aninoides Mart., which is known only in the 
Miocene. 3 On the other hand, it is clear that there are upper Tertiary 
beds along the Agusan Ri,?er. If it were permissible to assume that 
all the fossils of the list given above originated in equivalent beds, 

1 Fragmente, pp. 29-31. 
2Ibid., p. 84. [Abella asserts positively that these rocks are sahdstones derived from a dioritic 

area. Terremotos experimetados en la Isla de Luz6n durante . . . . 1892, Manila, 1893, p. 33.
G.F.B.] 

3l\farine l\Iiocene is assumed, however, by Casariego in Mindanao, in his Memoria acerca de los cri
aderos auriferos del segundo distrito de Mindanao: Bol. de Comisi6n del Mapa geol6g. de Espaiia, 
Vol. YI, l\Iadrid, 1879. This paper, which is noticed in Xeues Jahrbuch, 1883, I, p.355, I have unfor
tunately been unable to consult, and on what grounds the determination of the strata in question as 
Miocene rests is not inferable from the notice. [Abella, whose mother's maiden name was Casariego, 
relied chiefly on the petrographical character and geognostic position of these beds in referring them 
provisionally to the middle Tertiary. In the limestones of the hills surrounding Pigtao, on the Iponan 
RiYer, he found imperfect fossils, including one which he thought himself justified in referring to the 
genus Turbi11olia, Loc. cit., pp. 35, 46.-G. F. B.] 
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and their state of preservation makes this probable, there would be 
in alllO species, 6 of them, or 60 per cent, still living; 4 species occur 
in the Miocene and the same number in the ~liocene; but of these last 
three arc known only fron1 the Pliocene. These are Latints 1nadi1tn
ensis l\1art., Ttt1"Timtla batavia;na Mart., and Murex vm·beeki Mart. AU 
this argues the occurrence of the Pliocene on the Agusan River, and 
in harmony with this indication is the exceedingly fresh appearance of 
the fossils at hand. 

The same age finally may be ascribed to the fossils from the river 
Salac y Maputi in lYiindanao; for although of the 6 species deter
mined from this locality no fewer than 5 belong to the present fauna, 
yet of these latter 4 reach back to the Miocene and Pliocene and a 
single species, J1fit1'ex vm·beeki l\1art., is known· only in the Pliocen~. 
Of the deposit at Zamboanga nothing definite can be said as yet on 
the strength of the solitary fossil jJ.fttrex cetp'ucinus Lam. 

To the age determinations of Philippine fossils it is proper to add 
that their state of preservation resembles that of the Javanese fossils 
to a very remarkable extent-to such a degree, indeed, that the speci
mens f1~om the two regions might easily be confounded. The same 
staten1ent is true of the tuffs and marls in which they were embedded, 
and this aecords with the fact that the younger massive rocks of the 
Philippines show an extraordinary likeness to those of the East Indian 
Archipelago. 1 

Collecting the results of the investigations thus far made, we get the 
following general scheme for the fossil-bearing strata of the Philip
pines: 

1. EocENE. 

To this formation belong the nummulitic limestones from the neigh
borhood of :Manila (Luzon) and of Cebu. .tne same formation is 
perhaps developed at Zamboanga (Mindanao). 

2. UPPER MIOCENE. 

(a) Tuffs and sandy marls which are equivalent to the upper Mio
cene of Java exist in the neighborhood of Minanga, in the valley of 
the Rio Grande de Cagayan (Luzon). Deposits of the same age are to 
be fout1d also on the stream Dicamui, the position of which could not 
be ascertained, and finally at the coal mines of Alpaco (Cebu). 

(b) Tuffaceous, foraminiferal marls from the western slope of the 
Sierra Zambales (Luzon), which are younger than the beds enumerated 
under a, and which possibly belong in the Pliocene. Perhaps equiv
alent to these are the masses of tuff which form the range of hills on 
the coast at Aririgay (Luzon) and which certainly belong to the upper 
Tertiary. 

1 Roth, Ueber d. geolog. Besch. d. Philippinen, p. 338. Oebbeke, Beitriige, p. 453. 
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3. PLIOCENE. 

The beds of the Agusan River (Niindanao) are Pliocene. It is prob
able that as such are also to be counted the hard, light-gray warll:l of 
the river Salac y :Nlaputi (Mindanao) and the clay beds of Paranas 
(Samar), as well as the older coral reefs of the Philippines, especially 
those of Benguet/ which are assuredly not older than the Pliocene. 

4. QUATEltNARY. 

Quaternary are the shell banks which stand 15 feet above the level of 
Laguna de Bay (Luzon), and those on the beach at Paranas, and again 
on the south coast of Samar, where, at Nipa-Nipa, these beds reach 
an elevation of 60 feet above sea level. Here, too, belong the fossil 
coral reefs, which are intimately connected with the living reefs and 
are widely distributed in the Philippines. 2 With them belong the 
recent limestones of Cebu. 

VICARYA CALLOSA Jenk., var. nov. SEMPER!. 

Vicarya (?) callosaJenk. Javan fossils: Quart. Jour. Geol. Soc.l864, Vol. XX, p. 57, 
Pl. VII, fig. 5. .~Hartin, Tertiiirschicht. auf Java, p. 62, Pl. XI, fig. 3. 

The turreted shell consists of flattened whorls, which are separated 
from one another by a distinct but not incised suture, and carry a 

number of sharply defined spiral beadings. .Even 
on the older part of the shell five such beadings are 
visible, the last of which runs immediately in front of 
the after suture of the whorl, and is much stronger 
than the two beadings which lie immediately in front 
of it. Then follows a strong ridge, again succeeded 
by a very slender one on the anterior edge. On the 
younger parts of the shell sharp knots are situated 
on the last spiral of the whorls. They number eight 
to nine, and with the growth of the shell become 
modified into short, sharp prongs which stand at 
right angles to the axis of the shell. In front of 
this row of prongs, which accompanies the suture, 
only three spiral beadings are observable, of which 

FIG. 103.-Vicarya callosa the first two are the str~:mgest, while the fifth spiral 
from ~Hnanga. beading of the older turns is covered by the suc-

ceeding whorl. The incremental lines are .smoothly but deeply bent 
into the shape of an S, in such a way that the deepest incurvation, 
corresponding- to the incision of the exterior lip, lies between the two 
strong spiral beadings on the frontal termination of the whorls. 

The terminal whorl carries in front of the suture several more spiral 
beadings ·of variable strength. The canal is short and bent backward, 

1 Compare Semper, Zeitschr. fUr allg. Erdkunde, 1862, p. 84; and Philippinen, p. 18; also vo.n 
Drasche, Fragmente, p. 31. 
~For distribution see Semper, Philippinen, p. 18. 
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the pillar is provided with a distinct fold, the interior lips being swollen 
and thickened in such a way that the thickening on the left forms a 
half-moon-shaped swelling which rests on the terminal '''horl and is. 
prolonged as a tongue to the right. The exterior lip is not preserved, 
but, judging from the incremental lines, it has the same shape as in 
V. Vernenili d'Arch. The length of the largest complete individual is 

74 mm., and this size, to judge from the material at hand, is rarely 
or never exceeded. 

A .;;light variation from the foregoing usual development is broug-ht 
about by the interpolation of a. fine additional beading between the two 
spirals which include between them the incision of the outer lip. In 
other cases these spirals are inconspicuous at this point, while between 
the horns two longitudinal beadings are developed., · 

V. cailosa J enk. from Java is never provided with such prominent 
beadings as is the fossil here described, and only in very isolated cases 
is the sculpture· of the latter feebly indicated on the 
former, so that the spiral sculpture of the Philippine 
fossil affords a good distinction. The .Javanese form is 
also larger and stouter, and its prongs have a different 
character, while the callosity of the inner lip reaches 
farther back and here, as a rule, enve:i.ops a prong· of the 
previous whorl. Nevertheless, the relationship of the 
fossil undet~ discussion to the Javanese V. callosa J enk. 
is so close that I can regard it only as a local variety of 
the latter. 

From V. V erneuili d' Arch. (Descript. d. anim. foss. de FIG. 104 __ Vica

l'Inde, p. 298, Pl. XXVIII, fig. 4) it is easy to distin- rya callosa from 

guish the Philippine form, as well as that from. Java; for Dicamui Brook. 

the species from British India, in addition to the principal row of 
knobs, bears spirals provided with delicate granules. Moreover, 
knobs along the suture of the younger portion of the shell are not 
transformed into prongs, as in the .Javanese fossils, and still more in 
those from the Philippines; and finally, the callosity of the inner lip 
is differently shaped. 

No other representatives of Vicarya are yet known, for the fossil 
which Hislop described as V. fusiformis Hislop (Foss. shells of Nag
pur, Quart. Jour. Geol. Soc., Vol. XVI, p. 1'77, Pl. VIII, fig. 36) 
certainly can not be g-rouped with the species mentioned. 

I have before me fourteen individuals and fragments of the Philip
pine variety of V. callosa Jenk., which I wish to call var. Semperi. 

Fig. 1 comes from :Vlinanga, from the right bank of the Catalangan. 
Fig. 2 comes from the brook Dicamui in Luz6n. 1 

Finished October, '95. 

1 These figures have been reduced to three-fourths the size of the original, to facilitate copying.-G. F. B. 
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[Twenty-first Annual Report, Part III.] 

The statute approverl March 3, 1879, establishing the United States Geological Survey, cbntains the 
following provisions: 

"The publications of the Geological Survey shall consist of the annual report of operations, geolog-. 
ical and economic maps illustrating the resources and classification of the lands, and reports upon 
general and economic geology and paleontology. The annual report of operations of the Geological 
Survey shall accompan·y the annual report· of the Secretary of the Interior. All special memoirs and 
reports of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, 
but otherwise in ordinary octavos. Three thousand copies of. each shall be published for scientific 
exchanges and for sale at the price of publication; and all literary and cartographic materials 
received in exchange shall be the property of the United States and form a part of the library of the 
organization; and the money resulting from the sale of such publications shall be covered into the 
Treasury of the United States." 

Except in those cases in which an extra number of any special memoir or report has been supplied 
to the Survey by resolution of Congress, or has been ordered by the Secretary of the Interior, this 
office has no copies for gratuitous distribution. 

ANNUAL REPORTS. 

I. First Annual Report of the United States Geological Survey, by Claren<;e King. 1880. 8°. 79 pp. 
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IX. Ninth Annual Report of the United States Geological Survey, 18S7-'88, by J. "\V. Powell. 1889. 
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8°. 2 pt. X\', 757 pp., 66 pl. and maps; ix, 3.51 pp., 30 pl. 
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S0 • 2 pt. xiii, 675 pp., 5:3 pl. and maps; xviii, 576 pp., 146 pl. and maps. 

XIII. Thirteenth Annual Report of the United States Geological Survey, 1891-'92, by J. W. Powell. 
1893. 8°. 3 pt. vii, 240 pp., 2 maps; x, 372 pp., 105 pl. and maps; xi, 486 pp., 77 pl. and maps. 

XIV. Fourteenth Annual Report of the United StateR Geological Survey, 1892-'93, by J. W. Powell. 
1893. 8°. 2 pt. vi, 321 pp., 1 pl.; XX, 597 pp., 74 pJ. 

XV. Fifteenth Annual Report of the United States Geological Survey, 1893-'94, by J. W. Powell. 
1895. S0 • xiv, 755 pp. 48 pl. 

XVI. Sixteenth Annual Report of the United States Geological Survey, 1894-'95, Charles D. Walcott, 
Director. 1895. (Part I, 1896.) 8°. 4 pt. xxii, 910 pp., 117 pl. and maps; xix, 598 pp., 43 pl. and 
·maps; xv, 646 pp., 23 pl.; xix, 735 pp., 6 pl. 

XVII. Seventeenth Annual Report of the United States Geological Survey, 1895-'96, Charles D. 
Walcott, Director. 1896. 8°. :3 pt. in 4 vol. xxii, 1076 pp., 67 pl. and maps; xxv, 864 pp., 11:3 pl. and 
maps; xxiii,542 pp.,8 pl. and maps; iii, M3-105H pp., 9-1:3 pl. 
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Price $1.00. 
XVII. The Flora of the Dakota Group, a Posthumous Work, by Leo Lesquereux. Erlited by F. H. 

Knowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10. 
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33. Notes on the Geology of ~orthern California, by J. S. Diller. 1S86. S0 • 23 pp. Price 5 cents. 
34. On the Relation of the Laramie Molluscan Fauna to that of the Succeeding Fresh-Water Eocene 

and Other Groups, by Charles A. White. 1S86. S0 • 54 pp. 5 pl. Price 10 cents. 
35. Physical Properties of the Iron-Carburets, by Carl Barns and Vincent Strouhal. 188li. S0 • 62 

pp. Price 10 cents. 
36. Subsidence of Fine Solid ParticlBs in Liquids, by Carl Barns. 1886. 8°. 58 pp. Price 10 cents. 
37. Types of the Laramie Flora, by Lester F. Ward. 1887. S0 • 354 pp. ·57 pl. Price 25 cents. 
38. Peridotite of Elliott Count):, Kentucky, by .J." S. Diller. 1887. S0 • 31 pp. 1 pl. Price 5 cents. 
39. The t'"pper Beaches and Deltas of the Glacial Lake Agassiz, by Warren l'phnm. 1S87. 8°. S4 

pp. 1 pl. Price 10 cents. 
40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 18S7. 

8°. 10 pp. 4 pl. Price 5 cent!'. 
·11. On the Fossil Faunas of the l'pper Devonian-the Genesee Section, Xew York, by Henry S . 

.William!'. 1SS7. S0 • 121 pp. 4 pl. Price 15 cents. 
42. Report of Work done in the Dh·ision of Chemistry and Physics, mainly during the Fiscal Year 

188.)-'86. F. W. Clarke, Chief Chemist. 1887. S0 • 152 pp. 1 pl. Price 15 cents. 
43. Tertiary and Cretaceous Strata of the Tmcaloosa, Tombigbee, and Alabama Rivers, by Eugene 

A. Smith and Lawrence C . .Johnson. 1SS7. S0 • 1S9 pp. 21 pl. Price 15 cents. 
44. Bibliography of Xorth American Geology for 1886, by :Nelson H. Darton. 1887. 8°. 35 pp. 

Price 5 cents. 
45. The Present Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1887. 8°. 94 

pp. Price 10 cents. 
46. ~ature and Origin of Deposits of Phosphate of Lime, by R. A. J.'. Penrose, jr., with an Introduc

tion by .X. S. Shaler. 1S88. S0 • 143 pp. Price 15 cents. 
47. Analyses of Waters of the Yellowstone ~ational Park, with an Account of the :\Iethods of 

Analysis employed, by Frank Austin Gooch and James Edward Whitfield. 18SS. 8°. 84 pp. Price 
10 cents. 

48. On the Form and Position of the Sen Level, by Robert Simpson Woodward. 188S. S0 • SS pp. 
Price 10 cents. 

49. Latitudes and Longitudes of Certain Points in :\Iissonri, Kansas, and Xew ::\fexico, by Robert 
Simpson Woodward. 18S9. 8°. 133 pp. Price 15 cents. 

50. Formulas and Tables to facilitate the Construction and rse of :\laps, by Robert Simpson Wood
ward. 1889. S0 • 124 pp. Price lil Cl'nt~. 

51. On Invertebi:ate Fo::sils from the Pacific Coast. by Charles Abiathar White. 1889. 8°. 102 pp. 
14 pl. Price 15 cgnt;:. 
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52. Subaerial Decay of Rocks and Origin of the Red Color of Certain Formations, by Israel Cook 
Russell. 1889. 8°. 65 pp. 5 pl. Price 10 cents. 

53. The Geology of Xantucket, by Xathaniel Southgate Shaler. 1889. 8°. 55 pp. 10 pl. Price 10 
cents. 

E4. On the Thermo-Electric )Ieasurement of High Temperatures, by Carl Barus. 1889. S0 • 313 pp. 
inel. 1 pl. 11 pl. Price 25 cents. · 

55. Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal Year 
1886-'87. Frank Wigglesworth Clarke, Chief Chemist. 1889. 8°. 96 pp. Price 10 cents. 

56. Fossil Wood and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889. 8°. 72 pp. 
7 pl. Price 10 cents. 

57. A Geological Reconuoissance in Southwestern Kansas, by Robert Hay. 1890. 8°. 49 pp. 2 pl. 
Price 5 cents. 

58. The Glacial Boundary in Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by George 
Frederick ·wright, with an Introduction by Thoma,; Chrowder Chamberlin. 1890. 8°. 112 pp. 8 pl. 
Price 15 cents. 

59. The Gabbros and Associated Rocks in Delaware, by Frederick D. Chester. 1890. 8°. •15 pp. 
1 pl. Price 10 cents. 
· 60. Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal Year 

1887-'88. F. W. Clarke, Chief Chemist. 1890. S0 • li4 pp. Price 15 cents. 
61. Contril:mtions to the ~fineralogy of the Pacific Coast, by William Harlow :Melville and Waldemar 

Lindgren. 1S90. S0 • 40 pp. 3 pl. Price 5 cents. 
62. The Greenstone Schist Areas of the ~Ienominee and ~Iarquette Regions of ·Michigan; a Contri

bution to the Subject of Dynamic ~fetamorphism in Eruptive Rocks, by George Huntington Williams; 
with an Introduction by Roland Duer Irving. 1890. S0 • 241 pp. 16 pl. Price 30 cents. 

63. A Bibliography of Paleozoic Crustacea from 1698 to 1889, including a List of North American 
Species and a Systematic Arrangement of Genera, by Anthony W. Vogdes. 1S90. S0 • 177 pp. Price 
15 cents. 

64. A Report of Work done in the Division of Chemistry and Physics, mainlyduringthe Fiscal Year 
1SSS-'S9. F. "'· Clarke, Chief Chemist. 1890. S0

• 60 pp. Price 10 cents. 
65. Stratigraphy of the Bituminous Coal Field ·of Pennsylvania, Ohio, and West Virginia, by Israel 

C. White. 1S91. S0 • 212 pp. 11 pl. Price 20 cents. (Exhausted.) 
66. On a Group of Volcanic Rocks from the Tewan )fountains, New )Iexico, and on the Occurrence 

of Primary Quartz in Certain Basalts, by Joseph Paxson Iddings. 1S90. S0 • 34 pp. Price 5 cents. 
67. The Relations of the Traps of the Kewark System in the New Jersey Region, by Nelson Horatio 

Darton. 1S90. S0 • S2 pp. Price 10 cents. 
6S. Earthquakes in California in 18S9, by James Edward Keeler. 1890. 8°. 25 pp. Price 5 cents. 
69. A Classed and Annotated Bibliography of Fossil Insects, by Samuel Hubbard Scudder. 1S90. 

S0 • 101 pp. Price 15 cents. 
70. Report on Astronomical Work of 1889 and 1S90, by Robert Simpson Woodward. 1S90. S0 • 79 pp. 

Price 10 cents. 
71. Index to the Known Fossil Insects of the World, including )fyriapods and Arachnids, by Samuel 

Hubbard Scudder. 1S91. 8°. 744 pp. Price 50 cents. 
72. Altitudes between Lake Superior and the Rocky ~Iountains, by Warren l:pham. 1891. S0 • 

229 pp. Price 20 cents. 
73. The Viscosity of Solids, by Carl Barns. 1891. S0 • xii, 139 pp. 6 pl. Price 15 cents. 
7-1. The )Iinerals of North Carolina, by Frederick Augustus Genth. 1S91. 8°. 119 pp. Price 15 

cents. 
75. Record of Xorth American Geology for 1SS7 to 1889, inclusive, by Xelson Horatio Darton. 1891. 

8°. 173 pp. Price 15 cents. 
76. A Dictionary of Altitudes in the 'Cnited States (Second Edition), compiled by Henry Gannett, 

Chief Topographer. 1891. S0 • 393 pp. Price 25 cents. · 
77. The Texan Permian and its ~fesozoic Types of Fossils, by Charles A. White. 1891. S0 • 51 pp. 

4 pl. Price 10 cents. 
7S. A Report of Work clone in the Division of Chemistry and Physics, mainly during the Fiscal 

Year 1SS9-'90. F. W. Clarke, Chief Chemist. 1S91. S0 • 131 pp. Price 15 cents. 
79. A Late Volcanic Eruption in Xorthern California and its Peculiar Lava, by J. S. Diller. 1891. 

S0 . 33 pp. 17 pl. Price 10 cents. 
80. Correlation Papers-Devonian and Carboniferous; by Henry Shaler Williams. 1891. sc. :!79 pp. 

Price 20 cents. 
81. Correlation Papers-Cambrian, by Charles Doolittle Walcott. 1~91. 8°. 447 pp. 3 pl. Price 

25 cents. (.E.xhau,:ted.) 
82. CorrelatHH• Papers-Cretaeeous, by Charles A. White. 1S91. 8°. 273 pp. 3 pl. Price 20 cents. 
S3. Correlation Papers-Eocene, by William Bullock Clark. 1891. 8°. 173 pp. 2 pl. Price 15 cents. 
84. Correlation Papers-Xeocene, by W. H. Dall and G. D. Harris. 1S92. 8°. 3-19 pp. 3 pl. Price 

25 cent;;:. 
85. Correlation Papers-The Xewark System, by Israel Cook Russell. 1S92. sc. 3-!4 pp. 13 pl. 

Price 25 rents. 
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86. Correlation Papers-Archean and Algonkian, by C. R. Van Hise. 1892. 8°. 549 pp. 12 pl. 
Price 25 cent~. (Exhausterl.) 

87. A Synopsis of American Fossil Brachiopoda', including Bibliography and Synonymy, by Charles 
Schuchert. 1S97. S0 • 464 pp. Price 25 cents. 

8S. The Cretaceous Foraminifera of Xew Jer:;ey, by Rufus )father Bagg, jr. 1898. S0 • 89 pp. (i pl. 
Price 10 cent~;:. 

S9. SoiiJe LaYa Flows of the Western Slope of the Sierm Xevada, California, by F. Leslie Ransome. 
1898. 8°. 74 pp. 11 pl. Price 15 cents. 

90. A Report of Work done in the Division of Chemistry and Physics, mainly during the Fi~cal 
Year 1S90-'91. F. W. Clarke, Chief Chemist. 1892. 8°. 77 pp. Price 10 cents. 

91. Record of Xorth American Geology for 1890, by Nelson Horatio Darton. 1S91. 8°. ss pp. Price 
10 cents. 

92. The Compressibility of Liquids, by Carl Barns. ll:i92. S0 • 96 pp. 29 pl. Price 10 cents. 
93. Some Insects of Special Interest from Florissant, Colorado, and Other Points in the Tertiaries 

·of Colorado and Utah, by Samuel Hubbard Scudder. 1892. 8°. 35 pp. 3 pl. Price 5 cents. 
94. The ::\Iechanism of Solid Viscosity, by Carl Barus. 1892. S0 • 13S pp. Price 15 cents. 
95. Earthquakes in California in 1S90 and 1891, by Edward Singleton Holden. 1892. S0 • 3rpp. 

Price 5 cents. 
96. The Volume Thermodynamics of I-'iquids, by Carl Barns. 1S92. 8°. 100 pp. Prke 10 cents. 
97 .. The Mesozoic Echinodermata of the United States, by William Bullock Clark. 1S93. S0 • 207 

pp. 50 pl. Price 20 cents. 
98. Flora of the Outlying Carboniferous Basins of Southwestern )Iissouri, by David White. 1S93. 

S0 • 139 pp. 5 pl. Price 15 cents. 
99. Record of North American Geology for 1S91, by Xelson Horatio Darton. 1S92. S0 • 73 pp. 

Price 10 cents. 
100. Bibliography and Index of the Publications of the U. S. Geological Survey, 1879-1S92, by Philip 

Creveling Warman. 1S93. S0 • 495 pp. Price 25 cents. 
101. Insect Fauna of the Rhode Island Coal Field, by Samuel Hubbard Scudder. 1S93. S0 • '27 pp. 

2 pl. Price 5 cents. 
102. A Catalogue and Bibliography of Xorth American )fesozoic Invertebrata, by Cornelius Breck

inridge Boyle. 1S93. S0 • 315 pp. Price 25 cents. 
103. High Temperature Work in Igneous Fusion and Ebullition, chiefly in Relation to Pressure, by 

Carl Barns. 1S93. S0 • 57 pp. 9 pl. Price 10 cents. 
104. Glaciation of the Yellowstone Va.lley north of the Park, by Walter Harvey Weed. 1S93. S0 • 

41 pp. 4 pl. Price 5 cents. 
105. The Laramie and the Overlying Livingston Formation in ::\Iontana, by Walter Harvey Weed, 

with Report on Flora, by Frank Hall Knowlton. 1893. 8°. 68 pp. 6 pl. Price 10 cents. 
106. The Colorado Formation and its Invertebrate Fauna, by T. W. Stanton. 1S93. so. 2SS pp. 

45 pl. Price 20 cents. 
107. Tl1e Trap Dikes of the Lake Champlain Region, by James Furman Kemp a.nd Vernon Free

man :Marsters. 1S93. S0 • 6:.! pp. 4 pl. Price 10 cents. 
108. A Geological Reconnoissance in Central Washington, by Israel Cook Russell. 1893. 8°. lOS pp. 

12 pl. Price 15 cents. 
109. The Eruptive and Sedimentary Rocks on Pigeon Point, ::\Iinnesota, and their Contact Phenom

ena, by William Shirley Bayley. 1893. S0 • 121 pp. 16 pl. Price 15 cents. 
110. The Paleozoic Section in the Vicinity of Three Forks, .:\fontana, by Albert Charles Peale. 1893. 

8°. 56 pp. 6 pl. Price 10 cents. 
111. Geology of the Big Stone Gap Coal Field of Yirginia aml Kentucky, by )farius R. Campbell. 

1S93. S0 • 106 pp. 6 pl. Price 15 cents. 
112. Earthquakes in California in 1S92, by Charles D. Perrine. 1S93. su. 57 pp. Price 10 cents. 
113. A Report of Work done in the Division of Chemistry during the Fiscal Years 1S91-'92 and 

1892-'93. F. W. Clarke, Chief Chemist. 1893. S0 • 115 pp. Price 15 cents. 
114. Earthquakes in California in 1S93, by Charles D. Perrine. IS94. S0 • 23 pp. Price 5 cents. 
115. A Geographic Dictionary of Rhode Island, by Henry Gannett. 1S94. 8°. 31 pp. Price 5 cents. 
116. A Geographic Dictionary of )fassachusetts, by Henry Gannett. 1S94. S0 • 126 pp. Price 15 

cents. 
117. A Geographic Dictionary of Connecticut, by Henry Gannett. 1894. S0 • 67 pp. Price 10 cents. 
118. A Geographic Dictionary of Xew Jersey, by Henry Gannett. 1~94. S0 • 131 pp. Price 15 cents. 
119. A Geological Reconnoissance in Xorthwest Wyoming, by George Romans Eldridge. 1894. 8°. 

72 pp. 4 pl. Price 10 cents. 
120. The Devonian System of Eastern PennsylYania and Xew York, by Charles S. Prosser. IS95 

8°. 81 pp. 2 pl. Price 10 cents. 
121. -~ Bibliography of Xorth American Paleontology, by Charles Rollin Keyes. 1S94. S0 • 2-51 pp. 

Price 20 cents. 
122. Results of Primary Triangulation, by Henry Gannett. 1S94. S0 • 412 pp. 17 pl. Price 25 

cents. 
123. A Dictionary of Geographic Positions, by Henry Gannett. IS95. 8°. 183 pp. 1 pl. Price 15 

cents. 
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124. Revision of ~orth American Fossil Cockroaches, by Samuel Hubbard Scudder. 1895. S0
• 176 

pp. 12 pl. Price 15 cents. 
125. The Constitution of the Silicates, by Frank Wigglesworth Clarke. 1S95. S0

• 109 pp. Price 15 
cents. 

126. A )Iineralogical Lexicon of Franklin, Hampshire, and Hampden Counties, )Iassachusetts, by 
Benjamin Kendall Emerson. 1895. S0 • ISO pp. 1 pl. Price 15 cents. 

127. Catalogue and Index of Contributions to North American Geology, 1782-1S91, by Xelson 
Horatio Darton. 1S96. S0 • 1045 pp. Price 60 cents. 

12S. The Bear River Formation and its Characteristic Fauna, by Charles A. White. 1S95. 8°. 108 
pp. 11 pl. Price 15 cents. 

129. Earthquakes in California in 1S94, by Charles D. Perrine. 1895. 8°. 25 pp. Price 5 cents. 
130. Bibliography and Index of North American Geology, Paleontology, Petrology, and :\Iineralogy 

for 1S92 and 1S93, by Fred Boughton Weeks. 1S96. S0 • 210 pp. Pr1ce 20 cents. 
131. Report of Progress of the Division of Hydrography for the Calendar Years 1S93 and 1S9-I, by 

Frederick Haynes Newell, Topographer in Charge. 1S95. S0 • 126 pp. Price 15 cents. 
132. The Disseminated Lead Ores of Southeastern l\fissouri, by Arthur Winslow. 1S96. S0

• 31 pp. 
Price 5 cents. 

133. Contributions to the Cretaceous Paleontology of the Pacific Coast: The Fauna of the KnoxYille 
Beds, by r. W. Stanton. 1S95. S0 • 132 pp. 20 pl. Price 15 cents. 

134. The Cambrian Rocks of Pennsylvania, by Charles Doolittle Walcott. 1S96. 8°. 43 pp. 15 pl. 
Price 5 cents. 

135. Bibliography and Index of .North American Geology, Paleontology, Petrology, and :Mineralogy 
for the Year 1894, by F. B. Weeks. 1S96. S0 • 141 pp. Price 15 cents. 

136. Volcanic Rocks of South Mountain, Pennsylvania, by Florence Bascom. 1S96. S0 • 124 pp. 2S 
pl. Price 15 cents. 

137. The Geology of the Fort Riley )Iilitary Reservation and Vicinity, Kansas, by Robert Hay. 
1S96. S0 • 35 pp. S pl. Price 5 cents. 

13S. Artesian-Well Prospects in the Atlantic Coastal Plain Region, by X. H. Darton. 1S96. S0 • 22S 
pp. 19 pl. Price 20 cents. ·. 

139. Geology of the Castle .Mountain :\lining District, :\Iontana, by"'· H. Weed and L. V. Pirsson. 
1S96. S0 • 164 pp. 17 pl. Price 15 cents. 

140. Report of Progress of the Division of Hydrography for the Calendar Year 1S95, by Frederick 
Haynes Newell, Hydrographer in Charge. 1S96. S0 • 356 pp. Price 25 cents. 

141. The Eocene Deposits of the Middle Atlantic Slope in Delaware, :Maryland, and Virginia, by 
William Bullock Clark. 1S96. S0 • 167 pp. 40 pl. Price 15 cents. 

142. A Brief Contribution to the Geology and Paleontology of Xorthwestern Louisiana., by T. Wny
land Vaughan. 1S96. S0 • 65 pp. 4 pl. Price 10 cents. 

143. A Bibliography of Clays and the Ceramic Arts, by John C. Branner. 1S96. S0 • 114 pp. Price 
15 cents. · 

144. The )Ioraines of the l\IisRouri Coteau and their Attendant Deposits, by James Edward Todd. 
1S96. S0 • 71 pp. 21 pl. Price 10 cents. 

145. The Potomac Formation in Virginia, by W. M. Fontaine. 1896. 8°. 149 pp. 2 pl. Price 15 cents. 
146. Bibliography and Index of North American Geology, Paleontology, Petrology, and )Iineralogy 

for the Year 1S95, by F. B. Weeks. 1S96. S0 • 130 pp. Price 15 cents. 
147. Earthquakes in California in 1S95, by Charles D. Perrine, Assistant Astronomer in Charge of 

Earthquake Observations at the Lick Observatory. 1S96. S0 • 23 pp. Price 5 cents. 
14S. Analyses of Rocks, with a Chapter on Analytical :\Iethods, Laboratory of the United States 

Geological Survey, 1880 to 1S96, by F.W. Clarke and W. F. Hillebrand. 1S97. S0 • 306pp. Price 20cents. 
149. Bibliography and Index of North American Geology, Paleontology, Petrology, and ~Iineralogy 

for the Year 1896, by Fred Boughton Weeks. 1S97. S0 • 152 pp. Price 1.5 cents. 
150. The Educational Series of Rock Specimens Collected and Distributed by the Gnited States 

Geological Survey, by Joseph Silas Diller. 1S9S. S0 • 400 pp. 47 pl. Price 25 cents. 
151. The Lower Cretaceous Gryph::eas of the Texas Region, by R. T. Hill and T. Wayland Vaughan. 

189S. S0 • 139 pp. 35 pl. Price 15 cent>J. 
152. A Catalogue of the Cretaceous and Tertiary Plants of North America, by F. H. Knowlton. 

189S. 8°. 247 pp. Price 20 cents. 
153. A Bibliographic Index of North American Carboniferous Invertebrates, by Stuart Weller. 1S9S. 

S0 • 6.53 pp. Price 35 cents. 
154. A Gazetteer of Kansas, by Henry Gannett. 1898. S0 • 246 pp. 6 pl. Price 20 cents. 
155. Earthquakes in California in 1S96 and 1S97, by Charles D. Perrine, Assistant Astronomer in 

Charge of Earthquake Observations at the Lick Observatory. 1S9S. S0 • 47 pp. Price 5 cents. 
156. Bibliography and Index of North American Geology, Paleontology, Petrology, and ~Iineralogy 

for the Year 1S97, by Fred Boughton Weeks. 1S9S. S0 • 130 pp. Price 15 cents. 
157. The Gneisses, Gabbro-Schists, and Associated Rocks of Southwestern ~:linnesota, by Christopher 

Webber Hall. 1S99. S0 . 160 pp. 27 pl. Price 45 cents. 
158. The Moraines of Southeastern South Dakota and their Attendant Deposits, by James Edward 

Todd. 1S99. S0 • 171 pp. 27 pl. Price 25 cents. · 
159. The Geology of Eastern Berkshire County, )Iassachusetts, by B. K. Emerson. 1899. S0 • 139 

pp. 9 pl. Price 20 cents. 
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160. A Dictionary of Altitudes in the Fnited States (Third Edition), compiled by Henry Gannett. 
1S99. S0 • 775 pp. Price 40 cents. 

161. Earthquakes in California in 1S9S, by Charles D. Perrine, Assistant Astronomer in Charge of 
Earthquake Observations at the Lick Observatory. 1S99. S0 • 31 pp. 1 pl. Price 5 cents. 

162. Bibliography and Index of North American Geology, Paleontology, Petrology, and ::\Iineralogy 
for the Year 1S9S, by Fred Boughton Weeks. 1S99. S0 • 163 pp. Price 15 cents. 

163. Flora of the l\Iontana Formation, by Frank Hall Knowlton. 1900. S0 • 118 pp. 19 pl. Price 
15 cents 

164. Reconnaissance in the Rio Grande Coal Fields of Texas, by Thomas Wayland Vaughan, includ
ing a Report on Igneous Rocks from the San Carlos Coal Field, by E. C. E. Lord. 1900. S0 • 100 pp. 
11 pl. and maps. Price 20 cents. 

1B5. Cvntributions to the Geology of ::\Iaine, by Henry S. Williams and Herbert E. Gregory. 1900. 
S0 • 212 pp. 14 pl. Price 25 cents. 

166. A Gazetteer of Utah, by Henry Gannett. 1900. 8°. 43 pp. 1 map. Price 15 cents. 
167. Contributions to Chemistry and )Iineralogy from the Laboratory of the l:nited States Geolog

ical Survey; Frank W. Clarke, Chief Chemist. 1900. S0 • 166 pp. Price 15 cents. 
16S. Analyses of Rocks, Laboratory of the "Cnited States Geological Survey, 1SSO to 1899, tabulated 

by F. W. Clarke, Chief Chemist. 1900. 8°. 30S pp. Price 20 cents. 
169. Altitudes in Alaska, by Henry Gannett. 1900. S0 • 13 pp. Price 5 cents. 
170. Survey of the Boundary Line between Idaho and l\Iontana from the International Boundary 

to the Crest of the Bitterroot :\fountains, by Richard Urquhart Goode. 1900. S0 • 67 pp. 14 pl. Price 
15 cents. 

171. Boundaries of the "Cnited States and of the Several States and Territories, with an Outline of 
the History of all Important Changes of Territory (Second Edition), by Henry Gannett. 1900. S0 • 

142 pp. 53 pl. Price 30 cents. 
172. Bibliography and Index of Xorth American Geology, Paleontology, Petrology, and Mineralogy 

for the Year 1S99, by Fred Boughton Weeks. 1900. 8°. 141 pp. Price 15 cents. 
173. Synopsis of American Fos~il Bryozoa, including Bibliography and Synonymy, by John )I. 

Nickles and RayS. Bassler. 1900. S0 • 663 pp. Price 40 cents. 
174. Survey of the Xorthwestern Boundary of the Cnited States, 1857-1S61, by )!arcus Baker. 1900. 

S0 • 78 pp. 1 pl. Price 10 cents. 
175. Triangulation and Spirit Leveling in Indian Territory, by C. H. Fitch. 1900. S0 • 141 pp. 1 pl. 

Price 10 cents. 
176. Some Principles and ::\Iethods of Rock Analysis, by W. F. Hillebrand. 1900. S0 • 114 pp. 

Price 15 cents. 
178. TheEl Paso Tin Deposits, by Walter Harvey Weed. 1901. 8°. 15 pp. 1 pl. Price 5 cents. 

In press: 
177. Catalogue and Index of Publications of U. S. Geological Survey. 1SS0-1901, by P. C. Warman. 

In preparation: 
Bibliography and Cata!ogue of the Fossil Vertebrata of North America, by Oliver Perry Hay. 

WATER-SCPPLY AXD IRRIGATIOX PAPERS. 

By act of Congress approved June 11, 1S96, the following provision was made: 
"Provided, That hereafter the reports of the Geological Survey in relation to the gauging of 

streams and to the methods of utilizing the water resources may be printed in octavo form, not to 
exceed one hundred pages in length and five thousand copies in number; one thousand copies of 
which shall be for the official use of the Geological Sur\·ey, one thousand five hundred copies shall be 
deliyered to the Senate, and two thousand five hundred copies shall be delivered to the House of 
Representatives, for distriburion." 

Under this law the following papers have been published: 
1. Pumping Water for Irrigation, by Herbert ~I. Wilson. 1S96. S0 • 57 pp. 9 pl. 
2. Irrigation near Phcenix, Arizona, by Arthur P. Davis. 189i. S0 • 97 pp. 31 pl. 
3. Sewage Irrigation, by George W. Rafter. 1897. 8°. 100 pp. 4 pl. 
4. A Reconnoissance in Southeastern Washington, by Israel Cook Russell. 1S97. S0 • 96 pp. 7 pl. 
5. Irrigation Practice on the Great Plains, by Elias Branson Cowgill. 1S97. S0 • 39 pp. 12 pl. 
6. l'nderground Waters of Southwestern Kansas, by Erasmuth Haworth. 1S97. S0 • 65 pp. 12 pl. 
7. Seepage Waters of Xorthern L'"tab, by Samuel Fortier. 1897. S0 • 50 pp. 3 pl. 
8. Windmills for Irrigation, by E. C. )lurphy. 189i. S0 • 49 pp. S pl. 
9. Irrigation near Greeley, Colorado, by David Boyd. 1S97. S0 • 90 pp. 21 pl. 

10. Irrigation in )fesilla Valley, Xew ::\Iexico, by F. C. Barker. 1S9S. S0 • 51 pp. 11 pl. 
11. River Heights for 1896, by Arthur P. Davis. 1S9i. S0 • 100 pp. 
12. l:nderground "'aters of Southeastern Xebraska, by X. H. Darton. 1S9S. 8°. 56 pp. 21 pl. 
13. Irrigation Systems in Texas, by William Ferguson Hutson. 1S9S. S0 • 67 pp. 10 pl. 
14. ~ew Tests of Pumps and Water-Lifts used in Irrigation, by 0. P. Hood. 1S9S. 5°. 91 pp. 1 pl. 
15. Operations at River Stations, 1897, Part I. 1898. 8°. 100 pp. 
16. Operations at RiYer Station;;, 1897, Part II. 1898. S0 • 101-200 pp. 
17. Irrigation near Bakersfield, California, by C. E. Grunsky. 1S9S. S0 . 96 pp. 16 pl. 
18. Irrigation near Fresno, California, by C. E. GrW18ky. 1S98. S0 . 94 pp. 14 pl. 
19. Irrigation near ~Ierced, California, by C. E. Grunsky. 1899. 8°. 59 pp. 11 pl. 
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20. Experiments with Windmills, by T. 0. Perry. 1S99. 8°. 97 pp. 1:2 pl. 
21. \Yells of Xorthern Indiana, by Frank Leverett. 1899. 8°. 82 pp. 2 pl. 
22. Sewage Irrigation, Part II, by George \Y. Rafter. 1S99. S0 • 100 pp. 7 pl. 
23. Water-right Problems of the Bighorn :\fountains, by Elwood :\lead. 1S99. 8°. 62 pp. 7 pi. 
24. Water Resources of the State of Xew York, Part I, by G. W. Rafter. 1899. 8°. 99 pp. 13 pl. 
25. Water Resources of the State of Xew York, Part II, by G. W. Rafter. 1S99. S0 • 101-200pp. l:lpl. 
26. Wells of Southern Indiana (Continuation of Xo. 21), by Frank LeYerett. 1S99. S0 • 64 pp. 
27. Operations at River Stations for 1S9S, Part I. 1899. S0 • 100 pp. 
2S. Operations at RiYer Stations for 189S, Part II. 1899. S0 • 101-200 pp. 
29. Wells and Windmills in Xebraska, by Erwin H. Barbour. 1S99. S0 • 85 pp. 27 pl. 
30. Water Resources of the Lower Pepinsula of ~lichigan, by Alfred C. Lane. 1S99. 8°. 97 pp. 7 pl. 
31. Lower :\Iichigan :\Iineral Waters, by Alfred C. Lane. 1S99. S0 • 97 pp. 4 pl. 
32. Water Resources of Puerto Rico, by Herbert :\I. Wilson. 1S99. 8°. 4S pp. 17 pl. 
33. Storage of Water on Gila River, Arizona, by Joseph B. Lippincott. 1900. S0 • 98 pp. 33 pl. 
34. Geology and Water Resources of SE. South Dakota, by J. E. Todd. 1900. S0 • 34 pp. 19 pl. 
35. Operations at River Stations, 1899, Part I. 1900. S0 • 100 pp. 
36. Operations at River Stations, 1S99, Part II. 1900. S0 • 101-19S pp. 
37. Operations at River Stations, 1S99, Part III. 1900. S0 • 199-29S pp. 
38. Operations at River Stations, 1899, Part IV. 1900. S0 • 299-396 pp. 
39. Operations at River Stations, 1S99, Part V. 1900. S0 • 397-471 pp. 
40. The Austin Dam, by Thomas l'. Taylor. 1900. S0 • 51 pp. 16 pl. 
41. The Windmill; Its Efficiency and Economic Use, Pt. I, by E. C. ::\Iurphr. 1901. S0 • i2 pp. 14 pl. 
42. The Windmill; Pt. II (Continuation of Xo. 41). 1901. S0 • 73-147 pp. 15--16 pl. 
43. Conveyance of Water, by Samuel Fortier: 1901. S0 • S6 pp. 15 pl. 
44. Profiles of Rivers, by Henry Gannett. 1901. 8°. 100 pp. Jl pl. 

In press: 
45. Water Storage on Cache Creek, California, by A. E. Chandler. 
46. Physical Characteristics of Kern River, California, by F. H. Olmsted, and Reconnaissance of 

Yuba River, California, by M. :Manson. 
47. Operations at River Stations, 1900, Part I. 
48. Operations at River Stations, 1900, Part II. 
49. Operations at River Stations, 1900, Part III. 
50. Operations at River Stations, 1900, Part IV. 

TOPOGRAPHIC :\lAP OF THE CXIT.ED STATES. 

"'hen, in 1S82, the Geological Survey was directed by law to make n. geologic map of the United 
States, there was in existence no suitable topographic map to sen·e as a base for the geologic map. 
The preparation of such a topographic map was therefore immediately begun. About one-fifth of 
the area of the country, excluding Alaska, has now been thus mapped. The map is published in 
atlas sheets, each sheet representing a Rmall quadrangular district, ns explained under the next head
ing. The separate sheets are sold at 5 cents each when fewer than 100 copies are purchased, but 
when they are ordered in lots of 100 or more copies, whether of the same sheet or of ilifferent sheets, 
the price is 2 cents each. The mapped areas are widely seattered. nearly every State being repre
sented. About 1,100 sheets have been engraved and printerl; de~cripti\·c circulars concerning them 
may be had on application. 

The map sheets represent a great variety of topographic features, and with the aid of descriptive 
text they can be used to illustrate topographic forms. This has led to the projection of an educa
tional series of topographic folios, for use wherever geography is taught in high schools, academics, 
and colleges. Of this series the first three folios have been issued, viz: 

1. Physiographic types, by Henry Gannett. 1898. Folio. Four pages of descriptive text and the fol
lowing topographic sheets: Fargo (N. Dak.-:\Iinn.), fL region in youth; Charleston (W. Ya. ), a region in 
maturity; Caldwell (Kans.), a region in old age; Palmyra (Va.), a rejuvenated region; :\Iount Shasta 
(Cal.), n. young volcanic mountain; Eagle (Wis.), moraines; Sun Prairie (Wis.), drumlins; Donald
sonville (La.), river fJ0wl plain<;: Boothbay ()1e.), n. fiord coast; Atlantic City (X . .J.), 11. barrier-beaeh 
coast. Price 25 cents. 

2. Physiographic types, by Henry Gannett. DOO. Folio. Eleven pages of descriptive text and tl:e 
following topographic sheets: Norfolk (Va.-N.C.), a coast swamp; ::\Iarshall ()Io.), a graded river; Lex
ington (Xebr.), an overloaded stream; Harrisburg (Pa.), Appalachian ridges; Poteau :\fountain (Ark.
Ind. T.), Ozark ridgf's; :\Iarshall (Ark.), Ozark Plateau; West Denver (Colo.), hogbacks: :\fount Taylor 
(N.Mex.), volcanic peaks, plateaus, and necks; Cucamonga (Cal.), alludnl cones; CraterLakeRpecial 
(Oreg.), a crater. Price 25 cents. 

3. Physical geography of the Texas region, by Robert T. Hill. 1900. Folio. Twelve pages of text 
(including 11 cuts); 5 sheets of special half-tone illustrations; 5 topographic sheets, one showing types 
of mountains, three showing types of plains and scarps, and one showing types of rivers and cany0ns; 
and a new map of Texas and parts of adjoining territories. Price 50 cents. 

GEOLOGIC ATLAS OF THE CXITED STATES. 

The Geologic Atlas of the United States is the final form of publication of the topographic and 
geologic maps. The atlas is issued in parts, or folios, progressively as the surveys are extencler1, and 
is designed ultimately to cover the entire country. 

Cuder the plan adopted the entire area of the country is divided hlto small rectangular districts 
(designated quadrangles), bounded hy certain meridians and parallels. The unit of survey is also the 
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unit of publication, and the maps and descriptions of each rectangular district are issued as a folio of 
the Geologic Atlas. 

Each folio contains topographic, geologic, economic, and structural maps, together with textual 
descriptions and explanations, and is designated by the name of a principal town or of a prominent 
natural feature within the district. 

Two forms of iRsue have been adopted, a "library edition" and a "field edition." In both the 
sheets are bound between heavy paper covers, but the library copies are permanently bound, while 
the sheets and covers of the field copies are only temporarily wired together. 

Under the law a copy of each folio is sent to certain public libraries and educational institutions. 
The remainder are sold at 25 cents each, except such as contain an unusual amount of matter, which 
are priced accordingly. Prepayment is obligatory. The folios ready for distribution are here listed. 

No. Name of sheet. State. Limiting meridians. Limiting varallels. 
Area, in Price, 
, square. in 
' miles. :cents. 

-------------·----------:---------------
1 I Livingston .......... ! ~fontana . ' 
2 I r~· CT old {' Georgia ... } :dn.,g · · · · · · · · · · Tennessee 
3 , Placerville .......... : California I 
41 Kingston a .......... Tennessee 

1 

5 , Sacramento ........ ·I California 
G , Chattanooga a ...... , Tennessee 
7 , Pikes Peak a .... ... ·I Colorado .

1 

8 Sewanee ............ , Tennessee 
9 Anthracite-Crested 1 Colorado . 

Butte. a {I Virginia .. } 
10 i Harpers Ferry ...... : West Va .. ' 

, :Maryland. 
11 ; Jackson ............. ; California 1 

1? I Est.illville .......... {,. ~~~t~~~);l,} 
- ! Tennessee I 

· . . . {' ~Iaryland. 13 : Fredcncksburg .... 
1 

Virginia_., 
I St t {; Virginia .. 14 : ann OIL .......... 1 West Va .. 

1-5 , Lassen Peak ........ ~ California I 
r • ,· {

1 Tennessee } 16 Knox' Ille . . . . . . . . . N.Carolina 
17 :Marysville .......... I California I 
18 Smartsville ......... ! California 

1 Tennessee 

120° 30'-121° 
84° 30'-85° 

121°-121° 30' 
85°-85° 30' 

105°-105° 30' 
85° 30'-86° 

106° 45'-107° 15' 

120° 30' -121D 

121°-122° 

83° 30'-84° 
121° 30'-122° 
121°-121° 30' 

19 Stevenson ......... -{: ~~~~;~a-: } 

2? I c~~ve_l_and ........... Tennessee ~s·t~--83~~-853"0~ 

22 ~:[. c:\Iinnville ........ Tennessee 85° 30'--86° 

4.)0-!Go: 

34° 30'-35° 

38° 30' -39° ' 
35° 30'-36° i 
38° 30'-39° 
35°-35° 30' I 
38° 30'-39° 
35°-35° 30' ; 
38° 45'-39° 

39°-39° 30' 

38°-38° 30' 

38°-38° 30' 
40°~41° 

35° 30'-36° 

39°-39° 30' 
39°-39° 30' 

34° 30'-35° i 

35°-&5° 30' : 
35° 30'-36° 
35° 30'-36° ' 

38°-38° 30' : 

3,354 I 

980 : 
932 
969 
932 
975! 
932 
975 
465 

925 

938 

957 

938 

938 
3,634 

92-5 

925 
925 

980 

975 
9G9 
969 

938 

21.

1 

PikeHlle............ Tennessee " " 

. N . . { ~Ian·land.} ~6o 30, --o 
~3 .1. Olllllll .. .. .. .. .. .. Virginia.. 1 -11 

24 1 Three Forks ........ , ~fontana. 111°-112° 
25 1 Loudon ............. : TenneEsee &1°--84° 30' 

45°-46° ' 3, 354 
35° 30'-36° 9G9 

26 1~oc ho t c { Virginia .. } 8 o--s o 30' 

- I 
a_ n a.~ ........ , West Va.... 1 1 · 

2, 
1 
~Iornsto" n ........ ·I Ten 11 essee I 88°--83° 30' 

37°-37° 30' ' 

36°-36° 30' : 

39°-39° 30' 1 

1 p· d t { :Maryland.} ~go -go 30, 28 I Ie mon .......... West Ya .. i 1 _, 

29 Nevada City: I 
Nevada Citv .. ·} { 121° 00' 2511-121° 03' 4511 

Grass Valle'y... California 121° 01' 3f>11-121° 05' 04" 
Banner Hill.... 120° 57' 0511-121° 00' 2511 

39° 13' 5011-39° 17' 1G" 
39° 10' 22"-39° 13' 50" 
39° 13' 50''-39° 17' 1611 

30 Yellowstone );a- 1 

tiona] Park: 1 

Gallatin ...... ··1 
Canyon ........ , "'voming. 
Shoshone ...... 1 • 
Lake .......... . 

31 1 Pyramid Peak ....... 1 California 
. F kl' {' Yirginia .. l 32 1 ran IlL----·----· 1 ,\.est Ya .. J 

33 Briceville ........... I Tennessee 
34 : Buckhannon ....... ·1 West Va .. 
35 Gadsden ............ Alabama. 
3G Pueblo.............. Colorado . 
37 Downieville . . . . . . . . California 
38 . Butte Special . . . . . . . l\Iontana . 
39 ' Truckee............. California I, 

40 , Wartburg........... Tennessee 
41 Sonora . . . . . . . . . . . . . . California 
42 Xneces.............. Texas ..... 
43 Bidwell Bar ......... California 1 

' . { Virginia .. } 
44 Taze"ell........... West Ya .. 
45 Boise. .. . .. . .. . .. .. .. Idaho .... 
46 , Richmond .......... Kentucky 
47 • London ............. Kentucky. 

120°-120° 30' 44°-45° 

79°-79° 30' 38° 30'-39° 

84°--84° 30' 36°-36° 30' 
.80°~S0° 30' 38° 30'-39° 
86°--86° 30' I 34°-34° 30' 

104° 30'-105° 38°-38° 30 
1200 30' -121° 39° 30' -40° 

112° 29' 30'1-112° 36' 4211 145° 59' 2811-46° 0'2' 5411 

120°-120° 30' 1 39°-39° 30' 
84° 30'--85° I 36°-36° 30' 

120°-120° 30' 37° 30'-38° 
100°-100° 30' : 29° 30' -30° 
121°-121° 30' , 39° 30'-40° 

81° 30' --82° 

116°-116° 30' 
84°--84° 30' 
84°--84° 30' 

a Out of ~tock. 

37°-37° 30' 

43° 30' --44 ° 
37° 30'-38° 
37°-37° 30' 

951 

9G3 
925 

ll.G5 
12.09 
11.65 

~.412 

932 

932 

9G3 
932 
986 
938 
919 

2'2.80 : 
925 
963 I 
944 

1,035 
918 
950 

8G4 
944 
950' 

} 

25 

25 

25 
25 
25 
25 
25 
25 
50 

25 

25 

25 

25 

25 

25 

25 

25 
25 

25 

25 
25 
25 
25 

50 
25 

25 

25 

25 

50 

75 

25 

25 
25 
25 
2-5 
50 
25 
50 
25 
25 
25 
25 
25 

25 

25 
25 
25 
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I ' IArea,in Price, 
No. Xame of sheet. State. Limiting meridians. Limiting parallels. square in 

I , miles. cents. 
----------------------------------

Colorado .1 106° S'-106° 16' ! 39° 22' 30'1-39° 30' 30'' 55 ~ 4S Tenm:.le District 
Special. 

49 Roseburg . . . . . . . . . . . Oregon ... 

50 Holyoke .......... -{ 610~~~;:::::} 
51 Big Trees ........... · California 
52 Absaroka: , 

Crandall ...... ·}· Wvoming. 
Ishawooa. ..... · 

f\3 Standingstone ...... ! Tennessee 
54 Tacoma ............. Washing-

, ton. 
55 Fort Benton ........ · :Montana . 
56 Little Belt l\Its...... :Montana . 
57 Telluride ........... ' Colorado . 
58 Elmoro . . . . . . . . . . . . . Colorado . 
59 B . t 1 { Virginia .. ) 

ns 0 · · · · · · · · · · · · · Tennessee { 

109° 30'-ll0° 

85°-S5° 30' 
122°-1~2° 30' 

110°-111° 
110°-l11° 

107° 45'-108° 
104°-104° 30' 

s2o-s2o 30' I 
60 , La Plata............ Colorado . 10S0-10S0 15' 
61 :\I t . { Virginia .. } '"go 30' soo ' - on ere~ . . . . . . . . . . West Va.. I -

62 
1 

:Menominee Special. Michigan.· (a NW.-SE. area, about 
63 · l\Iother Lode........ California, (a NW. -SE. ·rectangle. 
64

1 

Cvalde .............. Texas .... · 990 30'-lOOo 
c;:; Tin tic Special. ...... 'L'tah . . . . . 111° 55'-112° 10' 
66 ColftlX.............. California 120° 30'-121° 

6- D •'11 { Illinois ... } s-o 30' s-o 4"' 1 an' 1 e . . . . . . . . . . . Indiana . . 1 - 1 D 

6S ~ Wals~nburg ........ 

1

., ~?~~[~~ao.: l 104° 30'-105o 
69 : Huntmgton........ Ohio...... S2°-82° 30' 

' l\IarYland 
... 0 ,,. h. t Dist: of Co- ... 60 4., ...... 0 1., 
1 as mg on........ )m~l~:?ia. 1 D -11 D 

''Irgmm .. 
71 1 Spanish Peaks...... Colorado . 104° 30'-105° 

43°-43° 30' 8il 25 
42°-42° 30' SS5 50 
3S0-38° 30' ' 938 25 

44°-44° 30' I 1, 706 25 

36°-36° 301 
I 963 25 

47°-47° 30' S12 25 

47°-48° 3, 273 25 
46°-47° 3, 295 25 

37° 45'-38° 236 25 
37°-37° 30' 950 25 

36° 30'-37° 957 25 

370 ., -370 30' I 237 25 

38°-38° 30' 938 25 
22 m. long, 6;\- wide) 150 25 
70 m. long, 6;\- wide) 4-'i5 50 

29°-29° 30' 1, 040 25 
39° 45'-400 229 25 
39°-39° 30' 925 25 
400-400 15' 228 25 

37° 30'-38° 944 25 

38°-38° 30' 938 25 

38° 45'-39° 465 50 

37°-37° 30' 950 25 
-----

STATISTICAL PAPERS. 
~Iineral Re><ources of the 'Cnited States, 1SS2, by Albert Williams, jr. 1883. 8°. xvii, S13 pp. Price 

50 cents. 
l\Iineral Resources of the Cnited States, 1S83 and 1S84, by Albert "'illiams, jr. 18S5. 8°. xiY, 1016 

pp. Price 60 cents. 
:Mineral Resources of the 'Cnited States, 18S5. Division of Mining Statistics and Technology. 1886. 

S0 • vii, 576 pp. Price 40 cents. 
l\Iineral Resources of the lJnited States, 1886, by Da \'id T. Day. 1S87. 8°. viii, S13 pp. Price 50 cents. 
Mineral Resources of the United States, 1SS7, by David T. Day. 1S88. S0. vii, 832 pp. Price 50 cents. 
l\Iineral Resources of the 'Cnited States, lSSS, by David T. Day. 1S90. 8°. vii, 652 pp. Price 50 cents. 
Mineral Resources of the Cnited States, 18S9 and 1S90, by David T. Day. 1892. S0. viii, 671 pp. 

Price 50 cents. 
Mineral Resources of the United l'tates, 1S91, by David '1'. Day. 1893. 8°. vii, 630 pp. Price 50 cents. 
Mineral Resources of the 'Cnited States, 1S92, by David T. Day. 1S93. S0. vii, S50 pp. Price 50 cents. 
l\Iineral Resources of the 'Cnited States, 1893, by David T. Day. 1S94. S0. viii, 810 pp. Price 50 cents. 
On ~larch 2, 1S95, the following provision "·as included in an act of Congress: 
"Provided, That hereafter the report of the mineral resources of the United States shall be issued 

as a part of the report of the Director of the Geological Survey." 
In compliance with this legislation the following reports have been published: 
:Mineral Resources of the 'Cnited States, 1894, David T. Day, Chief of Division. 1895. 8°. xv, 646 

pp., 23 pl.; xix, 735 pp., 6 pl. Being Parts III and IV of the Sixteenth Annual Report. 
~Iineral Resources of the 'Cnited States, 1S95, David T. Day, Chief of Division. 1896. 8°. xxiii, 

542 pp., S pl. and maps; iii, 543-105S pp., 9-13 pl. Being Part III (in 2 vols.) of the Seventeenth 
Annual Report. 
~Iineral Resources of the 'Cnited States, 1896, David T. Day, Chief of Division. 1897. 8°. xii, 642 

pp., 1 pl.; 643-1400 pp. Being PartY (in 2 vol~.) of the Eighteenth Annual Report. 
~Iineral Resources of the C"nited States, 1897, David T. Day, Chief of Division. 1S9S. 8°. viii, 651 

pp., 11 pl.; viii, 706 pp. Being Part YI (in 2 vols.) of the Xineteenth Annual Report. 
:\Iineral Resources of the C"nited States, 1898, David T. Day, Chief of Division. 1S99. so. viii, 616 

pp.; ix, 804 pp., 1 pl. Being Part VI (in 2 vols.) of the Twentieth Annual Report. 
~Iineral Resources of the l;nited States, 1S99, David T. Day, Chief of Division. 1901. 8°. viii, 656 

pp.; viii, 634 pp. Being Part YI (in 2 vols.) of the Twenty-first Annual Report. 
The money received from the sale of the Survey publications is deposited in the Treasury, and the 

Secretary of the Treasllry declines to receive bank checks, drafts, or postage stamps. All remittances, 
therefore, must be by :IIOXE¥ ORDER, made payable to the Director of the 'Cnited States Geological 
Survey, or in Cl:"RREXCY-the exact amount. Correspondence relating to the publications of the 
Survey should be addressed to-

WASHI!'GTOX, D. C., Jfay, 1901. 

THE DIRECTOR, 
LXITED STATES GEOI~OGICAL St:RVEY, 

WASHI!'GTOX, D. c. 




