
REPORT 

of 

COMMITTEE ON THBSIS 

THE undersigned, acting as a committee of 

the Graduate School. have read the accompanying 

thesis submitted by .. ~±f.'±'~SL.~ .•.. JA~J.j. . .9.tL ..... _.-.... _ .. -_._._._ .. 

for the degree of ...... )~.~: .~~~:£ ... 9.f. ... ~~.!.~.~~.~.· ... _ ........ __ .... _._._ .. 

They approve it as a thesis meeting the require

ments of the Graduate School of the University of 

Minneso t a, and recommend that it be accepted in 

partial fulfillment of the requirements for the 

degree of ... JJ~,.!).t.g.l~ ... Q.L.S.9..i.~UQ.f}.A .... _ .......... _ ... _ ...... . 

L.A~IL.-C-~"-~ .. "r __ .......... _ •• • __ ._ ....... _ ........ _- , 

Chairman 

...... _--_.-.. _ ...... _ ..... _._. __ ............ _ ... _.-... -_._. __ ._._ . 

.. _ ....................... .... -._ .. -...... _ ... __ .... ...... _ ..... _._ .... __ .. -

..... -£~ .. 1~.~--. 
........ _.-... _._ ............. _ .. 191 .......... _ .. _-.. _-........... _.-......... _._._._. __ ._ .... _. __ ._.-_ . 

..... _.c.._~.~ .. _ .. _ ... _ .. _._ ...... 



-

! 
I 

REPORT 

of 

COMMITTEE ON THESIS 

THE undersigned, acting as a committee of 

the Graduate School. have read the accompanying 

thesis submitted by ............. .blJ.r.~.d .. E.r. ... M.~JJ·.Q1.L .... _.-.-.-.-~ .. 

for the degree of .. _ ....... _ ....... _~.~.t~.:F. .... Qf. ... ~F..t..~.!. .......... _._ .... _._ .. 

They approve it as a thes i s meeting the require-

ments of the Graduate School of the University of 

Minnosota, and recommend that it be accepted in 

partial fulfillment of t he requirements for the 

degree of ........... ~~~~.~.~.;' .... Q.:L.A~.~.~.~ ............................. __ .. 

-................ -....................... _ .. _ .. --_ ..................... _. _ .............. --.. """ .. _-
Chairman 

... _ ................................................ _._ ......... _.-....... _.-.... _ ...... _ .. _ .... _. 
_ ................. -.......... __ .-._ .................. _ ..... _.:_.-......... -._ .... . 
........ ..... _ ............. _ .... -.... ---... --. _. __ ..... _ ........ _ ....... _.-_ ... . 

........ _ ...... _ ....... _._. __ .. 191 ........ ............ _ .......................... _ .... -..• -.. __ .... _.-.... -.-..... _.-.... . 
.... oo __ ••••• "_."- ••• - ..... _ ........ _ ..... _ •••• _ ..... _ .................... - •• -_. 

I 



THE HOLYOKE RANGE. 

A Thesis Submitted to the Faculty of the 

Graduate School of the University of ' innesota 

by 

Alfred E. Mallon 
I 

...... 
In partial fulfillment of ~h@ ,~·e~ui::r.~·~ents 

,fff • If 'f If • 

f', f 'cl "", I ( Iff :. 

for the degree.\~·~. "lli:ste,T' ',(Si ':~it·e. 
If' f c' "', '.. \"'\ 'II ,'1' C, f 

If" • ',,' " Ie •• 

'a.'I:'..'" I, c,' ," :. \':. ',: 

I .', If',:' ',.: : :', It '. I 

1915 \.X·,·: ~ .' 



THE HOLYOKE RANGE. 

Location. 

The Holyoke Range is situated in the 
central part of Hampshire county, Massachusetts. It 
extends west from the Belchertown Ponds to the Connecticut 
River, which it crosses, and turning at a right angle 
follows the river south into Hampden county. 

That part of the range which is treated in 
this paper extends from Mt.Norwottock, three and one half 
miles west of the Belchertown Ponds, to the Connecticut 
River. This district lies fifteen miles north of 
Springfield and five miles south of Amherst. It is 42°16' 
north latitude, and between 720 30' and 720 38' west 
longitude. 

Previous fork. 

Descriptions of 
of Connecticut. 
Proc.Am.Assoc.Adv.Sci. 

W. t Davis is of the op~nlon that the two 
trap sheets are partly intrusive and partly extrusive. 



Structure of the Triassic formation of the Connecticut 
Valley. 
Jour.Sci. 3rd series, Vol.XXXII p.342 

Dana in his }Aanual of Geology (page 807) 
considers both trap sheets as intrusive. 

B. K. Emerson, who has worked with greater 
detail in this region than a~ of his predecessors, believes 
the main Holyoke sheet to be extrusive, and the smaller one 
to be a series of dikes intruded into the sandstone. 

U.S. Monograph XXIX. 
U.S. G.S. Folio 50. 
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TOEography. 

A bird's eye view of the district would show 
two ridges, the northern one high a nd the southern one low. 
The north side of each ridge is precip itously steep, while 
t h e south side is a gentle slope. A level plain surrounds 
th e two ridges. 

The lowest point is in t h e western part of 
the district, a t t h e river's edge, with a height of 85' 
above sea level. The Holyoke Range rises rapidly for a 
mile from the ea stern side of the river to t.Holyoke,954', 
but reaches its highest point four miles farther east,where 
Mt. Norwottock rises to 1115'. Many drumlins flank the 
steep northern side of the main ridge. 

It is a long ridge, with numerous breaks. 
The first low place is where the Connecticut River cuts its 
way t h rough th e rocky mass. The second is just to the east 
of Mt.Holyoke, where the altitude of t h e range drops from 
954' to 645'. The third is a lesser depression, with an 
elevation of 690'. The fourth is the well known Notch, 
where the altitude of the ridge decreases to 525'. This is 
the only place along the ridge, except at the river, that 
is suitable for a road crossing. The fifth is east of 
Ra ttlesnake Mt., where the ridge falls to 610'; and the last 
is east of Mt. Norwottock. 

The mapping of t h i s reg ion was done during 
the spring months of 1913 and 1914, un er t h e direction of 
Prof.B.K.Emerson of Amherst College; part of it was done in 
the adVanced courses of field geology, for the primary pur
pose of correcting certain inaccuracies in the geologic map 
of Folio 50, and much of it was done independent ly of the 
college course in field work. 

The Holyoke Range is heavily covered with 
timber and dense underbrush. As but one road crosses the 
r ang e, t h e geologist must depend for location on a few 
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indistinct wo~d roads, pacing, and compass. 
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as sistance; to Messrs. R. W. \lhipp1e and A. L. Kimball, who 
assisted i n mapping; and to Dr. W. H. E~ ons of the Univer
sity of l'finnesota for aid in preparation of this report. 

Descriptive Geology. 

There are two sandstone formations in this 
district, one being a coarse variety known as Sugar Loaf 
Arkose, t h e other, very fine-grained, known as Longmeadow 
Sandstone. The latter extends in a narrow strip up the 
Connecticut Valley, with arkose bordering on both the east
ern and western boundaries. Its most northern extremity 
is just south of the high Holyoke ridge, with the a rkose 
bordering also on the north. The contact between these 
two sandstones is not sharp, but is a gradation from fine 
to coarse. They are both of the same period of depneition, 
the arkose being the shore deposit, and the Longmeadow the 
quiet water deposit. 

Only the southwestern part of t h is district 
contains Longmeadow sandstone, all the east.ern, northern 
and central being arkose. 

For the sake of description, the sandstones 
in t h is district are divided, regardless of formation, into 
the lower, middle, a nd upper. The lower sandstone lies 
north.of the high ridge; the middle sandstone lies between 
the h 1gh and t h e low ridges; and the upper lies south of 
the 10 ri dge. The traps are divided into lower and upper, 
according to their relation with the sandstone s . Actual 
contacts show the stratigraphical succession to be upper 
sandstone resting on tuff, tuff on upper trap, upper trap 
on middle sandstone, middle sandstone on lower trap, lower 
trap on lower sandstone. 
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COLU MNAR SECTION 

- _. -_ . - -

~: ~~=~~ Upper Sandstone 

- ------

Tuff 

-100' to 300' 

Upper Trdp 

100' to 300' 

=2=--:::-:;.:;-::'.;::= Middle Sondstone 
- - ---- ----
~=~=-=-; ==- 400' to 700' --- --- --- -- -------- -- - - -- - -- -- -- --- -- -- ---- - -- -- -- - -- - -.-- --- -----
+ + + 
+ + + 
+ -+ + Lower Trap 

i- + + 200' to 500' 
+ + + 

- - - - - Lower Sandstone 

- - -

Fig . 1 
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Lower Sandsto~. 

Lower sandstone immediately underlies the 
trap of the main ridge, and outcrops on the steep northern 
and northwestern side of the range for six miles from the 
Connecticut River to Mt.Norwottock. Its depth is unknown. 
The artesian wells of the Parson Paper Co. in Holyoke 
(510' a.nd 685'), a.nd that of the Belding Silk Mill in 
Northampton (3,700'), have not reached the bottom. 

The dip and strike of the lower sandstone is 
somewhat variable. On Mt.Norwottock (E 50) it strikes N. 
86 0 W. and dips 16 0 S. North of Rattlesnake it strikes N. 
75 0 W. and dips 30 0 S. On Bear Mt. the strike is the same 
but the dip is 20 0 • The same dip and strike continue to 
t h e west, until at Titan's Piazza (p 2) the strike changes 
to N. 65 0 E. and dip to 22 0 S.E. 

l~e lower sandstone consists entirely of 
Sugar Loaf Arkose - water-rounded pebbles of granite, 
gneiss, a.nd quartz, and micaceous and argillaceous slates 
varying from sand to boulders two feet in diameter. 
Hemati te is the cementing material. Its heterogeneous 
appearance and red color continue throughout its whole extent. 
Cross-bedding is absent, and generally stratification is 
visible only where frost action has split the rock along 
bedding planes. 

The contact between the sandstone and the 
overlying trap is an even, straight line . . The sandstone 
appears to have been baked from two to twenty inches, as 
the pore space is greatly decreased, the rock is harder and 
more crystalline, and is changed from red to a dark brown. 
The contacts on ;1t.Norwottock (E 50) show the sandstone 
baked over six inch es on Rattlesnake (F 43) for four inches, 
on Bear t. (G & H 40~ the sandstone is baked a dark brown 
for over a foot and a half from the contact; on Ht .Holyoke 
(H 10) the sandstone is slightly baked; at Titan's Piazza 
the sandstone has been changed to a quartzite for ten inches 
below the contact; while at Titan's Pier (S 1) the sandstone 
has been baked but a few inches. he depth and intensity 
of baking varies, but at every contact the san stone is more 
or less changed. 
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Lower Trap. 

The lower trap is widely distributed. It 
forms the summit of the whole range, with no covering of 
earth mantle, and the whole southern slope, gradually be
coming more and more deeply covered with earth until only a 
few scattered outcrops show its presence . It also extends 
continuously from the Connecticut River to Mt . Norwottock. 
Its thickness varies from nearly 500' in the west down to 
200' east of Rattlesnake, and 350' in Mt.Norwottock. 

The trap contains a vast number of joints, 
the planes of which run in a direction generally perpendic
ular and parallel to the cooling surface; and a long these 
planes the rock splits up into approximately rectangular 
blocks, fro I an inch to many feet in length. It is these 
joints t at form the nearly vertical north side of the 
range, and by means of which erosion in the vicinity of a 
fault produces overhanging cliffs. Well defined columnar 
structure is developed at Titan's Piazza and at the Notch. 

The trap is uniformly fine-grained through
out, but is very scoriaceous at the top from one end of the 
district to the other. The best exposure is at G 44, where 
a large hole has been blasted, exposing the trap for ten 
feet below the middle sandstone. Anwgdaloidal trap filled 
with calcite and zeolites is found only in the first four 
feet below the contact, and the an:wgdaloids increase in 
size and number toward the surface. 

Furthermore, a.l1\Ygdaloidal trap is found at 
the base of the trap sheet at Titan's Piazza and Titan's 
Pier. he trap is honeycombed with stearnholes, some six 
inches in length, as far as ten feet above the bottom con
tact of the trap. Another peculiarity at Titan's Pier is 
the occurrence near the base of numerous spheres and frag
ments of fine-grained, dove-colored, clayey, calcareous 
nodules, and micaceous sandstones included in the trap. 
The inclusions in some cases are coarse crystalline lime
stone containing tremolite. 'fhese foreign materials are 
not segregated, but give the appearance of having been 
stirred in with the trap. Vlest of the Connecticut such 
inclusions are fairly common, but this is the only example 
in the district being discussed. 
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PIa teA . 

Photomicrograph of lower trap from Titan' s Piazza. -~ ... 

Under the microscope it has a diabasic, 

porphyritic texture. This section is 

less altered than is usually the case 

in ~e lower trap. The lath-like 

Plagioclases (a) are distinct and well 

formed in the shapeless ground mass of 

Magnetite is not abundant, 

but Uniformly distributed. 

] 

--~ 



Plate A. 
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PIa t e B. 

Photomicrograph of lower trae at Mt .Holyoke (H-ill. 

Under the microscope, the rock has the 

common diabasic structure, but is con

siderably altered - a characteristic of 

the lower trap. Although decomposition 

is common to all constituents, the feld

spars (a) are in the more advanced state. 

Plagioclase predominates. There is con

siderable augite and a little magnetite 

(b). Apatite is sometimes found. In 

this section there are a few small 

crystals of orthoclase (c). 



Plate B. 





PIa tee . 

Photomic;:ogr.aph of zeolite trom .l9.wer. ~l:.a..:e....2!l..R.ower 

Line (H-.44L:.-

Is n~gnified eleven times. It represents 

a vesicle filled with zeolites and calcite. 

The dark mass is the trap. Around the 

border of the vesicle is a thin film of 

glass. The interior is filled with 

numerous, but small calcite (a) crystals, 

and large, feathery zeolites (b). The 

picture was taken with nicols crossed. 



Plate C. 
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PIa teD . 

Under 100 diameters with the nicols 

crossed. The feathery structure of 

the natrolite (b) crystals can be 

distinctly seen. 

are calcite (a). 
The other c~stals 



Plate D . 
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Analysis of .:lli.e_ Holyoke TT_.9:.E • 

by G. W. Hawes. 

Mean. 
SiO 2 52.70 52.65 52.68 

Al 2 0 3 14.11 14.17 14.14 

FeO 9.78 9.80 9.79 

NnO .45 .44 .45 

CaO 9.36 9.39 9.38 

MgO 6.42 6.35 6.38 

Ta 2 0 2.54 2.57 2.56 

K 2 0 .89 .87 .88 

H2O 

S & loss 

I g . 1.61 1. 58 1. 60 

Fe 2 o 3 1.8L, 2.03 1. 95 

99.73 99.85 99.80 



In no place does the trap b a ke the over
lying sandstone. In fact, in many places a long the almost 
continuous line of contact south of Mt. ~orwottock, each 
little cavity in the scoria ceous surface of the trap was ob
served to be filled with sand grains, with no indication 
whatever of metamorphism. The trap baked the sandstone 
below, but did not affect the sandstone above. 

From the Notch road (I 39) west t o the 
Connecticut River the contact between the trap and over
lying sandstone is concealed. 

The lower trap is a black, aphanitic basalt, 
and is the same t h roughout its whole extent. Under the 
microscope it is a porphy ritic diabase, with phenocrysts of 
plagioclase i n a groundmass of augite, and a few scattered 
gr a ins of magnetite. Small crystals of orth oclase and 
apatite a r e s ometimes present. 

The trap is an extrusive flow; as evidence 
of ~~ is, t he underlying sandstone is baked but the over
ly i~g sandstone is unchanged. The trap is scoriaceous 
a long th e top, and contains steamholes and inclusions at 
th e b ottom, besides oth er evidences of flow a nd under
ro ll ing a long t h e b ottom of t h e mass. 

;Jiddle Sandstone. 

From ~~e ea stern end of the district to 
Trap Hill, middle sandstone lies in a wide belt between the 
h i gh and loVi trap ridges. The hard edges of the sandstone 
out crop everywh ere t h rough t e till, i parallel ridges of 
miniature :l ogba cks. It a l s o ex tends in a narrow strip 
west of Trap Hi l l and along Dry Brook. Its thickness is 
problematical, a s its widt h of outcrop is so diverse, 
but prob ab ly varies from 400 I to 7 0" . 

here are Great vari a tions in t h e strike 
and dip. South of -t. orwottock t h e sandstone striKes N. 
85 0 {. and dips 20 0 S. To the east of the supposed power 
line f ault (H 44) it dips 21 0 S., and on th e western side 
28 0 S. Westward to Tuff Hill the strikes average N.85 0 ~ • 

and dip is 22 0 S. Vest of rap Hill the strike suddenly 
changes to almost north and south, with a dip of 20 0 to the 
east. Just south of Mt. Holyoke (L 12), a small outcrop of 



Longmeadow Sandstone entirely surrounded by trap strikes N. 
75 0 E. and dips 40 0 E. Farther south (p 7) where the same 
sandstone again appears, it strikes N.70 0 E . and dips 28°E. 

The middle sandstone consists of Sugar Loaf 
Arkose already described, and Longmeadow Sandstone. The 
latter is a thin-bedded, fine-grained, micaceous, sha1ey 
sandstone, deep red in color. It contains ripple marks, 
mud cracks, rain drops, and - on the western side of the 
Connecticut - hundreds of tracks of Triassic animals. 

Emerson, B. K. -Geology of Hampshire Co., Mass. 
U.S.G . S. Monograph XXIX, p.379. 

It is finely laminated and in places cross- bedded. 
'he middle sandstone along Dry Brook consists 

entirely of the Longmeadow type. Its gread width at the 
river road (U 4) pinches out toward the north until no 
middle sandstone separates the two trap sheets. A small 
outcrop appears again on Dry Brook, directly south of Ilit . 
Holyoke (L 11). 

West of trap hill (o 15), the arkose variety 
appears in the middle sandstone. But the Longmeadow does 
not sudQenly disappear . Beds from two to six inches thick 
can be found grading into or interbedded with the arkose. 
East of Trap Hill this interbedding of the LongmeadoVi and 
the arkose still continues, but with a gradual disappearance 
of the former, until, east of Elmer Brook (N 32), the Long
meadow sandstone can no longer be found. 

The contact between the sandstone and the 
lower trap is exposed continuously south of lit. Norwottock. 
West of the Notch the contact is usually concealed, but can 
be mapped with fair accuracy by drawing the boundary between 
the nearest outcrops of the two formations. 

The upper trap overlies the I iddle sandstone 
on a plane surface, as can be seen in many places: 
(1) west of Trap Hill; (2) east of Lithia Brook where the 
Lithia roa cuts through the upper trap; (3) from the power 
line (N 43) east. The arkose portion does not seem to have 
been baked by the trap, but the Longmeadow sandstone at the 
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road 
LithiaAhas been baked for half a foot. At S 6, where it is 
all of the Longmeadow variety, the sandstone has been baked 
over two feet deep. This baking makes the Longmeadow sand
stone more brittle, develops good cleavage, and changes the 
color to a deep brown. The mineral composition remains the 
same. ~uartz grains have increased in size, and mica is 
more evident. 

The upper trap is in wider blocks in the west 
than in the east. East of Dry Brook it forms the great 
ridge which extends northeast, forming the base and part of 
the top of Tuff Hill. It extends from the river road (V 8) 
eastward to Lithia Brook, and thence northward for half a 
mile, forming tile whole of Trap Hill. From Lithia Brook to 
the Notch road, it appears irregularly along the ridge. It 
is continuous from a point 40 rods E. of the Notch road to 
the eastern end of the district. Its thickness varies 
from 300' in the west to 100' in the east. 

Megascopically the upper trap is the same as 
the lower trap. It is an aphanitic black basalt, divided 
by joints in identically the same way as the lower trap, but 
does not develop columnar structure. The only certain 
means of distinction is by microscopic examination. The 
upper trap has the same texture and mineral composition as 
the lower, but with the addition of olivene crystals. 

The trap is uniform from the top to the 
bottom of the bed. It rests on and bakes the middle sand
stone in the places already mentioned. It is overlaid by 
tuff. It contains no inclusions, but its upper surface is 
very scoriaceous. Scoriaceous trap appears from: 
(1) U 7 to R 11; (2) S 12 to R 18 on Lithia Brook; (3) R 16 
to R 18; (4) M 17 to R 18; (5) in patches along the southern 
border of the trap blocks to the eastern end of the area 
mapped. 

In some places no distinction can be made 
between the upper surface of the trap and the overlying tuff. 
T-~ere seems to be a neutral zone from one to six feet think, 
in which both tuff and trap are mingled. Distinct blocks 
of trap can be seen cemented together by more trap. It 





Plate E. 

Photomicrograph of uRper trap at the Lithia Road (p 22) 

It is a ark gr~, compact, fresh-looking 

rock. Under t e microscope it has a diabasic 

structure wi~~ an abundance of the plagioclases, 

anorthite and. labra ori te i a well for ed, 

ut some .at alterea augite. T e plagioclases 

(a) st n out prominently in t e photograph, 

hile t e augi te a . sparsely scattered 

octaned%ons of magnetite (b) are less 

ist net. One crystal of olivene (c) can 

be seen near the center. Olivene is 

pre se. t L e upper trap in small amounts. 

ana i t. e only eans of istinguishing the 

pper trap fro t e 10 er. l~ere are also 

a n ~er of calcite crystals. This photo

micro raph i nifie 1 0 times. 
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gives the appearance of solidified blocks of trap and tuff 
dropped into the semi-liquid surface of a trap flow. This 
can be seen on the north slope of Trap Hill, and where the 
Lithia road crosses the upper trap. 

The zone of fragmental trap and tuff in the 
.top of the trap sheet, and the scoriaceous top surface, 
wherever the latter is exposed, indicate that the trap is 
extrusive. 

Tuff. -
Tuff is more widely distributed in the 

western than in the eastern portion of the area mapped. It 
forms the top of Tuff Hill and extends southward in a block 
a. l most a mil~ long by a quarter of a mile wide. A narrow 
band of tuff borders the eastern side of Trap Hill. Farther 
south of t. ese two occurrences, it exten s continuously from 
the river road to the eastern end of the district, varying 
from a few rods to a quarter of a mile in width. 

e tuff as its greatest thickness on Tuff 
Hill, where it reaches 300'. is is exceptional, as it 
is usually a little Ie ss than 100' thick, an in places 
much less. 

n uff and rap Hills, the tuff strikes 
north and south and dips east at a 10'.1' angle. Throughout 
the remain er of its extent, however, it strikes generally 
east and west, and dips south. At Lit ia Brook it strikes 
I. 75 0 E., and dips 18 0 At the ~otch road, it stri~es 
east an west, and dips 18 0 From the otc road to t e 
eastern en of the district, the tuff ips bet een 21 0 and 
25 0 B. 

The tuff is ot perfectly uniform. 'ost of 
it is reddish in color a.d consists of volcanic ash, bombs, 
and pieces of trap, gradually changi g into an ash bed. In 
ot er places it is a fine-grained blaCK rock much similar 
to trap, but intermingled with grains of sa.nd and slT'..all 
pebbles, and it has an easy cleavage along the bedding 
plane. This variety overlies the former and is transition
a l bet\"leen it an the upper sandsto e. It is callea 
tuffaceous sandstone. It seems to consist of fine trap 
dust which took longer to settle, graaually becomi inter-



mingled with muds and sands washed in from the surrounding 
hills. It grades into the upper sandstone. It is found 
in two places: south of the Notch road and west of Lithia 
Brook. 

The tuff grades from coarse to fine, from 
bottom to top, and from west to east. The best example is 
found at Tuff Hill. The lower part of the tuff consists 
of great blocks of trap, some t h ree and four feet in length, 
in a mass of volcanic ash, bombs, etc. Toward the top, the 
tuff presents a less heterogeneous appearance. The blocks 
of trap gradually become smaller in size and fewer in num
ber, until they disappear entirely. It then consists of 
trap dust and ash. This gradation can also be traced in 
the tuff from west to east. It becomes finer and finer, 
until at a point east of the Notch road it consists only of 
Volcanic ash . 

In some places the tuff is so hard and black 
that it has the appearance of trap, but t ' le i variable 
presence of mica g ives the clew to its identity. Under the 
microscope its h eterogeneous character is apparent. It is 
composed of fragments of glass, steam-hole trap, trap with 
inclusions of plagioclase, biotite crystalS, quartz, calcite 
and magne tite. 

The tuff is probably the result of a volcanic 
explosion somewhere west of the Connecticut, which hurled 
blocks of trap, b ombs, dust and ash into the air. The 
heavier blocks sank in the surface of the upper trap, while 
the rest dropped on the surface. Part of the tuff was 
evidently water sorted, and grades into upper sandstone. 

Upper Sandstone. 

he upper sandstone is concealed by glacial 
lake san s from the river to the Notch road, but outcrops 
farther south show it to consist of Longmeadow sandstone. 

rom the Notch road east, t he upper sandstone is entirely 
arkose, and rests conformably on red tuff ~ith the same 
strike and dip. West of the otch road, tuffaceous sand
stone is a gradational zone bet~een red tuff and upper ~and
stone' but east of the otch road the gradational zone ~s 
wanti~g. Even where the gradational zone is absent, as on 
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Plate F. 

Photomicrograph of tuff at Li thia Brook (S 19). 

This section of tuff has all the 

appearances of trap. Under the micro-

scope small pieces of trap (a) can be 

seen, with inclusions of plagioclase. 

~u8rtz with wavy extinction, calcite 

and Joognetite are scattered through the 

groundmass of fine-grained trap. The 

presence of biotite in the section 

distinguishes the tuff from the trap. 
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Plate F. 
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the power line, on close inspection, fine grains of trap 
can be found in the upper sandstone. 

structure. 

All the formations outcrop with escarpment 
to the north and gentle slopes to the south, with a general 
east and west strike, except in the western part of the 
district. In general, the strikes and dips of both the 
high and low ridges are the same, east and west strike with 
a southern dip of 220, excepting the western part. The 
outcrops, some very l arge, others very small, suggest hog
backs stretching in p arallel lines east and west. 

Monoclil1al tilting of the ridge. 

The dip of the sandstone is the same as the 
dip of the trap-sandstone contact. This is true through
out the district. The sandstone which immediately over
lies the trap contains footprints of land animals. These 
footprints could only have been made by animals walking on 
a h orizontal surface. There is no indication of slipping 
in the direction of dip, or ridge of mud on the lower side 
of the track. So it is impossible to conceive of the tracks 
having been made when the formation stood at its present 
angle. Because the trap flows have moderately uniform 
thickness over considerable areas, it is improbable that 
they flowed over such steep slopes as they now occupy. 

If the two trap ridges at one time were 
part of the same sheet, and were brought to their present 
position by anticlinal folding, scoria would be found on 
the north side of the north ridge and the south side of the 
south ridge, and baked sandstone on the south side of the 
north ridge and on the north side of the south ridge. 
With the exception of Titan's Pier, scoria is found only on 
the southern side of each ridge; baked sandstone is found 
only on the northern side of each ridge. lbis would tend 



to disprove its formation by anticlinal folding. The idea 
of synclinal folding involves similar difficulties. still 
fUrther evidence against anticlinal or synclinal folding is: 
(1) the high trap ridge has three times the thickness of 
the low trap ridge; (2) the northern trap contains no 
olivene, while the southern does; (3) the uniform southern 
dip of the surrounding sandstone would not indicate close 
fOlding. 
Emerson,B.K.- Geology of Hampshire Co.,Mass. 
U.S.G.S. MonograEh XXIX, E.499 • 
(4) the general angle of dip between the trap-sandstone 
contact is the same in both ridges; such uniform dips of the 
beds are more common in those deformed by tilting than by 
anticlinal or synclinal folding. 

The only ~ethod of deformation that remains 
to be considered is monoclinal tilting, for in the greater 
part of the district the beds have the same general strike 
and dip. 

Tilt~ with~n Rid~e. 

From one end of the district to the other, 
the trap blocks have been more or less tilted. This is 
ascertained by a comparison of the levels of the trap
sandstone contact at each end of a trap block rather than 
by change of dip, which is often of considerable variation 
in the same block. 

The trap-sandstone contact along the northern 
side of the eastern block of Mt. Norwottock is practically 
horizontal. But in the western block of the same mountain 
t h e contact slowly descends from the 800' contour line to 
the 600' level. This shows that the block has been either 
tilted up in the eastern end, or down in the western, or 
both. 

The contact on the ea.stern side of Rattle-
smake Mt. is on the 620' contour, vmile on the western side 
it is far beloVl the surface in the Hotch, which is 525' 
above sea level. This indicates consi erable downward 
til t i ng in th e we st. 



On the western side of the Notch, the 
contact reappears at about 680' level. It continues west
ward with variations not to exceed 60', but no great change, 
until· it reaches Mt.Holyoke, where, with a height of 700'. 
it drops within a mile and a quarter to 85' above sea 
level, at the edge of the Connecticut River. 

on In the second ridge, the tilting - though 
notAso great a sCale, is more pronounced. In the trap 
block which forms the base of Tuff Hill, the approximate 
trap-sandstone contact of 400' above sea level in the north 
drops to the 240' contour at the river road. 

In Trap Hill the contact drops from the 640' 
level in the north, to about the 240' level in the south. 

The block east of Lithia Brook has already 
been described. The contact rises from the brook on the 
western end to within ten feet of the top of the fifty foot 
ridge at the eastern end. 

From Lithia Brook to the power line, the 
trap-sandstone contact is in many places far below surface. 

From the power line to the trout brook at 
R 45, the trap-sandstone contact - though horizontal - is 
dropped continuously until it disappears beneath the surface 
at the brook. Then it rises sucessively until it regains 
the same height in the eastern end as on the power line. 

In the h i gh ridge, the elevation of the 
trap determined by its contact with the sandstone varies 
from 85' to 1000' above sea level. In the low ridge, the 
elevation of t e trap varies 200' to 600', while in many 
places it is so low that it has not yet been exposed by 
erosion. All of tnis indicates unequal tilting and differ
ential settling of t he blocks. 

It is a general rule tha t where the dip is 
steepest, the outcrop, unless cut off by faulting, is 
narrowest, and outcrops are broadest where dips are lowest. 
The best examples of t } is are to be found in the wide tuff 
outcrops, and in the width of the lower trap on Rattlesnake 
Mt. and Titan's Piazza. 

In tne unequal settling, the upper trap at 
the western end of the district was brought in direct con
tact with the lower trap, while in the eastern end, half a 
mile of sandstone separates the two traps. Just north of 



the central part of the high ridge, or upper ridge, a huge 
block has been dropped far below its former position. A 
small block of trap on the power line was apparently 
faulted far out of its former position. 

There can be little Cloubt that during the 
tilting the blocks in this region settled differentially. 
In some places the trap may have remained in place, while 
in others it may have been dropped below the present sea 
level. In the erosion which followed, the higher hard 
parts were removed and so left the sandstone beneath ex-
posed to r apid erosion. lliere the trap was dropped farther 
it was not exposed until recent geological times, and where 
it was dropped the deepest, it has not yet been exposed. 
The present structure, therefore, is due to the unequal 
settling of the fault blocks and to the processes of erosion. 

Faulting. 

But the trap ridges are often interrupted 
and apparently displaced. Also, there are abrupt changes 
Olf dip in a short distance. uch indications suggest 
faulting. Slickensides, the most important evidence of 
faulting, was found in only one place - on Lithia Brook 
(A 19). Abrupt changes in level of the plane contact be
tween trap and sandstone are also significant. 

On Mt.Norwottock (E 49) the visible contact 
of trap and sandstone running east and west on the 1 00' 
contour, is interrupted, and begins again with the same 
east and west direction on about the 800' contour. At 
J 49 on the south side of the mountain, the east-west trap
midd1esandstone contact is broken and begins again ten rods 
farther north. A deep ravine crosses the mountai. between 
both points, and is the sou~ce of spr-ines on both sides of 
the mountain. The strike and dip of the sandstone are 
uniform on both sides of the ravine. 

At G 44, one of the low places in the range, 
the trap rises steeply on both sides of the power line. 
On the eastern side of the ravine, the lower sandstone 
strikes N.76 0 E. and dips 20 0 S., while on the v;estern side 
it strikes 80 0 I. and dips 30 0 S. In the middle sandstone 



the dip is 21 0 S. and 28 0 S. respective~. The trap 
lower sandstone contact is 20 feet higher on the western 
side of the ravine. The outcrops of the trap and sand
stones as shown in Fig. 2 also suggest displacement by 
faulting. 
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THE NOTCH 
From Ra1t lesnake Mt. 

Columnar Tra on Sandstone 

FIGURE 4. 

In the low place known as tne otcn, 
a perfect cross-section of t ne nigh trap ridge is exposed 
at rig t angles to t e strike, as sho n in Figure 4. The 
ridge towers preci)1tously 400' to 500' on each side of the 
road which here crosses t he range. On the western side of 
the Notch and northern side of ~e ridge, sandstone rises 
150' above the road, but dips sout~ to the road level at 
the Amherst-Granby township stone. If t rlere ere no fault 
or fold, the projection of the trap-sandstone contact along 
the strike shoul reappear on attlesnaKe t. 150' above 
the road. But such is not the case. The ester side of 
Rattlesnake t. is entirely of trap, and no sandstone is 
exposed, not eve w. ere a quarry has been cut into tne 
trap below the level of the road. 

In the center of t e range, F 27, the 
indications also suggest faulti g. ~ fe . outcrops of trap 



(A 29, D 28, E 27, D 26, and B 25) show the occurrence of a 
~J. ock of trap farther north than is found in any other place 
ln the district, and the highest point of I.n ich is over 50 t 
below the bottom of the trap in the nain range (E 29 and 
E 25) . This block extends for a quarter of a mile north of 
the r ange, and is almost entirely covered by two drumlins. 
A ravine extends from F 27 southeast across 'the range, as 
if following a continuation of this probable fault. The 
outcrops show a displacement to the south of the trap middle 
ss.ndstone boundary on the eastern side of the ravine(I 30). 

An abrupt change of strike within a few rods 
from east-west to north-south, as on the eastern side of 
Trap Hill, is further indication of faulting. The middle 
sandstone dips 20 0 south, while a few rods to the west, 
tuff dips 25 0 E . Also, the tuff appears to dip under the 
middle sandstone, the line of contact being concealed by 
till. But a score of contacts ha.ve shown only lower trap 
and lower sandstone dipping unde r middle sandstone, and 
tuff dipping only under upper sandstone. lbese relations 
indicate a fault extending from the northeastern side of 
Trap Hill to Li this. Brook. 

On the eastern side of Tuff Hill, both tuff 
and middle sandstone strike north-south and dip 23 0 E.,with 
the tuff appearing to dip under middle sandstone, with con
cealed contact. But at M 15, upper trap visibly overlies 
middle sandstone, while at J 15 the upper trap is overlaid 
by tuff. Consequently, this is another case of a break in 
the stratigraphica.l succession. The only plausible explana
tion is faulting from Tuff Hill to R 15. This fault would 
also explain the small hill of upper trap at Q 14. This 
trap is surrounded by tuff and sandstone, with no evidence 
of baking in the latter, as would be the case if the trap 
were intrusive. 

At a point southwest of t.Hol:yoke (J 13) 
a.nd another one half mile directly south (N 9), upper trap 
is on the eastern side of Dry Brook and lower trap on the 
western side. No middle sandstone separates the two. But 
at L 11, a narrow strip of middle sandstone li~s bet\'~en ~he 
two traps and again appears at P 7, gradually lncrea~lng ln 
width to the river road, T 3. The supposed fault llne al?ng 
11ich this displacement took place is marked by a deep raVlne 
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between Tuff Hill and Mt.Holyoke, and extends along the 
bed of Dl'\J Brook to the river. 

From the river road (V 7) to R 11, a strip 
of scoriaceous trap is bordered on both sides by black trap. 
As scoria indicate the top of the trap flow, it is probable 
that the scoriaceous trap nmrks a fault line. A possible 
explanation is shown by the block ~rawings of Figure 5. 

From R 11 to Lithia Brook, a great trap es
carpment rises fifty feet above the tuff valley to the 
north. The trap and overlying tuff strike N. 75 0 E. and 
dip lBo S., while the tuff north of the trap strikes north
south and dips 23 0 E. This also indicates faulting. 

On the eastern side of Lithia Brook (~ 19) 
trap extends from the brook to the top of the fifty foot 
ridge. At the eastern end of the same trap block, where 
the ridge exhibits the same cross-section as at the Notch, 
the trap sheet is only ten feet thick at the top of the 
hill, being underlaid by sandstone. This indicates a 
tipping of the block. Just to the north of the trap is a 
block of red tuff apparently dipping under the trap, but 
wi th the contact concea.led. As in every other exposure, 
tuff lies on trap, this unusual occurrence north of the trap 
can be eA~lained by faulting. The only example of slicken
sides in district was found on Lithia Brook. 

On' the power line (M 43) there is a small 
outcrop of upper trap surrounded 'by outcrops of middle sand
stone. The trap does not seem to have baked the sandstone 
as it would if it Vlere a plug. 'I'he same dip, 24° S., being 
found in the sandstone surrounding the outcrop, and south
ward to the low trap ridge, would tend to throw out the 
possibility of folding. A possible explanation by faulting 
is shown in Figure 7. 

The trap ridge east of the power line is 
continually broken by jogs \ ,hich can be traced in the tuff 
upper sandstone boundary farther south. ~ach jog changes 
the level between the contact of the trap and middle sand
stone. In each block this contact can be seen as a hori
zontal straight line. In each block the sandstone strikes 
N.BOo I. and dips 240 S. But in each block this contact is 
lowered from six to twelve feet, until it disappears at 
~ 46, near a little trout brook. 
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It is near this same brook that the 
ample of trap supposedly faulted below the surface 
The outcrops of trap are shown by crosses, and the 
the tuff and sand- . 

best ex
is found. 
dips of 

stone are shown. 
The regularity of 
the trap ridge is 
broken. Tuff and 
sandstone are not 
separated by trap. 
The contact is con
cealed. To the 
ea st appears the 
first sn~ll outcrop 
of trap. Farther 
east, the outcrops 
are several rods in 
width, until at the 
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trout brook the FIGURE 8 . 
whole width is exposed. At the eastern end, alone the 
strike of t h e middle trap block, there is tuff across the 
brook . The northwe stern corner of the eastern trap block 
is bordered by sandstone scross the brook. Such irregular
ities along the strike of a forrr~tion, an the gradual 
eppearance of trap betvreen sandstone and tuff, indicate 
faulting and tilting. 

The stratigraphic succession in the low 
ridge has been established as: 

3. Tuff 
2. 'l'rap 
1. Sandstone. 

Whenever trap is found to be missing between tuff and sa.nd
stone, it is considered as due to faulting. Such relations 
are common between the power line and Li thie. Brook. 

This district seems to consist of a great 
number of fault blocks. he evidence in favor of faulting 
(already discussed) has been SO clear that it has warranted 
the drawing of fault lines in places of similar character
ist ics and where faulting was not so certain, but was in
dicated by such field relations as the occurrence of outcrops 
out of their normal position, escarpments, ravines. and 



strea.ms. The dotted lines on the map represent supposed 
faults, the existence of which is uncertain. 

Historical Geo~~. 

The history of this region is admirably 
s~ated by B. K. Emerson in Monograph XXIX. It is briefly 
gl.ven here, with modifications made necessary by further 
information. 

Triassic rocks extend northward from Long 
Island Sound along the Connecticut River valley, with a 
width of about twenty miles, through the state of Connecti
cut, and narrowing in Massachusetts until they finally end 
at forthfield, iass. The eastern and western boundaries 
of the sandstone are everywhere coincident with the older 
ridges which rise on both sides of the river valley. 
1brough the middle of the sandstones extend the trap ridges 
from West Rock, New Haven, northward, forming the Holyoke 
Range. 

Since the youngest of the crystalline rocks 
th at border the valley are carboniferous intrusions, it was 
sometime after the Carbo"niferous that the folding took 
place which formed the broad syncline of the Connecticut 
valley. Contemporaneous with the folding, a sinking took 
place, which admitted the waters of the sea. A long, 
narrow valley was the re suI t, extending from tile ocean to 
nearly the Vermont border. 

This peculiarly shaped bay had peculiar 
currents. It had tides of a height and force unknown to
dDY for they carried boulders from six inches to a foot in 
di~eter, miles from the shore. Another peculiarity of the 
currents - judging from the materials in the sandstone -
was that they seemed to rush up the western side of the bay 
and down the eastern side, leaving a large area along the 
middle of comparatively shallow mud-flats. hese mud
flats ~xtended to the present site of the Holyoke Range. 
North of the range, the valley narrowed to such an extent 
that even the central portion was disturbed by the rapid 
tidal currents. 



After the bay had filled at the expense of 
the surrounding hills, unequal stresses were produced. The 
adjustment which followed was either due to these unequal 
stresses, or was a part of some larger movement . The 
bottom of the basin sank, the sandstone faulting against the 
older me ta morphic shore formations. 
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Shortly after, or attendant with this sink
ing, fissures opened in the sandstone in the bottom of the 
bay, and great volumes of basic lava welled out and slowly 
spread beneath the waters. The contact of the water with 
the trap formed a thin, hard crust, vmic separated the 
water from the molten interior. As the trap moved , cracks 
formed in the solidified surface in which calcareous muds 
settled and were caught. The un er-rolling caused by the 
movement of the lava, carried the enclosed mud and a portion 
of the gas-filled top to the bottom, a s at Titan's Pier. 

The process of sedimentation continued. 
Sandstone formed around and over the hardened lava sheet, 
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which had so shalla ed the basin that Longmea ow andstone, 
characteristic of the shallo mi dIe, as deposited on the 
trap along the central portion of the bB¥. The same 
coarse arkose ras deposited along the shore ~ere tidal 
currents kept an open channel. The shallow central portion 
~as laid bare t low tide, and there can now be found per
fectly preserved mud-cracks, rain-drops, ripple ~rks, and 
the 50- ca lIed "bird- tracks II rr.ade by reptile an great land 
aninals that alked on these soft, mud-flats. 

Sedimentation as interrupted by more ad
justment . The bottom of the basin once T •• ore sank, and 
faulted along t e contact ith the cryst lline rocks. 
Fissures opened, nd once are lava poure~ out on the 
bottom of the bB¥. Almost i~~ediate . folIo ing t e lava 
flow came a volcanic explosion, hicn scatuered huge ~sses 
of trap, cinders, ash, omb, and ust over a iu ar a. 
This material fell into e laters of t e b8¥ an set led 
on the surface of th still fresh lava sheet formi t e 
tuff bed. 

Someti .. e after se imentation ha covere the 
tuff wi t ' a tick beCl of san sto e, great c.iaetrophlc move
ments took place. It ~s probably e lateral press re 
pro uced in the riassic defor tion of the Appalachi 
th't tilted the san stone ana trap into the present ' o~'oke 
Range. e tiltir~ also r ised t h e valle above sea level 
as sedimentation ceased, 

e tiltin 'as folIo s y a Ion period of 
erosion. . en came the glacial period. It is c iefly 
ue to t e action of tne ice t at tria region 0 es it 

present shape. e ar trap ri ges i too t.e grind
in of t e lce fro ~ e ort hile t e softer san tones 
ere easily eroded. 

rin- the re reat of the ice and for 
perio after itq isappear nc, 1 r e c1 1 lake 
occupied the orthern end of the Connec icut 

ir.e denositq 'ere forzr.cd ala t e 
depo~it~ ccumulated in the Ie. 
~n island dur i ng is period. 
lor~ t e southern elopes, but 

south of the 10 ridge. 

10 
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As the outlet of this lake was lowered, 
t h e l ake itself gradua lly decreased until it ultimately 
Qisappeared. The Connecticut River now ran along the lake 
bottom. Since glacial times, the region has been little 
changed. 

Conclusion. 

It has been shown herein: (1) that the trap 
ridges forming the northern end of the Holyoke Range are 
extrusive flows, not intrusions; (2) that the irregularities 
in the trap ridges were caused by faulting, and not by 
erosion along joint plains; (3) that t he structure is due 
to monoclinal tilting, not to folding; (4) that the unequal 
surfa ce exposures of t h e different formations are due to 
the differentia l settling of the fault blocks after tilting , 
and to subsequent erosion. 
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