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ABSTRACT 

Upper Triassic Mount Toby Conglomerate and Turners Falls Sandstone 

consist of intertonguing conglomerate, sandstone, and mudrock that were 

deposited in a subsiding fault trough. Dispersal trends determined from 

primary structures and gravel fabric indicate that sediment transport 

was primarily from east to west. Moving average diagrams of pebble 

sizes suggest the presence of three major alluvial fan complexes. 

Planar crossbedded units·have an average thickness of 5.6 inches 

and a mean foreset inclination of 15.2°. The small angle of foreset 

inclination may result from development of crossbeddin? in the upper 

part of the lower flow regime. Association of the crossbedding with 

planar beds, parting lineation··, and antidunes supports this hypotnesis. 

The Mount Toby Conglomerate and Turners Falls Sandstone differ 

significantly in composition in the northern and southern parts of the 

basin. Conglomerates in the northern part of the basin contain abundant 

metamorphosed mafic igneous rock fragments, whereas conglomerates in the 

southern part are richer in metamorphosed granitic rock frrw.ment s . 

Sedimentary structures, textures, and facies geometry ind ictte tlw L 

four depositional environments are represented: (1) alluvLal f:lll, (2.) 

fluvial (subdivided into streams developed on fan compll~xL'S and SL!-L';Jins 

heading in fan bays), (3) flood plain, and (4) lacnstrinl!. 

Textures, structures, and authigenic minerals suggest a semi-arid 

Late Triassic climate in this part of the Connecticut Vallev. 
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INTRODUCTION 

Triassic redbeds in the Connecticut Valley have fascinated geolo-

gists for one hundred and twenty years. Previous work ( see Krynine, 1950, 

for bibliography) has yielded a detailed knowledge of the structural and 

stratigraphic framework of the depositional basin, but little data has 

been accumulated on paleocurrents, petrography, facies distribution, and 

general sedimentological history. This investigation of the Mount Tobv 

Conglomerate and Turners Falls Sandstone in the northernmost preserved 

Triassic basin of the Connecticut Valley was undertaken to (1) determine 

paleocurrents and associated dispersal trends; (2) analyze the comnosition 

and texture of the rock suite; and (3) reconstruct the depositi onal ~nviron-

ments. 

The rocks lie entirely 1 n the Connecticut lowland of the Neiv England 

Province (Thornbury, 1965, p. 167). This lowland is bordered bv the 

Worcester Plateau to the east and the Berkshir~ Plateau to the west. Intense

ly folded Lower Paleozoic metamorphic rocks underlie the plateau areas. 

To present and compare the data, the study area has been divided into 

three provinces: (1) a Southern Province that includes tile '1ount Toby 

Conglomerate and Turners Falls Sandstone in the area soutn of '-lool&)>,Ue anli 

Taylor Bill (Fig. 1); (2) a Northern Province, comnosed of the sedir.H:ncar'.' 

rocks that crop out northward from Montague and Tavlor lli LJ (f.if~ · I_) and 

to the area northeast of the village of Gill where the Triassic rocks 

pinch out against older crystalline rocks (Fig . 1); and (1) the ~orthfielL 

Province comprising the small northern block of Triassic sediments senc:

ratecl from the main section (Fig. 1) 



• 
I •I I I 

2 



Figure 1. -- General geologic map of the study area (modifi ed 
from Willard, 1951). 

.. 
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STRATIGRAPHY 

The Turners Falls Sandstone and the Mourit Toby Conglomerate of north

central Massachusetts compose a complex of intertonguing mudrocks, sand

stones, and conglomerates approximately 2000 feet thick. These east\~.ard 

dippling rocks are exposed in a north-south trending belt sixteen milus 

long and four miles wide (Fig. 1). Sedimentary structures, lebensspuren 

and lithic associations indicate a continental origin for these deposits 

(Krynine, 1950, p. 15). Plant and fish and fossils contained in the rocks 

suggest that the rocks are Upper Triassic (Lull, 1953, p. 15; Russell, L89~). 

Turners Falls Sandstone 

The Turners Falls Sandstone (Emerson, 1898, 1917; Willard, 1951; and 

Balk; 1956) consists of interbeds of reddish-brmvn to grav pebblv sands to::-.-·,: 

coarse to medium-grained sandstones; red, flne-grc.lirtcd si Ltstunt>s; <.m..J rL·u 

to black mudstones. Si1 ty micrite beds and small amounts uf coal .:~re nrc':->c-,,: 

at some horizons. The formation ranges from one to 1.000 feet in thicknes 
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A variety of organic and inorganic sedimentary structures are present, 

the most notable of which are dinosaur footprints, burrowed zones, cross

bedding, ripple marks, parting lineation, and load casts. Fossil fish have 

been reported and small amounts of plant detritus are present in a few 

beds. 

Mount Toby Conglomerate 

The Mount Toby Conglomerate (Emerson, 1917; Reynolds and Leavitt, 

1927; Willard, 1951 and 1952; and Balk, 1956) is reddish-brown to gray

brown thick-bedded pebble to boulder polymicitic conglomerate. Local lenses 

and beds of pebbly sandstone and coarse sandstone occur ~vithin manv of the 

conglomerate horizons. Although directional structures are generally 

absent or poorly developed in the conglomerate, the finer interbeds of 

coarse sandstone contain abundant crossbeds and parting lineations. Cut 

and fill, graded bedding, and imbrication are typically developed in the 

conglomerate. Grain size varies from 2 mm up to 1.8 m; however, round-

ness varies only slightly throughout the section. The thickness of the 

Mount Toby Conglomerate cannot be directly determined due to complex 

facies changes, but it probably ranges from 200 to 1000 feet (\.Jillard, 1951). 

The Mount Toby Conglomerate is interbedded with the Turners Falls 

Sandstone. Along its eastern boundary the Mount Toby Conglomerate is 

separated from older pre-Triassic crystalline rocks by a normal fault, 

which defines the east side of the basin. The basal contact of the unit 

is complex and difficult to determine precisely. It rests on older crysta:

line rocks along its eastern limits., but towards its central portion it 

probably directly overlies older Triassic rocks (Fig. 2). 

Willard (1951) described three subdivisions in the ~1ottnt Too\' CJn

glomerate: (1) fine to thick-bedded conglomerate, (2) talus brL'Ccia, a. c 

(3) autochthonous breccia. The distinction between the fine to thick-~e~d~ 

conglomerate and the talus breccia appears to be based on grain size, ne~=-

• 
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Figure 2. -- Generalized geologic east-west cross 
section in the vicinity of Montague (Fig. 1). 
Slightly modified from Willard (1951) 
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angularity, and clast composition. However, little variation in clast 

angularity and composition across the basin was identified in this studv. 

Thus a distinction between bedded conglomerate and talus breccia has not 

been made . The autochthonous breccia, however, is an important phase 

of the Mount Toby Conglomerate and will be discussed in a separate section. 

A small isolated section of Triassic conglomerate with interbeds of 

pebbly sandstone is exposed one mile north of the main section of Triassic 

sediments in the Northfield area (Fig. 1). Balk (1956) mavped this unit 

as Mount Toby Conglomerate but did not discuss the basis of correlation 

between the two areas. The composition of these rocks (see Table 1, sta

tions marked North·field), their structural relationship to the main border 

fault, and their general sedimentological characteristics are all similar 

to the main section of the Mount Toby Conglomerate. This suggests that 

the two areas were probably once connected and that the correlation across 

one mile of older crystalline rocks is valid. 

Regional Tectonic Setting 

Trassic sedimentary rocks o£ the Connecticut Valley are separated 

from the older crystalline rocks t:o the east by a north-trending fault •' 

zone, commonly called the "great ~order Fault" or "eastern border fault" 

(Krynine, 1950), and here called t,he Border Fault. According to Balk (1956) 

and Willard (1951) the fault zone dips steeply west, but the verti~al dis

placement along the fault is unknown. However, Peter Robinson (oral 

communication, 1966) reporf"q a stratigraphical thrm..r of 25,000 feet in the 

area east of the Mount Toby highland. No evidence has been identified for 

strike-slip displacement along the fault. 

Topography of the Basin Floor 

The basin floor on which these late Triassic sediments accumulated 
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is one of irregular relief. The tonography in the Triassic was charac-
i 

terized by small inselbergs and fault scarps. Emerson (1917, u. 102) 

suggested the presence of 11 a great hill in Triassic time" in the vicinity 

of Taylor Hill ·(Fig. 1). At this locality, large (25-50 em) angular frag-

ments of granite gneiss are imbedded in a siliceous matrix. Some of the 

clasts may be mechanically weathered joint blocks (Fig. 3). Wessel and 

others (1967, p. 162) postulated that this area was an inselberg durin~ 

Triassic time. 

Another ~nselberg was described by Emerson (1917, p. 100-101) at 

Whitmore Pond just north of the town of Sunderland (Fig. 1). A pre-Triassic 

greenish-black phyllite is exposed along a small west-dipping fault. Clasts 

of Triassic conglomerates that crop out near this fault are identical in 

composition to pre-Triassic crystalline rocks exposed along the fault. The 

textural characteristics of the surrounding conglomerate indicate that 

this area was also a topographic high through at least part of the duration 

of Triassic sedimentation. 

Minor Faults 

Faulting has displaced Tl'iassic strata in several areas (see Fig. 1 

for location of larger faults). Emerson (1898), Bain (1932), and Willard 

(1952) all identified these faults. \Villard identified wo fault s on the 
' 

west side of the Mount Toby hlghland on the basis of juxtapos ition of con-

glomerate and sandstone. The present author examined these areas and 

found no structural discordance between the units and a comnlet e absence 

of slickensides. Thus the best interpretation of the~e abrupt changes in 

sediment types appears to be changes in facies and not str11ctur.l1 displacE'-

ments. In the Greenfield quadrange northeast of Turners Falls, several 

conglomerate-sandstone contacts that appear to be facies changes '"ere 

mapped as faults by Willard (1952). 
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Figure 3. -- Arigular clasts derived from the postul~ted inselberg 
at Taylor Hill. Fragments are granitic and disolav 
a strong foliation {F). 



1l 

Figure 3 
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SEDIMENTARY STRUCTURES 

General Statement 

Organic and inorganic sedimentary structures are abundant in the 

Turners Falls Sandstone and the Mount Toby Conglomerate. Primary direc-

tional structures were used to determine paleocurrent patterns, paleo-

s l 'ope, direction of sediment supply, and depositional environments. The 

non-directional primary structures were used to interpret other asnects 

of the general depositional setting including plasticity of sediment 

before burial and time interval of sub-aerial exposure. 

Sampling of directional structures was controlled by the avail-

ability of outcrop. The study area is small enough that over 90 percent 

of the bedrock exposures were visited and measurements ¥Tere made on every 

directional structure that was observed. The field data are plotted on 

a '1/4 x 1/4-mile grid. The small grid density provides an accurate 

geographic position of the paleocurrent trends. 

Directional Structures 

Crossbedding---Crossbedding is the most abundant directional structu.re 

in the study area (Fig. 6). The majority of crossbeds occur as planar 

units in single sets (Fig. 5); festoon crossbedding is rare. 

Azimuth of dip and size ·of the crossbedded units were measured at 

thirty-eight stations. Unit ' thickness of planar cross beds is 2. 0 to 24.0 

inches (Fig. 6) and mean scale is 5.6 inches. However, scale sorting is 

poor (Fig. 6) and shows no consistent trends within the basin. The varia-

tion iil. planar crossbedding depends on three factors: \vater der>th, bottom 

configuration, and amount of sediment supply (Schwarzacher, 1953, n. 32.5). 

Fluvial crossbedding foreset inclinations in undeformed sediments 
I 

normally range from· 18° to 25° ·(Potter and Pettijohn, 1963, n . 79). An 
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Figure 4. ,..- Histogram showing abundance of directional sedimentary 
structures in the study area. Based on an attempt to 
measure all directional structures exnosed in outcrop 
in the area. 



-
-
-
-
-
-
~
 

~
~
~
 
~
~
~
~
-
~
-
-

r 
-, 

r -
, 

r 
r 

-
r 

r 
r 

r 
r 

r 
( 

r 
' 

r 
r 

r 
r 

r 
r 

r 

0 
P

e
rc

e
n

t 

... 
~
 

(o
) 

... 
(.

II
 

0 
0 

0 
0 

0 

lx
xx

xk
xx

xd
: 

p
la

n
a

r 
c
ro

s
s
b

e
d

s
 

-
p

a
rt

in
g

 
li
n

e
a

ti
o

n
 

-
c
u

rr
e

n
t 

ri
p

p
le

s
 

. 
li
n

g
u

o
id

 r
ip

p
le

s
 

-n
 

-
o

s
c
il
la

ti
o

n
 r

ip
p

le
s
 

.....
. 

(.
Q

 

I 
fe

s
to

o
n

 c
.o

s
s
b

e
d

s
 ~
 

c 
. 

Q
. 

, 
,...

. 
(D

 

... 
.p

. 
C

l 
s
k
ip

 c
a

s
ts

 
(')

 
)>

 
::

!:
o

-
0 

c:: 
g

ro
o

v
e

 c
a

s
ts

f1
 

:J
 

:J
 

!.
c
. 

A
) 

ir
re

g
u

la
r 

ri
p

p
le

s
 M

 
.. 

U
t 

:J
 

0 
..

.(
')

 
-

c 
C

l 
" 

0 
0 

-

o
ri

e
n

te
d

 p
la

n
t 

fo
s
s
il
s
 f1

 
" 

-
.. 

~
0
 

" 
• 

• 
... 

" 
0 

c:: 
-

;G
. 

Q
. 

;
·
 

... C
l 

s
a
n
d
s
h
a
~
 

10
 

U
t 

.. 
a

n
ti

-d
u

n
e

s
 

I 
--

-'
 

+o
> 

If
 

• 

• 



II · i .I 
15 

' . 

• 



16 

L 

L 

Figure 5 



Figure 5. -- Planar crossbedding in an exposure of the Turner 
Falls Sandstone north of Sunderland. Note small 
scale, low foreset inclination, and plane beds 
above the crossbedded unit . 
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Figure 6. -- Histogram of crossbedding scale for 329 readings 
taken at 38 stations. 
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analysis of tilt-corrected foresets (Fig. 7) in the study area shows 

that the angle of inclination may vary from 4° to 36° vith a mean value 

0 of 15.2 . Furthermore, 30.6 percent of foresets have inclinations less 

tha_n 12° (Fig. 7). McKee (1957, p. 133-134) states that the angle of 

foreset inclination is a function of grain size and shape, sorting, 

velocity of water, and depth of water. Klein (1956, p. 189) suggests 

that low angle foresets are controlled by the texture of the substrate 

and water velocity (low angle foresets are produced in higher velocities 

of the lower flow regime). Flume experiments· indicate that the foreset 

inclination of dunes tends to develop a transition stage during tranquil 

flow. 
0 . 

A series of low angle foresets (less than 12 ) are formed before 

the dunes· are finally washed out and plane beds .are produced (Bryce M. 

Hand, oral co~unication, 1966). Allen (1965; p. 64) reported low angle 

foresets from the ''finer facies" in alluvial fans. Power (1961, p. 604) 

found a maximum foreset . inclination of 25° in the Coso Fonnation (Pleistocene, 

California). The attitude of foresets in the Coso Formation is from 25° · 

to horizontal (plane) beds in the same sedimentation unit. Thus data from 

recent field studies and flume investigations suggest that the nlanar 

crossbeds in the Mount Toby Conglomerate and Turners Falls Sandstone were 

deposited under high velocities at the upper limits of the lm,..er flow regime . 

The lack of well-developed and abundant festoon crossbeds in the 

study area doesnot permit analysis of their environmental significance . 

Festoon crossbeds were used only as directional indicators. Direction was 

determined from the direction of plunge of the trough axes . 

Ripple marks. -- Current and oscillation ripple marks are nresent 

in many horizons of the sand and mud facies in the Turners Falls Sandstone 

and Mount Toby Conglomerate . 
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Figure 7. -- l:listograrn of foreset inclinations of 320 planar 
crossbeds measured at 38 stations. 
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Several varieties of current ripples are present in the study area 

(Fig. 4). The simplest form consists of straight crests with an asymmetri ~ 

profile (Fig. 8). The wave length of these ripples varies from one to 

five inches as determined by 3s readings. Asymmetric ripples with markedlv 

curved cr'ests are abundant in many localities (Fig. 9). The steepest 

side indicates the downcurrent direction of transport. The '"ave length 

of 30 of these structures was detennined and varies from three to seven 

inches. Bucher (1919, Fig. 1) called this type of ripple cuspate or 

linguoid. Occurrence of cuspate ripples has been noted after flash floods 

in the peripheral parts of playa lakes in the Great Basin by D.B. Matz 

(oral communication, 1966). Irregular asymmetric ripple marks of the 

type described by Doeglas (1962, Fig. 13, P· 176) are present in a few 

horizons (Fig. 10). The hydrodynamic conditions involved in the formation 

of these structures is unknown. All of the various asymmetric ripples were 

treated as directional vectors parallel to the main current direction; 

field notation included strike or direction of crest orthogonal, type of 

ripple. mark, and wave length of ripple mark. 

Wave length and strike of ridge crest of 23 oscillation ripple marks 

were measured (Fig. 11). Preliminary data from other areas indicate that 

the strike of the ridge crests of oscillation rippl es is approximat elv 

parallel to the depositional strike (Potter and Pettijohn, 1963 , n. 97). 

The searcity of this ripple type suggests the possibili ty that large \v.'.l.ter 

bodies were ephemeral features during the deposit ion of Triassic rocks in 

this part of the . Connecticut Valley. 

Parting · Lineation. --- Parting lineation is s ub-parallel 1 i.near , 

shallmv grooves and ridges on parting s ur faces in l aminated rocks where 

the parting s urface cuts across one or more of the laminations . The 
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Figure 8. 

Figure 9. 

Ripples with straight crests and asymmetric profiles in the TurnemFalls 
Sandstone east of Turners Falls. 

Linguoid rlpple marks in the Turners Falls Sandstone· near Turners Falls ·. 

Figure 10.-- Irregular or horseshoe ripple marks in the Turners Falls Sandstone northeast 
of Turners Falls. 

Figure 11.-- Oscillation ripples in th~Turners Falls Sandstone at Turners Falls. 
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lineation is made up of a series of sub-parallel, step-like ridges 

(r1cBride and Yeakel, 1963 ', p. 780). Stokes (1947) used the term "cur

rent lineation" to describe the same feature. McBride and Yeakel (1963, 

p. 779) identified two types of parting lineation: (1) "P.arting plane 

lineation , which is characterized by parting that persists over a wide 

area on a single lamination," and (2) "parting step lineation, ~vhich 

includes parting developed over several adjacent laminations." Both 

types are present in the study area (Figs. 12 and 13). 

Parting lineation is related to grai~ fabri~. Allen (1964, n. 95) 

suggested that a preferred parallel orientati_on of sand grains and grain 

imbrication are the important properties controlling its formation. The 

parting lineation develops parallel to oriented elongate sand grains. 

The exact hydrodynamic conditions governing the formation of particle 

alignment are not completely understood. Sorby (1908) indicated that 

alignment develops in the lower flow regime but Allen (1964) has shown that 

alignment develops in the lower part of the upper flow regime . 

Parting lineation occurs in three depositional settings: (1) on 

plane beds associated with linguoid rippled .surfaces; (2) on plane bed 

units of sandstone two to three feet thick interlayered with mudrock; anrl 

(3) in sandstone lenses withirl ' the conglomerate facies. 

Apply±ng the concept . of flow regime as presented by Simons ?nd others 

(1965), and Harms and Fahnestock (1965), it is evident that most of these 

lineations form under upper flow regime conditions because they commonly 

occur on plane beds that form in the lower portions of the upper flow 

reg1w.e. The occurrence of · pL;me beds inter layered with mudrock is puzzling, 

but it is possibly related to sheetwash denosition on a flood nlain. 

The standard deviation of the azimuths of parting lineation display 
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Figure 12. -- Parting step lineation found in the Turners Falls 
Sandstone northeast of Turners Falls. 

Figure 13. Parting plane lineation found in a sandy facies of 
the Mount Toby Conglomerate on the west side of t he 
Mount Toby highland. 
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a greater variability than the directions indicated by crossbeddinr, (Fir . . 

14). This variability probably reflects the fluid mechanics involved in 

the folillation of the structure. Turbulent zones or threads move a l ong 

the substrate in several different directions even though the main current 

direction is essentially constant. This is especially true in the plane 

bed phase of the upper flow regime where any grain orientation that is 

developed will be highly variable. This phenomenon is similar to gust

ing wind moving snow on a highway or pavement where the main wind direc

tion remains constant but individual gusts are highly variable in direc

tion. 

Sandstone beds in the conglomerate facies display parting lineation 

that is not as variable in mean orientation as that present in the coarse 

silt and sand facies (Fig. 14). This suggests that the parting lineation 

~eveloped in coarser units is confined to· discrete channels, whereas that 

produced in finer facies is formed in broad and poorly defined channels 

or flood plains, perhaps during sheetwash deposition. 

Ripple drift cross-lamination.---The term "ripple drift" was originally 

defined as "all structures that are the effect of the action of ri'!'pl es 

on drifted material" (Sorby, 1859, p. 143). Sorby, (1908), subsequent ly 

recognized that there may be more than one t yt>e of ripp'l e dri ft depending 

on the depositional environment. Walker (1963, Tab l e 11 , p . 180) defined 

three distinct types of ripple drift cross-lamination and i nfer r ed the 

conditions under which each t ype forms. The structure is confined to 

fine sand or silt beds, and forms by the succession ( climbing) of a 

ripple onto the stoss slope of the ripples immediate l y downst ream . There 

i s a net a ccumula tion of sediment during its f orma t ion (Wal ker , 1963, n. 

178). 
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Figure 14.---Rose diagrams· comparing azimuthal relationships of parting 
lineation and crossbedding in flood plain and alluvial fan 
(b:\idfan sub environment) sediments. L values are a measure 
of the standard deviation (higher values indicate less 
dispersion). Inner circle represents crossbedding and outer 
circle represents parting lineation. 
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Although ripple drift cross-laminations are rare in the study area, 

they are thought to be quite diagnostic of environmental conditions. Thev 

usually form because of rapid decreases in current velocity under lower 

flow regime conditions (Walk~r, 1963; McKee, 1965). They occur in abun-

dance in alluvial channels, on flood plains and on deltaic plains (Coleman 

and Gagliano, 1965, Table 1, p. 147). From these discussions it appears 

that ripple drift cross-lamination in the Triassic rocks of the study 

area was formed in braiding or meandering channels subject to neriodic 

flooding. The scarcity of these structures lj.mits their usefulness as 

directional indicators. 

Antidunes.--Antidune refers to a form of ripple that travels upstream 

due to erosion of sand from ·the lee slopes ·and deposition on the stoss 

slopes (Gilbert, 1914 , , p. 31). Kennedy (1961) concluded that anti dunes 

are a bed featu1e in phase with surface waves whether they move upstream, 

downstream, or remain stationary. The preceding definitions are based on 

flume studies and according to Gilbert (1914, p. 241), "it seems unlikelv 

that these features could be preserve~' in the rock record. However, 

Power (1961) demonstrated the presence of antidune (or backset be~s) 

in the Pleistocene Coso Formation in California. The Coso is an a11uyia1 

fan depbsit. More recently, Wessel- and others, (1967, p. 159-

161) postulated that antidunes are preserved in the Mount Toby Conglomerate. 

On the basis of these structures, Hand and others, (1968) recon-

0 0) structed the angle of the p~leoslope (5 t o 7 and suggested that sheet-

wash was the depositing agent. This discovery of backset bedding has 

prompted more de~ailed study of the sedimentary structures of the Mount 

Toby Conglomerate and the Turners Falls Sandstone and several other exnosures 
I 

of backset b eds have been f ound (Fig . 15) . - It appears that the presence 
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Figure 15. -- Backset bedding (arrow) formed by migrating 
antidunes. Paleoslope and main flow direction 
is from tight to left. 
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of backset bedding in many exposures is related to a definite sedimentary 

cycle represented by three distinct units: (1) a sand or silt unit con

taining plane beds displaying parting lineation and, in places, linguoid 

ripples at the base; (2) a backset-bedded unit; and (3) an overlying con

glomerate unit (Fig. 16). The entire sequence is presumably deposited 

· under upper flow regime conditions with the finer units being deposit1~d 

during early stages of sheetwash flooding. Two possible mechanisms of 

preservation are proposed: (1) meandering or braiding channels subject 

to rapid migration in which flow can be suddenly terminated; (2) very 

rapid burial. The latter case is supported by the fact that large volumes 

of sediment are moved during sheetflooding (Blissenbach, 1954; Blackwelder, 

1929; McGee, 1897) and that backset beds in the present study are commonly 

overlain by conglomerate. 

Micro cross-lamination.---The absence of ,any directional structures 

is a conspicuous feature of large sections of the mudrock facies. Sawed 

slabs of fourteen oriented mudrock.specimens were inspected in the lab

oratory for cross-lamination in order to determine current trends. Only 

two of. these slabs and one thin section displayed cross-lamination. Thus, 

the usefulness of the structure as a directional indicator is greatly 

limited because of the difficult mode of study and the apparent sparse 

occurrence. Cross-lamination, whe:~e it does occur, probably reflects 

low velocity currents on a flood plain or in a nearshore. lacustrine 

environment. 

Other directional structures.--- Less widespread sedimentary structures 

used for r econstructing paleocurrents include oriented plant debri s, groove 

coasts, and sand shadows . Sand shadows are cone- shaped s tructures with 

the cone tip consisting of pebbles that grade into finer particles in the 
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Figure 16. -- Hypothetical upper flow regime sequence based on field evidence. 
Note that backset beds appear to be preserved by rapid burial under 
coarser debris. 
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cone proper. The coarser tip:of the cone points u~stream. Potter 

and Pettijohn (1963, p. 295, ?lates 15A and 15B) call similar features 

curr~nt crescents. 

Dispersal Trends 

Method.---The frequency of tilt-corrected one-way directional struc

tures was plotted on rose diagrams and grouped into 30° classes. The 

mean dire~tion was determin-ed · by analysis of the vector mean (Pettijohn 

and othe~s, 1965, 1965, p. 145, Table 12-13). After calculating the mean 

direction of one-way structures, the two-way directional structures 

(parting lineation, tool marks, and oriented plant debris) were assumed 

to represent the trends of the one-way structures and were regrouped 

into the rose diagrams used for the directional mean of the one-way strvc

tures. A new mean was calculated and the data were used to construct 

a paleocurrent map (Fig. 17). 

Interpretatlon.---The broad pattern of sediment dispersal was from 

east to west (Fig. 17). However, the dominant northwest trend of paleo

currents in the southern part of the basin and the southwestern trend 

in the northern part of the basin indicate that deposition occurred on 

a gently downwarped surface, with the greatest amount of dowm.;arping 

occurring in th~ central portion of the basin. Thus, Late Triassic

sedimentation in this part of the Connecticut Valley took place in an 

interiorly drained basin, or bolson. 

Non-Directional Structures 

The Turners Falls Sandstone and the Mount Toby Conglomerate contain 

abundant structures that lack directional significance. However, these 

structures are indicators of environmental conditions in the basin at 

the time of, or shortly a f t er , deposition. Thes e fea tu res i nclude 
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F~gure 17. --Paleocurrent trends ~n the sandstone facies of 
the turners Falls Sandstone and the Mount Toby 
Conglomerate. Based on 320 crossbedding, 300 
parting lineation, and 45 ri~ple mark readings. 
Arrows represent mean paleocurrent direction at 
38 stations. 
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deformational structures, mudcracks, horizontal laminations, scour and 

fill, arid lebensspuren. 

Deformational features.---

1. Slump structures--SlUmp structures are common in several horizons 

in the Turners Falls Sandstone and the Mount Toby Conglomerate. Slumping 

is usually restricted to sands or coarser facies. It is characterized 

by a slight down"V1ard sagging or bowing of coarse sandstone beds eight 

inches to four feet thick and one fqot to ten feet in lenf!;th. The dmm-

warping or sagging seldom exceeds eight inches. This type of slumping 

has been observed by the author in many glacial outwash deposits in the 

Connecticut Valley, and it appea~s to represent a response to rapidly 

accumulating overburden. The fluid content of the sediment during this 

type of slumping is probably low. 

2. Load casts--Load casts are developed at several locations. They 

are primarily confined to the interface between conglomerate and sandstone 

(Fi g. 18) but they are locally present in the mudrock facies (Fig. 19). 

The formation of these structures could result from rapid , unequal loading 

on a water-saturated plastic layer. Deposition of a few feet of - sand or 

gravel on _a mud may account for their formation. 

3. Ball and pillow--Ball and pillow structures (pseudonodules) occur 

in medium to coarse sandstone beds as kidney or pillo.w-shaped balls a-ppro>[i-

mately ·.nine inches thi,ck aP.d dghteen inches wide (Fig. 20) . The n.echanics I . 

of formation of the structure is not completely known. However , Potter 

and Pettijohn (1963, p. 162) suggest t~eir formation is rela ted to a sudden 

foundering of a sand or sand and mud bed by thixotr opic transformation 

produced by a shock. 

4 . Convolute lamination--Ten Haaf (1956, p. 19) described convolut e 

lamination (bedding) as sets of wavy or contorted laminae whos e defo-rmation 
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Figure 18. -- Load casts developed in a sandstone unit of the Turners l"alls Sandstone 
north of Sunderland. 

Figure 19. -- Load casts developed in mudrock -of the Turner3 Falls Sandstone east of 
Turners Falls along the Connecticut River. 

Figure 20. -- Ball-and-pillow structure in a sandstone bed in the Turners Falls Sandstone 
north of Sunderland. Note the lack of deformation in underlying and overlying 
units. 

Figure 21. --Convolute lamination- in sandstone layers of the Turners Falls Sandstone north 
of Sunderland. Main current direction and ualeosloue is right to left . 
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characteristically dies out upward and downward within a given bed (see 

Fig. 21). This structure is pot common in any of the rocks in the area 

of investigation. 

The formation of this structure has been attributed to the action of 

both slumping and current action. Sanders (1960, p. 409) states that 

they represent a decollement type of adjustment to increasing velocitv. 

Frazier and Osanik (1961, p. 132) found that convolute laminations 'associated 

with recent point bar deposits may develop sub-parallel to the current 

direc~ion. McKee and others, (196 7, p. 840) suggested that convolute s truc-

tures are developed during late stages . of flooding when current velo~ities 

have slowed down and sediment is in a quicksand condition. The associa-

tion of the structure ~vith climbing ripples in modern flood ?lains suggest,q 

that it may be formed · during periods of declining stream velocities. 

Non-deformational structures.---

! . Mudcracks and _raindrop impressions--Both of these structures are 

present in the mudrock facies. Mudcracks may form in a variety of enviro~

ments, including flood plains, point bars , lagoons, and nlaya lakes. In 

the study area mud-cracked layers commonly alternate with fine sand layers , 

and the sand often contains fragments of the underlying mud, indicating 

that the mud-cracked -surface was susceptible to erosion as the next s ediment 

layer wa~hed over 'it. Thi~ -suggests that the muds were subjected to 

extended periods of drying. 

Raindrop impressions are . abundant in many of the mudrocks . Twenhofel 

(1950, p. 490) noted that these features do not form in very fluid mud 

and that their preservation requi.res rapid drying and hardening. 

2 . Scour-and-fill--Scour-and-fill is shown in f i gure 22. This type 

of structure is ' very abundant in the Turner Falls Sandstone and the Moun ~ 
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Figure 22. 
' 

Scour-and-fill structure developed in a fine 
conglomerate-pebbly sandstone on the west side 
of the Mount Toby highland in the Mount Toby 
Conglomerat~. 
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Toby Conglomerate. It occurs in all facies, but it is best develoned 

in coarse sandstone and fine conglomerate. The formation of this struc-

ture is attributed to sudden increases in volume and velocity of an aggrad-

' 
ing stream. The stream erodes new channels in the sediment beneath, and 

when the velocity is decreased, these new channels are filled. Flood periods 

can account for these sudden changes of stream regimen an~, in drier eli-

mates, where much of the drainage is intermittent, the temporary passage 

of water though arroyos is an ideal environment for development of scour-

and--fill. 

Blissenbach (1954, p. 186) showed that "channel and fill" is a ve1~v 

important process in alluvial fan environments. He also demonstrated 

that the most common type of "cross-stratification" on alluvial fans is 

due to the . filling of scour channels cut into the underlying deposits. 

3. Plane beds--Plane bed structures in sandstones were discussed 

above with respect to the occurence of parting lineation. Plane beds are 

probably the most abundant structure in the sandy units, although no 

quantitative summary was made. Plane beds form in the lower stag-e of the 

upper flow regime (Harms and Fahnestock, 1965), and in the study area 

were probably formed .by high velocity currents in very shallow water during 

periods of sheetflow. 

4. Parallel laminations--Parallel laminations are ubiquitous features 

in the mudrocks (Fig. 23). They are persistent over large areas and a re 

formed by alternations of sand and mud and of dark and light mud layers 

caused by differences in organic constituents (Fig. 24). They vary from 

1.0 mm to 2.0 mm in thickness and seldom display cross-lamination. Petti-

john (1957, p. 163) indicates that such laminations are the result of 

variations in the rate of supply or of deposition of the different materia ~s . 

Rubey (1930, pp. 40-41) attributed the variations to changes in the quantity 
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' of silt, clay, and organic material and to changes in the rate of ac-

cumulation of these mate~ials as the result of pulsa~ing currents. The 

changes may be cyclic "with intervals of a day, a season, or some long er 

period." .Aperiodic storms in the distant source area could account for 

alternation of particle sizes, inasmuch as grain-size variations related 

to stream capacity are ultimately reflected in the mud facies. The well -

preserved . l aminations probably indicate deposition in a lacustrine environ-

ment of variou.s Eh and pH potentials (Rubey, l930, p. 44). The lamina-

tions . are flaky and this texture is interpreted as due to rapid dryinr 

of the sediment (Fig. 24). 

5. Concretions--Many black laminated mud-rQck beds contain concretions 

(Fig. 25). The concretions are of the clay-ironstone type and the var y 

in size from one to three inches long and one to two inches wide. 

6 . Lebensspuren--There is abundant evidence of animal and pl.ant l i f e 

during the late Triassic of the Connecticut Valley. Both t he Turners 

Falls Sandstone and the Mount Toby Conglomerate contain p l ant and fish 

fossils, dinosaur tracks, and burrows. Hitchcock (1858), Newberry (1898) , 

and Lull (:)..9.15, 1953) give excellent accounts of the flor a and fauna of 

the Triassic i n Connecticut and Massachusetts. 

North Qf Sunderland a long the east bank of the Connecticut River , a 

sequence of black shales containing fish remains is expos ed. Two genera 

and four species were identified in these shales (Lull, 1953) , but t he 

fossil remains do not give any conclusive evi dence as t o the ·chemical 

composition of the water in which the fish lived. However , o ther f ossils 

at the sanie locality, including mollusks, plants, and an aquat ic insect 

l arvae, i ndicate t hat it was a non-marine envi ronment. 

Hitchcock - (185H) and Lull ( 1915, 1953) ca rried out ex t ensive invest i -

gations of the f ossil tracks and f ootprints preserved i n t he Triassic of 
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Figure 23.--Parallel laminations in the mudrock facies ·of the 
Turners Falls Sandstone south of Turners talls. 
Laminations refiect differences in organic content 
of the mud lay~rs. 

Figure 24.--L~inations developed in the "flaky shale" of the 
Turners Falls Sandstone at Turners Falls. The flaky 
nature of the .rock probably reflects a thordugh and 
repeated drying of the unit before lithification. 
Looking parallel to strike. 

Figure 25·.-""':Concretions in the mudrock facies of the Turners Falls 
Sandstone near Turners Falls. 
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the Connecticut Valley. In the study area, they described two orders, 

two sub-orders, four families, seven genera, and seven species of dinosaurs. 

Burrows are abundant in many of the mudrocks. They are characterized 

by elliptical outlines in which coarser and darker material is concen

trated in the burrow (Fig. 26). Two burrow types can be distinguished 

on the basis of size. The first type consists of small elliptical pods 

averaging 1.0 em long and 0.5 em wide, and the second type is rod-shaped 

with an average length of 6.0 em and width of 1.0 em. No skeletal remains 

were found in any of the burrows, and no descriptions are available in 

the literature concerning the type of organism that produced the struc

ture. The internal structure of many beds has been destroyed by burrowing 

activity. 

DIRECTIONAL ANALYSIS OF THE CONGLOMERATE 

Introduction 

Those properties that indicate either a line of movement or direc-

tion of movement and are specified by azimuth are called "directionals" 

(Potter and. Pettijohn, 1963, p. 4). Unfortunately, directionals such as 

parting lineation, crossbedding, and ri?ple marks are generally confined 

to mud, sand, and fine conglomerate facies . Conglomerate makes up over 

forty,-five perc~nt of the Turners Falls· Sandstone and Mount Toby Conglomerate 

and mos t of this conglomerate is devoid of directionals. The r efore, the 

interpretation of dispersal patterns o f the conglomerate is based on 

particle size, gravel fabric (including imbrication),and roundness . 

Gravel Fabric 

Potte r and Pettijohn (1963, p. 23) define fabric a s the "spatia l 

arrangement and orientation of _!abric elements". A fabric element may be 
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. Figure 26. -- Burrow structures in the Turners Fall s Sandstone 
near Turners Falls. 
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a ."single crystal, a detrital fragment, a fossil, or any component that 

behaves as a single unit with respect to the apulied force" (Potter and 

Pettijohn, 1963, p. 23). The basic fabric element of sedimentary particles 

is the long axis or A axis. In most cases the long axes lie either paral-

lel to or perpendicular to the transport direction. 

Several studies of Holocene sediments show that shape may be important 

in determining the final resting position of the long axis. Schlee (1957, 

p. 163) pointed out that particles approaching spherical shapes may come 
I 

to rest with their long axis in any direction, hence only disc-or rod-

shaped pebbles should be used ~ in directional investigations of gravels. 

Lane and Carlson (1954) showed that elongated pebbles commonly are arranged 

with their long axis perpendicular to flow direction. Most studies con-

cerned primarily with gravel fabric have been limited to glacial and 

fluvial deposits. Rapp (1959, 1960), the only worker to study the fabric 

of talus and avalanche boulder tongues, found that the A axis of oblong 

boulders is parallel to the direction of slope in talus and in avalanche 

• 
tongues. The gravel fabr'ic associated with streamflood and sheetflood 

conditions, the environments of most interest in this study , is unknown. 

Thus, it appears, on the basis of these few studies, that the long axis is 

a significant indicator of slope and transport direction. 

Method of Measurement 

The apparent long axes of approximately 10,000 clasts, at over 200 

localities, were measured for azimuthal orientation. The sampling pro-

cedure was determined by the availability of outcrop, the s ize and type 

of rock exposure, and size of clasts. Outcrops of conglomerate composed 

of particles less than JO mm in diameter were not used because the long 

axis is too difficult to define. Larger clasts were measured becaus e 

they do not reflect bottom irregularities and current flucuations as 
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much as finer constituents do. Those clasts with an apparent ratio of 

long axes of less than 1:1.3 were not used. 

To avoid bias, a string was placed across the outcrop and orientations 

of the trend of a?parent long axis of the larger unequant clasts were 

measured with a Brunton compass. The azimuths of SO long axes were 

recorded as they were encountered along the string traverse line and 

two or more traverses were commonly necessary. Sample areas studied 

are about 12 square yards. Because shape is a difficult property to 

determine in outcrop; it was dmitted. 

Trends of long axes of oriented pebbles show a line of movement or a 

two-dimensional orientation. .All measurements are therefore made in a 

range of 180°, and if a histogram of 360° is desired, the azimuth of each 

grain is plotted twice. A resultant vector calculated by this system would 

be zero. To remedy this, ,Krumbein (1939, p. 686-693) doubled the angles 

of th observation vectors before computing the north-south and east-west 

components of the vectors. His procedure is outlined below: 

N-S component = n cos 26 
E-W component • n sin .26 

E n sin 26 tan 26 = ----------
.E n cos 26 

where: 

6 = 1/2 arctan ~ ~ ~~: ; ~ 

8 = azimuth from 0° to 360° of each group observations (usually the 
mid-point of each class is used) and in this study 20° classes 
were used (fig. 28). 

azimuth of resultant vector. - = e 
n ~ number of observations in each group. 

Curray (1956, pp. 118-127) pointed out that the above calculations fail 

to compute the magnitude of the resultant vector, which is, a measure of 

standard deviati.on. Thus he int1=oduced two additional steps to measure 

the standard deviation. 



where: 

r =Vfc~ n sin 28) 2 + (E n cos 28) 2 

L = .!. 100 
n 

r = magnitude of resultant .vector. 

L =magnitude of resultant vector in terms of percent. 
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These calculations were performed on grouped data from this study using 

a desk calculator. Curray (1956, p. 126) developed a table to test the 

statistical significance of the results against a model of randomness. 

The table is a modification of the Rayleigh test of significance using 

the L value and n (number of observations). The calculated vector means 

obtained were all tested by this met.hod in the study and Here found, with 

but two exceptions, to fall within 0.05 or less level of significance as 

prescribed by Curray (1956, p. 125). 

~h~ L value is well-suited for graphical presentation, inasmuch as 

magnitude of the number decreases with increasing dispersion of the grouped 

data. The average L value of the conglomerate is about 35 percent. 

Analysis 

There is generally good agreement between gravel fabric vector s in 

the ·conglomerate facies and directional vectors in th~ sandstone facies 

(Figs. 17 and 27). The dispersal trends as indicated by the g ravel fabric 

vectors suggest that deposition took place in an interiorally drained basin 

or bolson. ln the vic:l.nity of Northfield the cong lomera te fabric vectors 

suggest that the source area lay to the north and northlvest (Fig. 27). 

Figure 28 illustrates six of the current roae diagrw1s . consttu~ted 

from f abric analyses. All nebble shanes ltJe re \tsed in th~~S l' diagr ams . 

Bl uck (1965, p . 22H , fig . 4) s hows the same type of di ag r ams for f;..jbr:ic 
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Figure 27. --Gravel fabric diagram showing mean orientation of 
A axes at over 200 stations. L value determines the 
length of the vector mean line. 



G~AVEL FABRIC DIAGRA.M 
CONGLOMERATE FACIES 

0 . 2 

. miles 

Figure 27 

N 

EX PLANATION 

PREFERREOMEAN ORIENTATION 
OF' PEBBLES 

(A AXES) 

L • VECTOR STRENGTH ~ 

L VALUES~ 

0-15 -
15-30-
:S0-45-
.. 45 __;.. 

MEAN VALUE 35,_ 

57 



58 



Figure 28.--Representative rose diagrams of gravel fabric. The 
roses were constructed using 50 A-axes of conglomerate. 
The vector mean is shown by the heavy dark line. 
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roses of Triassic conglomerates in South Wales but Bluck measured 

orientations only of those pebbles he considered to ·be discs or rods. 

The similarity .of current roses in this study, in ,.,hich all sha-pes were 

used, to those presented by Bluck, suggests that shape need not be con-

sidered in determining the relation of the orientation of the A-axis 

to the directed force. 

Imbrication is another property useful for directional analysis of 

conglomerate units. The maximum projection plane of most · pebble shapes 

dips up-current (Schlee, 1957, p. 171). Where exnosure permitted, the 

direction of dip of 25 flat or platy clasts was measured at thirty-

eight stat1ons. It was found that large percentages of the clasts din 

b toward the eastern edge of the basin. The average angle of dip of Hi . 

Blissenbach (1954, p. 189) found pronounced imbrication in stream and 

streamflood depos.its associated with alluvial fans. Results of this 

study appear to show a similar ~attern, as the conglomerat e at the dis

tal, more fluvial, portions of the fans displays a higher nercentage of 

imbrication (Fig. 29). 

Particle Size 

The downcurrent' decline in grain size is a well-established fact in 

some environments. Blissenbach· (1954, p. 182) found that coarser gravels 

predominate near the Jan apex, with intermediate sizes occurring in the 

central portion of the fan and silts and clays at the base. Bluck (1964 , 

p. 397) described the same relationship on an alluvial fan in southern 

Nevada. 

In the conglomerate facies of the study area, . the long axis of the 

ten largest clasts was measured at over 220 stations to determine if there 
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Figure 29. Imbrication relationships across the basin. Based on 
measurement of direction of dip of apparent maximum 
projection plane (on east-west vertical face) of 25 
of the largest clasts at 37 stations. Percentages refer 
to ~ercent of tpe total of the 25 largest clasts, regard
less of attitud~. Note that the percentages increase ~n 
a westerly direbtion. This probably reflects more stream 
deposition in western parts of the basin. 
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was a decrease in particle size away from the eastern escarnment . The 

ten largest pebbles were averaged in order to reduce the cl1ances of an 

extraordinarily :.large pebble giving an· excessive value . The data were 

plotted using a moving average on a one-quarter-mile grid. The technique 

used is modeled after the method suggested by Pelletier (1958, Fip, . 2). 

The resultinp, averag-es are contoured at 100 mm intervals (Fig. 30) . The 

decrease in grain size from east to west clearly indicates an eastern 

source for the sediments. 

The distribution of clast size shows that three main fan CO'JTI)Jlexes 

can be distinguished along the eastern escarpment, A large fan complex 

is present at the Mount Toby highland. Another fan comnlex is developed 

in the northern part of the basin, In the Northfield area, the .coarses t 

fragments occur west and nortlMest of the Border Fault, suggesting that 

the source for this Jllaterial lay .to the north. 

Roundness 

The significance of roundness in a paleocurrent study is uncerta]n. 

However, Blissenbach (19 54, p. 184) f ound that rouudness increases mva.y 

from the fan apex on an alluvial fan in Arizona. Roundness behavior in 

t he conglomerate facies of this study was evaluated by visual comparison 

of Krumbein's pebble charts (1941, p. 68) to over 10',000 clasts at 200 

stations• Hean roundness, or t~e graphic mean, (Folk, 1965, p. 45) w.:~s 

determined separately for foliated fragments (phyllite and schist) ;md 

for granular clast types (gr:anite, vein quartz, and gqeissic rocks). 

There is a slight increase in roundness from eas t to west across the basin ~ 

For all rock types, mean roundness at 35 stations along the eas tern 

escarpment is Mz = .50; at 75 s t ations in the ceutral part of the ~asin 

mean roundn~ss ~s Mz . 52 ; and along the wes tc.ru mi'lq!.i. n at 55 statiol'ts 

mean roundnes s is Mz .54. Although the re is a s lird tt increase in 
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Figure 30. -- Moving average diagram of mean size of 10 largest 
I . 

clasts (in mm) occurring in outcrop. A 100 mm con-
tour interval was used. Three major alluvial fan 
complexes (arrows) can be recognized: (1) Mount 
Toby Fan Compl~c; (2) Montague .Fan Complex; anrl 
(3) Northern Fan Complex. 
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roundness across the basin, the small change from east to west indicates 

that roun?ing is not an effective process on alluvial fans. This probab l v 

reflects the influence of exfoliation on clast rounding as suggested bv 

Lawson (1912~ p. 327). 

PETROGRAPHY 

Variations in mineral composition and texture of the entire rock 

suite were identified. For discussion purpose;, the individual facies 

are divided into three groups: conglomerate, sandstone, and mudrock. 

Conglomerate 

Over forty-five percent of the section is conglomerate. This facies 

is too coarse to sample for detailed laboratory analysis, therefore a 

thorough field study was undertaken at 154 stations (Table 1). Field 

data include: determination of clast type, size ~rouping of clasts, and 

roundness of clasts. To avoid sampling bias, . a string was placed across 

the outcrop and approximately 125 clasts were counted at each station. 

I f megascopic field classifica tion of a particular fragment was not pos

sible, a portion ot' it was removed and then classified in the laboratory 

using a binocular microscope. 

A check list JFig. 31) was constructed to facilitate identificatibn 

of the rock clasts in the conglomerate. Percentages of different clas t s 

occurring at each station are presented in Table 1. As a means of com

paring conglomerate variations within the basin, the cl ast lithologies 

were divided into three tex~ural and compositiona l groups: (1) a f elsic 

g roup composed of granite, gr anite gneiss, ~neis s, pegma t i t e , and fe l dsnar; 

(2) a mafic group composed of meta--diabase and di orite; and (3) a foliat ed 

metam-orphi c group including phylli te, granuli te , schis t , amplibol ite , and 

me tavolcani cs. There is litt le varia tion in ve in quartz throughout the 
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Figure 31. -- Sample pebble chart. Numbers represent the roundneS<s 
value (After Krumbein, 1941) of a clast having the 
specified composition (e.R., a clast .of vein quartz 
with roundness of 0.5 occurl'ing within the indicateci 
size range). 
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conglomerate facies and it has been omitted from the composite analysis. 

These groups are plotted ort terna:ry diagrams for the Northern and 

Southern Provinces as a means of showing the difference in clast lithology 

between the two regions. A moving ave!age diagram for each province was 

constructed using a square grid with a grid spacing of ten percent. The 

number of stations in the grid were ·counted and then plotted at the 

center .point Of the grid on ternary graph paper. The$e plots were then 

I 
contoured on a five pe_rcent interval (Fig. ' 32). There is good compositional 

separation between clasts. in -the Northern and Southern Provinces. Although 

the foliated m_etamorphic rock content is almost identical in the two 

pr.ovinces, the Northern Province contains more mafic rock types than 

.the Southern Province and fels.ic rock fragments are more abundant in the 

Southern ProviJce (Figs. 32 a arid 32 b). )Sorthfield Province clal'!t;S 

are more dioritic and granitic than clasts in the other two provinces 

(Table 1). 

Mica schist clasts were examined in thin section for minerals indica-

tive of metamorphic grade. This was done to see if sediment dispersal 

patterns in the alluvial -fan complexes showed any relationship to meta-

morphic isograd boundaries in the pre-Triassic rocks. The pre-Triassic 

rocks show increasing metamo-rphic grade from north to south, and the 

sillimanite isograd occurs east of the Mount Toby highland (P. Robinson, 

oral communication, 1966)• The sample locations and metamorphic 

mineral compositions of the clast thin sections are shown in Table 2 . 

Sillimanite, which is restricted ~o the clasts of the southern province, 

is the only definitive isograd indicate~ found in any of the clasts. This 

agrees with the occurr'ence of the sillimanite zone in the pre-Triassic 
1 I 

rocks east of the Southern Province. The correlation of metamornhic 
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Table 1. -- Composition of the conglomerate facies. No - Northfield Province; 
N - ~orthern Province; and S - Southern Province. 
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Figure 32. -- :·1oving average diagram-E; -of the conglomerate clast compositions according 
to province location within th~ ienositional basin. The Northfield 
Province ~vas not contoured due to .the poor field exposure. Compos ition 
of · this province is presented in Table 1. 

a.: Southern Province 

b.: Northern Province 
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indicatots in the northern part of the conglomerate facies with the 

pre-Triassic rocks east of the Northern Province is not as distinct 

~aA in the southern section (Table 2). However, several sawed sections 

of phyllite clasts from the NDrthern Province contain staurolite, which 

can be correlated with numerous staurolite-bea,ring horizons in the 

pre-Triassic rocks east of the Northern Province. 

These data indicate that the conglomerate was derived from crvstalline 

formations that are very similar to the pre-Triassic rocks that presently 

border the Triassic basin. The following is a discussion of the specific 

formations that contributed detritus during late Triassic sedimentation. 

Quartzite and granulite clasts were derived from the Clough Quart

zite (Silurian). A number of smaller quartzite and s'iliceous schist 

clasts resemble stretched quartz pebbles commonly found in the Clou~h. 

Quartzite, black garnetiferous phyllite, and granulite clasts are tenta

tively correlated with the Bernardston · Fo~ation (Balk, 1956). Parts 

of the Littleton Formation may have also contributed minor amounts of 

phyllite. The Leydon Argillite (Silurian) presently exposed \vest of the 

Triassic basin contains small grains of leucoxene in black phyllitic

slate layers that can. be correlated with leucoxene-bearing phyllite clast? 

in the Northern Province. Although this correlation is difficult to 

prove, it appears that this forrration was an important source of Triassic 

sediment. The la-rge per~entage of phyllite clasts in thC' Triassic con

glomerates suggests that several phyllite-bearing fo~1ations were sourc~ 

rocks. 

Mica schist clasts were derived primarily from the Partridg e Forma

tion (Middle Ordovician) and the Littleton Formation (Lower Devonian). 

Minor amounts of schistose rock 1nay have been contributed by the Gile 

Mountain Formation (Lower Devonian). 
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Table 2. -- Met;amorphic minerals present in mica schis~ 
clasts in the Mount T~'Y Gonglomerate. N -
Northern Province; S-Sduthern Province. 
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TABLE 2 

SAMPLE PROVINCE METAMORPHIC MINERALS 

126A-1 N Chlorite, 
I 

garnet. 

T3A'-4 N Chlorite, garnet. 

07B-3 ·s Fine sillimanite (?) 
in muscovite, chlorite 
rimmed on garnet. 

.022B-3 s SilH.manite. · '-Y 

NlOA-2 s Sillimanite, garnet, and 
fractured muscovi te . 
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Ylany of the above formations contain dikes and sills of mafic com

position. These rocks \vere undoubtedly the source for the hornb lende, 

diorite, gabbro. and diabase clasts. The majority of the amphibolite 

clasts are derived from the Erving member of the Littleton Formation 

(Lower Devonian) and the Ammonoosuc Volcanics (Xiddle Ordovician) , althou~h 

the latter formation may have served only as a minor source . ~etavolcanics 

primarily composed of "light gray to white well-laminated , hard and snlinter: 

rock in which lit·tle dark spheres are present" (Balk, 1956) occur as lenses 

within the phy'ilite beds of the Bernardston Fonnation and identical clasts 

are present in most conglomerate sections. 

Granitic rock~ are important constituents in many of the con~lo

merate horizons. Precise source area correlation is a difficult nroblem 

for none of the granitic clasts are similar in composition to the gneiss 

dome rocks that are prominent features in the pre-Triassic crystalline 

terranes (P. Robinson, oral communication, 1966). Thus, the only other 

known source for the granitic detritus is from ubiquitous granitic dikes 

and sills in many horizons of the pre-Triassic r-ocks. 'Most of these 

rocks are gneissic and muscovite-biotite granites. Some of the· granitic 

material can be correlated with known format~ons. Clasts with large 

crystals of microcline feldspar appear to be derived from the Kinsman 

Quartz Monzonite (Devonian) that presently crops out j ust north of the 

Massachusetts-Vermont border west of the Border Fau~t. Many clasts, 

especially in the central portion of the area, a~parently are derived 

from the Williamsburg Granodiorite. This name is an all-inclusiVe t e rm 

for several of the granitic rocks presently exposed on the west side of . 

the Triassic basin. 

Pegmatite a~d large feldspar clasts are derived from dikes , s ills , 

and lenses that are extremely common in the crystalline rocks east of 
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the border fault. Clasts of vein quartz have a similar derivation. 

Quartz veins are present in most outcrops of pre-Triassic rocks east 

of the basin. Siliceous schist clasts are distinguished from vein 

quartz by the. presence of a weak foliation due to the alignment of the 

fiue-gtained mica or chlorite flakes (Fig~ ' 33). These clasts are more 

brittle than vein quartz and probably are derived from metamornhosed 

quartz veins. 

Pleces of conglomerate are fresh or weathered. The effects of 

weathering usually consist of hematite staining around the outer rim 

of the clast;· the inner portion is fresh. Krynine (1950) felt that ·the 

presence of fresh and weathered detritus was indicative of humid weather

ing conditions. Fresh detritus is eroded from canyon walls by vigorouslv 

downcutting streams, and weathered detritus is eroded from a soil mantle 

on the interfluves. The final sediment contains both fresh and weathered 

detritus. However, an alternative p·rocess is proposed to ' account for 

the mixture of fresh and weathered detritus. Figure 34 shows a phyllite 

clast w.ith a weathered rim (hematite staining) about a fresh core. Such 

clasts are abundant _in the conglomerate facies. When a clast of this 

type is broken during transportation it ·produces both f~esh and weathered 

detritus. Thus the ultimate production of fresh and weathered sediment 

is controlled not only. by different types of detritus being ero.ded from 

the intertluves and canyon walls but also l:ly breakdown during transporta

tion of partially weathered boulders and gravel s . 

Sandstone 

Approximately thirty-five percent of the section is composed of sand

stone. Sandstones were analyzed for miAeralogy and texture by detailed 
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l : 

Figure 33. --- Siliceous schist clast in the Mount Toby Conglomerate 
east of Gill. Note the blocky and rectangular appear
ance of the clast. These clasts disnlay a weak 
foliation (F) and tend to be brittl·e. · 
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Figure 33 
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Figure 34. -- Granulitic phyllite clast from the Mount Toby 
Conglomerate east of Mount Toby showing a weathered 
rim (w) and a fresh (f) core. This type of clast 
will produce both fresh and weathered detritus when 
broken .during transportation. 

.... 
1_ 

I • 

j • • 

-
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study of thirty-six thin sections. Mineralogy was determined from 200 

point counts, grain size was calculate'd from 100 point counts, and 

roundness was evaluated using 50 points. In all cases,a ribbon count 

method was used. The data are summarized below. 

Color. - Visual comparison of colors of sandstones with the Rock 

Color Chart(Goddard and · others, 1951). • All colors were evaluated on 

freshly .broken dry s-urfaces. The following color ranges are present: 

SR 4/2, grayish red, to R 4/2 dark yellowish ~rown; SR 3/4 musky red; 
' -

arid 5R 4/1, brownish gray. Color in these sediments is influenced 

primarily by the color of the matrix. Red and brown refect abundant 

hematite and limonite in the matrix, whereas gray results from concen-

trations of ·metamorphic rock fragments and quartz. In ' gray rocks the 

matrix content is low. 

Mineralogy. - The main constituents of the sandstones are quartz, 
I 

feldspar, metamorphic rock ftagments, plutonic rock fragments, and mica. 

Table 3 sununarizes the pe! centage of .mineral s 'and indicates the location 

of the samples. 

Quartz varies from 16.3 bo 46.7 percent .in the sandstone suite. 

Grain diameters of the quartz average 1.2 mm, and most of the grains a r e 

composite with marked or prominent undulose extinction (Folk, 1965, p. 74). 

Inclusions are very ·rare, but a few grains contain patches of vennicu·lar 

chlorite. Hema tit e rims are -present on 1 per cent of the quart z grains 

that were count ed, and quartz overgrowths are r a re. 

Feldspar makes up 5.6 to ·42.4 )ercent of the sandstone suite and 

it occur s in several s i ze clas s es ranging from O.l 1nm to 2 . 5 mm. Five 
I ' 

types of fe l dspar were differen~iat ed f or s tudy purpos es : orthodasc , 
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Table 3. -- Composition of the sandstone suite. No is the Northfield Province; N is the 
Northern Province; and S is the Southern Province. F and W refer to fresh 
and weathered varieties of feldspar. [Heavy minerals point-counted i:nclude: 
garnet., apatite, indicolite, and beryl.] 
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microline, albite, plagioclase, and undifferentiated feldspar. No 

feldspar type is restricted to a particular grain size. Fresh and 

altered feldspar are present in approximately equal proportions. 
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Alteration usually consists of vacuolization and sericitization in 

all feldspar types examined (Fig. 35). Orthoclase locally contains 

abundant kaolinite; micro line is r'arely altered. 

Feldspar overgrowths (Fig. 35) are present in 1 to 2 percent of 

the feldspar. The overgrowths are gener~lly unaltered, but a few dis

play vacuolization._ Overgrowth development shows no preference for a 

particular feldspar. Quartz and rock fragments are locally rimmed with 

secondary feldspar, but in these instances the source of secondary feld

spar seems t~ be nearby primary feldspar. 

The fact that a high perc~nt of the feldspar was derived from neg

ma-tite, granite, granite gneiss, and g·neiss explains the abundant altera

tion by vacuolization. Alteration to. sericite can be -explained both bv 

hydrothermal activity an~ by weathering in a semi-arid climate .(Folk; 

19-65, p. 84). Kaolinite suggests that part of the source area was 

weathered under hu.m'id conditions. 

·Metamo-rphic rock . fragments make un from a mere trace to 49. 7 nercent 

of the sandstones and ate divided into two groups. The largest group is 

composed of fine..:grained mica and ·chlorite, qua~tz, and feldspar. These 

'fragments which were derived· from a low-grade metaniornhic terrance comnosed 

of. slate or phyllite are dis tinctly foliated and mav show crinkle linea

tions (Fig. 36). They are both fresh and weathered. Weatherin~ is reco~

nized by a heme~:tite stain. Secondary chlo.ri t: e occurs with mica in 50 

percent of the counted grains . Sericite is also common in the f ine-grained 

rock fragments .. 
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Figure 35. Photomicrograph of an orthoclase feldspar grain 
showing alteration by both vacuolization and 
sericitization (brighter streaks). Not~ the unaltered 
feldspar overgrowth. (Nicols crossed). 
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The second group includes coarse grained and distinctly schistose 

rock fragments (Fig. 37). The platy minerals are biotite and muscovite, 

and the granular minerals are quartz and feldsnar. 

Plutonic rock fragments hav:,e been distinguished in this study and 

are unique compared to other fragments. Plutonic rock fragments are 

important constituents in many sandstones (Table 3 and Fig. 38). They 

are composed of 'equigranular interlocking mosaics of medium-grained feld

spar and quartz. These rock fragments range in size from 1.0 mm to 3.5 

mm and individuals average 0.2 mm. Feldspar· in this type of fragment mav 

be fresh or altered; alteration consis~s of sericitization or vacuoli

zation. No kaolinitization was found. This type of fragment \vas derived 

from granitic di~e rocks. 

Detrital mica has an average grain size· of 0.5 mm and. may form as 

much as 12.8 . percent o.f the thin section. Muscovite is commonly more 

abundant than biot:ite, and both fresh and weathered micas were present; 

muscovite is less altered than biotite. Secondary biotite is develoned 

in U.mit'ed zones in the matrix, and .chlorite is associated ~vith biotite 

in a few places. Mica displays excellent alignment narallel to beddin~ 

surfaces in .a . large numb'er o{ sections (Fig. 39). 

Detrital chlorite may be absent or may comprise as much as 7.9 percent 

with an average content of 2.1 percent. The detrital chlorite averages 

0.25 mrn in diameter. Fresh.and weathered types occur in anproximately 

equal amounts. Two varieties are present: (1) an iron-rich variety 

recognized by dee.p-blue pleochroism, and (2)_ a magnesium-rich variety. 

characterized by pale-green pleochroism. The magnesium-rich variety is 

much more abundant than the iron-rich variety. Secondary chlorite, 

abundant in a few zones, is present in fine-grained, wea thered, low-grade 
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Figure 36. -- Photomicrograph of a fine-grainad metamorphic 
rock· fragment. Note the distinct foliation (F) 
and crinkles (C}. (Nicols uncrossed). 

Figure 37. --Photomicrograph of medium-grained fragment (arrow). 
Note the foliation (F). (Nicols crossed). 

L. 
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Figure· 38. -- Photomicrograph of a plutonic rock fragment (outlined 
in white). Composed of an interlocking mosaic of 
quartz and feldspar grains. Note microcline frag
ment (M) in bottom of the picture. (Nicols crossed). 

Figure 39. -- Photomicrograph of detrital mica (M) that is parallel 
to bedding (B). (Nicols uncrossed). 
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metamorphic rock ' fragments. Secondary chlorite was observed in the 

matrix of several samples. 

Clay galls occur in restricted zones, commonly at the base of bedding 

or se~imentation units, which indicates that they \vere transported very 

sho·rt distances. In the zones where they are present' they occur in 

abundanc~.. They are from 1. 7 5 mm to 6. 0 rm:n long . 

Several types of heavy minerals are present but not abundant. Varie

ties in the point counts include garnet, tourmaline, apatite, and beryl. 

Magnetite, illmenite, and epidote are present in trace amounts. A blue

green variety of tourmaline, indicolite, is abundant in .two thin sections 

and is present as a trace constituent in a third. Pegm.atities east of 

the fault commonly contain tourmaline but indicolite has not been iden

tified in any of them (P. Robinson, oral communication,. 1966); however, 

pre-Triassic pegmatites west of the fault ~ont~in .small amounts of 

indicolite . . 

No primary carbonate is present in any part of the sandstone suite. 

However, up to 11.1 percent of secondary· sparry calcite is present in 

several . zones and is a cementing agent. · 1t shO\vs no mineralogic prefer

ence and may r~place matrix, rock fragments, quartz, or feldspar; replace

ment may be restricted to definite horizons, however. 

The matrix of the sandstones consists of a fine-grained mixture of 

quartz, feldspar, mica, chlorite, sericite, clay miner~ls, limonite, 

and hematite. 

Texture. - Grain size and roundness were determined· in 13 samnles of 

representative parts of the sandstone section. Grain size 1vas determined 

by measurement of the apparent long axis using a calibrated ocular, and th0 

results are grouped into 0.50 ~ classes. The grain~size distributions ar e 
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shown in Figure 40. Cumulative curves' were constructed using arithmetic 

probability paper in order to estimate mean grain size, sorting, ske\ro ess, 

and kurtosis. Values were determined employinf!, standard graphical formulas 

(Folk, 1965, pp. 45-49). '!'he results are summarized ::i.n Table 4. All narame-

ters are ,presented in terms of thin-section (number) distribution rather 

than weight· distribution. Most of the samples are positively . skewed and 

display only moderate sorting. 

Roundness was determined by visual comparison with Powers' ~oundness 

Scale (1953). Folk's (1965) log transformation (p value) was used for 

fina.l presentation. Since the sandstones are composed of constituerlts of 

. varying hardness, tWO different counts of 50 points each Here made. ()uartz 

and feldspar were counted in arkoses, and quartz and metamornhic rock fra~-

ments were c:ounted in .litharenites. Mean roundness (~zp) and roundness 

•' 

sorting (Gp) were calculated .for quartz, feldspar, and rock fra~ments by 

standard graphical ' formulas, using values estimated frOm cumulative curv~s 

constructed on · arithmetic probability paper. The data are summarized in 

Table 5. 

Compaction and Cementation. - Dominant cements are primarily hematite 

and limonite; however, the effects of compaction app~ar to be equally 

significant in the induration· of the sandstones. Indentation of mica . . . . 

flakes and fine-grained metamo~phic rock ~ragments by quartz and feldspar 

provides evidence of compaction (Fig. 41). This grain pene tration is 

probably related to compactio.nal loading. Pressure solution arpears to 

be the chief process of compaction between feldspar or quartz grains. 

Well-indurated sandstones display tighter grain packings than friable 

sandstones. This is substantiated by the fact that well-indurated s and
\ I 

stones contain higher percents of grain contacts than friable sands tones . 
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Figures 40 -- Cumulative curves of grain-size distribution of representative 
samples in the sandstone facies. Vaiues refer to graphical 
formulas of Folk (1965, p. 4~-49). Samples ahd and ago are 
from the Northfield Province; ajw, akn, ajg, akl, and aiy are 
f -rom the Southern Province; and aax, aet, ail, abu, afq, and 
aal are from the Northern Province. 
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TEXTURAL R~LATIONSHIPS (sandstone facies) 

No Northfield Province 

N Northern Province 

S So u t he r n Pro v i·n c e 

Sample ahd . akn . akl ago 8JW 8J9 

Province No No s S . s s 
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I 
I 

MZcj) .55 .53 .85 1.30 1.18 .98 • 
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KG 1.24 1.02 .98 1.25 1.22 .84 -

-~·-- - ---

Table 4 
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Figure 41. Compaction phenomena in the sandstone sui.te. 
Sketched from actual thin sections. 



0 
r , 

mm 

quartz - q 

feldspar - f 

phyllite-p 

mica - m 

1.'!.5 

Figure 41 



116 

Allen (1962, p. 679) found a similar relationship in the Old Red Sand-

stone. 

Classification. - The tripartite nomenclature proposed by Folk (1966) 

was used as the basis of clas~ification of the sandstone suite. The rock 
' 

name consists of three parts: grain size, textural maturity, and miner-

alogy. The classification is well-suited to these rocks because textural 

and mineralogic variability is very large. 

The mineralogic classification of the ~andston~s · facies is summarized 

in Figure 42. Samples are differentiated according to their geographic 

occurrence. Samples from Northern and Southern Provinces range from 

litharenites 'to arkoses (Fig. 47.). Samples from the Northfield Province 

consist entirely of arkose and lithic arkoses (Fig. 42). 

Arkoses in the Northern Province locally occur farther from the fault 

than do li.tharenites. This may be explained either by selective sorting 

or by mineralogic evolution of litharenites to arkoses during transportation. 

The deposition of rock fragments and feldspar in different parts of the 

basin due t 'o selective sorting is ruled out because the arkoses and 

litharenites show a random distribution· in· the Southern Province and in 

some parts of the Northern Provi nce. Thus it appears that during trans-

portation a litharenite may evolv~ to an arkose by the release of granu l ar 

minerals (quartz and feldspar) in schistose fragments by transportat i ona l 

breakdown. In proximal parts of the basin, rocks Hould be classified as 

litharenites, but as reworking and breakdown of rock fragments develop , 

arkoses would be deposited in more distal parts of the basin. 

Two methods were undertaken to test · this mineralogic evolution. Firs t, 

the granular constituents of schist fr agments were analyzed f rom the Northern 

Province and found to consist o f 25 to 50 'Percent feldsnar. Samnle1:> o f 

mica schists· from pre-Triassic r ocks . in the University of r-rassachus et t s 

collection were also analyzed and found to contain 20 to 55 ner cent fc l cls nnr . 
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Figure 42. --Classification of the sandstone suite (after Folk, 1966). Q- quartzose 
sandstone; SA - subar.kose; SL - sublitharenite; A - arkose; LAk - lithic 
arkose; FL - feldspathic litharenite; and LA - litharenite. QZ? F? RF? 
Q includes all quartz types except chert, F in~ludes feldspar and plutonic 
rock tragments, and RF includes all rock fragments (except plutonic rock 
fragments) and chert. 
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Setond, th~ size of granular minera~s in pre-Triass ic s~hists was com-

pared to the size of granular minerals (quartz and feldspar) in arkoses 

in the Northern Province by plotting their re~pective grain sizes against 

sorting (F1g. 43). The results show that quartz. an4 felds-par grains in 

arkose's 'and schists are about the same ?ize, b_ut that pre-Triassic 

schists are better sorted than the s andstones. 

Thus it is P?ssible for _a schistose terrane in the source area to 

produce both litharenites and arkoses if transportational reworking of 

the litharenites occurs. 

Mud rock 

At least 20 percent of the sect.ion is rnudrock , but its outcrop ·extent 

is . not well known due to i~s iow res istance to · erosion:. This is particular

ly true in the .cen~ra1 ·.port.idn ~f the area· where Pleistocene and Holccene 

deposits ha~e buried a large section of mudrocks. Calcareous units, corn-. . 
mo.nly interbedded with mudrocks, are included in this facies. 

Color is the most obvious feature of this part .of the rock suite. 

The color values are: SR 4/ 'l_, grayish red-; 5R 6/2 , pale; SR ?I 4, dusky 

red; lOR 4/2, _dark yellowish brown; 5YR 2/2, dusky brown; N3, dark gray; 

and Nl,_ black. The various shades of red indicate that hematite is ve ry 

abundant in the mudrocks. Black and gray mudrocks occur in limited 

horizons-. The black and gray coloring ' is due carbonaceous material 

deposited urider: reducing conditions -. perhaps in small swamps or l akes. 

Some mudrocks show a black (Nl) and dusky brown (5YR 2/2) a l-teration . 

. This alteration reflects periodic changes in oxidizing and reducing 

conditions in parts of the basin .. 

The mineral composition of the siltstone portions of the mudrock 

facies was analyzed in 4 thin sections. These rocks consist primarily 

of quartz and feldspar with a hernati.tic clay matrix . Ro ck fragments 

are scarce. The siltstones are poor ly sorted whi ch i s due in nart t o 





Figure 43. -- Plot of grain size of quartz and feldspar in the sandstone facies and in 
pre-Triassic schists against sorting (Folk, 1965). 
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the action o.f burrowing organisms. Large clay galls are smeared out 
I 

in some horizons. 

Calcareous shales and fine sandstones occur locally in the mudrock 

facies. Beds range from tw!) inches to two feet in thickness . A lens 

two feet thick and nine feet long is exposed on the west side of Taylor 

Hill. This lens consist of elliptical pods of calc.ite approximately 

15. mm along, the long axis. Grain boundaries are out. lined by irregular 

films of hematite (Fig. 44). Hematitic clay occurs in pores bet\v-een 

the carbonate pods (Fig. 4S). The,carbonate ~s primar~ly micrite w:lth 

minor amounts of hematite (Fig . 45); secondary dolomite is present in 

several of the individual pods . (Fig. 46). 

The structure of the carbonate pods suggests that they were depos ite~ 

in .ephemerat bodies of water as caliche or tufa limestone in arid or 

semi-arid climates. They are similar to specimens of caliche collected 

from Holocene playa-lake environments (University of .Massachusetts 

collection) . 

Another part of the mudrock facies that has an important bearing on 

Triassic history is exposed in a zone traceable from Taylor Hill north-

ward to Turners Falls. It is a ·mud-pebble breccia composed of laminated 

mudrock clasts set in a mud ;natrix (Fig; 4 7). The clasts •werage about 

35 nnn in mean s ize; they are commonly arigula r and some dis play chevron 

folds. 

The f orm;:1tion of this mud-pebble breccia i s probabl y bes t exnlained 

as a re·sl,llt of faulting ~n the underlying basement. A small fault init i-

ated breakage of laminated lake beds and broke partially i ndurated mudr oc:, 

into brecci a pieces. The earthquake also initiated dm11ns l ope s lumping 

of the broken clasts into undisturbed mud units, ultimately formin~ a 
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Figure 44. -- Photograph of sawed section of a calcareous bed in t he Turners Falls Sandstone 
E-_ast of Taylo r Hill. !'Jete the whi te eye-shaped nods of micrite surrounded 
with hema titic mud . This is i nternre ted as a nrimary caliche deposit . 

Figure 45. -- Photomicrograoh of one of the micrite pods. Minor hematitic mud occurs as 
impurities in the micrite pods . (Nicols crossed). 

Figure 46. -- Phot omicrograph of secondary deve lopment of do lomite (D) in the micrite pods. 
(~icols uncrossed) . 
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mud-pebble breccia. This interpretation is shown in Figure 48. 

SEDIMENTARY HISTORY 

The interpretation of the sedimentary history of the Turners Falls 

Sandstone and Mount Toby Conglomerate is based on the analysis of strati-

graphic relationships, sedimentary structures, textural and mineralogic 

character of the sediments ·, and regional geologic setting. 

The distri~ution and thickness of the entire section indicates a 

trough or wedge-shaped depositional basin with. the long axis H-S panillel 

to the depositional strike. The initial filling of the basin 1vas by 

alluvial fans growing from the region of a scarp developed along the Border 

Fault and extend1ng about one to two miles 1·1estward into the basin. 

Three main loci of fan complexes . are shown on a contour map of conglom-

erate clast size (Fig. 30). The majority of material \vas denosited from 
! 

mudflows. (Sheetflood and sdeamflood deposfts, Blissenbach, 1954). 

Mudflows were probably · triggered by violent storms in the source area. 

The presence of coarse conglomerate throughout the entire vertical section 

ex~osed along ·the fault inclicates that techonism was proceeding during 

sedimentation. 

The mudflow· deposits were immediately reworked, by fluvial processes. 

The stream reg~mens were maintained by the excess of water provided 

by the mudflows. These streams were intennittent with a high canacitv 

and competence. These stream deposits can be recognized bv the ~resence 

of coarse gravel channel fill's interbedded 1vith streamflood or sheetfl ood 

deposits (Figs. 49 and 50). The stream deposits are differentiated on 

the basis of overall sorting, erosional basal contacts, and excellent 

imbrication. These relationships agree with the data ~resented by Blissenbach 

(1954} and Denny (1965) in their investigations of alluvial fans. 





Figure 48 -- Diagram, parallel to depositional strike, shm,•'Lr.)C 
interpretation of the fonnation of the mud-pebble 
breccia. 
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Figure 49. Interbedded sheetflood (sf) and streamflood (sfl) 
deposits . in the Mount Toby Conglomerat~ east of 
Turners Falls. 
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Additional sediment was brought into the basin bv intermittent 

streams that originated in tte vicinity of the fault scarn. These 

streams are· important for they tend to maintain equilibrium between eros ion 

in t_he s.ource area and deposition in the basin and· thev are characterized 

by broad, flat-floored troughs with or without distinct banks. The sedi-

ment ranges in size from clay to boulders, but finer fractions constitute 

only a small part of the total bedload (Denny, 1965, p. 39). De~osits 

of this kind are characterized by the presence of gravel lenses and coarse 

sand lenses in a predominantly coarse conglomerate facies. They are present 

at several localities along the Border Fault. At Roaring Brook on the east 

side of the Mount Toby highland, coarse sandstone beds overlie a coarse 

conglomerate of mudflow or talus origin. 

The fan complexes were the loci for fluvial sedimentation within the 
.. 

depositional basin. Blissenbach (1954)and Denny (1965 found that fan 

surfaces are travers.ed by numerous meandering and braiding streams that 

possess abundant. cut-and-fill structure~ ·current ripple marks, crossbedding, 

and good imbrication (Blissenbach, 1954), The streams are also subject 

to large variations in capacity and competence, and are reworking the 

large volume of mudflow .sediment. 

Criteria for recognizing this environment in the Turners Falls Sand-

stone and the Mount Toby Conglomerate are abundant. The ·profusion of cut-

and-.fill structures suggests that channel migration, channel niracy, and 

subsequent abandonment were active processes during the late Triassic. 

The polymodai nature of the _paleocurrent indicators (Fig. 17) attests 

to the braiding and meandering habit of the streams. The size and distri-

bution of the crossbeds imply that they were formed quickly in ranidlv 
. 

migrating channels. The current ri-pples, cuspate ripples, and irregular 
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ripples are b~st explained as features indigen~us to alluvial fans 

and their associated streams. The presence of antidunes and nlane beds 

indicate that fan streams oft.en flowed in the upper flo~v regime and were 
I . 

character:ized by high velocities and shalJ,.mv wat~r depths (Wessel and others, 

196 7; Hand and others, 1968) • 

Many of .the fine sand and mudrock deposits reflect flood plain 

sedimentation. Denny (1965, p . 11) pointed out that the fanstreams final-

ly .finger out . on the peripheral edges· of the 'fan, mak~ng it imnossible 

to distinguish between fluvial a~d flood plain deposits. This zone · 

between~ flood plain ,and fluvial de!posits probably represents the area 
' · 

where caliche was .deposited. 

Finally, as the hydrologic comnetence of the . streams decreased, the 

remaining detritus, a1most ex~lusively' mud, was deposited in a playa 

environment~ Playas are common to Holocene fan complexes also. 

(Blissenbach •. ·1954; Denny, 1965). Evaporite deposits 'such as halite, 

anhyd!ite, and glauberite were formed in the playas. · Local uonding 
. . . 

produced mor·e permanent lakes that were probably maintained by under-

ground , springs. . These more permanent lake . environments were capable of 

supporting a diverse fi'ora and fauna. Fish are the most abundant fos-

sils. 

A SliDU!lary of the criteria used to delineate the different environ-

ments in the Turners Falls Sandstone and the Mount Toby Conglomerate is 

shown in F.igure 50. 

The fan-complex deposits consist of th~ee distinct facies (Fig. SO) . 

A proximal-fan · facies composed of mudflmv (sheetflood and streamflood) 

deP.osits is recognized on the basis of poor sorting , random distribution 

of conglomerate clasts, lack of pebble imbr ication, and pebb l y sandstone 
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Figure 50. -- Measured stratigraphic sections showing the sedimentary features used in discriminating 
different aspects of the depositional setting. 
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-
occurring in irregular lenses. 'Stream deposits occasionally are inter-

bedded with the proximal mudflow sediments (Figs. 49 and 50); stream 

deposits display pronouncedimbrication, moderate sorting and contain 

no sandstone lenses (Fig. 50). The mid-fan facies is recognized by 

the presence of ' cyclic units of pebbly sandstone and pebbly conglomerate 

eight to twenty-seven inches thick. The pebbly sandstones display low-

angle foreset bedding, plane beds, and isolate imbrication (Fig. 50). 
' . 

The pebbly conglomerates are mod~rately well sorted and contains contact 

imbrication (Laming, oral communication, 1967). 'l'he distal-fan facies 

(Fig. 50) is characterized by cut-and-fill structures, low-angle fore-

set bedding, isolate imbrication, plane beds, ball-and-pillo111 structures, 

backset bedding, and convolute laminations. These structures are usual ly 

developed in pebbly sandstone, coarse sandstone, and sandy, pebbly con-

glomerate. Distal fan deposits commonly have erosive basal contacts \vith 

underlying flood plain deposits (Fig. 50). 

The -fan-complex facies intertongue westward with flood plain deposits. 

Flooq plain deposits are primarily composed of fine to coarse sandstones, 

siltstones, silty c~aystones, and minor lenses ·of fine conglomerate. 

Structures present include plane beds and associated parting lineation, 

load· casts, ripple marks, burrows, flaky shale units, and crossbedded 
. . 

units with foreset inclination generally greater than fifteen degrees 

(Fig. 50). 

Late Triassic Climate 

Introduction. - The climate of the Newark Enoch has been a subject 

of debate for over one hundred years. Russeil (1892, p. 46) concluded 

that the red rocks of the Newark system "were formed from debris of land 

I 
that had been lo·ng exposed to the action of a wann, moist atmosphere.'' 
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Both Dana (1883) and Davis (1898) accepted the hypothesis as proposed 

by Russell, and Dana postulated a heavy rainfall with some temP._orary 

glaciation. Barrell (1908), however, proposed a s~i-arid climate. 

He compared Triassic sedimentation and climate with the conditions 

prevailing in the Great Valley of California. He co~sidered fanglomerates 

(as defined by Lawson, 1912) to be indigenous features of arid or semi

arid regions ·. Raymond (1927.) believed that the Triass'ic climate was 

warm and humid. Krynine (1950, p. 182), the most recent investigator, 

felt that "a savanna climate of that type~ with a uniformly high temper

ature around 80° F.: a totaliy rainless dry season lasting at least three 

months and a heavy rainfall exceeding 50 inches in the valley proper and 

in excess of sixty or seventy inches in the erosion region of the scarp 

... " was · characteristi~ of the original ideas of Barrell (1908, 1915). 

The criteria for 'this conclusion are sUlllnlarized below. 

Climatic Criteria. - Floral evidence, as discussed by Lull (1953, 

p. 20), shows that the pl~nts are mainly in the black shales "which apparently 

represent lakes or swamps due to d,:unming up of the drainage." The present 

study supports Lull's conclusions., with the exception . that fragmental plant 

detritus is locally present in some of the red .and brown mudrocks. Coal 

is also present in minor amounts. Lull (1953, p. 24) described three main 

types of plants - ferns, cycads, and· conifers--all of which are limited 

to ' the black shales. 

Animal fossils reported· from the Triassic includ·e fresh-water s hel ls, 

one insect, trails, fish, ~nd terrestrial vertebrates. The shells include 

two fresh or brackish water forms which, according to Lull (1953, p. 39), 

point to a somewhat permanent body of water. The trails were reviewed 
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. 
by Hitchcock (1858) and Lull (1915, 1953). The fish are limited to the 

black shale horizons, and although their geographic range is from Turners 

Falls to New Haven, their occurrence in the black sha~es indicates only 

the presence of fresh or brackish water in sm~~l permanent lakes. Such 

lakes, according to Lull (1953, p. 20)"may tvell represent the recurrence 

of periodical climatic cycles of greater than average humidity and conse-

quent expansion of the aquatic habitat; or a distu~bance of the drain~ge, 

climatic conditions rem~ining constant." The terrestrial vertebrates are 

represented by scarce skeletal remains and by numerous footprints, but 

their overall habitat is not well known. In conclusion ·, the organic 

assemblage is not a definitive indicator of Triassic climatic conditions. 

Paleoclimatic data as deduced from sedimentological evidence includes 

types and abundance of structures, authigenic .minerals, clay minerals, 

terrigenous particles, and sediment texture. 

Raindrop impressions, mudcracks, and footprints are not necessarily 

representative of a particular climate. All that is required is a neriod 

of dryness {l<rynine, 1950, p. 163). Hm-1ever, the rreservation of dessica-

tion marks . in ~arge numbers, such as in the Turners Falls Sandstone and 

I 

the 'Xount Toby Conglomerate, ·would seem to favor an arid or semi-arid 

climate. Lack of vegetation also enhances the develonment of thes e struc-

tures, and even a seasonal humid climate (Krynine, 195~) would sunnort 

some sort. of vegetation. The red hematitic soils. ·iu the basin Nould not 

favor fossil preservation of the vegetation, but in the p r esent study 

no evidence of rootlets or associated structures was found. This suggests 

a scarcity of vegetation is characteristic of arid or semi-arid clima tes 

(Blissenbach, 1954). 

The directional sedimentary structures are s ugges tive or certai n 

climatic process es in the depositional basin. Tha smal l l a tera l ex tent of 
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the crossbedded units indicates deposition by short-lived braidinp, or 

meandering streams. Irregular rinple marks (FiP,. 12) also have been 

described from braided channels (Do~glas, 1962, p. 176). Doeglas (1962, 

p. 1.69) notes that braided streams are best developed under semi-arid 

or arid conditions. The abundance of scour-and-fill structures indicates 

large variations in stream competence, a condition favored by intennittent 

drainage subject to -periodic and torrential flooding. _· The upper flm.r 

regime structures (plane beds and antidunes) and the low-angle foresets h~we 

been described from alluvial fan environments in arid and semi-arid 

climates (McKee and others,' 1967: Power. 1961: Rahn, 1967). 

The texture of the conglomerates has clima.tic significance also, 

for large boulders are ' not present in fans developed under humid condi

tions (Krynine, 1950, pp. 184-187) John Rodgers (oral communication, 

1966) found that under humid conditions sorting and roundness in alluvial 

fans are the same as in fans forming under arid or semi-arid conditions 

with the exce'ption that large boulders are not produced under humid 

conditions. Figure 51 shows a boulder seventv-t\\10 inches long in the 

Mount Toby Conglomerate at the ·western edge of the present basin. Similar 

bould.ers three to four feet long abound in the conglomerate. This is 

suggestive· of _arid or semi-arid conditions in ·which mudflo~...-s constitute 

the primary depositional medium (Blissenbach, 1954). 

The matrix of the conglomerates contains very little mud. Th:i.s 

phenomenon has been noted by Walker (1967, n. 358) in fanglomerates 

developed in an arid climate in southern California. He attributes the 

lack of mud to a very poorly developed soil zone in. the source area due 

to a lac~ of chemical weatherirw,. The same reasoning can he appl,i Qd to 

the present study area , suggestibg that semi-arid or ariJ conditions nre

vailed in the depositional basin. 
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Figure 51 . - - Large granitic boulders in the ~aunt Toby Con~ lo~~rate 
deposited near the western edge of the present h,lsin 
west of Sunder land. The largest boulder is 72 inches 
long. 
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The chemical state of the terrestrial fragments is directly related 

to climate. A rugged topography weathered under. humid conditions produces 

fresh and weathered material as· the streams cut through a deeply 111eathered 

mantle ·to fresh . bedrock (Krynine, 1950). Krynr:i.ne (1950, nn .· 186-192) 

showed that vertical erosion favors both weathered fra~ments formed i~ 

the ~nterfluves and fresh fragments fanned in ·the ·canyons. The we a the red 

I 

fragments from the soil zone dislodge by im-pact fresh narticles from the 

Canyon walls. The final agglbmeration of sed:iment will consist of fresh 

and weathered constituents, provided deposition is ranid. An alternative 

to . this hypothesis has been suggested to produce the same .phenomena (see 

p. 89). 

The detrital fragments in th~ Turners Falls Sandstone and the ~aunt 

Toby Conglomerate display evidence of being exnosed to humid conditions. 
. ·' 

The mudrocks contain hematitic clay. The sandstone and conglomerate matrices 

contain minor amounts of hematite and hematitic rims on particles of al l 

sizes. Labile constituents (phyllite, biotite, chlor{te, ano feldspar) are 

fre.sh or weathered, and the feldspar is locally kaolinitic. All of these 

factors point to i~tense weathering ·under humid conditions. 

W.alker (1967, p. 359) has shown that red coloration can be produced 

i 
diagenetically under a.rid or semi-arid conditions by oxidation of ferro-

magnesium minerals. This type of post-depositional alteration_ can be 

recognize9 by: (a) hematitic· halos around iron-bearing detrital grains 

(especially biotit7); (b) replacement of a chlorite-biotite matrix by 

hematite; and (c) ' irregular outlfne of hematitic coatings on quart?- and 

feldspar grains (1967, pp. 365-366). Roth biotite r~nd chlorite in the 

sandstone facies show chemical alteration to hematite (Fi~·.s. 52a <lnd 5 ~ . 

and a biotite-chlorite matrix commonly shows alteration to hematite ( Fi1 

52c). These .. data suggest that a portion of the hematite originated i.::1 • " 
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Figure 52a. -- Photomicrograph of primary chlorite (C) showing nest-depositional alteration 
to hematite (H). SamDle is fro~ the Turners Falls Sandstone i n the ~orthern 
Province. 

Fig ure 52b. 

Fig ure S2c. 

Photomicrograph shoHing pos::--depositional alteration of a ·biotite g;rain (B) to 
he~atite (r) . Sa~ple is fro~ the Turners Falls Sandstone in t he Sou thern 
Province. The arrows noint to relict portions of the biotite grain. 

Photomierogranh of biotite-chlorite matrix (~ ) being altered to hematite (H) 
in the Turners Falls Sands tone . Sample is from the Northern Province . 
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basin· and that detrital constituents \¥ere weathered under both hLDTiid 

and arid to semi-arid conditions. 

The pre-Triassic rocks exposed at the inselberg at Taylor Hill are 

fresh and lack. evidence of being subjected to chemical weathering. P~ysical 

weathering· is best developed in ar:id or semi-arid climates (Blissenbat:h, 

.1954), and the chemically unaltered state of these c·rystalline rocks i mnlies 

that semi-arid conditions prevailed in the depositional basin, 

The authigenic minerals p~eserved in the present basin are directlv 

related to the Triassic climate. Soluble salts ·such as halite and gypsum 

are produced by the corriplete ·evaporation .of e.xt.ensive bodies of \Vater in 

desert region's. Playa deposits contain abundant concentrations of halite., 

gypsum, ·a.nd glauberite. . Emerson (1895) reports cavi ti'es representing 

halite crystals from West Springfield, Holyoke and Wilbraham, ·and Abel 

(19~6) reported gypsum casts . fn the Connectieut part lof the Connecticut 
I . . 
I 

. I 
Valley Triassic, Casts similar to those .described by . Emerson are also 

present east of Turners Falls at Barton Cove . The ground water in the 

sandstone and shale facies contains calcium and sulfate· concentratiorts 

in small percentages. These Triassic rocks form a .separate ground-water 

basin (Saines and Motts, oral communication, 1967). John Sanders (oral 

communication, 1966) describes Triassic lake beds in Connecticut that 

have as much as twenty percent calcium carbonate. Undoubtedly much of 

this carbonate a!'ld sulfate is secondary, but a lar~e port i on must be 

leached from primary evaporite deposits. · These. and the presence of l iml~-

stone (caliche) in sample AOB (Figs. 44, 45, and 46) are certainly evid~~nc ( ~ 

of a semi-arid climate in the basin. 

Proposed Late Triassic Climate.- Data presented above strong ly sugges t 

that the Turners Falls Sandstone and ·the Mount Toby Conglomerate we r e 
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deposited in a basin charactericaed by semi-arid climatic conditions . The 

basin \·las bordered by a moderately high, 'rugged source area that was suh

jected to humid \veatherfng. The transition from humid to semi-arid conditions 

probably took place along the fault scarn. Chemically weathered detritus 

was produced in the humid source area and moved westl\lard dm.;n the scarn 

\-lhere it became mixed with the physically •·reathered detritus formed c•n 

the scarp. Hany of the large boulders ·were weathered from the semi arid 

portion of the scarp. 

The short but heavy sporadic cloudbursts reaching the scar]", n.roduced 

the water necessary to initiate mud flows. The abrupt break in slope 

between the scarp and the basin floor provided the geometrical condi-

tions necessary for the formation of alluvi.al fans. Excess \\later from the 

mudflows produced braiding intermittant streams that reworked mud£1 m1 denosi ts 

and moved the finer material to deeper parts of the basin. Fi~ure 53 sum

marizes the proposed Triassic paleogeogranhy. 
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Figure 53. -- A ~aleogeographic summarv of La;:e Triassi c d,~n>J si ti on <:tl 

condit ions in the northern nart of the Connec ti. cu t 
Valley. Semi-arid conditions nre vailed in t he dcnosi
tional basin and nart of the sc:1n•; the hi.ghland c:; ('UrC L' 
area was weathered under humid :onditions. 
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Sill-faARY A.~D CONCLUSIONS 

Summary 

The depositional history of the Turners Falls Sandstone and the \1ount 

Toby Conglomerate began with basin filling, primarily by alluvial fans. 

Fan complexes were built up by ·successive accumulations of sheetflood, 

s treamflood, and stream deposits. Stream regimens ,.,ere maintained bv 

recurring tectonism along the Border Fault. Between oeriods of mudflow 

sedimentation ,, streams originating on the . fan complexes retvorked much of 

the fan detritus. The mudrock facies reflects deposition associated r..rith 

flood _plain and playa environments. Authig_enic minerals such as calcit e 

and gypsum were formed in these environments. 

Textural data from all rock facies, .nature of the nrimarv se'c'timentarv 

structures, and authigenic miil.eralogy indicate that the late Triassic 

deposits accumulated under a semi-Arid climate. The presence of abundant 

hematitic clay reflects humid weathering in . the source area. 'lore or less 

permanent lakes characterized by black shales are a result of local dammin~. 

These lakes \vere p robably fed by sprillf,s. 

Stratigraphic relationships show that deposition occurred in a wedg~

shaped trough. Paleocurrent data suggest that this Late Triassic basin 

was characterized by interior drainaRe . . 

Conclusions 

Sedimentary St_ructures (Directio~aJ:l. ~ Low-angle cn~ssbeds (5c~ - 7' ' ) 

cha racteristic of many of the fureset beds formed in t l1e uppl!r pllJ't Llf t [h.' 

lower flow reg ime, and . the small horizonta1 distributi ou of 40 crossh.:ds 

indicates that d eposition occurred in raridlv shifting channels . The 
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ass0ciation of narting lineation with antidunes sunports Allen's (19!16) 

conclusion that it is developed in the unner flmo1 regime. A trinartite 

division of upper flow regime deposits is pronosed and consists of nlane 

beds, antidunes, and conglomerate. Antidune structures of this sequence 

are preserved by rapid burial of conglomerate. The rare occurrence 

of oscillation ripple marks s t1ggests a lack of nennanent water bodies. 

The amplitude of cusnate rinples represents a resnonse at the sedimentary 

i'nterface to fast moving streams of short duration. 

Sedimentary Structures (Non-directional). ~Deformational structures 

including loa·ding phenomena, slump structures, load casts, ball-and-

pillow structures, and convolute laminations indicate that preconsoli.clated 

Triassic sediments contained· varying run.ounts of water nrior to final burial 

and consolidation. Deformation was influenced· nrimari.ly· by the amount o f 

overburden and the speed of accumulation of overburd,en. Scour-and-fill 

structures attest to the fact that channel migration and stream braiding 

were common features of Triassic sedimentation . Abundant dessieation 

features and raindrop impressions suggest that prolonged dry neriods ,.yere 

common. The fossil record serves only to date the a~e of the denosits and 

confirm their continental 'origin. 

Conglomerate Fabric and Dispersal Trends. - r.ravel fabric is a va 1 id 

means of examining dispersal trends of conglomeratic rocks. Fabric and 

imbrication may aid in the interpretation of environments within a conglnme r

ate facies. Sheetflood deposits rarely disnlav irnhricati.on hut stream-

flood and stream deposits are usually imbricated. Analvsis of a !'1o;~.dnP. 

average diagram of maximum r>ebble size shorvs that three major a lluvial· fan 

complexes are present. Roundness varies little throughout the denositional 

basin. Exfoliation probably influences the rounding of narticles . 
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Petrography. - Analysis of the conglomerate fragments indicates 

that the Northern and Southern Provinces were bordered bv lithologica] lv 

different source areas. The Southern Province received more granitic 

detritus and the northern area received more rock types. Phyllite and 

vein quartz are distributed in equal nrouortions throughout the source 

area and depositional basin. Correlation betweenconglomerate clasts and 

metamorphic isograd indicators in the clasts shows that the Triassic 

source rocks were similar to crystalline -rocks presently surrounding the 

depositional basin. 

The san<lstones are predominately arkose, lithic arkoses, feldsnathic 

litharenites, and litharenites. They contain. less thaq 10 nercent matrix 

and less than 5.0 percent quartz. Transportational breakdown of metamoruhi c 

rock fragments can result in the production of quartz and feldspar. This 

sugg~sts that li~harenites may evolve to arkoses if the source area con-

tributes ·schistose material to the depositional basin. Textural naramet ers 

(sorting, skewness' and kurtosis) . show no significant trends in the sand-

stone facies. 

The mudrock facies is' composed primarily of red siltstones and shales 

with interbeds of calcareous· and carbonaceous material. 

yaleogeogranhy. - Basin filling was accomnlished primarily by alluvia l 

fans deposited along the eastern margin of the basin. Depositional environ-

ments include alluvial fan, fluvial, flood nlain, and playa lake. These ; 
I : 

different environments can be recognized by their lithologic cha racterist ics , 

sedimentary structures, and textural relationshins. S.c•dimcn tarv s t r ue turL'~ , 

texture, and authigenic mineralogy indicate that semi-ari ct condit ions pr•'-

vailed in the depositional basin. 
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