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INTRODUCTION

The Cambridge Argillite represents the fine-grained 
component of the Boston Bay Group, which is in it-
self a portion of the Neoproterozoic Avalon Terrane.  
Historically, the majority of the research conducted 
on the Boston Bay Group has focused on the coarse-
grained conglomerates that make up the Roxbury 
Group, neglecting the laminated Cambridge Argil-
lite.  However, this laminated muddy facies contains 
Aspidella, Ediacaran fossils of Neoproterozoic Age.  

Very little is known about the paleoecology of these 
organisms, which were first described in the Boston 
Bay Group by T. H. Clark in 1923 (McMenamin, 
2004). The depositional setting of the laminated 
argillite that hosts the Aspidella fossils still remains 
elusive.  Previous studies have suggested that the 
Cambridge Argillite represents a basinal deposi-
tional setting (Bailey and Bland, 2001).  However, 
the features present in these rocks do not exclusively 
indicate a deep-sea environment of deposition.  The 
purpose of this study was to determine the depo-
sitional processes and interpret the depositional 
setting of a measured section of the Cambridge 
Argillite.  These data could provide insight into the 
paleoecology of the Ediacaran Aspidella fossils pres-
ent within this formation.     

GEOGRAPHIC AND GEOLOGIC SETTING 
OF STUDY AREA

This research focused on the section of the Cam-
bridge Argillite that was first described as Locality E 
by Crosby (1894) along the coast in Hewitt’s Cove, 
Massachusetts, just south of Boston (Fig. 1).
 
Bailey and Bland (2000) described the “ring-like” 

Aspidella fossils found in the strata at this locality 
(Fig. 2) to be Neoproterozoic in age.  Thompson and 
Bowring (2000) derived U/Pb dates from zircons, 
providing a maximum age for the Boston Bay Group 
to be about 570 to 610 Ma.

Aspidella fossils occur in muddy laminite facies that 
were deposited on an igneous basement of a rift 
basin (McMenamin, 2004).  The extension basin 
formed as Avalonian Terrane pulled apart from Ro-
dinia during the formation of the Iapetus Ocean in 
the Neoproterozoic (Smith and Socci, 1990).   Simi-

LAMINATED CAMBRIDGE ARGILLITE OF THE BOSTON BAY 
GROUP AT HEWITT’S COVE, MASSACHUSETTS

ANNA E. LAVARREDA: Smith College
Research Advisor: Bosiljka Glumac

Figure 1.  Map of study site (Locality E) at Hewitt’s Cove, MA 
(modified from Crosby, 1894, In Bailey and Bland, 2001).
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METHODS

Field data collection occurred during low tide be-
cause the study site was in the intertidal zone along 
the rocky coastline of Hewitt’s Cove, MA (Fig. 3).  A 
13.3 meter-thick section was measured and de-
scribed.  This section was divided into 10 units, and 
16 samples were collected.  

At Smith College, samples were cut into slabs for 
both thin sections and polishing.  Completed thin 
sections were scanned and high-resolution images 
were analyzed in Adobe Illustrator for lamina trend 
(type and thickness).  Petrographic analysis of the 
thin sections provided information about grain 
composition, size, sorting, and any other microscale 
sedimentary structures.

OBSERVATIONS

The surface of the outcrop was weathered because it 
lies within the intertidal zone, which made it dif-
ficult to make detailed field observations about the 
nature of the lamina.  The strata were also slightly 
metamorphosed and had jointed cleavage perpen-
dicular to bedding.  The section dipped at an average 
angle of about 45o to the northwest.  

Grain size ranges from clay size particles (< 62 
μm) to silt and fine sand (125-177 μm).  These silt 
and sand grains were predominantly composed 
of quartz, with some minor feldspar, augite, and 
opaque grains.  These grains were largely angular in 
shape, although a smaller portion ranged in shape 
from subangular to rounded.

The predominant stratification type was a planar, 
normally graded, muddy couplet with a gradational 
contact between silt on the bottom and clay on the 
top (Fig. 4).  Contacts between the couplets varied 
from sharp to gradational.  Observation of sharp 
contacts was enhanced by the presence of opaque 
drapes in between couplets.  There was little evi-
dence of prominent scour erosional contacts be-
tween the couplets.  Also absent were features such 
as cross-bedding, ripple marks, and other sedimen-
tary structures.  Couplets vary in thickness from 

lar Precambrian strata can be found in the Avalon 
Peninsula in Newfoundland, with associated ring 
fossils within the laminated sections.  The geograph-
ic location of Avalon during the Neoproterozoic 
is not well constrained, but it is believed that the 
terrane, located in what is now Southeastern New 
England, was centered around a paleopole of about 
60oN, 206oE about 596 Ma (Thompson, et al., 2007).

Figure 2.  An example of the Aspidella fossils seen in the field 
on the bedding plane surfaces of the Cambridge Argillite. Scale 
bar in centimeters.

Figure 3.  Photograph of the study site within intertidal zone.  At 
high tide, water reaches up to boulder on the left. 
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very thin lamina (~ 0.5 mm thick) to thin beds (~1.5 
cm) (Fig. 4a).  The majority of the lamina are about 
1 to 5 millimeters thick.  Detailed observations of 
the distribution of couplet thicknesses provided no 
evidence for any obvious trends, patterns, or rhyth-
micity.

Features were present in thin section along lamina 
bedding planes that might represent cross sections 
through aspidellids (Fig. 4b). While these fossils 
were easily identified in hand sample due to their 
recognizable ring-like form (Fig. 2), thin section 
identification of the aspidellids was more difficult. 
Several features that might represent aspidellids 

based on their lenticular cross section and associa-
tion with the opaque organic drapes, which helped 
define the outline of such structures by sandwiching 
the entire form (Fig. 4b).  An organic drape-mud-
Aspidella-mud-organic drape sequence was typical 
of these features and the entire sequence was pres-
ent in between normally graded couplets that have 
higher than average mud content.  The lenticular 

structures are about 5 to 10 mm in length and about 
1 mm in width, which is, however, much smaller 
than the Aspidella fossils in hand samples that are 
typically about 1-2 cm in length and about 1 cm in 
width (Fig. 2). 

INTERPRETATIONS OF DEPOSITIONAL 
PROCESSES AND ENVIRONMENTS

The sediments that make up these laminated argil-
lites from the E Locality were deposited from sus-
pension.  Evidence for such processes include the 
normally graded couplets with very minute or no 
evidence for erosional scour bases.  That there is 

very little evidence of scour suggests 
that deposition was almost entirely 
settling from suspension.  These rocks 
do not contain any cross-bedding 
or ripple marks that would suggest 
deposition by traction currents.

These muddy facies were deposited in 
an area that was distal from the sedi-
ment source because they are com-
posed of very fine-grained material.  
Deposition occurred below storm 
wave base because of the lack of evi-
dence for much erosion and traction.  
The depth of the storm wave base can 
vary, however it rarely exceeds 200 
meters (Reading, 1996).  Deposition 
occurred as settling from re-suspen-
sion in a distal, basin floor setting 
below storm wave base.  Formation 
of the sediment cloud may have been 
triggered by storms, slope-instability, 
or earthquakes.  This sediment cloud 
would extend out into more distal 
environments that are not necessarily 

deeper, with sediment falling out of suspension as 
the flow velocity waned. 

Similar depositional features in laminated mud-
stones have been cited by Cofaigh and Dowdeswell 
(2001) as evidence for suspension deposition from 
turbid glacial meltwater plumes.  This could also 
be a possible depositional process, however such 

Figure 4.  High-resolution scans of petrographic thin sections of the Cambridge 
Argillite (scale in millimeters).  (a) Sample showing varying lamina/bed thick-
ness (blue arrows), as well as opaque layers (red arrows).  (b) Sample contains 
lenticular forms (likely an Aspidella fossil) (red arrow) and examples of nor-
mally graded, muddy couplets.
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laminites are also typically associated with ice rafted 
debris deposits and dropstones.  Neither of these 
diagnostic features are present at our study local-
ity, suggesting that the deposition of these laminites 
were not directly influenced by glacial processes.  
Although, a turbid glacial plume could be a signifi-
cant contributor to the suspended sediment cloud 
and would account for the lack of erosional basal 
contacts that result from traction processes.

CONCLUSION

Overall, the features described from the laminated 
Cambridge Argillite at Locality E in Hewitt’s Cove, 
MA, indicate deposition of mud by suspension.  This 
type of depositional process occurred below storm 
wave base from a sediment cloud that was distal 
from the site of resuspension.  Thinly laminated, 
fine-grained, normally graded, planar laminites that 
lack scour bases could have been produced during 
deposition in a distal, basin floor setting.
Future work is needed to determine more precisely 
the environment of deposition.  Knowledge about 
the depositional water depth would be vital for 
understanding the paleoecology of the aspidellids 
present within the Cambridge Argillite.
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