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New Hampshire and Vicinity Continental Shelf: Sand and
Gravel Resources

By Ward, L.G., McAvoy, Z.S. and Vallee-Anziani, M.
University of New Hampshire Center for Coastal and Ocean Mapping/Joint Hydrographic Center

24 Colovos Road, Durham, NH 03824

Abstract

The continental shelf off New Hampshire (NH) has extensive marine-modified glacial deposits
and associated shoals. These features are potential targets for sand and gravel resources for
beach nourishment and other efforts to build coastal resiliency. The distribution of sand and
gravel deposits was evaluated based on the synthesis of relatively recent high-resolution
bathymetry, new surficial sediment and geoform maps, and an extensive data archive that
includes over ~1280 km of seismic profiles, ~750 grain size analyses, and 23 vibracores. This work
heavily utilizes the results of previous research on mineral resources on the NH shelf by Birch
(1984) and others. Unfortunately, much of the archived data was collected before the Global
Navigation Satellite System (GNSS) was used routinely for navigation on research vessels.
Consequently, much of the critical data from the archives has a large uncertainty associated with
the positioning. Furthermore, the seismics are of variable quality. Nevertheless, the data archives
coupled with recent high-resolution bathymetry and surficial sediment mapping, provided the
basis to develop an initial or first order evaluation of the sand and gravel resources and identify
areas where follow-up field campaigns are warranted.

This report focuses on four sites where sand and fine gravel deposits may be suitable for
extraction for beach nourishment. The most promising sites are referred to as the Northern Sand
Body (NSB) and the Southern Sand Deposits (SSD). Estimates of the volume of sand and fine
gravel potentially available in the NSB and the SSD are on the order of 17.3 million m3 and 16.4
million m3, respectively. However, these values represent the total volume defined by subbottom
seismics and include very fine sand and mud. Therefore, the volume of material that may be
available for beach nourishment is likely considerably less. Both of these areas, as well as other
potential sites identified, need high-resolution seismic surveys and vibracores to fully evaluate
the potential sand and fine gravel resources.

Introduction

One of the primary goals of the Cooperative Agreement between the Bureau of Ocean Energy
Management (BOEM), the University of New Hampshire Center for Coastal and Ocean
Mapping/Joint Hydrographic Center (CCOM/JHC), and the New Hampshire Geological Survey
(NHGS) is to delineate and map potential sand and gravel deposits on the New Hampshire (NH)
and vicinity continental shelf for the primary purpose of beach nourishment to enhance coastal
resiliency. Assessment of sand and gravel resources on any continental shelf requires a



knowledge of the seafloor bathymetry, morphology, surficial and shallow subsurface sediments,
and subsurface seismic stratigraphy. Fortunately, a significant amount of research has been done
regarding the sedimentology and seismic stratigraphy of the NH and vicinity inner continental
shelf over the last several decades. However, this information has not been systematically
synthesized and merged with the high-resolution bathymetry now available and presented in a
spatial framework. Therefore, the relevant research on the NH continental shelf and vicinity has
been synthesized, databases recovered or built, and the syntheses brought into geospatial or GIS
platforms and made readily assessable.

Presented here are sand and gravel resource maps, our present understanding of the
sedimentological characteristics of these deposits, and potential new sites to explore in the
future for the continental shelf off NH. This area extends from the coast seaward ~50 km to
Jeffreys Ledge and is bound by the Massachusetts continental shelf to the south and the Maine
shelf to the north (Figures 1 and 2). This report was first published in 2016 (Ward et al., 2016a).
This report is an update of the original report with more recent surficial geology maps and
supporting information and supersedes the 2016 report.

In addition to the work presented here, other studies conducted by the UNH-BOEM Cooperative
Agreement on the surficial geology and potential sand and gravel deposits on the NH and vicinity
continental shelf include the following.

1. Ward, L.G,, Johnson, P., Nagel, E., McAvoy, Z.S., and Vallee-Anziani, M., 2016b, Western
Gulf of Maine bathymetry and backscatter synthesis: BOEM/New Hampshire Cooperative
Agreement (Contract M14ACO0010) Technical Report, Department of Interior, Bureau of
Ocean Energy Management, Marine Minerals Division, 45600 Woodland Road, Sterling,
VA, 20166, 18 pp. https://dx.doi.org/10.34051/p/2021.27

2. Ward, L.G., McAvoy, Z.S., Vallee-Anziani, M., and Morrison, R.C., 2021a, Surficial Geology
of the Continental Shelf off New Hampshire: Morphologic Features and Surficial
Sediments: BOEM/New Hampshire Cooperative Agreement (Contract M14ACO0010)
Technical Report, Department of Interior, Bureau of Ocean Energy Management, Marine
Minerals Division, 45600 Woodland Road, Sterling, VA, 20166, 183pp.
https://dx.doi.org/10.34051/p/2021.31

3. Ward, L.G., Morrison, R.C., McAvoy, Z.S., and Vallee-Anziani, M., 2021b, Analysis of
Vibracores from the New Hampshire Continental Shelf from 1984 and 1988: BOEM/New
Hampshire Cooperative Agreement (Contract M14AC00010) Technical Report,
Department of Interior, Bureau of Ocean Energy Management, Marine Minerals Division,
45600 Woodland Road, Sterling, VA, 20166, 173 pp.
https://dx.doi.org/10.34051/p/2021.26

4. Ward, L.G., Johnson, P., Bogonko, M., McAvoy, Z.S., and Morrison, R.C., 2021d, Northeast
Bathymetry and Backscatter Compilation: Western Gulf of Maine, Southern New England,
and Long Island Sound: BOEM/New Hampshire Cooperative Agreement (Contract
M14ACO0010) Technical Report, Department of Interior, Bureau of Ocean Energy
Management, Marine Minerals Division, 45600 Woodland Road, Sterling, VA, 20166., 23
pp. https://dx.doi.org/10.34051/p/2021.28




Methods

In order to assess the location, characteristics, and volume of sand and fine gravel deposits on
the continental shelf off NH based on previously collected data and publications the following
was done: all of the available high-resolution bathymetry and backscatter of the study area was
synthesized; all known surficial sediment grain size data was obtained, evaluated, and updated;
surficial sediment maps and geoform maps were constructed; and major seismic surveys from
the early to mid-1980s were recovered and re-analyzed. All of this information, along with
twenty-three previously collected and described vibracores, was used to identify and describe
the shelf sand deposits. The high-resolution bathymetry, surficial sediment databases, and
surficial geology maps were described elsewhere (identified in the previous section). Here we
describe the processing and evaluation of the subbottom seismics and the vibracores and the
evaluation of the sand and fine gravel deposits.

70°45'0"W 70°40'0"W 70°35'0"W

New
Hampshire

Depth (m)

11400

Figure 1. Location map of the focus areas (outlined in black) where sand and gravel deposits on the New
Hampshire continental shelf are described in detail. SSD is the Southern Sand Deposits; NSB is the
Northern Sand Body; NSB-E is the Northern Sand Body Extension; and OSB is the Offshore Sand Body.

Subbottom Seismics

The subbottom seismic surveys used in the evaluation of sand and gravel deposits on the New
Hampshire and vicinity continental shelf were conducted from June 19 — 30, 1981, July 7 — 19,
1982, and July 15—-17, 1985 by the University of New Hampshire and the United States Geological
Survey (Figure 2) (see Birch, 1984; 1986a). The 1981 and 1982 surveys were funded by the



National Science Foundation and the 1985 survey was funded by the Minerals Management
Service (now the Bureau of Ocean Energy Management or BOEM). The original analog records of
all three seismic surveys are stored at the United States Geological Survey Woods Hole Coastal
and Marine Science Center Data Archives (1981-018-FA; 1982-021-FA; and 1985-023-FA).

The 1981 and 1982 surveys were conducted using the United States Geological Survey Research
Vessel Neecho, an 11.6 m aluminum boat developed for shallow water geophysical surveys. The
1985 survey used the University of New Hampshire Research Vessel Jere Chase, a ~13.6 m
wooden boat modified as a research platform. The principal subbottom seismic unit for all of the
surveys was a 300 joule E.G.&G., model 234 Uniboom system operated at a repetition rate of 0.5
sec. Return echoes were collected with a towed array of hydrophones (20 Aquadyne AQ-1
hydrophones with a 15.2 cm spacing). The signals were amplified (Teledyne Exploration model
300), bandpass filtered (Krohn-Hite model 3700 or 3550 R or Innerspace Technology model 202)
and recorded on a dry paper facsimile recorder (EPA model 4100) at a 0.25 sec sweep rate.
Positions were determined with a Northstar model 6000 Loran C system and were recorded by
hand, typically every 5 to 10 minutes while the surveys were underway. A total of ~1280 km of
uniboom tracks were collected (~480 km in 1981, ~600 km in 1982, and ~200 km in 1985).

Processing of the Seismics

Processing of the subbottom seismic records was a labor-intensive effort involving
transformation of the original analog records to digital, analysis in SonarWiz, and ultimately
displaying interpretations of the sand and fine gravel deposits in a GIS platform. The entire
workflow for processing of the subbottom seismic records is outlined in Figure 3 and explained
in more detail in the subsequent sections.

Analog to Digital Conversion. The analog subbottom seismic surveys were originally scanned and
converted to TIFF and/or JPG files during an earlier Cooperative Agreement between New
Hampshire and the Mineral Management Service (Ward, 2007). The scanning was done with a
Contex MAGNUM XL 54+ (1394) scanner made for oversized or long documents using WIDEimage
software. The analog subbottom seismic records were scanned in grayscale at 300 dpi resolution.
Subsequently, the TIFF or JPG files were brought into ImageToSEGY software (Chesapeake
Technology), where navigation was added and the files converted to SEG-Y format. However,
working with the database in SonarWiz (discussed below) revealed that the 1981 and 1982 analog
records used in this project were frequently of very low quality (as a result of actually working
with scans of scans of the originals). Since the original analog records were stored at the USGS
Woods Hole Coastal and Marine Science Center Data Archives, the entire 1981 and 1982 original
analog records were re-scanned using greyscale and converted to digital files (TIFF) at the Woods
Hole, Massachusetts facility. The original analog seismic records were scanned at 8-bit grayscale
TIFF format with 300 dpi horizontal and vertical resolution with a Contex HD4230 Plus scanner
using Nextimage software. The new scans are of a much higher quality and reveal far more detail
in the subbottom seismic records. However, since the earlier versions were completely
processed, only a subset of the newer, higher quality digital files have been analyzed to date in
SonarWiz on an as-needed basis. The quality of the original scans of the 1985 Birch survey were
acceptable and did not require re-scanning.
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Figure 2. Location map of previous subbottom seismic surveys, vibracores, and surficial sediment samples
used in this study from the New Hampshire and vicinity continental shelf.

Processing the Digital Subbottom Seismic Profiles. The SEG-Y files were imported into SonarWiz
6 v.6.01 (Chesapeake Technology) software to enhance the profiles and subsequently analyze
the records. Enhancements included modifications of the seismics on screen such as scale
corrections, adjusting the vertical exaggeration, or improving the clarity or contrast of the
images. Analysis included bottom tracking, identifying, and drawing critical reflectors, and
computing seismic unit thickness. The SEG-Y files were imported as subbottom profiles (Import
SBP Tool) into SonarWiz and converted to CSF (common sonar format) files. Subsequently, all
processing was applied to the CSF files. Initial processing included: splitting the subbottom
seismic profile files into smaller segments based on orientation and location using the “Split CSF
by Time or Ping” function; tracking the seafloor using “Bottom Tracker Tools”; converting the
bottom tracks into a seafloor reflector using the “Make Reflector Tool”; and manually drawing
other reflectors as needed using the “Acoustic Reflectors Tool”. Images from the processed CSF
files were exported with the enhancements and interpretations as image cross-sections with all



of the features as BMP, JPEG, or TIFF formats. Subsequently, the cross-section images were
viewed in SonarWiz 3D, converted to shapefiles (shows shiptracks) and cross-section images to
view in ArcGIS or QPS Fledermaus. It should be noted that in cases where seafloor elevations of
cross lines of the profiles did not match, the “Datum Align SBP to Bathy Grid” tool was used to
adjust the vertical offset of the profile bottom tracks to match a gridded surface. Sediment
thickness values were calculated using the “Compute Thickness Tool” which simply determines
the vertical distance between the seafloor reflector and sand base reflector.

Computed thickness values were then exported using one of the many feature export tools such
as “Ascii CSV”, “Ascii Detailed CSV”, or “Ascii Simple Thickness, XYZ Text”. If a core was located
along a subbottom seismic profile, the core position and core log was added to the image using
the “Core Tool”. Additional formatting of exported files to bring into ArcGIS was done using
MATLAB or Excel.
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Figure 3. Workflow for processing subbottom seismic profiles.



Development of Sand and Fine Gravel Thickness Maps, Isopach Maps, and
Estimating Sediment Volume

To develop sand and fine gravel deposit thickness maps, the computed thickness of sand layers
developed in SonarWiz were brought into ERSI ArcGIS 10.3 and converted from a XYZ format to
point feature shapefiles. Since navigation for the seismic surveys was based on Loran C with an
accuracy estimated to be between ~185 and 463 m (explained below in section on “Positioning
Uncertainty of Seismics and Vibracores”), buffers were drawn around each point with a 125 m
radius to allow some estimation of the positioning error. A surface interpolation using “Spline
with Barriers” from the Spatial Analyst toolbox in ArcGIS was applied to the thickness points using
the 125 m radial buffer as a constraining geometry. The elongated surfaces are displayed as sand
thickness maps.

To create an isopach map from sand thickness values exported from SonarWiz, a bounding area
polygon was developed in ArcGIS on a map surface to isolate the area where the point thickness
values were going to be interpolated. Boundary geometry was designed to prevent interpolation
of sand areas across bedrock outcrops or features likely composed of non-sandy materials. Points
outside the bounding area were removed with “Erase Point” from the Editing Tools toolbox. The
kernel density estimated by the “Kernel Density Tool” in the Spatial Analyst toolbox in ArcGIS was
used to determine an appropriate cell size for each isopach surface by calculating the square root
of one over the mean kernel density (cell size formula) of the points inside the area polygons.
Similar to the sand thickness surfaces, isopach surfaces were created using a spline interpolation
of the isolated points for each area using “Spline with Barriers” from the Spatial Analyst toolbox
in ArcGIS. The sediment volume within the bounding area was computed using the Surface
Volume tool in the 3D Analyst toolbox of ArcGlIS.

Synthesis of Vibracore Data and Development of Vibracore Logs

A total of twenty-three vibracores were taken on the NH shelf in 1984 and 1988 (12 vibracores
from 11 sites in 1984 and 11 vibracores from eight sites in 1988). Both sets of cores were funded
through a Minerals Management Service (MMS) - Coastal States Cooperative Agreements (14-
12-0001-30115 in 1984 and 14-12-0001-30316 in 1988). All vibracores were collected aboard the
R/V Atlantic Twin (a twin-hull vessel run by Alpine Geophysical Associates, Inc.) using a
pneumatic, vibrating hammer-driven coring system. The vibrator is attached to the top of a core
pipe (standard 10.1 cm or 4-inch steel pipe) fitted with a ~¥9 cm (3.5 inch) diameter plastic core
liner tube. The recovered tubes were cut in 1 to 1.5 m lengths on board the R/V Atlantic Twin to
facilitate transportation to the United States Geological Survey facility at Woods Hole,
Massachusetts. There the cores in their liners were split lengthwise, half for archiving and a
working half for sampling, photography, and description.

The cores were originally described during the periods they were collected by the investigators
directing the projects. The cores collected in 1984 were sectioned and photographed (in black
and white) at the Woods Hole Coastal and Marine Science Center Samples Repository.
Subsequently, the working half was transported to the University of New Hampshire where the
cores were described and sampled for grain size analysis (Birch, 1986b). The vibracores collected



in 1988 were also sectioned at the United States Geological Survey facility, but were apparently
not photographed. The vibracores were then transported to University of New Hampshire for
description and analysis (Ward, 1989). A consequence of the cores being taken and analyzed by
different investigators at different time periods is that the core descriptions used different
criteria and logging methods. This problem was partially addressed with MMS funding in 2007
during which the working halves of both the 1984 and 1988 vibracores taken on the New
Hampshire shelf were described using the same methodologies (Ward, 2007).

During the present program all of the original vibracore descriptions, data, and photographs
(where available) were obtained, synthesized, and presented in uniform core logs created in
CorelDraw 7x (64 bit). Due to the inconsistencies in the earlier descriptions and analyses, the
archived halves of the vibracores were carefully reviewed at the USGS facility in Woods Hole,
Massachusetts in 2016 (six cores) and 2019 (seventeen cores). The original descriptions were
verified and/or modified (as needed) and the cores photographed at a higher resolution in color.
The photography was important as the 1984 cores were originally photographed in black and
white and not at a high resolution, and the 1988 vibracores had no associated photographs. The
original vibracore logs were updated and reformatted. Updates primarily included higher-
resolution photographs and restructuring of the core log format for clearer presentation. All of
the updated core logs (both the abbreviated logs presented in the body of this report and the
complete logs presented in Appendix 1) are included here. A more complete review of the
vibracores, the sediments, and the depositional environments are given in Ward et al. (2021b).
The vibracore logs and sediment data also can be viewed at the UNH CCOM/JHC web site:
(https://maps.ccom.unh.edu/portal/apps/webappviewer/index.html?id=aecfde28e84340b49b
45029e6418c02f) and downloaded at: https://dx.doi.org/10.34051/d/2021.4 (Ward et al.,
2021c).

Positioning Uncertainty of Seismics and Vibracores

Loran C was the navigation system used for the 1981, 1982, and 1985 subbottom seismics surveys
(Birch, 1984; 1986a) that formed the basis for the subbottom seismic evaluation of sand and
gravel deposits on the NH continental shelf. The Loran C coordinates and the time annotations
marked on the analog seismics records were recorded by hand typically at 5- to 10-minute
intervals. Similarly, the positioning for the vibracores taken on the NH shelf in 1985 (Birch, 1986b)
and 1988 (Ward, 1989) was also determined by Loran C. Even without the error in positioning
introduced by having location information recorded by hand at a minimum of 5-minute intervals
and subsequently matched to hand-written time annotations on the analog records (which did
not always match), Loran C has a signification error in absolute position that is between ~185 m
(0.1 nautical miles) and 463 m (0.25 nautical miles). For reference, see:
http://www.navcen.uscg.gov/pdf/loran/handbook/CHAPTER3.pdf ; accessed March 15, 2016.

Therefore, a significant absolute positioning uncertainty exists in the older analog seismic data
and the positions of the 1985 and 1988 vibracores. However, Loran C precision was much better
than the absolute accuracy (~18 to 91 m or 60 to 300 ft). To account for this uncertainty, buffers
that extended 250 m were placed along the shiptracks and around the vibracore locations. The



worst-case scenario was not used, nor the minimum. Instead 250 m was chosen as a likely near-
minimum, realizing that the uncertainty could be larger.

Surficial Geology of the New Hampshire and Vicinity Continental Shelf

The New Hampshire and vicinity continental shelf is very complex and is composed of extensive
bedrock outcrops (in some areas draped with sediments), sand and gravel deposits, and muddy
plains and basins. Many of the depositional features are directly or indirectly glacial in origin and
have been significantly modified by marine processes as sea level fluctuated since the end of the
Wisconsin glaciation. For example, apparent drumlins were eroded, leaving very coarse lag
deposits, while supplying sand and fine gravel to develop shoals and sheet sands. It also appears
fine grained glacial marine deposits (sandy muds) were winnowed, contributing to the sandy
features as sea level fluctuated (Birch, 1984).

Due to the complexity of the seafloor, it was necessary to develop new, high-resolution
bathymetry and geologic maps to depict the morphology and sediment composing the seafloor.
The production of these maps is explained in the reports cited in the Introduction. The maps are
presented here to aid in the description of the surficial geology of the study area and to define
the primary physiographic features and locations containing sand and fine gravel deposits.

Utilizing the Coastal and Marine Ecological Classification Standards (CMECS) (FGDC, 2012), the
study area was mapped as bedrock or unconsolidated mineral substrate. The unconsolidated
substrate was further divided into coarse unconsolidated sediment (gravel, gravel mixes, and
gravelly sediments), which encompasses the Wentworth (1922) size classes from boulder gravels
to gravelly sand or gravelly mud and fine unconsolidated sediment (slightly gravelly sand to mud)
(Table 1; Figure 4). The surficial sediments of the study area were also mapped in more detail,
although with somewhat greater uncertainty, using the CMECS substrate group classification.
This classification is closely aligned with the Wentworth scale and has the advantage of
simplifying the classes by combining similar ranges (Table 1; Figures 5 and 6). Finally, based on
the high-resolution bathymetry and the surficial sediment maps developed for this study, the
major morphologic features or geoforms were identified and mapped (Figure 7). The geoforms
depict features that are defined by physiography and composition, but also imply mode of
formation.

Where possible, the nomenclature for the geoforms was adapted from CMECS. However, a
number of the features on the NH and vicinity continental shelf, and likely many paraglacial
shelves, are not well defined by the geoforms described in CMECS. Therefore, some of the
existing terminology was modified from the original definitions and new terms for geoforms
added. These maps and all geoforms used for the NH and vicinity shelf are described in Ward et
al. (2021a).

Surficial Sediments

The New Hampshire continental shelf is dominated by fine unconsolidated substrates seaward
of the Isles of Shoals with the exception of marine-modified glacial deposits (Figures 4 and 7).



The marine-modified glacial deposits tend to be composed of coarse unconsolidated sediments
ranging from poorly sorted muds, sands, or gravels with boulders (Figure 5). Jeffreys Ledge is
composed of gravel and gravel mixes (i.e., sandy gravel). The fine unconsolidated sediments are
typically muddy to sandy muds, but can be coarse depending on proximity to glacial features or
bedrock. At least one large sand body occurs in the offshore area (Figure 6. Note that a number
of the marine-modified glacial features are not mapped (Figures 5, 6, and 7; shown as grey
hillshade), as their composition is presently unknown. Away from the glacial features the seafloor
is mostly muddy, transitioning into a sandy mud in a landward direction.

Landward of the Isles of Shoals the seafloor is extremely heterogeneous due to the mixture of
bedrock, marine-modified glacial features, and marine-formed shoals (Figures 6 and 7). Here, the
seafloor is dominated by outcropping bedrock in some areas that tend to have coarse sediment
between the ridges. The unconsolidated sediment is composed of sandy sediments to gravel
mixes interspersed with gravel areas. The gravel areas are presumably associated with eroded
glacial features such as drumlins. Close by are gravelly mixes to gravelly sediments which are
frequently gravelly sands. The exposed bedrock likely has gravel mixes to gravelly sediments in
the troughs or swales between the bedrock outcrops. The nearshore region has relatively large
areas of sand which are found close to shore on nearshore ramps and further offshore associated
with eroded glacial features. The largest of these features, referred to in this study as the
Northern Sand Body (NSB) (Figure 6), is a potential source of sand for beach nourishment.
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Table 1. CMECS substrate classification. Modified from FGDC (2012).

Substrate Substrate Substrate Substrate Substrate
Origin Class Subclass Grou

Rock Substrate

Sandy Gravel
Muddy Sandy Gravel

Muddy Gravel

Gravelly Sand

Gravelly Gravelly Muddy Sand
Gravelly Mud

Slightly Gravelly Sand
Slightly Gravelly Muddy Sand
Slightly Gravelly Sandy Mud
Slightly Gravelly Mud

Very Coarse Sand

Slightly Gravelly

Geologic Unconsolidated
Substrate Mineral
Substrate

Coarse Sand
Sand Medium Sand
Fine Sand

Fine
Unconsolidated
Substrate

Very Fine Sand
Silty Sand

Muddy Sand Silty-Clayey Sand
Clayey Sand
Sandy Silt

Sandy Mud Sandy Silt-Clay
Sandy Clay

Silt

Mud Silt-Clay

Clay

11
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Figure 4. Surficial sediment map of the New Hampshire and vicinity continental shelf based on the CMECS
classification for Geologic Substrates Subclasses (FGDC, 2012). This figure is from Ward et al. (2021a).
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Figure 6. Surficial sediment map of the New Hampshire continental shelf based on the CMECS
classification for Geologic Substrate Groups (FGDC, 2012). This map is an enlargement of Figure 5. The
focus areas for the sand and gravel studies are outlined in black. SSD is the Southern Sand Deposits; NSB
is the Northern Sand Body; NSB-E is the Northern Sand Body Extension; and OSB is the Offshore Sand
Body. This figure is modified from Ward et al. (2021a).

Geoforms

The geoforms identified and mapped on the NH continental shelf show very clear trends (Figure
7). From several kilometers seaward of the Isles of Shoals to Jeffreys Ledge, the geoforms are
very large and dominated by marine-modified glacial features. During the last sea-level lowstand
approximately 12,000 years before present, sea level was between 40 to 55 m below present
(Oldale, 1983; Belknap et al., 1987; Kelley et al., 1992; Barnhardt et al., 1995; Belknap et al., 2002;
Barnhardt et al., 2007; Kelley, et al. 2010). During this lowstand the surface of Jeffreys Ledge and
the nearby drumlins were at or very close to sea level. Marine processes modified the surface of
Jeffreys Ledge and eroded the tops of the drumlins. In addition, the eroded material, which may
have included sand and fine gravel, was deposited as aprons around the glacial features.
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The inner NH continental shelf within 15 km of the coast contains extensive bedrock outcrops,
often separated by troughs with sediment and surrounded by aprons of coarse sediment (Figure
7). The general trend of the outcropping bedrock is northeast-southwest. The bedrock that
dominates the seafloor north of the entrance to Portsmouth Harbor transitions into sediment-
draped bedrock as the sediment cover becomes more prevalent to the south. The sediment-
draped bedrock tends to have modified glacial features intermixed in some of the inner shelf
areas.

Extensive marine-modified (eroded) glacial features are found landward of the Isles of Shoals and
south of Portsmouth Harbor. Features that appear to be the roots of eroded drumlin deposits
and eskers are common. Associated with these eroded glacial features are marine-formed shoals.
It is hypothesized that many of these shoals are formed from sediments eroded from glacial
features (after Carter and Orford, 1988). The largest sandy shoal in the study area is located just
landward of the Isles of Shoals (the Northern Sand Body) and lies between two eroded drumlins.
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Figure 7. Major physiographic features (geoforms) of the New Hampshire and vicinity continental shelf.
This figure is from Ward et al. (2021a).
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Description of Sand and Gravel Deposits (Focus Areas)

A first order understanding of the distribution of sand and fine gravel deposits on the NH and
vicinity continental shelf is based on the following:

1. The development and review of the high-resolution bathymetry, surficial sediments and
geoform maps (see Ward et al., 2021a)

2. A systematic review and verification of the earlier interpretations of the seismic
stratigraphy and depositional units on the NH shelf by Birch (1984; 1986a) based on
surveys conducted in 1981, 1982, and 1985

3. The synthesis and additional analyses of vibracores taken on the NH shelf originally
described in Birch (1986b) and Ward (1989) and updated and expanded in Ward et al.
(2021b).

One of the major products of this effort is the development of maps that depict the interpolated
thickness of sand and fine gravel deposits largely based on subbottom seismic profiles (Figure 8).
The sand thickness surfaces are restricted to a 250 m buffer along the shiptracks with no merging
across lines. This is done because at a large scale the seafloor is extremely heterogeneous with
extensive bedrock outcrops, cobble, and boulder deposits. Therefore, contouring between lines
can be misleading. A 250 m buffer was chosen because the navigation for the seismic surveys
was based on Loran C which can have an error in absolute position of between ~185 and 463 m
(as discussed above in Positioning Uncertainty of Seismics and Vibracores). Therefore, a 250 m
buffer provides the boundaries where the seismic data is likely valid.

Examination of the sand thickness map indicates four areas where the sand and fine gravel likely
exceeds several meters and represents potentially significant deposits (shown by warmer colors
in Figure 8). In this study, these four areas are reviewed using additional information including
vibracores and surficial sediments (outlined in black in Figure 8). The focus areas are referred to
by their relative positions and associated features and include: the Southern Sand Deposits, the
Northern Sand Body, the Northern Sand Body Extension, and the Offshore Sand Body. The use of
the term “body” here implies positive relief of the feature above the surrounding seafloor and
formation or modification by marine processes, while “deposit” implies a sand sequence below
the surrounding seafloor with little or no surficial expression. The database for each of the focus
areas is described below. Another potential site near the entrance to Portsmouth Harbor will be
evaluated in future studies.
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Figure 8. Sand and gravel thickness map for the New Hampshire and vicinity continental shelf. The sand
thickness is given in meters and is for a 250 m wide buffer along the shiptracks. Because of the extreme
variability of the seafloor (e.g., sand deposits, rocky outcrops, eroded drumlins composed of coarse gravel
and boulders), the sand thicknesses do not extend between shiptracks. The surface interpolated along the
shiptracks was generated from the point thickness values using a radial buffer (250 m) to constrain the
distance. The focus areas for the sand and gravel studies are outlined in black. SSD is the Southern Sand
Deposits; NSB is the Northern Sand Body; NSB-E is the Northern Sand Body Extension; and OSB is the
Offshore Sand Body.

Northern Sand Body

The Northern Sand Body (NSB) is located ~10 km offshore, just landward of the Isles of Shoals.
The feature is relatively large extending ~3.2 km in length, ~1.3 km in width, and has a maximum
relief of ~7 m (in comparison to the surrounding seafloor) (Figure 9). The NSB has an elongated
shape and a relatively smooth but slightly rounded surface as demonstrated in the bathymetry.
Interestingly, the NSB extends between what appears to be the roots of two eroded drumlins. In
addition, the southeastern border of the NSB is very steep with a sand wave field located adjacent
to the feature, indicating active sediment transport. Conversely, the northwestern border has a
much gentler slope and extends into what appear to be sandy shoals. All of these features are
potential sand and gravel resources.

The origin of the NSB is not clear. Birch (1984) proposed that many of these sand deposits
resulted from erosion and winnowing of the glacial marine sediments deposited during the last
sea-level lowstand as the Wisconsin ice sheet waned, leaving a sandy lag deposit at the surface.

17



Subsequently, marine processes (waves and currents) developed shoals. Many of the
depositional features found landward of the Isles of Shoals and south of Portsmouth Harbor
appear to be glacial in origin that have been significantly modified by marine processes as sea
level fluctuated since the end of the last major glaciation. As stated above, it appears that the
NSB extends between two eroded drumlins. It is hypothesized that the NSB may have formed
from sediments eroded from glacial features as described by Carter and Orford (1988) in similar
paraglacial environments in Canada. Alternatively, the NSB may have formed from deposits that
were originally either a marine glacial delta, a subaqueous delta, or sandy outwash that was
heavily modified by marine processes. It is easy to visualize that both of these processes could
be at play in the formation of the sandy shoal systems. This is discussed more in Ward et al.
(2021a and 2021b).

70°4?'O"W

70°40'0"W 70°38'0"W

70°36'0"W
F3 o Rl e R // 7 o = 7
LA ) il s

F

e
Ay
- G / /4
J o “ /,/
€ J
R =
NP
,/
z
=) - .
B e 2.4
¢ | Depth (m)
632

Figure 9. Location and bathymetry of Northern Sand Body (NSB; outlined in solid black lines) on the New
Hampshire shelf.

Surficial Sediments. The surface of the NSB is composed of sand to gravelly sand (based on
gravel/sand/mud ratios, after Folk, 1954; 1980). The sands range mostly from poorly to
moderately well sorted medium sand to coarse sand, although some very poorly sorted very
coarse sand to poorly sorted fine sands occur on the flanks (based on mean phi size, after
Wentworth, 1922) (Figure 10). There appears to be a slight fining in mean grain size from the
northeast to the southwest across the NSB suggesting a possible transport direction or a
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reduction in wave energy. The surrounding surficial sediments are gravelly to gravel mixes and
coarse gravels associated with the remnants of glacial deposits (e.g., eroded drumlins).
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Figure 10. Surficial sediment map, grain size data, and locations of vibracores for the Northern Sand Body.
Surficial sediment map based on the CMECS classification for Geologic Substrate Groups. Pie charts show
distribution of gravel, sand, and mud. The mean grain size is given as phi units.

Vibracores. The subsurface sand layer on the NSB is characterized by 4 vibracores (Figure 10),
ranging in length from ~3.5 to 7.1 m (Figures 11 — 14, Appendix 1). The upper portions of each of
these vibracores are Holocene sands.

Vibracore A2 located near the center axis of the NSB is relatively typical of the vibracores taken
on the NSB (Figure 11). The upper ~3.1 m of the sediment column is composed of primarily
medium to coarse sand with some very coarse sand, shell fragments, and scattered pebbles.
Three sediment samples from this section are >96% sand with 1 to 3% gravel. Mean size of the
sand fraction is 1.2 to 1.4 phi or moderately well to well sorted medium sands. Below ~3.1 m to
~5.6 m the core is fine to very fine sand with shell fragments. Below ~5.6 m to the base of the
core at ~7.1 m, the sediments become finer and the mud content increases. The sand fraction
decreases from 92% at 3.1 m to 35% at ~7.0 m, while the mud content increases from 8% to 62%.
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Unfortunately, the mean grain size is only available for the sand fraction. However, the sand
fraction mean size decreases to 3.0 phi, indicating the end of the sand sequence is near.

Vibracore UNH 4, located on the southeastern side of the NSB is ~6.5 m in length and penetrates
the Holocene sand deposit and terminates in the underlying glacial marine muds (Figure 12). The
upper ~0.14 m of the vibracore represents a surface lag that likely has been winnowed and as a
result is coarser than the underlying sands. The surface sediment is medium to coarse sand with
rock fragments and has a sharp contact with the underlying fine sand that extends from ~0.14 to
3.5 m. The sand content of a sample taken at ~1.15 m is ~93% and the mud content is 7%. In
general, the sediment fines downward to fine to very fine sand with increasing mud content to
~5.0 m. The mud content of a sample taken at ~4.0 m is 40%. From ~5.0 to 5.7 m the sand
continues to become finer (very fine sand) and the mud content increases. At ~5.7 m a relatively
sharp contact occurs with the underlying mud, presumably glacial marine sediments. A sample
taken at ~6.2 m is ~¥16% sand and ~84% mud (a sandy mud) which is characteristic of the glacial
marine sediments deposited during the sea-level highstand following the last major glaciation.

Vibracore A1, located on the northern end of the NSB (Figure 10), is relatively short (~4.4 m) and
is composed of medium to coarse sand over its upper ~3.5 m (Figure 13). The sand contents of
sediment samples taken at 0.05, 0.7, and 2.0 m are composed of >97% sand with a mean phi size
from 1.0 to 1.3 (moderately to well sorted medium sand). The sediments coarsen slightly at 3.1
m with the gravel content increasing to 6% with 93% sand. The bottom of the core from ~3.6 m
to the base continues to fine downward, terminating in fine to very fine sand.

In contrast, vibracore A3, located closer to the southwestern end of the axis of the NSB (Figure
10), is a relatively long core penetrating ~5.8 m and is largely a fine to very fine sand over the
entire length (Figure 14). The upper 0.3 m is a poorly sorted fine sand. However, a sediment
sample from 0.05 m depth is 98% sand with a mean phi size of 1.7 (moderately sorted medium
sand). This sample, which appears to be slightly coarser than the rest of the core, is probably a
lag deposit covering the surface. From ~0.3 to 4.3 m very fine to fine sand dominates. Sediment
samples from 1.2 and 2.25 m are 97-98% sand with a mean grain size of 2.4 and 2.5 phi (sand
fraction only). However, the mud content increases to 15% at 3.7 m depth. A sample taken near
the base of the core (5.7 m) has a mud content of 49%. Again, it appears at depth the sediments
are transitioning to a sandy mud.
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Figure 11a. Log for the upper 4.11m of vibracore A2. The location of the core is given in Figure 10. A full
description of the core is given in Appendix 1.
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Figure 11b. Log for the lower portion of vibracore A2 from 4.11 to 7.13m. The upper 4.11m is shown in

figure 11a above. The location of the core is given in Figure 10. A full description of the core is given in
Appendix 1.
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Figure 12. Log for vibracore UNH 4. The location of the core is given in Figure 10. A full description of the core is given in Appendix 1.
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Figure 14. Log for vibracore A3. The location of the core is given in Figure 10. A full description of the core is given in Appendix 1.
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Subbottom Seismics. The subbottom seismic profiles for the NSB (Figure 15) display moderate
to intense, parallel to subparallel top reflectors with a mounding geometry (Figures 16 — 21).
The overall feature appears to extend between two eroded drumlins. The base of the sand and
fine gravel unit is defined by a hard reflector that is interpreted as an unconformity eroded into
mud-rich sediments. At the ends of the NSB are very dark reflectors likely composed of coarse
gravels and are interpreted as the base of eroded drumlins (see cross-section A— A’ on Figure
15 and Figure 21).

70°41'0"W 70°40'0"W

Figure 15. Location of shiptracks on the NSB for subbottom seismics profiles. Labelled shiptracks
correspond to seismic profiles discussed in the text and shown in Figures 16 to 21.
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Figure 16. Subbottom seismic profile for line B — B’. See Figure 15 for the location. Vertical exaggeration
is 20x. Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Black line
indicates the top of the bedrock.

Figure 17. Subbottom seismic profile for line C — C'. See Figure 15 for the location. Vertical exaggeration
is 20x. Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Black line
indicates the top of the bedrock. Note the location of vibracore UNH 4 near the middle of the lower profile
which penetrates the entire sand sequence and the underlying muddy sediments (glacial marine
sediments).
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Figure 18. Subbottom seismic profile for line D — D’. See Figure 15 for the location. Vertical exaggeration
is 20x. Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Black line

indicates the top of the bedrock.
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£
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Figure 19. Subbottom seismic profile for line E— E’. See Figure 15 for the location. Vertical exaggeration is
20x. Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Black line indicates
the top of the bedrock. Note vibracore A2 near the center of the lower profile which is confined to the
upper sand body.
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Figure 20. Subbottom seismic profile for line F—F’. See Figure 15 for location. Vertical exaggeration is 20x.
Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Note vibracore Al on
lower profile is confined to the upper sand body. The vibracore is described in Figure 13 and Appendix 1.
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Figure 21. Subbottom seismic profile for line A - A’. See Figure 15 for the location. Vertical exaggeration is
20x. Depth is meters below sea level. Yellow outlines are interpreted as sand deposits.
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Potential Sand and Gravel Thickness and Isopach Maps. The sand and gravel thickness and the
isopach maps for the NSB shows the thickest deposits occur at the northeastern end and along
the axis of the feature (Figures 22 and 23). The lines showing the sediment thickness (Figure 22)
correspond to the interpolated thickness values along each subbottom seismic profile line. The
thickness values are restricted to a 250 m buffer with no merging across lines.

In order to develop an isopach map of the NSB, an artificial boundary was placed around the
feature near where the sand lense pinches out, as identified by the seismics profiles and the
development of the sand and fine gravel thickness map. The sand and gravel isopach map uses a
spline interpolation between sand and fine gravel thickness values within a defined boundary
and develops a gridded surface (Figure 23). The procedure is explained in more detail in the
section titled “Development of Sand and Fine Gravel Thickness Maps, Isopach Maps, and
Estimating Sediment Volume”.

Calculation of Potential Volume of Sand and Gravel Deposits in the NSB. The volume of
sediment in the NSB that was interpreted as sand and fine gravel was computed using the isopach
map and the Surface Volume tool in the 3D Analyst toolbox in ArcGIS (explained previously in
“Development of Sand and Fine Gravel Thickness Maps, Isopach Maps, and Estimating Sediment
Volume”). Using this methodology, the volume of sediment was estimated to be on the order of
17.3 million m3. This value agrees reasonably well with Birch (1984) who estimated the volume
of sediment in this area (his boundaries are not clear) to be on the order of 25 million m?3.
However, Birch was very vague about the actual value and the area that was included in this
estimate.

It is important to note that the estimate provided here simply represents the area above the
seismic reflector interpreted as the base of a sand and gravel deposit. The gravity cores taken in
the NSB show that the sediments fine downward and increase in mud content with depth. In
addition, the data on the composition is somewhat vague. Therefore, the volume is an estimate
of area, not composition. Nevertheless, the results show that this site has potential as a
significant sand and gravel deposit and warrants further seismic studies and vibracoring.
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Figure 22. Sand thickness map of the Northern Sand Body. The interpolated surface was generated from
the point thickness values using a radial buffer (250 m) to constrain the distance contoured.
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Figure 23. Isopach map of sand and fine gravel thickness for the Northern Sand Body. The contours are in
1 m increments. The interpolated surface was generated from point thickness values constrained to the
geometry of a polygon feature.
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Northern Sand Body Extension

Adjacent to the NSB are a number of sand and gravel deposits that are interpreted as marine-
modified glacial features and marine-formed features or shoals. The geoform focused on as being
representative of these features extends ~4 km in length, ~0.5 km in width, and has ~10 m of
positive relief above the surrounding seafloor at its highest point (Figure 24). The marine-
modified glacial features and associated marine-formed features or shoals likely formed from the
erosion of glacial geoforms such as drumlins or eskers and subsequent transport and deposition
of coarser sediment by marine process (after Carter and Orford, 1988). The glacial features, which
are common on the NH shelf, were deposited during the last glacial maximum as ice advanced
across the Gulf of Maine. After the retreat of the ice front as the glaciation ended, isostatic
rebound caused a sea-level lowstand between 40 to 55 m below present sea level (Belknap et al.,
2002; Barnhardt et al., 2007, Kelley et al., 2010) that was followed by a transgression. During the
lowstand when the inner shelf was exposed and during the ensuing transgression, the glacial
features were eroded leaving the coarsest sediments (coarse gravel) and distributing the finer
sediments (mud to fine gravels). The mud was transported offshore and deposited in deeper
water or basins. The sand and fine gravel was deposited more locally to the glacial features and
were shaped by marine processes (waves and currents). In addition, the glacial marine sediments
(frequently sandy muds) deposited during the highstand that blanketed large areas of the NH
shelf were exposed to marine processes during the lowstand and transgression and were likely
eroded and winnowed. Again, the finer sediments moved offshore into deeper water and the
sandier sediments were reworked into sand shoals by marine processes (Birch, 1984). Likely, a
combination of both of these processes occurred resulting in coarse gravel deposits and sand and
fine gravel shoals and plains.

The marine-modified glacial features and associated marine-formed shoals are common in the
NH and vicinity continental shelf. Therefore, future studies are needed to fully evaluate their
potential as sources of sand and gravel deposits.

Surficial Sediments. Based on CMECS, the sediments in the Northern Sand Body Extension and
nearby geoforms are largely gravelly (likely gravelly sand) to gravel mixes (likely sandy gravel),
with the exception of the roots or bases of eroded glacial features which are likely coarse gravel
(Figure 25; Table 1). The surficial sediment samples taken in this area range from 0.3 to -1.8 phi
or coarse sands to very coarse sand, with one granule gravel (8 total samples). Almost all of the
samples are very poorly sorted. However, the coarser sediments would be harder to sample and
are likely underrepresented.

Vibracores. Vibracores A4 and A5 (Figures 26 and 27; Appendix 1) are located on a marine-
formed shoal or feature (hypothesis) (Figure 25). Core A4 is ~5.75 m in length, but does not
completely penetrate the sand sequence. The core is primarily composed of very coarse sand to
gravelly sediments in the upper ~2.8 m, then slightly fines downward to medium and coarse sand
at ~4.3 m. A sediment sample from ~0.3 m is 28% gravel and 70% sand. The gravel content
decreases to 6% with 91% sand at ~2.2 m. At ~3.5 m the gravel and sand are 2% and 96%,
respectively. A sandy mud lense occurs from ~4.3 to 4.8 m. A sample from the mud lense at 4.7
m is 17% sand and 83% mud. Below the mud lense more sand is found that coarsens downward
to a coarse to very coarse sand at the base of the core.
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Core A5 is short (~3.4 m) and only samples the upper portion of the sand and gravel deposit. The
upper 1.6 m is coarse to very coarse sand or granule with pebbles and cobbles. A sediment
sample from ~0.5 m depth is 39% gravel with 56% sand. A sandy mud layer occurs from ~1.6 to
2.3 m. A sediment sample from 2.0 m is 33% sand and 67% mud. Below ~2.1 m, the sediments
coarsen downward terminating in a fine to coarse sand. At ~3.0 m the gravel and sand contents
are 2% and 90%, respectively.

Interestingly, both vibracores have a sandy mud lense in the middle of the core, although the
layer is much deeper in A4 (~4.3 to 4.7 m) than in A5 (~1.6 to 2.1 m), separating coarser deposits.
The origin of the sandy mud lense is not clear, but its characteristics are not unlike the glacial
marine sandy muds associated with the sea-level highstand. However, its position within coarse
sands and gravels complicate this interpretation.
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Figure 24. Location and bathymetry of the Northern Sand Body Extension (NSB-E; outlined in solid black)
on the New Hampshire shelf.
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Figure 25. Surficial sediment map (CMECS), grain size data, and locations of vibracores for the Northern
Sand Body Extension (upper black box). Pie charts show the distribution of gravel, sand, and mud. Mean
grain size given as phi units. The dark green, elongated features are likely the remnants of eroded glacial
features and likely are composed of coarse gravels.

34



BOEM

Bunsau or Ocaan Eneray Managaasser

Lithology T+ Lithology T Lithology I+ Lithology
[ Mud Sand 5 %§ 'EE Mud | Sand 5 g:_«? %_E Mud Sand s "E_E Mud Sand
5| £ |@o ‘ Bl £% o O = @ O
Clay SiltVFFMCVCg oS | Q- |Clay Silt‘VFFMCVC% o | O— Clay SillVFFMCVCﬁ 0 — | Clay| Silt VF|F [M|C \VC
128 ] 278 e | 43 T
< G
&
~450
-300
-150
31 s —
- L d
168 | e -
73—
=
- L - = 77 = — =
& — — e —_—
@ - o st = = —
o @ a
s . - .
L o4 193 o m o : B |z
s 2 8 o = _g ~500 - —
: 28 S - : ==
|5 - @ Pt e
3 ? « . = | B
L ] & = = —
o
4
i -
~100 . BSD—y fa{-—n —  — o — -
[-400 ~550 e
250
428
by | 431~ -
278 —

Figure 26. Log for vibracore A4. The location of the core is given in Figure 25. A full description of the core is given in Appendix 1.
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Figure 27. Log for vibracore A5. The location of the core is given in Figure 25. A full description of the core
is given in Appendix 1.

Subbottom Seismics. The marine-modified glacial feature is crossed by three subbottom seismic
lines, one running perpendicular to the feature and two crossing obliquely (Figure 28). The cross-
section profile confirms the sand and fine gravel body is relatively narrow (~0.5 km), but has over
10 m of positive relief (Figure 29). Most of the feature that is above the surrounding seafloor is
composed of sand and fine gravel. The subbottom seismics profiles running obliquely along the
feature have less relief, but show that the sand and fine gravel extend over the entire length,
thickening at the axis (Figures 30 to 32).

Potential Sand and Fine Gravel Thickness Map. At present only three seismic lines cross the sand
body which limits the potential for developing a fully integrated isopach map or a volume
estimation (Figure 33). In addition, the sand thickness surfaces are restricted to a 250 m buffer
along the shiptracks with no merging across lines. However, the existing seismic lines, along with
the two vibracores, indicate the marine-modified glacial features and associated marine-formed
shoals may contain significant sand and fine gravel deposits. The thickest deposit along the ridge
of the feature is on the order of 8 m of sand and gravel. However, the rest of the sand thickness
surfaces are much thinner. Thus, these features warrant further investigation, especially since
there are a number of them on the NH and vicinity continental shelf.
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Figure 28. Location of shiptracks for the subbottom seismic profiles on the NSB-E shown in this report.
AOl in legend is the water depth.

37
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Figure 29. Subbottom seismic profile for line A— A’. See Figure 28 for location. Vertical exaggeration is 20x.
Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Black line represents

the top of the bedrock. Note vibracore A4 on lower profile, which is described in Figure 26 and Appendix
1.
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Figure 30. Subbottom seismic profile for line B — B’. See Figure 28 for location. Vertical exaggeration is
20x. Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Black line
represents the top of the bedrock.
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Figure 31. Subbottom seismic profile for line C— C’. See Figure 28 for location. Vertical exaggeration is 20x.
Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Black line represents
the top of the bedrock. Note vibracore A5 in lower figure. This area is enlarged in Figure 32.
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Figure 32. Enlargement of part of subbottom seismic profile C — C' shown in Figure 31. Vertical
exaggeration is 20x. Depth is meters below sea level. Yellow outlines are interpreted as sand deposits.
Black line represents the top of the bedrock. Note vibracore A5 in lower figure (described in Figure 27 and
Appendix 1).
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Figure 33. Sand thickness map of the Northern Sand Body Extension. The interpolated surface was
generated from the point thickness values using a radial buffer (250 m) to constrain the distance.
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Southern Sand Deposits

Much of the NH continental shelf is composed of outcropping bedrock and marine-modified
glacial deposits. However, along the southern portion of the New Hampshire inner shelf (Figures
1, 34 and 35), the seafloor is somewhat flatter and has relatively thick sediment deposits. Birch
(1984; 1986b) mapped relatively thick sand and gravel deposits in this region (referred to as the
Southern Sand Deposits or SSD in this report). Some of the sand deposits are related to the
nearshore ramp of the nearby beaches. However, some of the sand and gravel deposits appear
to be sheet sands or in shallow basins. The origin of these sand and fine gravel deposits needs to
be addressed in future studies.

Surficial Sediments. The surficial sediment map using CMECS indicate the seafloor at the SSD is
highly variable and includes some bedrock outcrops, gravel (likely eroded glacial deposits), gravel
mixes (likely sandy gravel), gravelly sediments (likely gravelly sand), slightly gravelly sediments
(slightly gravelly sand), and sand (Figure 35). The sand ranges from 2.2 to 3.0 phi, which is fine to
very fine sand (Wentworth, 1922), with the sand closest to shore on the nearshore ramp the
finest. There are fine to medium gravel around some of the eroded glacial features or bedrock.
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Figure 34. Location and bathymetry of the Southern Sand Deposits (SSD; outlined in black) on the New
Hampshire shelf.

41



70°48'0"W 70°46'0"W 70°44'0"W 70°42'0"W

42°58'0"N

North Hampton
State Park

New
Hampshire

42°56'0"N

- GravelPerc

Surficial Sediment Map ® Vibracore dPere 0 05 1
(CMECS Substrate Group) || Position Uncertainty e % SMudde,c Km

- Bedrock - Gravel |:| Gravelly |:| Sand ] unverified N
- Megaclast Plain |:| Gravel Mixes |:| Slightly Gravelly |:| Muddy Sand |:| Unknown A

Figure 35. Surficial sediment map, grain size data, and locations of vibracores for the Southern Sand
Deposits. Surficial sediment map is based on the CMECS classification for Geologic Substrate Groups
(FGDC, 2012). Pie charts show the distribution of gravel, sand, and mud. The mean grain size is given as
phi units.

Vibracores. Nine vibracores from 5 different locations (3 sites were cored multiple times) were
collected in the SSD (Figure 35). The northernmost vibracores from the SSD are relatively short,
with A7(1) penetrating ~1.2 m and A7(2) penetrating ~2.0 m. Both are largely coarse to very
coarse sand with a gravel lense and contain pebbles and some cobbles, which would explain the
lack of penetration (Figure 36; Appendix 1). A sediment sample taken near the surface of A7(2)
is 2% gravel, 93% sand, and 5% mud. A sample from ~0.9 m depth is 27% gravel and 71% sand.
However, at the bottom of the core the gravel content is reduced to 16%, the sand content stays
relatively the same at 72%, but the mud content has increased to 12%.

Vibracore A8, located about ~1 km south of the cores at A7, was taken adjacent to what is
believed to be a marine-modified glacial deposit. Similar to A7, the upper ~0.55 m is coarse to
very coarse sand with pebbles and a cobble (Figure 37; Appendix 1). A sediment sample from
~0.3 m was 16% gravel, 72% sand and 12% mud. Below ~0.55 m to the base of the core at ~4.0
m the sediments are mostly gravelly muddy sands with a high mud content, with the exception
of a coarse sand layer with pebbles and cobbles from 0.95 to 1.05 m. A sediment sample taken
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at 0.6 mis 6% gravel, 49% sand, and 45% mud. Two samples taken much deeper in the core were
similar. For example at 1.75 m the sample is 14% gravel, 45% sand, and 41% mud and at 3.95 m
the sample is 8% gravel, 46% sand, and 46% mud. Also, the muddy sediment in the lower section
has pebbles and some cobbles. The sequence strongly suggests a glacial origin or at least a
significant contribution of sediment from a glacial deposit.

Vibracore UNH 6 and UNH 6A are located about ~2.2 km southeast of site A7 and in slightly
deeper water (Figures 38 and 39; Appendix 1). Both UNH 6 and 6A are significantly longer than
the previous cores (A7 and A8 sites) and each penetrate ~8.5 m. However, only the upper ~1.5 m
in UNH 6 (Figure 38) and ~3.0 m in UNH 6A is sand (very fine to fine sand). And both have
appreciable mud content. Samples taken at ~1.4 m and 2.4 m in core 6A are 94% sand and 6%
mud and 93% sand and 7% mud, respectively. Below this depth, the sediments are muddy to the
bottom of the cores. For example, a sample from 5.55 m depth in core 6A is 2% sand and 98%
mud. Thus, the sand is confined to the surface, while the deeper depths are likely composed of
the fine-grained glacial marine sediments deposited during the highstand (Birch, 1984).

Vibracores at sites A6(1), A6(2), and A6(3) are located in the southern extent of the SSD and in
slightly shallower water than site UNH 6 (Figure 35). Cores A6(1) and A6(2) are short (~2.3 and
1.6 m, respectively) and are composed of fine to medium sand. The sand content from eight
sediment samples taken from A6(1) and A6(2) exceed 93% and four are ~98%. Core A6(3) is longer
(5.9 m) than A6(1) and A6(2), but only the upper ~3.9 mis sand (four sediment samples are ~99%
sand) (Figure 40; Appendix 1). Below 3.9 m the sediments are muddy with the mud content of
two samples being 96% and 98%.

Vibracore UNH14, located close by site A6 (~0.6 km seaward and to the southeast), penetrated
~7.9 m (Figure 41). The upper ~0.6 m of the core is a fine sand which grades into more silty
sediments from ~0.6 to 1.4 m. The sediments transition back into very fine to fine sand from ~1.4
to 2.4 m. A sediment sample from 0.3 m (upper sand) is 93% sand and 7% mud. A sediment
sample from the lower sand lense at 1.55 m is ~87% sand and 13% mud. Thus, the entire upper
section is a silty to very fine muddy sand. Muddy sediments occur below ~2.4 m to the base of
the core. The mud contents of samples taken at 4.1 m, 5.3 m, and 7.3 m are ~97%, 98%, and 94%,
respectively. Again, the deposit is most likely associated with the fine-grained glacial marine
sediments associated with the highstand with the surface slightly winnowed.
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Figure 36. Log for vibracore A7(2). The location of the core is given in Figure 35. A full description of the
core is given in Appendix 1.
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Figure 37. Log for vibracore A8. The location of the core is given in Figure 35. A full description of the core

is given in Appendix 1.
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Figure 38a. Log for the upper 5.62m of vibracore UNH 6. The location of the core is given in Figure 35. A
full description of the core is given in Appendix 1.
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Figure 38b. Log for the lower part of vibracore UNH 6 (5.62 — 8.51m). The upper 5.62m is shown in Figure

38a above. The location of the core is given in Figure 35. A full description of the core is given in Appendix
1.

47



o P
29 H-6 BOEM
a Bumtau or Ocean Enengy Manacemsst
Lithology Lithology Lithology
og | ex | &=~ - oF | s— og | e |=—
€ § s g S Mud Sand £3 2 | B¢ Mud nd s g €2 [8E Mud Sand
£ £ @ O ] £ o o £2 £ @ O
e | &% |0 clay sit[VFAF|M|c|vd &< | &2 | O~ |ciay| sit|\VRF(M|c|vq &= | &< | O~ |clay silt|VFF |M|C V(]
225 379
~400
& 250 .
50
1300 [450 [
32—
my =L }
102 =7
- == i
~500
-350 === Ca—
= W
o)
150
| M| 379
—
L
—
- 200
225-

Figure 39a. Log for the upper 5.32m of vibracore UNH 6A. The location of the core is given in Figure 35. A

full description of the core is given in Appendix 1.
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Figure 39b. Log for the lower part of vibracore UNH 6A (5.32 —8.32m). The upper 5.32m is shown in Figure
39a above. The location of the core is given in Figure 35. A full description of the core is given in Appendix

1.
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Figure 40. Log for vibracore A6(3). The location of the core is given in Figure 35. A full description of the core is given in Appendix 1.

50



U N H 1 4 Buseau or Ocean Exssoy Managesent
Lithology Lithology Lithology
oF o5 | 5= g o5 |E— °oF e | &5
33 ‘52 E Mud Sand ‘53 .552 e Mud Sand Bg asg BE Mud Sand
£ = g L O £ 52 £ g [T = 2 e ﬁ [T
o | &l |O— Clay Sit VFF M|C |vgl &= | & | O~ |Clay Silt|VFIF M|C |Vv¢] &= | &= | O~ |Clay Silt VFF [M|C VC
0 — 188 350
_200 e
—
22_ e
| ——
—
236 —
51 - 400
i @
e 2
250 g B
62 I =
o
—— o
@) g S
— =
= o
e — g b
o
© —_—
95 o
~100 [ 450
0&4‘_3 =
=300 N e
—te. ——— b
1SB—J ——
150 - vkl | 500
e — 502
L350l
188

Figure 41a. Log for the upper 5.02m of vibracore UNH 14. The location of the core is given in Figure 35. A
full description of the core is given in Appendix 1.
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Figure 41b. Log for the lower portion of vibracore UNH 14 (5.20 — 7.87m). The upper 5.02m is shown in
Figure 41a above. The location of the core is given in Figure 35. A full description of the core is given in
Appendix 1.
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Subbottom Seismics. There is a relatively large amount of subbottom seismics for the SSD that
has varying degrees of quality. The figures presented in this report represent a subset of the
seismics that show trends or were chosen because there were vibracores taken in the vicinity of
the seismic profiles. As discussed in previous sections, the navigation for the seismics and the
vibracore locations was based on Loran C, which has a large uncertainty in absolute position. As
an estimate of the uncertainty, a 250 m buffer is placed around the shiptracks or station locations
to indicate the potential uncertainty. Therefore, the placement of vibracores on subbottom
seismic profiles are only estimates because of the uncertainty.

Seismic profile A— A’ extends in a north-south direction (Figure 42), starting with a rocky outcrop
and ending in a hard bottom (Figure 43). Between the outcrop and the hard bottom, the upper 3
to 4 m of the seismic profile is interpreted as sand and/or fine gravel. This is confirmed by
vibracores. The section has three vibracores: A7(1), A7(2), and A8. The vibracores at site A7 are
essentially at the same location, but were separated on the seismic profile for display purposes.
Both are composed of medium to very coarse sand with gravel including pebbles and some
cobbles, but both are very short and penetrate only ~2 m or less. Vibracore A8 is longer, but only
the upper ~0.5 m is coarse to very coarse sand with gravel including pebbles and some cobbles.
Below this the sediments are muddy to very fine sands. However, the mud contains pebbles and
cobbles. It appears the sands and fine gravels are confined to the upper few meters. However, it
also appears that about half the sediments below the surface lag deposit are sand. Based on the
location of vibracore A8 adjacent to what is interpreted as a marine-modified glacial feature and
the composition of the core, it appears that the sediments in the area of the geoform are at least
partially glacially derived.

Seismic profile B — B’ is essentially an extension of line A-A’ (Figure 42). There are no vibracores
on line B - B’. The seismic sequence looks similar to A — A’ with the upper few meters being
composed of sand and fine-gravel and underlain by glacial-marine sediments (Figure 44). Seismic
profile C— C’ is located seaward of A — A’ and B — B’ and extends southeastward towards deeper
water (Figure 42). The subbottom profile has two vibracores located along its track (UNH 6 and
UNH 6a) (Figure 45). Vibracore UNH 6A agrees reasonably well with the seismic interpretation
for the sand thickness considering the positioning uncertainty. The vibracore indicates the upper
~3.1 mis very fine to fine sand and is underlain by muddier deposits. This is fairly consistent with
the seismic profile. However, core UNH 6 shows less sand than the interpreted seismic line.

Seismic profile D — D’ is oriented southeastward and is positioned in the lower portion of the SSD
(Figure 42). There are 4 vibracores along this seismic line including three at site A6 (1, 2, and 3)
and UNH 14. Cores A6(1) and A6(2) are short and are medium sand or a fine to medium sand.
Core A6(3) has greater penetration with ~3.9 m of medium sand underlain by mud. These cores
agree with the seismic interpretations of the sand layer (Figure 46). Core UNH 14 is ~7.9 m in
length, with the upper ~2.4 m composed of very fine to fine sand; below ~2.4 m the sediments
are muddy. The seismic interpretation indicates the sand lense is thicker, but does overlie muddy
sediments. This discrepancy could be a function of positioning uncertainty.

Potential Sand and Gravel Thickness and Isopach Maps. The sand and fine gravel thickness map
in the SSD reflect several patterns. Some of the thicker sand deposits are found landward in the
SSD and are related to the nearshore ramps for the nearby beaches (Figure 47). Sand deposits on
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the order of 8 m are found in this region (maximum). The sand thickness map also shows
relatively thick deposits of sand near the southern end and near the center of the SSD.

In order to develop isopach maps for the SSD, two areas were defined by artificial boundaries
that were assumed to be dominantly sand (Figure 48). This was done to prevent the isopachs
from crossing or including areas that were not sand and gravel that were between seismic lines
(e.g., bedrock outcrops or glacial features). Also, the nearshore ramps were omitted due to lack
of high-resolution seismic lines and the probability that this area would not be used as a source
of sand and fine gravel for beach nourishment. Subsequently, the sand and gravel isopach maps
were developed by a spline interpolation between sand and fine gravel thickness values within
the defined boundaries and presented as a gridded surface (Figure 48). Overall, the isopach maps
indicate that the potential sand and fine gravel deposits are relatively thin, typically <5 m, but
with a few slightly deeper areas. However, the overall areal extent is reasonably large.

Calculation of Potential Volume of Sand and Gravel Deposits in the SSD. The volume of sediment
in the SSD that was interpreted as sand and fine gravel was computed before using the isopach
map and the Surface Volume tool in the 3D Analyst toolbox in ArcGIS (explained previously in
“Development of Sand and Fine Gravel Thickness Maps, Isopach Maps, and Estimating Sediment
Volume”). Using this methodology, the volume of sediment was estimated to be on the order of
5.9 million m3in the northern area and approximately 10.5 million m3in the southern area (Figure
48). The sum of these estimates (16.4 million m3) agrees reasonably well with Birch (1984) who
estimated the volume of sediment in this whole area (although his boundaries are not clear) to
be on the order of 25 million m3. Also, the present estimates are for a more confined area. Again,
it is important to note that the estimate provided here simply represents the area above the
seismic reflector interpreted as the base of a sand and gravel deposit for the two isolated areas.
The gravity cores taken in the SSD show the sediments fine downward and increase in mud
content with depth. In addition, the data on the composition is somewhat vague. Therefore, the
volume is an estimate of area, not composition. Nevertheless, the results indicate this site has
potential as a significant sand and gravel deposit and warrants further seismic studies and
vibracoring.
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Figure 42. Location of shiptracks on the SSD for subbottom seismic profiles. Highlighted sections show

location of profiles in Figures 43 to 46. AOl in legend is the depth scale.
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Figure 43. Subbottom seismic profile for line A — A’. See Figure 42 for location. Vertical exaggeration is
20x. Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Note vibracores
A7(1), A7(2), and A8 in the lower figure. The description of the vibracores are given in Appendix 1.
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Figure 44. Subbottom seismic profile for line B — B’. See Figure 42 for location. Vertical exaggeration is
20x. Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Black line
represents the top of the bedrock.
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Figure 45. Subbottom seismic profile for line C—C’. See Figure 42 for location. Vertical exaggeration is 20x.
Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Black line represents
the top of the bedrock. Note vibracores UNH 6 and 6A in the lower figure. The vibracore log for UNH 6 is
given in Figure 38. The description of the vibracores are given in Appendix 1.

D d D’

Figure 46. Subbottom seismic profile for line D — D’. See Figure 42 for location. Vertical exaggeration is
20x. Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Black line
represents the top of bedrock. Note vibracores A6(1), A6(2), A6(3), and UNH 14 in the lower figure. The
vibracore log for A6(3) is given in Figure 40. The description of the vibracores are given in Appendix 1.
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Figure 47. Sand thickness map of the Southern Sand Deposits. The interpolated surface was generated
from the point thickness values using a radial buffer (250 m) to constrain the distance.
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Figure 48. Sand and fine gravel isopach map for the two areas within the Southern Sand Deposits.
Interpolated surface was generated from point thickness values constrained by the polygon.
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Offshore Sand Body

The Offshore Sand Body (OSB) is located ~32 km offshore and about halfway between the Isles
of Shoals and Jeffreys Ledge (Figure 1). The feature is ~4 km in length, ~1.5 km in width, and has
a surface area of ~8 km? (Figure 49). The surface of the OSB slopes to the north where it ultimately
merges with the seafloor. At its shallowest point, the OSB has a depth of ~¥45 m. The bathymetry
shows the feature has steep flanks and rises up to ~50 m off the surrounding seafloor. The depth
of the surface would have exposed the OSB to shallow water wave processes, perhaps even the
intertidal zone, during the last sea-level lowstand. It is very likely the relatively thick sand deposits
result from erosion of fine sediments and concentration of sandy sediments on a marine-
modified glacial feature.

Surficial Sediments. At present there is no surficial sediment grain size data for the OSB with the
exception of the top of vibracore UNH 3. As a result, the surficial sediment mapping is largely
dependent on MBES backscatter. It appears that the surficial sediments of the OSB are composed
of fine unconsolidated sediments, most likely slightly gravelly sand (Figure 50). However, the
actual sediments may show more variability and ground truth is needed to resolve the sediment
types including sandy muds and muds. The seafloor surrounding the OSB is mapped as fine
unconsolidated sediments.

Vibracore. In general, vibracore UNH 3, which penetrated to a depth ~7.1 m below the surface,
shows the upper ~6.1 m is composed of medium to coarse sand fining downward to very fine
sand where it unconformably overlies muddy deposits (Figure 51). The upper ~1.9 m of the core
is medium to coarse sand with shell fragments and pebbles. From ~1.9 to 2.8 m the core is fine
to medium sand with lenses of coarse sand and gravel with pebbles. From ~2.8 to 3.1 m, fine
sands dominate ending in sandy mud. The sediments coarsen again from ~3.1 to 4.2 m ending
with medium to coarse sand. Below ~4.2 m the sediments continue to fine and become siltier
until a sharp unconformity at 6.1 m, where the sediment abruptly changes to mud to sandy mud,
extending to the base at ~7.1 m. Grain size analysis of selected samples show that at 0.6 m the
sediment is composed of 6% gravel, 90% sand, and 4% mud. A sample from 2.0 m below the
surface is 16% gravel, 75% sand, and 9% mud. At ~4.4 m the sediment is <1% gravel, 81% sand,
and ~19% mud. The mud content increases downward from 4% at 0.6 cm, 10% at 2.0 m, and 19%
at 4.4 m indicating the OSB was winnowed by shallow water processes forming a lag deposit in
the upper sediment column.

As stated above, the upper portion of the vibracore likely was exposed to marine processes
during the last sea-level lowstand (Birch, 1984), which probably reached a low of ~40 to 55 m
below present sea level at ~11-12,000 years before present (Oldale, 1983; Kelley et al., 1992;
Barnhardt et al., 2007). The underlying muddy deposits are likely glacial marine sediments
deposited during the last highstand (equivalent to the Presumpscot Formation described by
Bloom (1960). The source of the sand may be erosion of the underlying glacial marine sediments.

Subbottom Seismics. The subbottom seismic profiles, along with vibracore UNH 3, indicate that
there is a ~¥6 m sand and fine gravel layer on the surface of the OSB (Figures 49 to 52). Here, only
line A to A’, which includes the vibracore, is shown. This is partially a result of the poor quality of
the other seismic lines in this area. Placement of the vibracore on the seismic record indicates a
strong reflector occurs close to the depth where the sand abruptly changes from sand to mud at
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~6 m. However, the actual position of the core on the seismic profile is only estimated due to the
uncertainty of the navigation based on Loran C. The base of the seismic profile appears to be
bedrock which may be overlain by till on the OSB. Birch (1984) hypothesized based in the same
seismic lines that the lower portion of the seismic profile may be remnant coastal plain
sediments. However, present interpretation favors bedrock with underlying till deposits.

Sand and Fine Gravel Thickness Map. As indicated above, mapping of this potential significant
sand and fine gravel feature is hindered by lack of high-resolution subbottom seismics and
ground truth (e.g., vibracores). However, the existing seismic lines and single vibracore indicate
the sand and fine gravel thickness may be on the order of 10 m (Figure 53). Although the potential
volume and characteristics of sand deposits cannot be determined, this feature is considered an
important target for future field campaigns.
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Figure 49. Location and bathymetry of Offshore Sand Body (OSB; outlined in black) on the New Hampshire
shelf. Location of shiptracks on the OSB for subbottom seismic profiles.
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Figure 50. Surficial sediment map and locations of vibracore UNH 3 for the Offshore Sand Body. Surficial
sediment map based on the CMECS classification for Geologic Substrate Groups (FGDC, 2012).
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Figure 51a. Upper 4.10m of Vibracore UNH 3 taken in 1984 on the Offshore Sandy Body (OSB). The location
of the vibracore is shown in Figure 50. The full core log with greater detail is given in Appendix 1.
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Figure 51b. Lower portion of core log for vibracore UNH 3 (from 4.10 — 7.99m). The upper 4.10m is shown
in Figure 51a above. The location of the vibracore is shown in Figure 50. The full core log with greater

detail is given in Appendix 1.
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Figure 52. Subbottom seismic profile for line A — A’. See Figure 49 for location. Vertical exaggeration is
20x. Depth is meters below sea level. Yellow outlines are interpreted as sand deposits. Note vibracore
UNH 3 shown in the lower figure. The log of the vibracore is given in Figure 51 and the full description is
given in Appendix 1.
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Figure 53. Sand thickness map for the Offshore Sand Body. The interpolated surface was generated from
the point thickness values using a radial buffer (250 m) to constrain the distance.

Summary

The New Hampshire continental shelf has extensive marine-modified glaciomarine deposits and
associated marine-formed shoals. These features, as well as offshore eroded drumlins, are
potential targets for marine mineral resources. The geology, shallow stratigraphy, and surficial
sediments have been studied extensively in the past. However, this work has not been
systematically reviewed, evaluated, and placed in geospatial databases. This study addresses
these issues. Based on previous work and an extensive archived database including over ~1280
km of seismic profiles, ~750 grain size analyses, and twenty-three vibracores, the potential
distribution of sand and fine gravel deposits on the NH shelf that are suitable for beach
nourishment was assessed and potential sites identified for further study. This report focuses on
four of these sites. The most promising sites are referred to as the Northern Sand Body (NSB) and
the Southern Sand Deposits (SSD). Estimates of the volume of sand and fine gravel potentially
available in the NSB and the SSD are on the order of 17.3 million m3 and 16.4 million m3,
respectively. Both of these areas, as well as other potential sites identified, need high-resolution
seismic surveys and vibracores to fully evaluate the potential sand and gravel resources.
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Appendix 1. Vibracore Logs

The descriptions and results of the grain size analyses of the vibracores taken on the New
Hampshire continental shelf are presented in this Appendix. The locations of the vibracores and
the format of the core logs are are shown in the figures below. A more complete review of the
vibracores, the sediments, and the depositional environments are given in Ward et al. (2021b).
The vibracore logs and sediment data also can be viewed at the UNH CCOM/JHC web site:
(https://maps.ccom.unh.edu/portal/apps/webappviewer/index.html?id=aecfde28e84340b49b
45029e6418c02f) and downloaded at: https://dx.doi.org/10.34051/d/2021.4 (Ward et al.,
2021c).

70°50'0"W 70°40'0"W 70°30'0"W

New.
Hampshire

Depth (m) .
Hiah : 2.4 Coordinate System: WGS 1984 UTM Zone 19N
- gn: <. Projection: Transverse Mercator
Datum: WGS 1984 Units: Meter
Low : -171.3

Vibracore locations map displaying the vibracores from the 1984 and 1988 series.
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“Geological Rock-Color Chart”, GSA and Munsell Color, Revised 2009

For the 1989 samples, the mean phi and sorting correspond only to the sand fraction

(Results from 2016 or 2019 grain size analysis)

The depositional
environment and
seismic units
descriptions were
based on Birch (1984)
and Birch (1986hb).
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study of sedimentary deposits on
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volume B, number 4, pp. 207-221.

Birch, F.S., 1986b, Vibracores from
the inner continental shelf of New
Hampshire: Final Report for the
Cooperative Agreement (14-12-
0001-30115) between the University
of New Hampshire and the U.S.
Department of Interior, Minerals
Management Service, Herndon,
Virginia, 54 pp.
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Sand pods

Sand pods with
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Stained sand pods
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Shell hash

Rock fragments
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Wood Fragment
Gastropod
Pelecypod
Articulated shell
|:| Large shell fragment
|:| Clam shell fragment
[ = ] Sharp contact

Core log symbols, patterns, and color key.
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Munseéll Color Patterns

Qlive black (5Y2/1)
Olive gray (5Y3/2)

Olive gray (5Y4/1)

Light olive gray (5Y5/2)
Light olive brown (5Y5/6)
Light olive gray (5Y6/1)

Yellowish gray (5Y7/2)

Grayish olive (10Y4/2)

Core log Munsell color key.
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[
]
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Brownish gray (5YR4/1) Grayish olive green (5GY3/2)

Moderate brown (5YR4/4) Dusky yellow green (5GY5/2)

Light brownish gray (5YRG/1) Greenish gray (56GY6/1)

Dusky yellowish brown (10YR 2/2) Grayish green (10G4/2)
Dark yellowish brown (10YR4/2)
Moderate yellowish brown (10YR5/4)

Dark yellowish crange (10YR 6/6)

Grayish orange (10YR7/4)
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Grayish black (N2)
Dark gray (N3)
Medium dark gray (N4)
Medium gray (N5)

Light gray (N7)



Full Vibracore Logs from 1984 (UNH series)
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—— 51.1% Clay). Grayish olive (10Y4/2); interior of
care away from edges is Grayish Black (N2) (in
situ color?); several sand lenses.
414
450
r-1
3 o
4IHGS o °
New core section. Mud (42.7% Silt, 53.8%
Clay). Medium gray (N5); a few shell
fragments; articulated shells in vertical sand
streaks; silty sand lenses throughout.
500 | ==
=
-650
56—
G
o
2
% Unit 2.Glacial-
2 — Marine Mud with
8 Glacial-marine|a significant ice
s 600 deposit with af[rafting
=4 substantial ice-|component.
5 g rafting component. |From 154 cm to
2 the bottom of the:
core,
==
=
650
—
New core section. Mud. Medium gray (N5); a
few shell fragments; numerous cm-scale sand
B lenses or pods.
——
700
7151
G
L)
750
==
=
&=
800
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BOEM

de: 42.9 0 Long de 0.7450 Bunzay o Ocean Emenar Manacoeonr
Lithology = Sand Fractio Whole
= = - 2 GSM (%) GSM (%)
o ] = (5 Onl Sampk - o
5o =23 | ®E Mud Sand [ Gravel | § [t i Al Depositional Seismic
£2 | £ |26 | HEES DESCRIPTION 8 EE(s (o ol lo.|3|w]| o|e.|2.| Environment Unit
T | &S |8 cay| s |vF Mlc|ve|E|E|2 oF| 5| 5| 2|85 |58 | &8 | 5| 2| 85| £%
| S5|E|8 Bl&|4 | E|=2%|3% | 5|4 | E|2%| 5
800
=
a =]
E Unit 2 Glacial-
o ” . Marine Mud with
© Continuation of section 6. Mud. Medium gray . . 2 B
5 = (N5}, a few shell fragments: rumerous om- fi:cﬂ':l"'r‘:'fl(r“”z 2 :‘gf"‘ﬁfai"ln“’g
-]
2 ) scalesand lenses or pods. substantial ice-|component
s et rafting component. [From 154 cm to
- the bottom of the
é core.
e
8571
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oa . BOEM

Bunzay o Ocean Evancr Munagensinr

Lithology = |Sand Fraction| Whole
= = - o GSM (%) GSM (%) . L
.g g .g ) % E Mud Sand Gravel s 2l o ol Depositional Seismic
& =y e DESCRIPTION 5 |E£| - a |3 o i i
£2 &8 &L c F] O[88|%|2  e|s=|8=|% 2| 2|5=|£: Environment Unit
= = \aySII!VFFMCVCg mg,};tﬁiglgngﬁiglgﬁ
Very Fine Sand. Light olive gray (5Y5/2) to Sand mounds|Unit4 Holocene
dark yellowish orange (10YR6/8); well sorted; since the last post- | sand sheets and
numerous shell fragments in upper 19 cm; 1 glacial lowstand mounds. From
large shell fragments at 19 cm. ™ o~ the top of the
20+ 2 s Y =iw core up to 302
e e r|Nue cm.
50
Very Fine Sand. Light olive gray (5Y6/1); well
sorted; indistinct contact; bictite-rich laminae
at80 and 95 cm.
o % ~lo B
—_— 80- g8 &5 3ie
|-100
102+
A
—_—
o % ol o B
122- s § wld g
B
el sl
1424 3 g b
New Core Seclion, Very Fine Sand (2.4% Silt,
150 3.7% Clay). Light olive gray (5Y6/1) to light
gray (N7); well sorted; bictite-rich lenses
m—
==
e
[ =2 - a
102 S g ¢l s S
F 200 =
Very Fine Sand. Light olive gray (5Y&/1}; well
sarted.
25—
& 8 ml o D
235~ e 8 <o I
N e o
244 g = RN
250
e New Core Section. Very Fine Sand (3.8% Silt,
3.4% Clay). Dark Gray (N3); well sored;
Muscovite rich between 260 — 275 cm; fossil
300 o B W)
02— 300 g oFs
= , o = ©| o © |Glacial-marine|Unit 2.Glacial-
ar S o Bl o 3 |deposit with a|Marine Mud with
substantial ice-|a significant ice
raftingcomponent. [r a f t i n g
component
From 302 cm to
the bottom of the
= core
Silty clay or Clayey silt. Medium gray (N5); a
shell fragment and complete shell at 324 cm;
sand lenses throughout; some iron-stained.
350
379
400
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K=
i O
i‘; = 1984-016-FA
R de: 42.9350 Longitude: -70.7450 Bl O Enir Miuiinnion
Lithology = |Sand Fraction| Whole
= = - o GSM (%) S GSM (%) . L
%; ‘22 %_ E Mud Sand [ Grave s A iz ol Depositional Seismic
2o | 20 | ©6 ° DESCRIPTION % [E£| 5 a |3 o Environmant Unit
T | 8 10— cay| s |veF M| c|veld O |88 E |2 | 3|Ez|5F| 5|2 2|Ez]5
400
e Glacial-marine|Unit 2.Glacial-
7' deposit with a|Marine Mud with
substantial ice-|a significant ice
<A raftingcomponent. [r a f t i n g
component.
——— From 302 cm to
S the bottom of the
core.
450 ===
Continue section 4. Silty clay or Clayey silt.
e Medium gray (N5): sand lenses and pods
=== throughout; shell at 523 em.
=)
500
=
532—
o
550 | &2 55513 o &
k-3
o =Sv=
=
a
]
@ —
3
'E_ 600 Silty clay or Clayey silt (55.1% Silt, 42.8%
5 Clay). Medium gray (M5); sand lenses and
z pods throughout; shell fragments at 664 cm.

1650 =
685—
700
e
750
Silty clay or Clayey silt. Medium gray (N5);
sand lenses and pods throughout; shell at 747
om; shellat 769 cm.
=0
800
832
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O
S BOEM
d ongitude 0.636 Bumeay or Ocean Ensnar Manacusost
Lithology o | e E asm (%) Sanuorn.;;man GsM (%) ;:m; B o
- Mud Sand | Gravel DESCRIPTION S g.; Depositional Seismic
& HEE] S |85 2| u|lsz|82|7| 2| |z2|8,| Environment Unit
lay euxvrrucvcgﬁg mg%ﬁi gglg‘lgﬁ ;glgf
roi o o Marine formed |Unit3.  Late
5 = 29 & |[near the time of |Pleistocene to
w | © o [lowest post-glacial |Holocene Mud. |
— sea-level. From the top of
the core to 233
ol %e!'§ emdepth.
SN 18 (= > | S P

SH— Silty Clay. Greenish gray (5GY6/1). Cm-scale | & w3 g e

., clayey silt lenses and pods: some rock 37- & @ = 5 R

F:o- fragments at 40 cm; sand laminae in lower 50 L =

cm, 48 o g 2 e s
50— S o §l® o
A
80—
1 o~ Bag i
B b8 S W Fw =
. @ e B
100 e e B
-_—
o=
fes]
150 . Silty Clay (43.3% Silt, 52 % Clay). Greenish
gray (5GY6/1), Cm-scale clayey silt lenses and
pods; shell fragments at 217 cm; shells
sparsely scattered throughout lower 15 cm.
N~ =+
el 181 T a al2vd

= @ ® T o

1 s o 2w §

200 156 o ® H ™~ @
==
233 ——

S— Glacial-marine(Unit 2. Glacial-
deposit with a|Marine Mud with
substantial ice-|a significant ice

L2580 raftingcomponent. [r a f tin g
companent.
From 233 cm to
R the bottom of the |
core.
-
k-]
4
=
@ [300 | ===
2 = Silty Clay. Greenish gray (5GY6/1). Cm-scale
° clayey silt lenses and pods; numerous thinner
'E_ sand laminae; a 4 cm sand pod at 260 cm.
iy
°
=

-_—

350
386
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o BOEM

Bunsay or Ocean Evancr Manaconsinr

Lithology 3 [Sand Fraction| Whole
2T | ET Mud Sand [ Gravel 5 (o mEE e St =8 p itional Seismit
ST | BE DESCRIPTION 3 |Ex T opasiena e
T8 | BE |l lvele] ale vc%‘_:% S |88z 2 ¢ 5282 2|3 25| 52 Environment Unit
N — 2
Y EEB mggzﬁis“‘gﬁgﬁzs“gﬁ
386
Glacial-marine|Unit 2.Glacial-
deposit with a[Marine Mud with
substantial ice-|a significant ice
raftingcomponent. [r a f t i n g
component.
From 233 cm to
the bottom of the
core,
o 9
g - =@

450
Silty Clay (41% Silt, 57 2%Clay). Greenish
gray (5GY6/1). Clayey silt or very fine sand
layers at 401 - 402 and 487-489 cm; shells
scattered sparsely throughout.
500
542
550
=
[
=
o
g
=
2
I}
£
a
o
2
z
600

Silty Clay. Greenish gray (5GY6/1). Sand
layers at 607 - 809; shells scattered sparsely
throughout.

650
691
Silty Clay. Greenish gray (5GY8/1). Shell at
742cm
83g-+———
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P:
ioies BOE
de: 42.94 ongitude: -70.5700 Bussauor Ocsios Entna Manssassiny
Litholos ) i
I qy e E| gsm %) [Sand Fraction| GSM (%)
e send DESCRIPTION 5 |22 = Depasity I
ol g ° |EE[ - - = e o9
Clay | sit vi[F[m|e v.;é%é 38 3'5'.;_ HEEEE AR Environment Unit
5&'8 D“;wsgﬂ"%“ami
o g Marine formed Unit3. Late
a s near the time of Pleistocene to
g g2 lowest post-glacial | Holocene Mud.
sea-level,
- i e @ T|loe I
- 24 o § Blv =
M
50 MM g @
Silty Clay (mud) (71.1% Silt, 5% Clay).
Grayish green (5G4/2); mottling.
=
-
-
-
b 2
-»>
~100 *
@ o
H o s 2w =
135
150 r~ =}
| o mw Mo &
152 S 6B F|w =
- .| © @ i
1854 5 | a
=2
- New Core Section. Silty Clay (mud) (48.7%
200 Silt, 50.5% Clay). Grayish olive green
P {5GY342); numerous shell fragments; silty or
sandy laminae less than 1 cm throughout
-
250
© o
1 o v 2o
285 = |
300
'g : New Core Section, Silty Clay (38.3 Silt, 61%
= Clay). Grayish olive green (5GY3/2); shell
= fragments at ~330 cm and ~400 cm; clay-rich
o laminae at~312cm.
] o] B
3 Mo c g
£ 350 =
3
=
400
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BOEM
a d G ong d 0 00 Buseau or Ocran Eva Py
Lithology = [Sand Fraction Whole
Mud Sand Gravel 5 28 GSM (%) Only GSM (%) Sample = - "
HEE RESCRIFTION 3 E€ls 1| wlEe® |2 2| wl5s Environment Unit
Clay smvr;mcvcgig walE Eéigf‘%&’ T
400 Marine formed Unit3. Late
- i 3 e near the time of Pleistocene to
g:;:z;ﬁg::e ﬁ%"&?;";‘m 3. Silty Clay (38.3 Sit, lowest post-glacial Holocene Mud
o Clay). s sea-level.
440-
-450
n
| o Ly 5
4ot B o
500 " . .
New Core Section. Silty Clay (39.4% Silt, 59%
Clay). Grayish olive green {(5GY3/2); clay-rich
laminae at-455 cm, 460 cm and 535 cm
550
o
]
=
a
=
o
£
Q
=
a
b
)
=z
590
600
. T
606" & g
650 New Care Section. Silty Clay (42.8% Sill,
56.5% Clay). Grayish olive green (5GY3/2);
shell fragments at~630 cmand 660 cm.
700
740
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BOEM

Bustaus o8 Ocran Enensr Manasasssnt

89

E 'Sand Fraction| whale
= | - 5 |28 Oy | GO | s | o
S |2E 2
8 |88 HEHE DESCRIPTION S |EE5], 3|z . Environment Unit
a | 8 - o ald g
= ~ | Clay \GHEE Al E|z |2 gf
(2 o o|e o
U Redefined as:
N N Sand mounds |Unit4 Holocene
Fine to Mediumn Sand. Light olive gray (5Y5/2) since lhe last post- | sand sheets and
to medium darkgray‘(N4}. Fining downward to glaciallowstand.  |mounds. From
very fine sand; occasional rock fragments; shell top of the core to
fragments common lo 13 cm; shell fragments 33 cmdepth
fine downwards.
33
—50
Clayey Silt. Dusky yellow green (SGY5/2).
Numerous sand lenses and pods containing
shell hash.
~100
]
@
X
8
w
]
a
£
3
»
o
=z
Redefined as:
147 Unit 2 Glacial-
150 Marine Mud with
Glacial-marine
deposit with a
substantial ice-|component.
From 33 cm to
Clayey Silt ( 43% Silt, 30.3% Clay). Light olive Lot b
gray (5Y5/2). With pods and lenses of fine to
di with many shell
k-1
a
< Redefined as:
g _— Lodgrment till; prior Unit 1,
£ 13.600 YEP while|  pigmicion
2 o gleciers slill)From 193 om to
2 coveredthe region. | the hottom of
by
2
Fine to Medium Sand. Grayish olive (10Y4/2).
Numerous rock fragments upto 10em.
244 NOTE:
Based on recent
reassessment,
BOEM Project
2016, seismic units
were redefined for
this core, as shown
in the core
description.
Birch, 1986|Birch, 1986

Interpreted the
depositional
environment as:

Sand mounds
since the last post-
glacial lowstand.

Interpreted the
entire core as:

Unit4
Holocene sand
sheets and
mounds.
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BOEM

Bumtay or Ocuan Enveay Masiscemsing

of 2

90

Lithology T [Sand Fraction Whole
;E.‘E‘ Wud Sand Gravel ERSRRTIEN 5 %g GSM (%) Only GSM (%) Sample Depositi g
8% | & | w HEE S0 & 8 ﬁﬁ 32| 252|822 2] 252 Environment Unit
- [ ] H El
ay VFFMCVC§§§ mg‘%g=§ﬂsu‘gaszl
0 0 1
= : Sand mounds Unit4 Holocene
| since the last post- | sand sheets and
| glacial lowstand.  mounds. From
| i ;the top of the
| 204 g S ; |core up to 158
| | 55, o v wlao © |om.
| . 25 = 8 ple B
| Fine Sand. Dusky yellow green (5GY4/2). Li &
| ~890% Quartz, sub-angular, massive with faint
| mottling through out; large shell fragments.
50 |
E | o @2 «~|la B
83 {
== | g 2 g|la B
|l 931 S 5 oo Z
100 |
= |
- E New core section. Fine Sand. Dusky yellow
| green (5GY4/2). Numercus shell fragments;
| cm-scale clay lenses and compacted pods; rock
— | fragmentsupto3cm.
= -
a -7 oalg ¥
- = | 198 s 5§ 2
— -
=150 |
158 L | .
Clayey Silt or Silty Clay . Dusky yellow green 1611 o g g <+ o
. Distinct contact; very compac -cm &N~ ] acial-marine| Uni acial-
5GY442). Distinct t ct 10 = & 5 | Glacial i Unit 2.Glacial
clay or silt pod at base with iron staining deposit with a|Marine Mud with
172 substantial ice- a significant ice
raflingcomponent. (r a f t i n g
1 — - | component.
L 182 [ > |From 158 cm to
S = e . | the bottom of the
| core.
s
—200 &
Q New Core Section. Clayey Silt or Silty Clay.
Dusky yellow green (5GY4/2). Very compact
zone at 208 cm; Fine sand pods or lenses
irregularly spaced throughout core; decreasing
in occurrence towards base of section; iran
T staining in compact zones.
=
~ o
260 250;3&';{5 o T 2o
252 & r Ble 5
zﬁz—Q—
<
w
) 2861 e gh 3
~ o o
£
300 |
New Core Section. Clayey Silt or Silty Clay.
Dusky yellow green (5GY4/2). Fine sand lenses
and pods at top and 284 cm,
| o 9 B e 8
e S & R" 3
350
353
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U.S.G.S Field Activity #: 1984-016-FA BOE M
Latitude: 42.9850 Longitude: -70.6700 Bussaw or Octan Entecy Mususanna
Lithology T
23 | £F |£F 1w Sand Gravel 5 82 Depositional Seismic
28 |23 |&85[_ 1., OnF DESCRIPTION SIEE || 2| olselEalz]e] 7 Environment Unit
= = ay LRI HEE I AR NI LA AR A L
353
Glacial-marine|Unit 2.Glacial-
deposit with a Marine Mud with
substantial ice-|a significant ice
—_— raftingcomponent. (r a fting
component.
From 158 cm to
= the bottom of the
| core.
=2
=
=400
@
#H3H2d =
HS & =
New Core Section. Clayey Silt or Silty Clay. 4234 o © "r: - 8
Dusky yellow green (5GY4/2). Fine sand lenses o~ B|lo =
and pods at 400 cm, 410 cm, 490 cm, 505 cm.
Shell fragment at 445 cm: compact clays with
iran staining.
—450
500
503
-850
New Core Section. Clayey Silt or Silty Clay.
Dusky yellow green (5GY4/2). Rock fragment < ©
{angular& basaltic) in sand lense with very fine 573 S 2 g8 0
tofine sand, shell fragmentat 530 cm =20
600
41—

91
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Z]
984-016 A
d 9 ong d 0 00 Bussav o Eneecy Masssamines
Lithology T [Sand Fraction
8% | 37 g7l T aw e 5 |gE| om [TE5 cmen Deposi :
£2 | £ |2¢ HEE PESCRIPTION S 5%_ %2 [ wlz]2 |8 g - Environment Unit
BT | B2 (B~ oy | st ve|F|m|c|veE8 2 wols| 5| 2|28\ 588|523
5d S a|é|% == a8 G| @
00
<« w
Fine Sand. Dark yellowish orange (10YRG/6). 84 g2 a4 NE o
Shell fragments at 14 cm. = =
22+
i Sand mounds Unit4.Hclocene
8045 el 2 since the last post- | sand shests and
. . . Dl B glacial lowstand. | mounds,
Fine Sand. Yellowish gray {5Y7/2). Distinct ‘
| contact; shell fragments at the base of layer;
| rock fragments up to 6.4 cm at 23 cm depth.
3.6% Siltand 3.4% Clay.
Fine Sand. Yellowish gray (5Y7/2). Distinct 54 S : @ @ :{
contact; ane biotite-rich lens, L [
62-
e
721 22 ook
Silt. Dusky Yellowish Brown (10YR2/2). o 3 8|«€ o
Qrganic rich; twa pods of very fine sand with
iron stain
o
95+ 1
=100
-
New core section. Silt. Dusky Yellowish Brown & T o
(10YR2/2). grading down to very fine to fine 115 s @ = 2 ©
sand; shell fragments and peat at 103 om. L e
138
150 o e
(=1
1551 & g o
Very Fine Sand to Fine Sand. Light clive gra: Sand mounds|Unit4.Holocene
(5\%’2} 11.1% Siltand Z‘E%Claf == since the fast post- | sand sheets and
glaciallowstand, | mounds,
1 < ¥ oo
. 18 3§ ds 2
188
4] ~
200 S g | o
—_—
New core section. Very Fine Sand to Fine
— Sand. Light olive gray (5Y5/2); two biotite rich
lenses with surrounding iron stains.
A o
236-
— Glacial-marine|Unit 2 Glacial-
- — |deposit with a Marine Mud with
250 248 2 S S| 2 o |substantial ice- a significant ice
Hr oA | rafling component. 't a f tin g
= component.
From 236 cm to
— | the bottom of the
—_— core.
o
I\CE?:\’/‘
e
— Silty Clay or Clayey Silt. Grayish olive green
i (5GY3/2). Numerous sand lenses, thinner than
=3 1cm; 5 emconcrelion at 280 cm.
[300 |
- 350
°
@
s
] Sz New core section. Silty Clay or Clayey Silt
EY (48.1% Silt, 48 7% clay). Grayish olive green
8 o (5GY3/2). Afew pods of silt and very fine sand;
2 some contains shell fragments.
a
Py
2 —
4004

92
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U.S.G.5 Field Activity #: 1984-016-FA BOE M
Latitude: 42,9283 Longitude: -70.7600 By or Ot Evensc Moo
= 2 s Lithology e g asM (%) Sandanr‘aym\an GEM (%) ,:::\n;fe N o
3 22 |8 Mud Sand 8 |a= Depositional Seismic
o2 S % DESCRIPTION 5 |E=[ e | = 2 i i
£e £2 @0 S| s8|%|2| els=|8|%|2]| e|s:| 2| Environment Unit
T [ B3 10— |cay| s v F|m|c ool B 5|3 8F|s5|E| 5| 2| 85| §E
ala|6 | 2 =23 |5|a8 |28
400 |
5 Glacial-marine|Unit 2.Glacial-
410- S : 23 deposit with a|Marine Mud with
@ substantial ice-|a significant ice
raftingcomponent. [r a f tin g
— component
From 236 cm to
the bottorn of the
- core,
—
| Continue from section 3. Silty Clay ar Clayey
450 [ Silt (48.1% Silt, 48.7% clay). Grayish olive
green (5GY3/2). Afew pads of silt and very fine
sand; some contains shellfragments.
~Ee—
—
—
500
502——
o
a8k d
i
|
{1 |
-550 ll
© 1
@ |
= |
-4 |
g Il
(=]
]
2 | New Core Section. Silty Clay or Clayey Silt
4 I (45.4% Silt, 52.9% clay). Grayish olive green
B [ | {5GY342). Vertical streak of very fine sand from
z 555 cmto 592 cm,
i
~600
~650
653
I
|
|
[
700 ‘ ‘
|
i
|
New Core Section. Silty Clay or Clayey Silt
¢ (39.3% Silt, 54.9% clay). Grayish clive green
| (5GY3/2). Shell fragments at 660 om; rock
I fragment at 660 cm (1.5 cm}; few vertical sand
slreaks. &
| WG g
=750 [
787
800

93



Full Vibracore Logs from 1988 (A series)
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BOEM

e 0.64 Busta or Ocuan Enanay Masiacein

Lithology
Wud Sand

[Sand Fraction|
— GSM (%) il GSM (%) —_—

Environment Unit

DESCRIPTION

Color
Sample
Depth (cm)

Gravel

Clay | Siit |VF|F|M|C |VC

z
T

Granule [,
Pebble
Cobble
Sand
Mean
Phi
Sorting
Sand
Mud
Mean
Phi

Mud
Gravel

o
7.0
54

3.0

8
1.0
0

Sand mounds Unit 4.Holocene
Medium to Coarse Sand. Moderate brown since the last post-| sand sheets and

o (5YR4/4) to moderate yellow brown color; glaciallowstand. | mounds. From
coarse sand (0.5-1 mm) in_top 10 em; poorly |the top of the
sorted; occasional shell fragments; 1 rock core to the
fragment, pebble (2.5 cm} at ~15 cm; bottam.
coarsening upward; mainly quartz.

0.

35

2.0
879

0.1

1.0
062

- Medium to Very Coarse Sand. Darker color

than layer above: poorly sorted; shell
bso 50— fragments.

Medium Sand. Light olive gray (5Y5i2); small
amount of coarse sand; moderately to poorly
sorted; mainly quartz.

70

AT1-88-A1
Section 1
1.0

98.0

1.0

1.3

047

Medium to Coarse Sand. Light clive gray

-3 (5Y5/2). grain sizes range from 0.25 to 1.00

o = mm; shell fragments in upper part; mainly
quartz.

L1o0 Medium to Coarse Sand. Light olive gray 100
{5Y5/2); grain sizes range from 0.25 to 1 mm;
sand dollar fragments at =980 cm; mainly quartz.

21
979
0.0
14
0.56

Medium to Coarse Sand. Light olive gray to
olive gray (5Y5/2 to 5Y3/2): moderately to
poorly sorted in upper part; poorly sorted lower
part; shell fragments in upper part; sand dollar
fragmentat~130cm; mainly quartz.

- New core section. Medium to Coarse Sand.

Light olive gray to olive gray (5Y5/2 to 5Y3/2);
145 shell fragments at base; sand dollar fragments
mainly quartz with dark mineral grains; small

L1sg amountof coarse sand.

1624

1.8
978
0.4

1
053

Medium Sand. Olive gray (5Y3/2); shell
fragments commen throughout: grains range
from 0.25-0.5 mm; small amount of coarse sand
(0.5101.0mm).

192

Medium to Coarse Sand. Olive gray (5Y3/2), -9
poorly sorted quartz sand; shell fragments 200+ =
common; large clam shell at~195 cm,

200

98.0
05

212 |

Section 2

Medium to Coarse Sand. Olive gray (5Y3/2);
poorly sorted; shell fragments common; spiral
shell sand dollar

21

1.2

g o 247
‘ Medium to Coarse Sand. Light clive gray
(5Y5/2) to grayish olive (10Y4/2); poorly sorted;
. shellfragments commaon, few pebbles.

88.6
0.2
06

1.08

250
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BOEM

e 0.64 Busta or Ocuan Enanay Masiacein

== Lithology T [Sand Fraction Whole
g8 d Sand Graval ERCRITTEN 5 25| osMrw only GSM(%) | sampie | positi §
2 T HEE SC O 8 E'-:EL % 9| e|lEslB:e |2 2| wlEs Environment Unit
g$ SH'VFFMCVCEEE mg‘%ﬁééégf‘%&’ HEH
285—
New core section. Medium to Very Coarse Sand mounds| Unit4.Holocene
Sand. Light olive gray to olive gray (5Y5/2 to since the last post-| sand sheets and
5Y3/2); very poorly sorted, grains range from glaciallow-stand. | mounds. From
[300 0.25-1 mm; few pebbles up to 5 mm in size; the top of the
occasional shell fragments in lower half; clam - = core to the
shell fragments 2 3815 @ glao g 282 bottom
0w g <l el g =@ L
31613
Fine to Very Coarse Sand. Slightly darker olive
y 5 gray than layer above (5Y3/2). occasional
pebbles up to 8 mm; shell fragments in lower
B part.
S0 E ]
T| o { Fine Sand. Light olive gray (5Y6/1); some
w| § coarse grains 1- 2 mm, poorly sorted; mica
g - flakes up to 4 mm; coarse sand layer near m 2 wle F
E & bottom; contains woody stems. 365 Rl Rl =t
Fine Sand. Olive gray to medium light gray (5Y
4/1 to N6); moderate sorted towards top and
moderate to well-sorted towards bottom, fine
quartz sand ranging from 0.12-0.25 mm; mica o o
content very high in places, same thin light and 390 g pres E : o
dark layers in basal part, mottled at base. L =
400
Fine to Very Fine Sand. Olive gray to medium
gray (5Y4/1 to N5); moderate sorted; thin dark
layers between 415 to 420 cm; coarse o very
coarse mica rich olive gray layer; at 420 cm; ™ w
mottled below the mica layer; lower 10 cm 423 AR
shows some mud content; mud ball at base. L <
4397
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U.5.G.S Field Ac! y #: 1988-017-FA BOE M

Latitude: 42,9867 Longitude: -70.6467 Bunsau or Ocun Enenay Masacavest
* i = ’
% a: s Lithology e g GSM (%) S:nduFrlatl\on GSM (%) Su:'h"o\;'
g|8| &% |£% Mud Sand Gravel 8 |e= L P D iti ismi
2% £8 |88, HEIS DESCRIFTION S IEE[:[: ]+ -2 2|2 | 25 Environment Unit
28 | 2 z 3| §=(5= g §=
2| ysmvrrmcvcgELg) m&a(ﬁssl‘gmgﬂsé’“
0 P - " = o
2 & Sile £ 2 3 = Sand mounds |Unit 4 Holocene
. |since the last post- | sand sheets and
o Medium to Coarse Sand. Grayish orange glacial lowstand, mounds. From
(10YR7/4), moderate yellow brown to dark top of the
yellowish brown (10YR4/2) towards base, bottorm.
° poorly sorted medium to coarse quartz sand
" with occasional pebbles (4-8 mm): some fine
and very coarse sand also present.
0 i
5 o w| o
~ 40+ o B oo -~ g
Q=
il e la 8 g & -2
3| w13 g 2 &
hand 8
= |2 i
. Fine to Coarse Sand. Dark yellowish brown
(10¥YR4/2); poorly sorted quartz sand, some
very coarse sand; occasional pebbles (2-5
= | mm), occasional mica flecks; few shell 78 o N o o Y
fragments, | o8 o =!8
100 | =
103
a
- g New core section. Medium to Coarse Sand.
Light olive gray {5Y5/2) 1o alive gray (5Y32):
poorly sorted; occasional pebbles (~ 2 to 7 mm), 141 n g w o 3
g very small shell fragments; mica flecks at 180 | =k B g
i cm; some fine sand.
150
] ©
. 17012 3 2|2 8
o~ @ L f=]
c
2
=
@
0 u
L e
200
- Fine to Coarse Sand. Light clive gray (5Y5/2)
to grayish olive (10Y4/2) in upper part and olive
. gray (5Y3/2) to dark gray (N3} in lower part; | v © o @
poorly sarted quartz sand; scattered mica flecks 2234 a2 8 =5
decreasing downward; occasional pebbles to 5
3 mm; occasional shell fragments.
250 _—
255
’ 273 v B gl S
New core section. Fine to Coarse Sand. Olive | a B & =8
=2 gray (5Y4M) to dark gray in upper part, olive
(=4 gray toolive black (5Y2/1)in lower part, medium
to coarse grained towards top and fine to coarse
grained towards base; poorly sorted quarlz
sand; shell fragmants common; mica flecks up
to 3 mmcommen throughout.
300
S oo o
310 ! 30| o o Sl
ag] (#T| ViC e B ol ol B
o Wl oS
o
e
2
b
L3
] o
Very Fine to Fine Sand. Olive gray (5Y4/1)to
o dlive black (5Y2/1); moderate to well sorted;
380 g organic matter with shell debris common,
seattered mica flecks and biotite grains; fine
grained towards base with some mud, one
pebble at 340 cm,
383 B B oe =l
CRE-] Tl B B
/1o & =3 2
@ — o
400
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U.5.G.S Field Activity #: 1988-017-FA BOE M
Latitude: 42,9867 Longitude: -70.6467 Bumiau or Ocuan Exincy Masiacament
* i = ’
% ;; s Lithology e g GSM (%) S:nd';rlatl\on GSM (%) mﬂ;
36| €2 |8E Mud Sand Gravel DESERIPTION 5 |22 D iti ismi
818 &8 |8L |, HEH S|5E[:]]+ 5822 | 5|5 Environment Unit
al& aysmvrrmcvcggﬁ ""ggassagmgszé’u
N — )
Sand mounds|Unit 4 Holocens
since the last post- | sand sheets and
glacial lowstand, mounds. From
top of the
. & bottom.
A =] M e
450
New core section. Very Fine to Fine Sand,
with Mud. Light clive gray (5Y6/1) o olive gray
(5Y4/1), moderately well sorted, dark patches in
i upper 40 cm , moderately stained, dark thin line
| % may be mud or peat at <520 cm, shell fragments
of| =
2| 8 common.
=
b I}
S| @
<
- -] ~
500 5000 © = o @
~ o~ o
o W 8 4@
19 28 %% B
550
561 —
| w 2 N nlg
600 509 c 8 8 s &
New core section. Very Fine te Fine Sand,
with Mud. Clive gray (5Y4/1) to olive black
(5Y2M1) in lower part; moderately well sorted;
shell fragments, mica flecks with few biotite
w flecks common throughout,
g
b=t
@
2]
650
oy 2 o] e S
881 o3 g =
2o o
700 e 8 g s 5
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- A
\ an 017.F2
- a de: 42.98 ongitud 0.6600 Burcauor Ocoan Enssar Maacensnr
=g Lithology i lsand Fraction Whole
2 P - 2 GSM GSM
slE %i‘-’ "E.E Mod | Sand [ Gravel 5 |2e ) Gy ) Sample D iti i
¢|5| 25 |85 N nE DESCRIPTION B8 E;E 3| gle_|8. 2|2 5| E.| Environment Unit
gr?') a9 Clay | silt VF|F cvclgﬁg MBS; gii,ﬁé&:ﬁ HE §§
— 0 (=] o
= saig 2= Sand mounds |Unit 4. Holocene
Fine sand. Light clive gray (5Y6/1) to yellowish = = since the last post- |sand sheets and
=2 gray (5Y7/2) at top; olive gray (5Y4/1) to glacial lowstand.  |mounds, From
medium dark gray (N4) in lower part; poarly top of the core to
sorted; common mica flecks; common shell 204 o E Al the bottom.
= fragments. =] @ N e (=}
=
5
-§ 50 -
]
=
Very Fine to Fine Sand. Largely light olive gray
(5Y8/1) to olive gray (5Y4/1); moderately poorly
sorted: common mica flecks; common shell
fragments.
100 a ™ o|la 8
0 100-| S 5 oo g
£ o @
o =1
1204 5 D o g
125
o
o
=
o %W ol w8
lise [ 145 b= I
@
=
=
[32]
a4 =]
8
E o New core section. Very Fine Sand. Light olive
£ [-200 gray (5Y6/1)to olive gray (5Y4/1); poarly sorted
5 = quariz sand; occasional pebbles (1.5 -1.7 cm)
& from 125 to 155 cm; common shell fragments;
rare mica flecks; wood or peatin basal part
=
8198 gl |13
2543 8 8 3
=
[250
2 o ¥ oln B
L= 265 (= | e
300 | e @ wl e g
o 302 e § J|a &
=
=5
b — New core section. Very Fine to Fine sand.
g Light olive gray (5¥6/1) ta olive gray (5Y4/1):
B moderate to well sorted. common shell
% fragments; mica flecks; poorly sorted, finer with
-350 e higher mud content in lower part
b
— = | i@ Gl
s g &l &8
&=
=]
400
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BOEM

100

LY U.5.G.S Field Activity #: 1988-017-FA
o Latitude: 42.9833 Longitude: -70.6600 Burcau or Ocean Exsmr Marscessonr
=g Lithology i lsand Fraction Whole
2 - 2 GSM (%) GSM (%
S| 8 %g T Sand Gravel SEEERIBTiGH 85 |22 ) Oy G| sample | iti ismi
8 E &8 Clay | si HEE 3 Eﬁ 2|2 | 9|8y 2|2 | g|ce|E.| Environment Unit
a9 ilt | VE| F ¢ vcl 2 3 3| Es|g 2 3| g | £
g|» " HEE P&\8| s =554 2|2 E0
Sand mounds |Unit 4Holocene
Gk Continuation of section 3. Very Fine to Fine since the last post- |sand sheets and
5 sand. light olive gray (5Y&/1) to olive gray glacial lowstand. mounds. From
5 (54/1); moderate ta well sorted, common shell R < top of the core to
% fragments; mica flecks; poorly sorted, finer with 422 S d e 2o the bottom.
higher mud content in lower part R | B
450
-
o v & T 5 12
= 464 S 2 5w 2
=
&
-
=
2l 30 = New cora section. Very fine sand. Olive gray
s (5Y3/2) to medium dark gray (N4); mostly
8 moderately well sorted; comman shell
% fragments, mica flecks: small bits of wood or
peat: becoming muddier with depth
=
L-s50 >
=t o o =]
564-] s % v 2"
A=A e R © © -
570 - @ n
Sin <+ g
=
581
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101

& A4
¥ BOEM
LY A U.S5.G.S Field Activity #: 1988-017-FA
- Latitude: 43.0067 Longitude: -70.6717 Buncau or Ocean Evimo Maaceonr
%= Litholo, T iSand Fract Whol
£ S| & ] s.iy; Gravel 5 %.-g— SO Mony | CSMLd) Samse D itis Seismic
o2 ° ] DESCRIPTION ° £l = i i
8 E 3 Clay | silt |VF|F Mcvcééﬁ 8 53 HEIRE gi £ F| 3|5z ‘gf Envicprment nig
gl | 523 S|3|6| 2|2 |5%|a| 4| =|E>|E*
Fine to Very Coarse Sand - Gravelly. Light
olive gray (5Y8/1) to olive black (5¥2/1); poorly = @ o| @ 8 |[sand mounds|Unit4.Holocene
sorted: scattered psbbles (up to 1 cm) in upper 8 & E @ S = |since the last post-| sand sheets and
half; pebbles and cobbles (4.3 cm) in lower half; glacial lowstand. mounds. From
large cobble at surface (8 cm) top of the core to
the bottorn.
R R Rl B - A =,
Medium to Very Coarse Sand - Gravelly. 30 X E oS ’; w2 <|e ":
Clive gray (5Y4/1) to light olive gray (5Y8/1); !
very-poorly sorted; pebbles and cobbles (6.5
cm); dropstones (up to 9.5 cm) at 30 - 40 cm
occasional shell fragments.
2|~
<1E =
3| 2
zé
< Very Fine Sand and Mud Clive gray (5Y4/1);
mud lense
oM | & D
Medium to Very Coarse Sand - Gravel. Olive 90 o8 | Ry
gray (5Y¥4/1) to light olive gray (5Y6/1); very
poorly sorted: coarse to very coarse grains with
fine sand matrix along; very common pebbles
and cobbles to ~4 cm; shell fragments; mud
lensefrom~110t0 125 cm
New core section. Very Coarse Sand. Olive
gray (5Y4/1) to light olive gray (5Y6/1); very @ -~ -
poorly sorted; pebbles and cobbles common (2- 143 B B @ = B
&cm); shell fragments common. gl T
Coarse to Very Coarse Sand - Gravelly.
Olive black (5Y2/1) to medium dark gray (N4):
very poorly sorted; scattered shell fragments;
common pebbles (up to 3.5 cm); same cobbles;
mud lense with fine sand at base with sharp
contact.
o~
=
2
B
@
0
© P
2131 a2 95
2204 812 B W5
Very Coarse Sand - Gravelly. Olive black b7 . R
(5¥2/1) to medium dark gray (N4); very poorly
sorted: scattered shell fragments: common
pebbles (Up to 3.5 cm); some cobbles; mud
lense with fine sand at base with sharp contact.
~ T o o®
248 <5 << 2
Mud. Olive gray (5Y4/1); mud lense at the base,
% = @l &8
New core section. Medium Sand. Olive gray 288 o § o « :
(5Y4/1): top 1em olive black (5Y2/1); upper 1
cm has muddy sand; poarly sorted; 1 pebble (2
(300 cm).
34— T
- |
@ 4
t -
s ; ~ 8 oo @
"§ |2 = 2 | 326 ~ 8 d - =
(4] |
= - i Coarse Sand. Olive gray (5Y4/1); scattered
a < | smallpebbles.
=0
| 360 | le 2 ola ~
i | 3504 ]
a ||
| = @
F > ; 358 J2 R T =
@ |
A
= o
380 ;
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& A4
( BOEM
L U.S.G.S Field Activity #: 1988-017-FA
- Latitude: 43.0067 Longitude: -70.6717 Buneau or Ocean Ensor Masacewssr
=g Lithology & [Sand Fraction Whole
5lc| g8 |so ma Sand [ Gravel E %_5, SSN R Only GSM(%) | sample | o o Seismi
°|3| Bz | &5 DESCRIPTION 2 |E= ; elamic
8 T-’n 8 (82 cl i HEE 8| 8% é o | glez|B. % 2| g|ss|E.| Environment Unit
AR HYS\NVFFMCVngg mgaﬂgi"ﬁlgﬁgiléi
r 380+ 7
Sand mounds|Unit4.Holocene
i the last t- d sheets and
Continuation of section 3. Medium to Sl e | mounds. Fearm
<+ Coarse Sand. Olive gray (5Y4/1); one wood top of the core to
o > I & ,
< 400 fragment; mud lense at ~430 cm (~4 cm thick) to the bottorn.
2| 5 end of section. o =
A - o @
- v R
E 5}, 408 s 8 << 5
428. . iy
437 - Mud. Mud lense with sand pods inside one
RSt
[t
& New core section. Mud. Olive gray (5Y4/1) to i @ & 8 oD
olive black (5Y2/1); shell hash in upper part; 444 o 2 F| 8 &
[450 accasional organic (dark) spols; gastropod
at~440cm.
loe 2o &
Meie g 518
o = 9 o v
Fine Sand with Mud. Olive gray (5Y4/1); 4917 s g gl < &
ccommon mica flecks, muddy lense in bottom
~ part; sharp unconformity at base.
2 e
=
@
0
| 535 —E 928
] < 5 =<8
‘ Coarse Sand. Medium dark gray (N4) to dark
550 = gray (N3); gradational contact with muddy lense
| (2.5 cm thick} at ~550 cm depth; coarse sand
| below lense.
© W =
Very Coarse Sand - Gravelly. Grayish Black 575+ oo 2 '; :
(N2); wery coarse ta gravelly sand; common :
pebbles
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A
b de: 43.00 ong de 0.666 Bustaw or Ocean Exeacr Manacomsnr
=g Lithology = Sand Fraction Whole
& = - ] GSM GSM
3|8 -g;"_ £% Wud Sand Gravel DESCRIPTION 5 Ex-gr e Sy 8 | samoie Depositional Seismic
g S = <[ E # :
8 E f?"‘_‘. a2 clay | sit |ve|F Mcvcé%g 8 =2 3|z |z E_ 3|2 | u|5:|E: Environment Unit
g|» ’ HEE 8|84 |2 =555 |54 5| FF
Sand mounds|Unit4.Holocene
since the last post-| sand sheets and
glacial lowstand. mounds. From
fop of the core to
20+ % g = a 2 the bottom.
b IS =S
= Coarse 1o Very Coarse Sand Matrix with o
2 Pebbles and Cobhbles - Gravel. Upper 40 cm 504 @ © 3 21
4 dark yellowish brown (10YR 4/2), medium dark ®m 0
@a gray (N4) to dark gray (N3) in lower part;
pebbles and cobbles common (up to B0 mmy;
gravels compose ~50% of sample.
©e w o
] @ | —
A 88 4 &
121 22 glgia
New core seclion. Very Coarse Sand. Medium T & do N
gray (N5) to medium dark gray (N4); very
coarse sand with pebbles (up to 50mm).
o
<
g; Granule - Gravelly. Medium gray (N5) to
= medium dark gray (N4); pebbles (up to 40 mm)
) P common: sharp contact with underlying mud. 163 S B ool g
5 R R
= i & & Hlpie
& 12 s & 8¢ o
Mud. Olive gray (5Y4/1) to olive black (5¥2/1);
top 5 cm sandy mud.
(=1 (=] o
200 2002 oS 2 g i -
=
205 S e
— @M e v . <
New core section. Muddy Sand or Sandy 221 = 2 O o )R
Mud. Olive gray (5Y4/1); organic spot, large o 2 Bl¥ 5
shell fragments.
i
|
-250 |
o |
= |
] |
g |
[0}
| @ 2 eyl F
i 271 = 8§ 8w =
| Fine to Coarse Sand. Medium gray (N5) to
| medium dark gray (N4); some coarse sand in
lawer part, coarsening downwards.
|
| a 2 ial o 8B
300 H & 3 <
| 300+ & S &l = 2
|
|
|
|
|
|
|
ey | a ™ olae I
236 331 © 8 o< 2
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pall BOEM

Buseau or Ocean Exeacy Misisaasent

s atitud
" o = ] o
S e | Lithology 9 E| csmpe Sifmeon oy, | Wnde
S @ Mud Sand Gravel 5 &8 | only ample D itional o
8l6| €2 |€E k= epositional Seismic
= = 2lo] e DESCRIPTION o |ES| [e [= = i i
2|8 a8 [&2 ; HEE 8158|222 | vl 5:|8-|%| 2| g|5:| 8| Environment Unit
%f}; o9 Clay sM:VFFMCVCgﬁg "’gga gii:éfga EIRH 55
0
Sand mounds|Unit4 Holocene
since the last post-| sand sheets and
. =P | glacial lowstand. | mounds.
is !
ER = =
2 e
2= o 29 o+ 5
30 5 5 o « g
50 |
= | 58 R els 2
’; | Medium Sand. Light olive gray (5Y6/1); well L O ] =
k=] | sorted; shell fragments at 20 to 40 cm; one
g pebble at 55 cm depth; clean sand
(7]
o Figl & T
| ( 901 5 2 | bl
g oo |
o ~ ©
i o ©| o
k 10 g3 242
|
128 (
|
148 | 2 3 o~ g
150 1502 2 2lq (% & S|4 o
¥ By Ne
) New core section. Medium Sand. Light olive
_5 gray (5Y&/1); well sorted; black organic rich
B lenseat ~179 cm depth.
@ e
0
o (=}
2 o ~| w
L200 198 = S
12 2 ol &
ey = e -
27—
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v BOEM
R atitude: 42.9 ongitude: -70.76 Buseau or Ocean Exear Musisasens
” =3 1
Sk Lithology E 'Sand Fraction| Whole
2 s = . |2 GSM (%) | GSM (%)
i 5 %2 -':E.E Mud Sand Gravel 5|22 S ol Depositional Seismic
2 E: §ﬁ £S5 g[2[2 DESCRIPTION 3 nEu%_ e |wlelr |3le| gl |8 Environment Unit
@ 2 — | ci ? 2 = 2 gz €=| 2| % iz | €=
IR lay SMGVFFMG\Icgﬁg ”’ggﬂgs”i'§=ga gi‘“é"
S =
Fine to Medium Sand. Light clive gray (5Y6/1); & & 1 Sand mounds| Unit4.Holocene
well sorled; occasional shell fragments; clean 10 E’, vy g : o o & @ o T |since the last post-| sand sheets and
sand @ S [© o T| ™ < |glaciallowstand. | mounds
22+
o1 @
Fine to Medium Sand. Olive gray (5v4/1); M58 ]2 Zleyg e =
5 poorly sorted; occasional shell fragments. o g o o
© o
48 = e E
S B 8 =g
Fine to Medium Sand. Olive gray (5Y4/1): well 80H = g g = e
sorled; accasional shell fragments at 45 to 50 =@ | e
com.
=
| £
il e 80 |
@ | =
23 |
s 1
|
|
(100 |
|
|
|
1 Fine Sand. Light olive gray (5Y6/1); poorly
| sorted; mottled.
|
|
|
|
| o ©
| = o
| Wis 8 |« I
| il o L | ) B
150 | 148 SiwiE 88
|
162 '
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e
/7 A
" eld A 4: 1988-0 5
R de: 4 ongitude: -70.76 Buncswor Ocean Enasor Manacessr
= i = -
e t S . Lithology o 2| esmpen Forfmon oy Jmale.
cle| 5% |8: Mud Sand [ Gravel DESC oN 5 |52 & = D iti Seismic
28| E8 |8 | cuyl o lvelelmle vl 23 3 ERCHIEL 8188 e el ele]e 2] 2|5 |8, | Envionment Unit
b 2 an i g - 3 E|(EE -3 E|EE
gla 1 I CEI5| 8| 2|2 |EE |5 8| =|2% 50
Sand mounds|Unit4.Holocene
since the last post-| sand sheets and
glacial lowstand. mounds. From
top of the core to
389cm.
300Q0h%c°§—m$
ogE | = lse B 8 v S
50
Medium Sand. Dark yellowish orange
— (10YR&/6); well sorted; medium with some
% - coarse sand; very homogeneous; organic
<| 5 debris at=150 ¢ m (speck).
‘3-‘5‘ =
Z 8
<
100
(=] ©w
12012 & 2|2 =
1238 |7 Sla 2 oa @
a8 B &5
150
153+
a® gl e Y
1834 Ss B2 3
(200
New core section. Medium Sand. Dark
yellowish orange (10YR &/8). almost coarse 2204 2 ; alo g
™ sand; some bedding between ~260 to 290 cm. Silm | B g
g
G
@
0
250
- | ~ e
2811 sg 3% E
(300
@ P~
. 337 2 n T3 =
© New core section. Medium Sand. Light olive e =)
3 CREE N gray (5Y6/1); upper 25 cm medium sand; well
% Lse6 & sorted; coarse sand lense at ~340 cm; pebbles waleie el sl
@ (up to 4 cm) in lower part, sharp lower contact 7] 2 ¥l =g
L with mud.

106



Page 2 of 2

BOEM

=
£
it i U.S.G.S Field Activity #: 1988-017-FA
h-- 4 Latitude: 42.9317 Longitude: -70.7633 Buncau or Ocean Evimo Maaceonr
=% Litholo T iSand Fract Whol
HEE: T sf':; TR 5 %5’ ssmen) FUORTN esMen) | g | —
6l8| B =
2 E £ v | s | EE DESCRIPTION 3 E-‘.& AREs £ (32| gf5|Es Environment Unit
AR EY\‘VFFMCVC‘Egg mga?s?i‘:n“'gu?éilms“
38
Glacial-marine|Unit 2 Glacial-
deposit with a|Marine Mud with
Bl substantial ice-|a significant ice
raftingcomponent. |[r a f t i n g
component.
From 388 cm to
| w (5]
@) 417 g g w $ @ the battom of the
] ":’ Continuation of section 3. Mud. Light olive N = L core.
g ) gray (5Y6/1) to clive gray (5v4/1); light brown
I (10YR6/4) near top
=@
=3
[-450
460-|
|
Q
o w43 3 g
- N N~ oa @
a5 %83 8
500
- Mud. Light olive gray (5Y6/1) to olive gray
s o) (5Y4/1). common very fine sand pods; shell
= fragments at 535 cm.
@
Lsso -
oy B B gy e
560-| o 9 g
(=)
=]
58013 3 g
592+
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Mud and Very Fine Sand. Clive gray (5Y6/1);
poorly sorted; cobble (7 em),

108

o
o [\
4 eld A e A
. atitude: 42.9483 Longitude: -70 Buscau or Ocean Exeacr Maiscannt
=g Lithology =i Sand Fraction| Whole
2le| o5 |le=rwm e —— o |2 §| osmen TR esmen | T - -
3|6l €2 |E: ane DESCRIPTION o EZ Depositional Seismic
@ E £8 (82 ciay | sl HEE 8|5F5|2|¢= g|E: 8% 2| 5 5:| B Environment Unit
IR lay \GVFFMCVCgﬁﬁ "’ggz 2:"“5"33 Ei‘“g“'
[ Medium to Cearse Sand. Light olive gray
(5Y6/1); upper 8 cm coarse grained and poorly 5 & o » |Sand mounds|Unit4 Holocene
sorted, lower medium sand and moderately 104 g & g : = :: G 2 '“_) ® | since the last post-| sand sheets and
sorted. e % - = |glaciallowstand. | mounds.
o @ lgl w8
MM 8 & = 2
- Gravel. Olive gray (5Y4(1) in upper part, dark
= yellowish brown (10YR4/2) inmiddle and lower
] = part; poorly sorted: fine to medium sand matrix
5|2 in upper 40 cm; gravel matrix below: pebbles ® o &l
1 and cobbles upto 7 om. 64~ < o Sl a 2
?| 8 b4 w| o 5
cl & b 7
<
No core
(In 2019 when photographed
and sampled, this sectien was
Medium to Coarse Sand. Dark yellowish
brown (10YR4/2); sharp contact with layer Wl | e @
below. 1207 g %S 3
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b a de: 4 48 ong de 0 Buseau or Ocean Exeacy Misisaasent
=g Lithology =i Sand Fraction| Whole
82| 45 | e mmm oL/ = (8| osmen STGEE eswen | Gn - -
3|6l €2 |E: an: o ~ Depositional Seismic
wlE| 235 S 2o o DESCRIPTION s |ES|2 o o Enci t Uit
g8 =8 |82 clay | it |ve|F |m|c vel 2|33 O 28|32 |3|b=5=|8|2 |3 G| E| EMiOnmen Lill
gl 3188 al6|a|E|2=|5%| 8| | =25
(g
No core
(in 2018 when photographed
and samplod, this section was
slumpod instoad of missing)
= Z&DC’omgg:;gg
25 1= = .
Medium to Coarse Sand. Olive black (5Y2/1); N &8 8.8 T |Rand mounds) Uit Holicans
poorly sorted since the last post- | sand sheets and
glacial lowstand. mounds
Coarse Sand and Granule. Light olive gray
(5Y6/1); pocket of coarse sediments with
- ) i % e
»5 pebbles; large shell fragments. 52 S @ ol :
B
@
0
Coarse Sand to Very Coarse. Olive black
(5Y2/1) attap to light olive gray (5Y6/1) at base;
S some granule and pebbles (up fo 3.5 cm); mud
= pod at~75cm 904 E = I 2 AR =
i &~ 8le g|8 K ~|s &
@
1=
New Care Section. Gravel. Olive gray {5Y4/1),
poorly serted; sharp lower contact; coarse sand
and gravel; pebbles common; sharp contact 134+ ﬁ ; N2 E
with underlying unit. e R B S
o~
<
S © =+ o -
5 i i i 160+ 5| =0 %
E Medium to Coarse Sand. Light olive gray - Wil I R
9] (5Y6/1) to olive gray (5Y4/1); poorly sorted;
pebbles and cobbles common {up to 8 cm}).
Fine to Medium Sand. Light clive gray (5Y6/1); 5 5
" i =] ©
poorly sorted; occasional pebbles (uptosom). 195{3 & « : 2
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Q
AO
eld A #: 1988-0 !
b d 42.94 ong de 0 Bustaw or Ocean Exeacr Manacomsnr
7 — 1
k" Lithology and Fraction| Whole
2le| o5 |le=r—um B o | 2F| esmem STURT osmpm | gk - -
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