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GEOCHEMICAL ANALYSIS

Figure 2: (A) Chondrite-normalized REE abundances for the same set of samples. Samples show similar patterns and plot close to the Ocean Island

Basalt, implying intraplate magmatism.

(B) Modified graph from (Tomasack et al., 1990) of εNd(280 Ma) vs. 207Pb/204Pb ratios show a spatial relationship between the Salem Willows rocks

and the tectonic terranes of Avalon, Gander and Laurentia. The samples are plotting on the right of the Avalon field, due to the correction of the age

according to Dorais et al. (2005) and Tomasack et al. (1990). Although the samples do not plot in the Avalon terrane but closer than the Gander terrane,

it is implied that these rocks belong to the Avalon terrane.

(C) 87Sr/86Sr vs. 143Nd/144Nd ratios show a trend toward higher 87Sr/86Sr values explained by fractional crystallization/assimilation (from the more

primitive gabbro to the more evolved syenite).

(D) 206Pb/204Pb vs. 207Pb/204Pb ratios show a mixing line between two end-members: an Enriched Mantle and a HIMU(High μ= 238U/204Pb)-like

component.

Whole rock geochemical analyses were performed for the samples selected in this study and compared to other studies.

Major Elements: When plotted on a TAS diagram the samples plot in fields that are consistent with our modal analyses (e.g. the

gabbro plots in the basalt field). These rocks, together with other regional samples, are aligned possibly representing multiple stages

of fractionation of a similar magma source.

Trace Elements: The trace elements of all samples are very similar to the OIB. The gabbro is less enriched in all of the REE but

follows the same pattern. This depletion can be explained by a combination of higher degree of partial melting and lower extent of

fractional crystallization. Eu anomalies are observed. A positive anomaly can be explained by plagioclase accumulation, while a

negative anomaly can be due to removal of plagioclase crystals.

Radiogenic Isotopes: A trend towards high 87Sr/86Sr can be observed as a consequence of contributions from the crust. Pb isotope

ratios plot on a mixing line between an HIMU-like and a more enriched mantle component. εNd plot close to values that are

characteristic of the Avalon Terrane.
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INTRODUCTION

This study focuses on the variation of mode, texture and geochemical signature of

heterogeneous igneous intrusive rocks found at the contact between felsic and mafic

melts. Here, the mafic rocks are generally interpreted as the Salem Gabbro-Diorite

(~424 Ma), while the felsic ones are commonly assigned to the Beverly Syenite

(~425 Ma). A felsic and two mafic samples were selected to represent extreme

examples of the various composition and texture observed along the outcrop

(Figure 1). The samples were analyzed using a petrographic microscope to obtain

modal analyses and grain size distributions. The modes were used to assign rock

names based on the QAPF Igneous classification. Additionally, we conducted

major, trace element and radiogenic isotope (Pb-Nd-Sr-Hf) analyses on the same set

of samples. The boundary between the mafic and felsic unit shows interfingering

and lobate contacts where the felsic unit is present all-around mafic enclaves. The

formation of these rocks is best explained by a process of magma mingling

presumably occurring due to synchronous emplacement of felsic and mafic

magmas, consistent with their similarity in age of these magmatic suites.

Figure 1: Geologic map of Salem Willows, MA representing the felsic and mafic units

analyzed in this study. Additionally, a series of dikes have been mapped.

Photographs represent the location where the samples were collected for this study:

(A) Location of the pyroxene-hornblende gabbro sample mingling with the syenite.

(B) Location of porphyritic tonalite close to the pyroxene-hornblende gabbro unit.

(C) Contact between a basaltic dike (running NE-SW) and the syenite unit where the syenite

rock sample was collected.
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MODAL AND TEXTURAL ANALYSIS

• Modal Analyses were obtained by petrographic analysis of the minerals in each rock, looking at both hand sample and thin section.

• Minerals were identified based on their color, cleavage, fracture, and optical mineralogy, then the percentages of each mineral were determined.

• The appropriate minerals were recalculated and normalized to 100% .

• IUGG Igneous Classification charts were used to classify each rock sample.
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• This pyroxene-hornblende gabbro is 

composed of plagioclase, amphibole, 

biotite, clinopyroxene and minor amounts 

of olivine.

• Exhibits a poikilitic phaneritic texture 

with abundant anhedral grains. 

• Modal analysis shows an abundance of 

mafic minerals with minor amounts of 

plagioclase. 

Average grain size range as follows:

Bt 0.44 x 0.18 mm

Amph 0.38 x 0.30 mm

PX 0.35 x 0.25 mm

Ol 0.15 x 1.72 mm

Plag 0.29 x 0.21 mm

Pyroxene-Hornblende GABBRO

• This is a syenite enriched in alkali 

feldspar and plagioclase with minor 

amounts of quartz, biotite and 

amphibole 

• Displays an equigranular granoblastic 

phaneritic texture. 

• The alkali feldspars are showing a 

tartan plaid pattern typical of 

microcline.

Average grain size range as follows:

Bt 1.23 x 0.62 mm

Amph 1.05 x 0.53 mm 

Plag 3.01 x 1.08 mm

K-Feldspar 2.48 x 1.13 mm

Qtz 0.53 x 0.35 mm
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• The contact between the mafic and felsic unit shows interfingering and lobate contacts where the felsic unit is present all-around mafic enclaves. These relationships suggest that the

formation of these rocks is best explained by a process of magma mingling presumably occurring due to synchronous emplacement of felsic and mafic magmas, which is consistent with

their similarity in age of these magmatic suites.

• Whole rock geochemical data indicate that the rocks at Salem Willows represent multiple stages of fractionation of a similar magma source. High 87Sr/86Sr are observed as a consequence

of contributions from the crust, whereas Pb isotope ratios plot on a mixing line between an HIMU-like and a more enriched mantle component.

• When compared to other regional studies, the Salem Willows samples (this study) display a similar pattern for both radiogenic isotopes plots and spider diagrams. The spider diagram

suggests that the trace elements of all samples are very similar to the Ocean Island Basalts. This relationship can possibly imply that the rocks at Salem Willows are as a result of

intraplate volcanism.

• The tectonic setting of the Salem Willows rocks is modelled in diagrams A and B. Diagram A, a cross-section of the Late Proterozoic, introduces the hypothesis that an oceanic

lithosphere was subducted under the Avalon terrane. That process enriched the mantle underneath Avalon. Diagram B, a cross-section of Late Silurian, displays a lithospheric enriched

mantle and a mantle plume that is moving along with Avalon towards Laurentia. As the mantle plume is rising, it is mixing with the enriched mantle component, thus producing the Salem

Willows rocks that we see today.

• Exhibits a porphyritic phaneritic texture. 

Large plagioclase phenocrysts are 

dispersed in a matrix of hornblende, 

biotite and minor amounts of quartz and 

pyroxene anhedral crystals.

• Euhedral plagioclase phenocrysts exhibit 

a variety of disequilibrium texture with 

zoning and resorption patterns.

Average grain size range as follows:

Bt 0.28 x 0.16 mm

Amph 0.30 x 0.23 mm

PX 0.27 x 0.14 mm 

Plag Phenocrysts   4.28 x 1.18 mm 

Plag 0.21 x 0.13 mm

Qtz 0.19 x 0.13 mm
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