ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/284435677
Evaluation of Magnetic Microspherules and Elemental Data from Pre-Younger Dryas to Recent Age Deposits at Squires Ridge (31ED365), Tar River, North Carolina

Conference Paper - January 2015

CITATIONS READS
0 86

7 authors, including:

Christopher R. Moore Malcolm Lecompte

University of South Carolina Elizabeth City State University

34 PUBLICATIONS 154 CITATIONS 45 PUBLICATIONS 174 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project Younger Dryas View project

Project Was the Middle Bronze Age Civilization North of the Dead Sea Destroyed by Fire from the Sky? View project

All content following this page was uploaded by Christopher R. Moore on 23 November 2015.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/284435677_Evaluation_of_Magnetic_Microspherules_and_Elemental_Data_from_Pre-Younger_Dryas_to_Recent_Age_Deposits_at_Squires_Ridge_31ED365_Tar_River_North_Carolina?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/284435677_Evaluation_of_Magnetic_Microspherules_and_Elemental_Data_from_Pre-Younger_Dryas_to_Recent_Age_Deposits_at_Squires_Ridge_31ED365_Tar_River_North_Carolina?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Younger-Dryas?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Was-the-Middle-Bronze-Age-Civilization-North-of-the-Dead-Sea-Destroyed-by-Fire-from-the-Sky?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Christopher_Moore?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Christopher_Moore?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_South_Carolina?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Christopher_Moore?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Malcolm_Lecompte?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Malcolm_Lecompte?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Elizabeth_City_State_University?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Malcolm_Lecompte?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Christopher_Moore?enrichId=rgreq-9706156d39bc8f5e1a6af12f2c07cf29-XXX&enrichSource=Y292ZXJQYWdlOzI4NDQzNTY3NztBUzoyOTg5NDY2MDI3ODI3MjJAMTQ0ODI4NTgzMjczNg%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Savannah River Evaluation of Magnetic Microspherules and Elemental Data from Pre-Younger Dryas to

Qe Program Recent Age Deposits at Squires Ridge (31ED365), Tar River, North'Carolina

WWW.Srarp.org

Christopher R. Moore'; Malcolm A. LeCompte?; Allen West3; James K. Feathers4; Chad S. Lane5; Andrew L. Leier®; and I. Randolph Daniel, Jr.” E A S T

_fjf\_ !Savannah River Archaeological Research Program, South Carolina Institute of Archaeology and Anthropology, University of South Carolina, P.O. Box 400, New Ellenton, SC 29809, : 2Center of Excellence in Remote Sensing CAROLINA
vl Education and Research, Elizabeth City State University, Elizabeth City, NC 27921; 3GeoScience Consulting, Dewey, AZ, 86327; “University of Washington, Luminescence Dating Laboratory, M32 Denny Hall Seattle, WA 98195-3100; UNIVERSITY

i UNIVERSITY o >Department of Geography and Geology, University of North Carolina, Wilmington; °Department of Earth and Ocean Sciences, University of South Carolina, Columbia’Department of Anthropology, East Carolina University, Greenville, NC 27858

N

ELIZABETH CITY STATE UNIV ERiSilTY
Elevate Higher. Emerge Stronger.

AlI203 Tio2

@ Fly ash spherules @ \Volcanic spherules

@ Cosmic spherules

A (Soqu.zli;es R)idge spherules @ Sauires Ridge spherules
-2.5 cm (0-2.5cm)
@ Squires Ridge spherules @ Squires Ridge spherules
(2.5-75 cm) X (2.5-75 cm)

A Squires Ridge spherules
(0-2.5 cm)

@ Squires Ridge spherules
(2.5-75 cm)

Abstract

A sediment column (0-110 cm) from Squires Ridge (38ED365), a stratified archaeological site on the Tar River in

Magnetic Microspherule Abundance

North Carolina, was analyzed to evaluate magnetic microspherules and other geochemical markers reported for the h I l k - I

Younger Dryas Boundary (YDB). Here we report on microspherules using a Scanning Electron Microscope (SEM) and ] (S p e r u es I O g ra m N .b

Energy Dispersive Spectroscopy (EDS) along with bulk sediment geochemistry, carbon and nitrogen isotopes, | < ‘ gl N D

sedimentology, and luminescence dates for pre-Younger Dryas to recent age deposits. We report the presence of large ‘ ' BN ve o .Crl b ‘

Platinum (Pt) anomalies consistent with data reported for the GISP2 iceore and occurring within a modal peak of
magnetic microspherules between 60 and 80 cmbs. The Pt anomalies at Squires Ridge (SR) are consistent with an
extraterrestrial source; however, archaeostratigraphy, single-grain OSL, and AMS dating all indicate that the buried
spherule peak and Pt anomalies at SR are contained within sediments that post-date the YD event. No spherules or Pt
anomalies have been identified below 82.5 cmbs at SR. Since the inferred location of the YDB at SR is between ~80
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camera systems that collect roughly 60 images per second. Typically 1-4 million measurements are made for each
sample and statistics include mean diameter, sphericity, elongation, and others. Particle diameters are measured in
um and then converted to the phi scale (®) using standard conversions (Folk 1968). Calculations such as graphic
kurtosis and inclusive graphic standard skewness, were made following the methods outlined in Folk (1968).
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and 90 cmbs, the presence of these markers immediately above the YDB is most likely due to reworking of sediments
during periodic aggradation events (post YDB) as indicated by geoarchaeological analysis of the site (Moore 2009).
This interpretation is supported by the presence of 44% of the grains from the lower OSL sample that date to the @) 4
Younger Dryas. Alternatively, these proxies may relate to other, as of yet unknown events or processes. Particle-size ;\ 3 1 O O
analysis provide no evidence for significant translocation of silt-sized sediments from above and accumulation of 3 _ 3 Cosmic spherules [blue] (Taylor et al. 3000) FITah STl Browni(ecs Table STIRTIiRS Volcanic spherules [purple] (see Table S7 in Wittke
?Eh6elrules at lithologic discontinuities Of where cEanggs in grain size occur. Analysis of the ﬁne magnetic grain fraction 1 O - : \ s 2 e eg to Squires Ridge s);)h e et);l. 2011;) compaE'e dto S]((luires Ri dge7spherules. et al. 20 13§) Tody eg t(l;ps e Tk e b s,
< 61 um) shows a large anomaly at 85-87.5 cm—consistent with the YDB at many other sites (LeCompte et al. 2012). [ kL E

Geochemically distinct spherule populations by depth suggest multiple and chronologically asynchronous formation Crustal =1.0 »1 i Meteoritic R 3 Ti02+Ca0+MgO+MnO+P205 Ti02+Ca0+MgO+MnO+P205 o

events while surface spherules appear to be industrial fly ash and unrelated to more deeply buried spherules. Stable | /'« S =L 3 - R e, va Squires Ridge quL;Lf}Séige

isotopes reveal no obvious change aeross the Pleistocene-Holocene transition or correlation with spherules, although a ) ) I (CI) = 3.6 3 2 O 3 ; . Vi 2 spherules ® 0-25cm

mid- Holocene shift may represent changes in climate and vegetation. : : FL : 7 A e - g\ f gffz?cm ® 20-225cm

201 Bt : - Holocene X v 5025 AN/ y e
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Microspherules. The magnetic fraction of each 2.5 centimeter (cm) interval sediment sample from Squires Ridge A o : O | & YOB spnonies

was extracted using a (grade-52) neodymium (NdB) magnet following the original protocol established by Firestone == B 3 O : : 3 2

et al. (2007). After magnetic grains are extracted, they are size-sorted through USGS testing sieves in order to v ’ °F e

remove the majority of sand and large detrital magnetic grains (LeCompte et al. 2012). For this study, magnetic grain 3 O - : O:’~ .

samples were separated into > and < 61 um size fractions. The smaller size-fraction was then examined under an v ;

optical binocular microscope for the presence of microspherules. Once located, microspherules are carefully ~ ‘ ! :

mounted onto Scanning Electron Microscope (SEM) analysis stubs and imaged with a SEM and Energy Dispersive ~

Spectroscopy (EDS) to evaluate surface textures and elemental composition. Relative spherule abundance is 40 &, ; as

estimated based on spherule counts and sample weights for magnetic grains (spherules/kg). B 2

Stable Isotopes. For stable isotope analyses, 10% HCl was added to bulk sediment to remove carbonates and the 4 O R Tk 2 Squires Ridge spherules by depth (cm). Squires Ridge spherules compared to YDB

samples repeatedly rinsed with distilled water until neutral. Samples were then dried at 50°C and homogenized into = 2 ~ spherules (see Table S7 in Wittke et al. 2013).

a fine powder using a mortar and pestle. Bulk sedimentary §3C, 65N, %C, and %N analyses were conducted using a ' _ HisE: : e

Costech 4010 Elemental Analyzer paired with a Thermo Delta V Plus continuous flow mass spectrometer. All carbon S ) ol : i .

and nitrogen isotopic compositions are reported in standard 8 —per mil notation relative to the Vienna-Pee Dee i E : o 2 2

belemnite (V-PDB) marine-carbonate or Air standard, respectively, where: 623C or 6N (per mil) = 1000 W RN 50 ; 2 SN ' e Magnetic Grains

[(Rsample/Rst(andard) —)11, where R = SC//“C or N/“N, respectively. e E O ol e Mid- Holocene Meancranses(q) | MedunSand® M%< ymimacion (ghq)

Geochemistry of sediment samples was performed by Actlabs Inc. using both the 1C-Research and 1EX analyses. 5 0 7 N LT B * \* T\ 4525-4415Cal BP
Particle-Size Analysis. The Camsizer™ (from Retsch) is a desktop instrument used for simultaneous 0 - : b el Fereaadn Late Archaicand {7,
measurement of particle size distribution, particle shape, and additional parameters of dry materials ranging in size N AR A 5 o O wosvaaie 5P pua ejoewNesdnd T
from 25 um to 3 mm. Sizes and shapes are determined using a digital image analysis with a dual camera system. The : : -I—J ; e a0d La*ﬁi‘,{f"a;@;"e’ma e : 3 : ‘ :
unique scanning of all particles, combined with measurement algorithms, means that the measuring results are % e ' Q_ 60 s _ 5575 - 5540 Cal BP: \ "\ Woodland
100% compatible to those of sieve analysis. Particles fall through a feeder slot and are imaged by two calibrated "5- qJ ol () @) §” Nt B ae

¥ y " &£ TS s
| 7~ ) g - .
o8 £) &

Study Are3

Early- Holocene
@)

- Microspherule peak and Platinum anomalies

\:| Archaeologically sterile sediments

Sand fraction particle-size and magnetic grain data (<61 pm fraction).

e te eer N o Discussion

105 110 115

Standard Deviation (phi)

- . ».‘ﬂv" =4 '
- Prye P, BT 1
o N . iy O
o o

“~Max. depth of Early Archaic

-

Bivariate plot of particle-size data, temporally diagnostic
artifacts, and calibrated AMS dates.

'

PO S et SRS
o X - e .
Sy R N

- ~Max. depth of Early Archaic

W S " R ipg -
[ TE i

& iz

; YDB,) Analysis of magnetic microspherules at Squires Ridge (SR) has revealed a distinct modal population between 60 and 80 centimeters below surface (cmbs), as well as a very high
B o G 3 . O WL 2 : spherule abundance at the surface. EDS analysis indicates that deeper SR spherules are not from meteoritic ablation (i.e., cosmic) or volcanism, consistent with previously published
S S o e Vil I findings (LeCompte et al. 2012; Wittke et al. 2013). Surface spherules at SR overlap geochemically with fly ash, indicating that they are most likely industrial contamination unrelated to
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deeper spherules. Geochemistry also indicates relatively distinct spherule populations with depth suggesting a stratified sequence similar to the observed archaeostratigraphy at the
site. Stratigraphically distinct spherule populations are consistent with multiple and chronologically asynchronous formation events. An analysis of platinum-group elements (PGES)
from SR has revealed large Pt anomalies within the 60-80 cm spherule population that are significantly higher than crustal or meteoritic averages (Rudnick and Gao 2003),
corresponding to a large Pt anomaly at the Younger Dryas boundary (YDB) in a Greenland ice core (Petaev et al. 2013). On the other hand, archaeostratigraphy, single-grain OSL, and
AMS dating all indicate that the buried spherule peak and Pt anomalies at SR are contained within sediments that post-date the YD event. No spherules or Pt anomalies have been
identified below 82.5 cmbs at SR. Since the inferred location of the YDB at SR is between ~80 and 90 cmbs, the presence of these markers above the YDB is most likely due to
reworking of sediments during periodic aggradation events (post YDB) as indicated by geoarchaeological analysis of the site (Moore 2009). This interpretation is supported by the
presence of 44% of the grains from the lower OSL sample that date to the YD. While particle-size analysis does show 5 distinct sedimentological units, there is no evidence for
translocation of silt-sized spherules from above and accumulation at lithologic discontinuities (cf. Holliday et al. 2014). Analysis of the fine magnetic grain fraction (€61 um) shows a
large anomaly at 85-87.5 cm—consistent with the YDB at many other sites (LeCompte et al. 2012) and with the inferred location of the YDB at SR. With regard to stable isotope
analysis of bulk sediments, a shift to low C/N ratios at 55 cm and relatively high 312C values indicate a non-terrestrial or microbial organic matter source. Since the sediments from SR
are aeolian or alluvium, the organics may be algal-derived (from the river itself or perhaps from deflation of surrounding wetland). Increasing C/N ratios and decreasing 612C ratio above
55 cm indicate increasing contribution of terrestrial vascular plant-derived carbon to the sedimentary organic matter pool. It is difficult to discern if (a) this marks the stabilization and
colonization of the sand surface by terrestrial plants or (b) if modern colonization of the ridge by terrestrial plants and subsequent pedogenesis has yielded an increase in leached
organic acids in the young B-horizon. The abruptness of the shift in 812C values at ~55 cm argues against modern organic acid leaching as the transition should hypothetically be more
gradual in that situation. If this transition is in fact the result of sand stabilization and colonization by terrestrial vegetation, this could be the result of shifting climate conditions (wetter?)
or geomorphic changes in the Tar River during the mid- Holocene. Subsequent variations in 52C values could be related to late- Holocene climate. Progressively more negative 52C
values from ~55 to 30 cm may indicate wetter (less water stressed) conditions (perhaps in line with the Goman and Leigh [2006] hypothesis of a wetter middle Holocene) followed by
drier conditions during the latest Holocene. However, additional data would be needed to support this interpretation as small (-2 per mill) variations in 313C can be caused by many
processes including changes in dominant vegetation. The Pleistocene-Holocene transition is not readily apparent from an analysis of the C/N ratios or 8'3C and there is no obvious
correlation between spherule abundance or Pt anomalies in the stable isotope data.
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Aeria overlay showing Squires Ridge (31ED365) (Moore 2009). - - -
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