
1 
 

Supplementary Information: Paleoamerican Exploitation of Extinct 

Megafauna Revealed through Immunological Blood Residue and Microwear 

Analysis, North and South Carolina, USA 

 
Christopher R. Moore,1,2* Larry R. Kimball,3 Albert C. Goodyear,2 Mark J. Brooks,2  

I. Randolph Daniel, Jr.,4 Allen West,5 Sean G.Taylor,1 Kiersten J. Weber,1 John L. Fagan,6  

and Cam M. Walker7 

 

 

 

 

 

 

 
1South Carolina Department of Natural Resources (SCDNR) Heritage Trust Program, Land, 

Water and Conservation Division, South Carolina Department of Natural Resources, PO Box 

167, Columbia, SC 29202, USA, 919-218-0755. *MOORECR@mailbox.sc.edu; 803-238-1354. 

taylors@dnr.sc.gov; 803-261-4582. weberk@dnr.sc.gov. 2South Carolina Institute for 

Archaeology and Anthropology, University of South Carolina 1321 Pendleton Street Columbia, 

SC 29208, USA, 919-218-0755. *MOORECR@mailbox.sc.edu; 803-237-7601; 

goodyear@mailbox.sc.edu. 803-422-8251. mjbrooks@mailbox.sc.edu. 3Department of 

Anthropology, Appalachian State University, Boone, NC 28608, USA, 828-406-0218. 

kimballlr@appstate.edu. 4Department of Anthropology, East Carolina University, Greenville, 

NC 27858, USA, 252-328-9455. danieli@ecu.edu. 5Comet Research Group, Prescott, AZ USA, 

928-632-7738. allen7633@aol.com. 6Archaeological Investigations Northwest, 3510 N.E. 122nd 

Ave., Portland, OR 97230, USA, john@ainw.com. 503-761-6605. 7WWAMI Medical Education 

Program, University of Wyoming, Dept. 4238 Health Sciences Bldg., Rm. 445E, 1000 E. 

University Avenue  Laramie, WY 82071, USA, 307-766-6751. Cam.Walker@uwyo.edu.   

 

*To whom correspondence should be addressed. E-mail: MOORECR@mailbox.sc.edu 

mailto:cmoore@srarp.org
mailto:MOORECR@mailbox.sc.edu
mailto:taylors@dnr.sc.gov
mailto:weberk@dnr.sc.gov
mailto:MOORECR@mailbox.sc.edu
mailto:goodyear@mailbox.sc.edu
mailto:mjbrooks@mailbox.sc.edu
mailto:kimballlr@appstate.edu
mailto:%20252-328-9455.%20danieli@ecu.edu
mailto:john@ainw.com
mailto:Cam.Walker@uwyo.edu
mailto:MOORECR@mailbox.sc.edu


2 
 

Blood Residue Analysis 

Blood Protein Residues. Blood is composed of red and white blood cells and serum, 

which is composed of about 150 different proteins including albumin, alpha, and beta globulins. 

Immunoglobulins are large, Y-shaped proteins with antigen-binding sites located on the V 

portion of the Y. There are several immunoglobulin molecules of different weights, sizes, and 

functions. The most common type (and the most pertinent for CIEP) is immunoglobulin G (IgG). 

Other less common varieties are immunoglobulin A (IgA), immunoglobulin D (IgD), 

immunoglobulin E (IgE), and immunoglobulin M (IgM). Some of these proteins can survive in 

the environment in a nonfunctional but immunologically identifiable form for long periods by 

forming a “covalently cross-linked proteinaceous mass with a high molecular weight” (Marlar et 

al.1:30). This combination of protein, fatty tissues, and soil particles is resistant to microbes and 

is markedly insoluble in water. It seems probable that the porosity and surface roughness of the 

artifact also aids in the preservation of protein residues. Experiments by AINW and others have 

identified blood residues from mammoth, bison, musk ox, horse, caribou, bear, duck, and trout 

on Paleoindian artifacts that may be as old as 11,500 years (Forgeng2; Loy and Dixon3; 

Williams4). Other studies suggest that protein residues can survive in recognizable form for as 

long as 40,000 years (Prager et al.5). 

Artifacts can be examined under a binocular microscope (at around 240x maximum 

magnification) to identify probable residues, as well as cells, hair, and other tissues. Microscopic 

examination is not always effective as a screening technique as CIEP can still detect otherwise 

invisible residues. A common medical test for occult blood is sometimes effective when used to 

screen the extracted residue solution. However, the CEIP technique can detect residues in more 

dilute concentrations than is possible with the commonly available occult blood test. 

The Immune Reaction. Immunological forensic tests owe their effectiveness to the 

antigen-antibody reaction, which allows very specific recognition and identification. Essentially, 

any molecule that can bind to an antibody is an antigen. For archaeological purposes, the antigen 

is an unknown protein adhering to an artifact after its use. Antigens are foreign proteins that, 

when introduced into the bloodstream of an animal, stimulate the immune system of the animal 

to produce antibodies (most commonly IgG protein molecules) with specific binding sites that 

match corresponding sites on the foreign antigen. Polyclonal antibodies, which bind to multiple 
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sites on the antigen and therefore have a high rate of successful matching to unknown proteins, 

are the most commonly used reactants in CIEP. The meeting of antigen and antibody forms a 

very strong bond between the two proteins. The visible line formed in a positive CIEP reaction 

occurs when an antigen with multiple binding sites matches a group of polyclonal antibodies, 

binds with them, and causes the proteins to precipitate out of solution (Marlar et al.1:28). 

Antisera. The antisera used in AINW’s CIEP analysis are obtained from commercial 

laboratories (Supplementary Table 1). A forensic antiserum is made by injecting a host animal, 

typically a goat or rabbit, with a protein solution obtained from another animal. The immune 

system of the host animal produces antibodies (mainly IgG) in reaction to the foreign antigen. 

Blood serum drawn from the host animal is purified and tested to determine the range of 

reactivity of the antiserum. The purified antiserum is then freeze-dried for storage and shipment. 

After receipt of a new lot of antiserum, the AINW laboratory routinely tests each antiserum 

against representative specimens from up to 32 different animal species. 

Ancient protein residues are often difficult to extract from the artifacts that have 

preserved them. The AINW Residue Analysis Laboratory uses a 5% ammonia solution, which 

has been used for similar applications in forensic medicine (Dorrill and Whitehead6; Kind and 

Cleevely7). Ammonia is generally more effective in lifting old and partially denatured blood 

proteins than other solvents (Newman8). A small amount of the ammonia solution is applied to 

the artifact in a plastic tray, and the tray and artifact are placed in an ultrasonic bath (Branson 

2200) for 30 minutes or longer. The artifact in solution is then placed on a mechanical rotator 

(Thermolyne Rotomix) for an additional ten minutes. 

Artifacts too large for ultrasonic extraction may be placed on the rotator for 30 minutes or 

longer. Residues from soil samples can also be extracted using variations of these methods. The 

extraction solution is then drawn off and stored in an airtight microcentrifuge tube. The extracts 

are centrifuged to clarify the sample and refrigerated; the CIEP test is run as soon as possible 

after extraction. The extracts may be frozen immediately if testing is to be delayed for more than 

one week. 

AINW’s CIEP method uses an agarose gel as a substrate. Standard analysis procedures 

begin with extracting residues from the artifacts with a 5% ammonia solution. The artifact 
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extracts are then placed singly into gels and tested against the antisera selected for these tests 

with the CIEP technique. In addition to the artifact extracts, positive and negative control sera 

are run with each gel. This is done to determine if there are any contaminants or extraneous 

proteins that may give false positive results. If an anomalous result such as an extract reacting 

with multiple antisera or to a negative control serum is obtained, the extract solution is mixed 

with an equal volume of a 1% solution of a non-ionic detergent to increase chemical bonding 

specificity and is run through the CIEP process again. If a reaction still occurs after the addition 

of the non-ionic detergent, any reactions of those specimens to the antisera are discounted. 

Experiments at AINW have implicated plant pitch used in hafting prehistoric stone tools as a 

possible cause of some cross or non-specific reactions. Electrophoresis is used to drive the 

antigens and antibodies together. The gel substrates are placed in acrylic electrophoresis tanks 

filled with barbital buffer solution, then attached to the regulated H.V. power source. The 

antibodies move toward the cathode because of the overall negative charge on the molecule, 

while the antigens move toward the anode. A precipitate is formed where the proteins meet and 

bond in the area between the wells, visible as a white line or arc (Culliford9). The gel is soaked 

overnight in saline to stabilize the reaction, then dried and stained with a standard protein stain as 

a permanent record of the CIEP results. The dried and stained gel is then backlit on a light table, 

and examined under magnification for the presence of precipitate lines, indicating positive 

reactions. After testing, the extracts are frozen and stored for one year in case additional testing 

is requested. 

Background on Non-Clovis Paleoamerican Points 

Haw River. Unidentified small lanceolates (USLs) have been noted in many areas of the 

Southeast for a number of years as representing something different than Clovis but likely of 

early Paleoamerican age (Supplementary Figure 4). In South Carolina, what we now refer to as 

Haw River points were initially called “Heart Points” by Tommy Charles during years of 

documenting private collections across the state (Charles and Moore10). In North Carolina, a 

morphologically similar point called the Hardaway Blade type was recognized by Coe11 at the 

base of the Hardaway Site. Following Goodyear12, Daniel13 suggests some Hardaway Blades are 

likely Hardaway Dalton preforms but other such bifaces appear to be finished points and may be 

a separate unknown point type that could predate both Hardaway Dalton and Clovis. In South 

Carolina, Haw River points made of Coastal Plain Chert (CPC) are excessively weathered, even 
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when compared to Clovis points of the same material, and provide some support for a very early 

Paleoamerican affiliation for this point type. Both Meadowcroft and Cactus Hill have similar 

small lanceolate points with claims for pre-Clovis affiliation (Adovasio14; McAvoy and 

McAvoy15). At the present time “Haw Rivers” have only a morphological point status but they 

are widely recognized along the East Coast and are presented as a possible type in several 

publications for sites in Virginia, North Carolina, South Carolina, and Georgia (Painter16,17; 

Gingerich and Childress18; Charles and Moore10; Whatley and Arena19). Thus, they are 

recognizable by some archaeologists in multiple states and are technologically distinct from 

Clovis. Associated chronometric dates for this point type do not yet exist and excavations with 

Haw River points in a clear stratigraphic context are needed to resolve the chronostratigraphic 

position of this point type relative to other Paleoamerican types. 

  

Redstone. Redstone points have characteristic deeply concave bases, triangular blade 

margins, and long flutes that can extend, in some cases, to near the distal end of the 

point. Goodyear20 has argued that fluting these points is instrument-assisted.  Redstone points in 

North and South Carolina are similar to those from elsewhere in the mid-South (Cambron and 

Hulse21). A post-Clovis affiliation for Redstone points has been assumed based on point 

morphology that closely resembles both Folsom and Gainey points. In her chapter in the 

Smallwood and Jennings22 edited volume, Julie Morrow declares that Redstones are in reality 

Gainey points (Morrow23). “Although first described from examples in Alabama (Cambron and 

Hulse21), Redstone Points have a broad distribution across the Midsouth.  Other than Tennessee 

(Broster and Norton24), they occur in South Carolina, Virginia, and North Carolina and are 

equated with other fully fluted points like Folsom, Gainey, and Cumberland 

(Goodyear25). Redstones are Gainey points that occur in the Southeast” 

(Morrow23). Goodyear25 speculates that the elongated trianguloid blade could be an adaptation to 

hunting elk and bison after the extinction of Proboscideans.  Until very recently, Redstone points 

lacked any associated chronometric dates. However, at Cactus Hill, wood charcoal was dated 

from associated hearths with in-situ deeply concave base (DCB) fluted points (i.e., Redstone) 

and provided 14C dates that range from ca. 10.9 to 10.8 BP (McAvoy and McAvoy26: Table 5.8).  

This puts Redstone at the tail end of Clovis with a range that likely extends for a yet unknown 
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amount of time earlier and later. More dating is needed to constrain the timing and usage of this 

type. 

 

Cumberland. Like Redstone points, Cumberland points are full-facial fluted with one or 

multiple flutes on each face, are basally ground, and often are slightly waisted with distinct ears 

and a shallower basal concavity than Redstone (Daniel13; Cambron and Hulse21). Based on 

morphology, Cumberland points are presumed to fall into the Middle Paleoindian time frame 

with other similar full-fluted and waisted points (Tune27). As of this writing, no associated 

radiocarbon dates exist for Cumberland. 

  

            Simpson. Simpson points are common in Florida and the Georgia Coastal Plain, but a 

small number can be found in the Carolinas. This type was described by Bullen28 as: “A wide-

bladed, relatively narrow-waisted, fairly thin, concave based, medium to large sized point with 

grinding on the bottom and waisted edges. Basal ears are present but are not as developed as in 

the Suwannee point. Basal thinning is present but, also, is not well developed. Workmanship is 

good to fair.” Simpson points differ from Suwannee points because of their extremely waisted 

appearance and lack of well-developed ears.” Meeks and Anderson29 place Simpson points in the 

Middle Paleoindian time frame between 12,600 and 12,000 cal. BP; however, as of the writing of 

this paper, no chronometric dates exist for this point type and Dunbar30 considers at least some 

Simpson variants to potentially pre-date Clovis in Florida. 

  

            Beaver Lake. As described by Cambron and Hulse21 and DeJarnette et al.31, this is a 

medium-sized, auriculated point with recurvate blade edges. DeJarnette et al.31 wrote, “the cross-

section is usually biconvex, but one or both faces may be median ridged. The blade is recurvate-

constricted in the hafting area and above the auricles. The distal end is usually acute. The 

auriculated hafting area is expanded-rounded. The basal edge is usually thinned and incurvate 

but may be straight. The hafting constriction and basal edge are usually ground.” The shallow 

random flaking is usually employed to shape the faces and sometimes produces a median ridge. 

Secondary retouch flake scars are usually long, evenly spaced, and struck off on alternate faces, 

resulting in an irregular pattern along the blade edges. This retouch appears to have been 

accomplished with indirect percussion or pressure flaking.” 
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  DeJarnette et al.31 wrote, “the type was named for the Beaver Lake area in Limestone 

County, Alabama. The type has been called Unfluted Cumberland in several papers, 

especially Soday and Cambron32. All evidence indicates the type dates from 10,000 B.P. to an 

unknown earlier time. It is considered to be a transitional Paleo-Indian type”. DeJarnette, 

Kurjack, Cambron, and Hulse named the point in 1962 for examples that were recovered from 

the Stanfield-Whorley Bluff Shelter, Colbert County, Alabama. Like other waisted lanceolates, 

this type is assumed to fit within the Middle Paleoindian time frame but as with other 

Paleoamerican points found in the Southeast, chronometric dates for this type do not yet exist. 
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Supplementary Tables 

 

Supplementary Table 1. Antiserum chart for Archaeological Investigations Northwest, Inc. 
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Supplementary Figures 

 
Supplementary Figure 1. Sheath Polish: (a-b) Clovis Knife-120 ST3f-3a; (c) experimental dry 

hide polish (Kimball33:Fig. A38); (d) Neolithic dagger (van Gijn34:Fig. 7.11b); (e) Neolithic 

dagger (van Gijn35:Fig. 6.4C); and Dalton point/knife 551.1 (Kimball36: Figure 5). 
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Supplementary Figure 2. Ochred Dry Hide Hafting Polish: (a) Early Archaic bifacial knife I-13 

(note patch of ochre) from Main site, KY (Kimball37:Figure F-34); (b) Bifacial knife-3402 - 

36PE45 PA (Kimball38:Plate 24); (e) Clovis 74 (Figure 15 in the main paper). 
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Supplementary Figure 3. Comparison of Clovis (left) and Redstone (right). Drawing by Darby 

Erd.  
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Supplementary Figure 4. Examples of Haw River points (formerly described as  

“Heart Points”) from South Carolina (Charles and Moore 10). 
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