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Nd-Sr ISOTOPIC SIGNATURE OF THE PIERRE SHALE: TARGET 
MATERIAL AT THE MANSON IMPACT SITE AND SOURCE OF THE 
HAITIAN TEKTITES (K-T BOUNDARY) ?; W.R. Premo, U.S. Geological Survey, 
Box 25046, Denver Federal Center, Denver, CO 80225 

Preliminary results of Rb-Sr and Sm-Nd isotopes from whole-rock samples of the Upper Cretaceous 
Pierre Shale in Colorado indicate that this type of sedimentary rock was not the source for the dark-brown to 
black, high-SiO;! tektites, recently recovered from K-T boundary marls at Beloc, Haiti [I]. Initial ESr (64.5 Ma) 
values for four out of five shale samples collected from roadcuts west of Denver are between +200 and +300 
(pS-2 through PS-15; see table below). The one exception yielded a value of +80. Initial  EN^ (64.5 Ma) 
values for three shale samples were very uniform at -10.1 to -10.6; the other two samples have not been 
analyzed for Sm-Nd yet. These isotopic values are not similar to the initial Nd and Sr isotopic signatures (64.5 
Ma) of the Haitian tektites (-2.5 to -2.9 and +53 to +62, respectively [2]; see table and figure below). 

The Pierre Shale samples were analyzed in order to test the possibility that this material, a major 
component of the uppermost strata at the Manson impact site about 65 Ma [3], was the source for the dark- 
brown to black, Haitian tektites. Such an investigation assumes that the tektite isotopic signature is 
representative of its source or target material, and hasn't been altered over the past 65 m.y. The shales, collected 
from predominantly olive-gray, clayey shale horizons from both the lower and upper zones, contained a 
minimum of silt or sand, a component we suspected might be derived from the nearby Precambrian Rocky 
Mountains and would not be representative of the shale's character as far east as Iowa. The higher initial ESr and 
lower initial  EN^ values, however, indicate a greater contribution of older continental crustal material to the 
shale than is apparent for the source material of the Haitian tektites. The Nd crustal-residence ages (TcR) 
calculated for the shales range between 1.23 and 1.37 Ga that may indicate significant contributions from the 1.3 
to 1.8 Ga-old Rocky Mountain Front Range, a component that may not be present in the Pierre Shale in Iowa. 

Wgt. Rb Sr 8 7 ~ b /  8 7 ~ r /  8 7 ~ r /  
Sample (8) ( P P ~ )  ( P P ~ )  8 6 ~ r t  8 6 ~ r f  8 6 ~ r i §  ES~'  

Pierre Shale 
PS-2 0.0940 130 117 3.23Ok44 0.722824f22 0.71984261 219 
PS-5 0.0750 166 128 3.75Ok78 0.7245W20 0.721037f59 236 
PS-8 0.1464 138 390 1.024f19 0.71098Ok20 0.710035f75 80 
PS- 14 0.1046 130 95 3.943f49 0.72884Ok21 0.725 199f50 295 
PS-15 0.1394 149 105 4.1 14k93 0.72526%21 0.72147M65 242 
Haitian tektites 
T-2 0.0035 46.5 551 0.2441f10 0.708394f24 0.70816%62 53k1 
T-3 0.0042 45.7 535 0.247210 0.708426f21 0.708198f 60 54f 1 
T-4 0.0144 43.8 515 0.2457f15 0.708434f 22 0.708207f77 54f 1 

t - Isotopic ratios corrected for blank and mass fractionation, 8 7 ~ r / 8 6 ~ r  data are normalized to 8 6 ~ r / 8 8 ~ r  = 0.1194 
and adjusted for instrumental bias to 8 7 ~ r / 8 6 ~ r  = 0.7 10265 for NBS SRM 987 standard. Uncertainties 
correspond to the last significant figure(s) at the 95% confidence level. 

$ - Initial 8 7 ~ r / 8 6 ~ r  ratios and ES, are calculated assuming an age of 64.5 Ma; h. = 1.42 x 10-ll/yr; present day 
(87~r /86~r )UR = 0.7045, and (87~b /86~r )UR = 0.0824, where UR = uniform reservoir. 

Wgt. Sm Nd 1 4 7 ~ m /  1 4 3 ~ d /  1 4 3 ~ d /  
Sample (g) ( P P ~ )  (PPm) 1 4 4 ~ d t  144~df  144~di0   EN^' 
Pierre Shale 
PS-2 0.0940 3.5 20.3 0.1043f 1 0.512054f11 0.512010k08 -10.6f0.3 
PS-5 0.0750 3.9 25.7 0.0922+1 0.512066k13 0.512027f11 -10.3f 0.3 
PS-8 0.1464 4.7 28.0 0.1005+1 0.512079f13 0.512037f13 -10.1f0.3 
Haitian tektites 
T-2 0.0035 4.9 22.5 0.13 14f1 0.512486f21 0.512431f12 -2.43h0.34 
T-3 0.0042 4.8 21.9 0.1318f 1 0.512484f21 0.512428f 12 -2.47f0.31 
T-4 0.0144 4.6 21.3 0.1312f 1 0.512467f25 0.512412f14 -2.8Ok0.31 
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t - Isotopic ratios corrected for blank and mass fractionation, 1 4 3 ~ d / 1 4 4 ~ d  data are normalized to 1 4 6 ~ d / 1 4 4 ~ d  = 
0.7219 and adjusted for instrumental bias to 1 4 3 ~ d / 1 4 4 ~ d  = 0.511860 for the La Jolla Nd standard. 
Uncertainties correspond to the last significant figure(s) at the 95% confidence level. 

8 - Initial 1 4 3 ~ d / 1 4 4 ~ d  ratios and  EN^ are calculated assuming an age of 64.5 Ma; )c = 6.54 x 10-12/yr; present day 

( '43~d/144~d)CHm = 0.512638, and (147~m/144~d)CHUR = 0.1967, where CHUR = chondritic uniform 
reservoir. 

The Haitian tektites have been described and geuchemically analyzed [I], and dated at 64.5 M.2 Ma [4]. 
Their chemistry suggests that they were derived from target material that was intermediate in composition (Si02 
= -64% and A1203 = -15%), and their REE patterns, similar to the North American Shale Composite, suggest 
a sedimentary target (and shale in particular) rather than an igneous one, although an andesitic to dacitic volcanic 
target cannot be ruled out. Prior to this work, Nd-Sr isotopic signatures for the dark-brown to black-colored 
Haitian tektites indicated a continental rather than oceanic crustal source [5], target material composed of 
relatively young crustal components ( T c ~ w d )  = 1080 Ma). If the target rock was sedimentary as some of the 
chemistry would suggest, then it is probable that the age of deposition of that material was less than 400 Ma 
( T c m w d ) )  and obviously older than 65 Ma [2]. Some of the isotopic data was given previously [5J, and the 
analyses of three more dark-brown to black tektite separates are given in the table above. The Rb-Sr and Sm-Nd 
concentrations are consistent with an andesitic-dacitic composition and apparently quite uniform in composition. 

ORB mantle at 65 Ma 
array 

% dark-brown to black I 

initial ES, 

Fi~ure 1: Jnitial  EN^ and E S ~  values for the Haiti K-T tektites and samples from the Pierre Shale of Colorado illustrate distinct isotopic 
signatures for each group; Haitian tektites were not derived from the Pierre Shale of the uppermost Manson Impact site strata, if it has 
the same mineralogic, chemical, and isotopic character as that in Colorado. 

If the Silurian Nd model age of 400 Ma is a maximum age of deposition for the target material, then 
we can also consider both Paleozoic and Mesozoic strata, an approximate 6.22 krn3 of which is estimated to 
have been vaporized during the Manson event [3]. Although the isotopic data given in this report appears to 
rule out the Pierre Shale as a source for the Haitian tektites (at least the Colorado variety), obviously more 
isotopic work is needed on the rest of the Paleozoic-Mesozoic strata at Manson, a project that is already in 
progress, in order to prove or disprove this site as a source for these tektites. 
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