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Memories of Doug Rankin
Bob Hatcher

University of Tennessee–Knoxville

Most people knew Doug Rankin for his long-time service to the USGS, for his geologic mapping—beginning with his 
dissertation in the Mt. Katahdin area in Maine, followed by his work in the Piermont allochthon in western New Hampshire and 
Vermont.  He then focused his attention on the southern Appalachians—and developed his ideas about the tectonic history of the 
southern and central Appalachians.  

,�¿UVW�NQHZ�'RXJ�DV�P\�SURIHVVRU�IRU�XQGHUJUDGXDWH�PLQHUDORJ\��RSWLFDO�PLQHUDORJ\��DQG�SHWURORJ\�DW�9DQGHUELOW�8QLYHUVLW\�
during the late 1950s.  He did not stay there very long and moved to the USGS to begin a long and successful career.

I do not think that Doug was ever comfortable in front of even the small classes that we had in those days, but a few of us were 
drawn to the subjects that he taught, and the way he taught them. [Throughout his career Doug frequently read his presentations 
DW�SURIHVVLRQDO�PHHWLQJV²LQ�WKH�86*6�WUDGLWLRQ�DV�KH�SXW�LW�@��0LQHUDORJ\�ZDV�D�\HDU�ORQJ�FRXUVH�LQ�WKRVH�GD\V��DQG�ZH�¿QLVKHG�
that with a thorough understanding of the subject.  Optical mineralogy and petrology were not required courses, so most Vanderbilt 
undergrads took neither.  There was something about the subject and perhaps Doug, however, that drew me into taking both optical 
mineralogy and petrology.  Maybe it was his youth and willingness to talk with students one-on-one, not to mention that he would 
HQJDJH�LQ�VQRZEDOO�¿JKWV�ZLWK�XV²ZLWK�KLP�DV�WKH�WDUJHW²ZKHUHDV�WKH�RWKHU�WZR��PXFK�ROGHU��IDFXOW\�UHPDLQHG�IDU�DORRI�IURP�
this kind of activity.  Nevertheless, when I signed up for optical mineralogy, only one other student signed up with me.  This was 
P\�¿UVW�H[SHULHQFH�LQ�D�FODVV�WKLV�VPDOO��EXW�'RXJ�FKRVH�WR�PHHW�FODVV�LQ�WKH�XVXDO�IDVKLRQ�DQG�GHOLYHU�OHFWXUHV��VR�WKH�WZR�RI�XV�JRW�
lots of attention both in lecture and lab.  

The following semester I signed up for petrology and thought that there would be a similar arrangement, but it turned out that 
I was the only student in the class.  Fortunately, class sizes were not subject to the kind of scrutiny experienced today or I might 
QRW�KDYH�JRWWHQ�WR�WDNH�SHWURORJ\���'RXJ�FKRVH�WR�PHHW�WKH�FODVV�LQ�KLV�RI¿FH�DQG��LQVWHDG�RI�OHFWXULQJ��KH�JDYH�PH�SDUWV�RI�D�FXUUHQW�
igneous petrology book supplemented by some of the early 1900s papers on phase equilibria where each step in the crystallization 
process of some suite of minerals in a phase diagram was described in detail.  Labs were great: I was taught to identify rock-forming 
PLQHUDOV� LQ� WKLQ�VHFWLRQV�RQH�RQ�RQH��DQG�ZDV�IDVFLQDWHG�E\� WKH�YDULHW\�DQG�FRPSOH[LW\�RI� LJQHRXV�URFNV�� �,W�DOVR�KHOSHG� WKDW� ,�
KDG�KDG�D�\HDU�RI�SK\VLFDO�FKHPLVWU\�E\�WKH�WLPH�,�EHJDQ�WKH�FRXUVH����'RXJ¶V�WHDFKLQJ�PHWKRG�UHTXLUHG�PH�WR�SUHSDUH�IRU�VHYHUDO�
hours before every class and bring in questions about things I did not understand, or try to answer questions he would ask—again 
something to which I was not accustomed.  This method worked well through igneous petrology; I learned a lot, and became 
fascinated with the subject.  

:H�¿QLVKHG�LJQHRXV�SHWURORJ\�DQG�,�ZDONHG�LQWR�KLV�RI¿FH�WR�EHJLQ�OHDUQLQJ�DERXW�PHWDPRUSKLF�URFNV�EXW��LQVWHDG�RI�DVVLJQLQJ�
PH�UHDGLQJV�IURP�VWDQGDUG�WH[WV��WKHUH�ZHUH�IHZ���'RXJ�KDQGHG�PH�WKH�+DUYDUG�QRWHV�IURP�KLV�JUDGXDWH�PHWDPRUSKLF�SHWURORJ\�
FRXUVH�XQGHU�-LP�7KRPSVRQ���+H�WKHQ�WROG�PH�WR�EHJLQ�VWXG\LQJ�WKH�QRWHV�DQG�WR�FRPH�WR�KLV�RI¿FH�DW�FODVV�WLPH�SUHSDUHG�WR�GLVFXVV�
the contents as we systematically worked our way through them.  Needless to say, this turned out to be a daunting challenge that 
UHTXLUHG�PH�WR�FOLPE�WR�D�KLJKHU�SODWHDX�ZKHUH�,�KDG�QHYHU�EHHQ�EHIRUH�DV�DQ�XQGHUJUDG�RU�¿UVW�\HDU�JUDG�VWXGHQW���7KH�UHDVRQ�WR�JR�
through all of this is that the experience of taking this course the way Doug chose to teach it, coupled with the subject, was one of 
WKH�KLJK�SRLQWV�RI�P\�9DQGHUELOW�HGXFDWLRQ���7KLV�KHOSHG�OD\�WKH�IRXQGDWLRQ�IRU�RWKHU�KDSSHQLQJV��H�J���EHLQJ�WDXJKW�¿HOG�JHRORJ\�
E\�WZR�7HQQHVVHH�'LYLVLRQ�RI�*HRORJ\�JHRORJLVWV��WKDW�RFFXUUHG�LQ�WKRVH�HDUO\�\HDUV�WKDW�EHFDPH�RWKHU��VHUHQGLSLWRXV��EORFNV�LQ�WKH�
IRXQGDWLRQ�WKDW�VWURQJO\�LQÀXHQFHG�KRZ�P\�RZQ�FDUHHU�GHYHORSHG���,Q�VXPPDU\��,�RZH�D�JUHDW�GHEW�RI�WKDQNV�WR�'RXJ�DQG�KRSH�WKDW�
I adequately communicated that to him before he passed away two plus years ago.

'RXJ�5DQNLQ¶V�0W��5RJHUV�ZRUN��WRJHWKHU�ZLWK�UHFRQQDLVVDQFH�PDSSLQJ�RI�WKH�:LQVWRQ�6DOHP��°�[����VKHHW��5DQNLQ�HW�DO���
������(VSHQVKDGH�HW�DO����������SURYLGHG�WKH�EDVLV�IRU�VHYHUDO�V\QWKHVLV�SDSHUV�WKDW�FHPHQWHG�KLV�ORQJ�WHUP�FRQWULEXWLRQV�WR�VRXWKHUQ�
$SSDODFKLDQ�WHFWRQLFV��5DQNLQ��������������5DQNLQ�HW�DO�����������+LV�ZRUN�WKDW�UHVROYHG�WKH�GLIIHUHQW�FRPSRQHQWV�RI�WKH�0W��5RJHUV�
Formation, the Konnarock Formation, and the resolution of the Ashe and Alligator Back Formations, are the products of careful 
geologic mapping and synthesis of his observations. 

0\�¿UVW�¿HOG�WULS�WR�WKH�0W��5RJHUV�DUHD�ZDV�LQ�������LW�ZDV�OHG�E\�'RXJ��5DQNLQ����������+H�KDG�EHHQ�PDSSLQJ�WKHUH�DV�D�
USGS geologist for several years, and organized the trip for the Southeastern Section meeting of the Geological Society of America.  
,�KDG�EHHQ�RXW�RI�FROOHJH�IRU�a��\HDUV�DQG�UHFHLYHG�D�YHU\�JRRG�GRVH�RI�UHJLRQDO�WHFWRQLFV�RQ�WKH�WULS��DORQJ�ZLWK�'RXJ¶V�QHZ�LGHDV�
DERXW�SRVVLEOH�1HRSURWHUR]RLF�JODFLDO�GHSRVLWV��QRZ�WKH�.RQQDURFN�)RUPDWLRQ��5DQNLQ���������WKH�ELPRGDO�YROFDQLF�QDWXUH�RI�WKH�
0W��5RJHUV�)RUPDWLRQ��DV�LW�ZDV�NQRZQ�WKHQ���DQG�WKH�ULIWHG�PDUJLQ�VHGLPHQWDU\�URFNV�RI�WKH�ZHVWHUQ�%OXH�5LGJH��5DQNLQ��������
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5DQNLQ�HW�DO���������$OHLQLNRII�HW�DO�����������'RXJ�KDG�D�¿UP�LGHD�DW�WKDW�WLPH�RI�WKH�WHFWRQLF�LPSOLFDWLRQV�RI�ERWK�WKH�ELPRGDO�QDWXUH�
of the Mt. Rogers Formation, the Konnarock Formation, and their relationships to the Neoproterozoic rifting of the Laurentian 
PDUJLQ��5DQNLQ��������������

'RXJ�VXEVHTXHQWO\�PDSSHG�DQG�GLG�WKH�SHWURORJ\�RI�WKH�YROFDQLF�URFNV�LQ�SDUW�RI�WKH�8�6��9LUJLQ�,VODQGV��5DQNLQ���������DQG�
did some mapping and petrologic work on volcanic rocks in the Absaroka Mountains in Wyoming.  This pursued a theme of interest 
in volcanic rocks throughout his career beginning with his work on the Traveler Rhyolite in the Mt. Katahdin area.  In addition, 
'RXJ�FRRUGLQDWHG�D� VWXG\�RI� WKH� DUHD�DIIHFWHG�E\� WKH������&KDUOHVWRQ��6&�� �DFWXDOO\�6XPPHUYLOOH�� HDUWKTXDNH� WKDW� UHVXOWHG� LQ�
SXEOLFDWLRQ�RI�86*6�3URIHVVLRQDO�3DSHU�������5DQNLQ����������+H�DOVR�SOD\HG�D�PDMRU�UROH�LQ�WKH�*HRORJLFDO�6RFLHW\�RI�$PHULFD�
'HFDGH�RI�1RUWK�$PHULFDQ�*HRORJ\�SURMHFW�E\�SXEOLVKLQJ�VHYHUDO�V\QWKHVHV�LQ�'1$*�YROXPHV��5DQNLQ��������5DQNLQ�HW�DO���������
�������DQG�EHLQJ�WKH�OHDG�DXWKRU�RI�RQH�RI�WKH�FRQWLQHQW�RFHDQ�WUDQVHFWV��5DQNLQ�HW�DO�����������7KURXJKRXW�WKLV�WLPH�'RXJ�QHYHU�
ORVW�KLV�LQWHUHVW�LQ�RU�WLHV�WR�1HZ�(QJODQG�JHRORJ\��H�J���5DQNLQ�HW�DO�����������+H�ZDV�D�FRQWULEXWRU�WR�WKH������OLWKRWHFWRQLF�PDS�RI�
WKH�$SSDODFKLDQV��+LEEDUG�HW�DO�����������2QH�RI�KLV�ODVW�FRQWULEXWLRQV�ZDV�OHDGLQJ�D�*6$�1RUWKHDVWHUQ�6HFWLRQ�0HHWLQJ�¿HOG�WULS�
RQ�D�EULJKW�EXW�FRRO�GD\��KLJK�LQ�WKH�PLG���V��LQ�0DUFK�WR�0DUODQG�%LOOLQJV¶�ORFDOLWLHV�LQ�QRUWKHUQ�1HZ�+DPSVKLUH�ZKHUH�PDQ\�RI�
WKH�'HYRQLDQ�XQLWV�ZHUH�¿UVW�GHVFULEHG��5DQNLQ�DQG�5DQNLQ����������+H�DQG�ZLIH�0DU\�VSHQW�PXFK�RI�D�GD\�EHIRUH�WKH�WULS�FOHDULQJ�
snow from of several of the exposures.

It is appropriate to honor Douglas W. Rankin for his contributions to our understanding of the Mt. Rogers area and southern 
$SSDODFKLDQ�WHFWRQLFV�DV�SDUW�RI�WKH������&DUROLQD�*HRORJLFDO�6RFLHW\�¿HOG�WULS��,W�LV�FOHDU�IURP�KLV�SDSHUV�WKDW�PDQ\�RI�KLV�LGHDV�RQ�
VRXWKHUQ�$SSDODFKLDQ�WHFWRQLFV�KDG�WKHLU�URRWV�LQ�WKH�%OXH�5LGJH�RI�QRUWKZHVWHUQ�1RUWK�&DUROLQD�DQG�DGMDFHQW�VRXWKZHVWHUQ�9LUJLQLD�
DQG�QRUWKHDVWHUQPRVW�7HQQHVVHH���$GGLWLRQDO�GHWDLOV�RI�'RXJ¶V�SURIHVVLRQDO�OLIH�FDQ�EH�IRXQG�LQ�7XFNHU�DQG�5RELQVRQ��������

)LJXUH�����'RXJ�5DQNLQ�PDNLQJ�D�SRLQW�RQ�D�1RUWKHDVWHUQ�6HFWLRQ�RI�*6$�¿HOG�WULS�LQ�0DUFK��������ZKLFK�KH�OHG�WR�VRPH�RI�0DUODQG�
%LOOLQJV¶�RULJLQDO�'HYRQLDQ�IRUPDWLRQV�W\SH�ORFDOLWLHV�LQ�QRUWKHUQ�1HZ�+DPSVKLUH��5DQNLQ�DQG�5DQNLQ����������:LIH�0DU\�5DQNLQ�LV�LQ�
WKH�GDUN�ZLQGEUHDNHU�WR�WKH�ULJKW�RI�'RXJ���6QRZÀDNHV�IRU�VFDOH�
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������H[WHQVLRQ�LQ�WKH�8SSHU�&RQQHFWLFXW�9DOOH\��8QLWHG�6WDWHV�DQG�WKH�RULJLQ��RI�0LGGOH�3DOHR]RLF�EDVLQV�LQ�WKH�
������4XHEHF�HPED\PHQW��$PHULFDQ�-RXUQDO�RI�6FLHQFH��Y�������S�����±����
Rankin, D. W., Drake, A. A., Jr., Glover, L., III, Goldsmith, R., Hall, L. M., Murray, D. P., Ratcliff, N. M., Read, J. F., Secor, D. T., 

and Stanley, R. S., 1989, Pre-orogenic terranes, in Hatcher, R. D., Jr., Thomas, W. A., and Viele, G. W., eds., The Appalachian-
Ouachita orogen in the United States: Boulder, Geological Society of America, The Geology of North America, v. F-2, p. 7–100.

Rankin, D. W., Dillon, W. P., Black, D. F. B., Boyer, S. E., Daniels, D. L., Goldsmith, R., Grow, J. A., Horton, J. W., Hutchinson, 
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Douglas Whiting Rankin, (Doug), was born, raised, and 
lived on metamorphosed Ordovician rocks overlain by Tertiary 
JUDYHO�� ¿UVW� DERYH� DQ� LVODQG� DUF� FRPSOH[� �1HZDUN�� '(�� DQG�
later above diamictite intruded by plutons (Washington, D.C.). 
$OWKRXJK�ERUQ�D�ÀDWODQGHU��KH�ZDV�DWWUDFWHG�WR�WKH�$SSDODFKLDQ�
+LJKODQGV�DIWHU�VXPPHU�YDFDWLRQV�DV�D�FKLOG�LQ�97	1+�ZKLFK�
led to leading a trail crew for the Appalachian Mountain Club. 
He migrated to the highlands of northern Maine as a Ph.D. 
candidate at Harvard University, advised by Marland Billings. 
'RXJ� ORYHG� D� FKDOOHQJH� VR� KH� SXUVXHG� UHPRWH� DQG� GLI¿FXOW�
terrane for his dissertation: “Bedrock geology of the Katahdin-
Traveler area, Maine” (1961). He was an Assistant Professor 
DW�9DQGHUELOW�8QLYHUVLW\� �1DVKYLOOH��71�� IURP���������� ³7KLV�
ZDV�QR�SODFH�IRU�D�µ1HZ�(QJODQGHU¶��7KH�IDFXOW\�FRQVLVWHG�RI�D�
southern gentlemen Professor and his son-in-law.”    

He was hired by USAID in Washington, D.C., and was in 
training to work in Chile when the budget was cut. His superior 
called the USGS and he was hired by Jerry Hadley. Jerry had 
EHHQ� D� %LOOLQJV¶� VWXGHQW� DQG� KDG� VWXGLHG� WKH� EHGURFN� ZKHUH�
Doug had vacationed at Lake Fairlee, VT. 

-HUU\�WRRN�'RXJ�RQ�D�ZHHN�ORQJ�¿HOG�H[FXUVLRQ�LQ�$SULO������
to determine where and what he was best suited to study (Fig. 1). 
7KH�SOXWRQLF�YROFDQLF�VXFFHVVLRQ�RI�0DLQH�DQG�1HZ�+DPSVKLUH�
attracted Doug to chose the bi-modal volcanic rocks around the 
0RXQW�5RJHUV�DUHD�RI�9$��1&��DQG�71��7KLV�ORJLFDO�DUHD�DQG�
topic were based on recently completed and on-going studies by 
Anna Jonas Stose, George Stose, Phil King, Herman Ferguson, 
%UXFH� %U\DQW�� DQG� -DFN� 5HHG�� +H� VWDUWHG� ¿HOG� ZRUN� LQ�0D\��
������GULYLQJ�VRXWK�RQ�5W�����LQ�D�:LOH\�-HHS�ZLWK�KLV�GRJ��+H�
FRQGXFWHG�H[WUHPHO\�GHWDLOHG�¿HOG�ZRUN�XQWLO�������3URPLQHQW�
geologists visited to see the rocks and provide feedback, and he 
ZDV�PRVW�LQÀXHQFHG�E\�%LOOLQJV�DQG�.LQJ��7KH�QHDUO\�FRPSOHWHG�
.RQQDURFN� DQG� :KLWHWRS� 0RXQWDLQ� ����PLQXWH� TXDGUDQJOHV�
were soon suspended and his new assignment was to map the 
ZHVW� KDOI� RI� WKH� :LQVWRQ�6DOHP� ����������VFDOH� TXDGUDQJOH��
,W� LV� QRW� HDV\� WR� VKLIW� IURP� �� RU� ��PDSV� WR�64� ���������VFDOH�
TXDGUDQJOH�PDSV��³,�FRQVLGHUHG�WKLV�DVVLJQPHQW�WR�EH�D�GXELRXV�
honor…I was scared to death. I did not know how it was going 
WR�SDQ�RXW�´�+LV�PLOLWDULVWLF�¿HOG�ZRUN�IURP���������UHVXOWHG�LQ�
WKH�OHJDF\�PDS�SXEOLVKHG�LQ�������

In his spare time, Doug prepared a Guidebook and lead the 
Carolina Geological Society Field Trip to the Mount Rogers Area, 

2FWREHU��������������)LJ������,W�ZDV�KLV�¿UVW�IRUPDO�SUHVHQWDWLRQ�
RI�KLV�¿QGLQJV��3UHFDPEULDQ�&UDQEHUU\�*QHLVV��PD¿F�DQG�IHOVLF�
plutons and dikes that intruded it, the unconformably overlying 

Rankin Revisited

Scott Southworth
8�6��*HRORJLFDO�6XUYH\��06���$��5HVWRQ��9$������

)LJXUH� ��� � ([FHUSWV� IURP� 'RXJ� 5DQNLQ¶V� ¿HOG� QRWHERRN� IURP�
UHFRQQDLVDQFH�LQ�WKH�0RXQW�5RJHUV�DUHD�LQ���������$���)LHOG�VNHWFK�
PDS�RI�WKH�JHRORJ\�RI�WKH�0RXQW�5RJHUV�DUHD��DQG��%��GHVFULSWLRQV�
RI�DUHDV�FRYHUHG�GXULQJ�UHFRQQDLVDQFH��

6RXWKZRUWK�� 6��� � ������Rankin Revisited, in�0HUVFKDW��$�-��� HG���*HRORJ\� RI� WKH�0RXQW�5RJHUV� DUHD�� UHYLVLWHG��%OXH�5LGJH��9$±1&±71���
&DUROLQD�*HRORJLFDO�6RFLHW\�$QQXDO�)LHOG�7ULS�*XLGHERRN��S���±���
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late Precambrian Mount Rogers Volcanic Group (MRVG), 
WKH� ³FRQIRUPDEOH� (DUO\�&DPEULDQ� �"�´�8QLFRL� )RUPDWLRQ� DQG�
basalts; amphibolite and mica gneisses and schists, of unknown 
age, were considered to be unconformable above Cranberry 
Gneiss on the “east limb of the anticlinorium”.  He recognized 
that granitoids and rhyolites comprised a magmatic cycle (to 
EHFRPH�WKH�&URVVQRUH�6XLWH���EDVHG�LQ�SDUW�RQ�%LOOLQJV¶�LQÀXHQFH�
RQ� WKH�:KLWH�0RXQWDLQ� 6HULHV��1+�� DQG�'RXJ¶V�ZRUN� RQ� WKH�
Katahdin Granite and Traveler Rhyolite. He recognized that the 
sedimentary and bi-modal volcanic rocks in the lower part of the 
MRVG were overlain by rhyolite in the middle part, and overlain 
by sedimentary rocks in the upper part. Three rhyolite units in 
WKH�PLGGOH�SDUW� FRQVWLWXWHG� WKH�DSSUR[LPDWH� VLWH�RI� D�YROFDQLF�
center. Rhythmite and tillite in the upper part contained clasts 
that were “rafted into place by ice”, thus were of glacial origin.  

He formally named the rocks in 1993. The majority of the 
geologic story remained the same, including the delineation of 
thrust sheets and tectonic windows. With Tom Stern, Jack Reed, 
DQG�0DUFL�1HZHOO�� KH� SXEOLVKHG�RQH�RI� WKH�¿UVW�8�3E� VWXGLHV�
of igneous zircon ages from the rhyolites at Mount Rogers 
�6FLHQFH���������+H�VRRQ�SODFHG� WKH� URFNV� LQWR� WKH�FRQWH[W�RI�
plate tectonics and continued studies of the rocks from 1973-
�������������������������DQG������� WR� UH¿QH�KLV�REVHUYDWLRQV�

and interpretations and document the results. The bulk of his 
knowledge was well documented in the GSA books and maps on 
WKH�*HRORJ\�RI�1RUWK�$PHULFD������������0RVW�UHPDUNDEOH�ZDV�
KLV�DELOLW\�WR�ZULWH�DQG�SXEOLVK�VLJQL¿FDQW�SDSHUV�RQ�WKH�URFNV�
������\HDUV�ODWHU���

'RXJ¶V� VSHFLDO� WDOHQW� ZDV� FRPSLOLQJ� DQG� V\QWKHVL]LQJ�
bedrock geology. “Digital compilations” were with steady hands 
on green line maps and mylar using rapidograph pens and ink, 
standing on a low bench so he could hover over the large maps, 
ZHDULQJ�PDJQL¿HG�OHQV��3UHFLVH�OLQH�ZRUN�ZDV�SKRWRJUDSKLFDOO\�
UHGXFHG�LQ�VFDOH��IXUWKHU�FRPSLOHG��������������������������DQG�
������������VFDOHV���DQG�UHWDLQHG�WKH�DFFXUDF\��,Q�UHWLUHPHQW�KH�
taught himself Adobe Illustrator.

'RXJ�OHG�D�¿HOG�WULS�KHUH� LQ������ZKLFK�SODQWHG�WKH�VHHG�
for our current studies. He demonstrated remarkable teaching 
VNLOOV�RQ�WKH�RXWFURS��+H�SHUVLVWHG�RQ�¿HOG�UHYLHZV�WR�HYDOXDWH�
QHZ�¿QGLQJV��'RXJ¶V� JHRORJLF�PDS� GDWD�ZLOO� EH� SXEOLVKHG� DW�
���������VFDOH�DQG�GDWDEDVH�ZLOO�LQFOXGH�D�UREXVW�VXLWH�RI�QHZ�
geochronologic isotopic data. We are only embellishing the 
JHRORJ\�WKDW�KH�KDG�¿JXUHG�RXW�VR�YHU\�ZHOO�ZKHQ�KH�OHDG�WKH�
WULS�KHUH� LQ�������'RXJ¶V�GHPHDQRU�� VNLOOV��DQG�PHQWRULQJ�DUH�
sorely missed. 

1967 

1962 

)LJXUH�����*HRORJLF�PDS�RI�WKH�0RXQW�5RJHUV�DUHD��9$�1&�71�E\�'RXJ�5DQNLQ�IRU�WKH������&DUROLQD�*HRORJLFDO�6RFLHW\�)LHOG�7ULS��
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Geology of the Mount Rogers area, Revisited:  
Evidence of Neoproterozoic Continental Rifting, 
Glaciation, and the Opening and Closing of the 

Iapetus Ocean, Blue Ridge, VA–NC–TN

Arthur J. Merschat
Scott Southworth

U.S. Geological Survey, MS926A, Reston, VA 20192

Christopher S. Holm-Denoma
U.S. Geological Survey, MS973, Denver, CO 80225

Ryan J. McAleer
U.S. Geological Survey, MS926A, Reston, VA 20192

 ABSTRACT

5HFHQW� ¿HOG� DQG� JHRFKURQRORJLFDO� VWXGLHV� LQ� HLJKW� ����PLQXWH� TXDGUDQJOHV� QHDU�0RXQW�5RJHUV� LQ�9LUJLQLD��
1RUWK�&DUROLQD�DQG�7HQQHVVHH�UHFRJQL]H�LPSRUWDQW�VWUDWLJUDSKLF�DQG�VWUXFWXUDO�UHODWLRQVKLSV�IRU�WKH�1HRSURWHUR]RLF�
0RXQW�5RJHUV� DQG�.RQQDURFN� IRUPDWLRQV�� WKH� QRUWKHDVW� HQG� RI� WKH�0RXQWDLQ�&LW\�ZLQGRZ�� WKH� VHSDUDWLRQ� RI�
0HVRSURWHUR]RLF�URFNV�RI�WKH�%OXH�5LGJH�LQWR�WKUHH�DJH�JURXSV��DQG�WLPLQJ�DQG�HPSODFHPHQW�RI�WKH�%OXH�5LGJH�
WKUXVW�VKHHW���7KH�VWXG\�DUHD�LQFOXGHV�IROGHG�DQG�IDXOWHG�3DOHR]RLF�VWUDWD�RI�WKH�9DOOH\�DQG�5LGJH�WR�PHWDPRUSKLF�
DQG�LJQHRXV�URFNV�RI�WKH�%OXH�5LGJH���,Q�WKH�9DOOH\�DQG�5LGJH��&DPEULDQ�WR�0LGGOH�2UGRYLFLDQ�FDUERQDWH�DQG�FODVWLF�
URFNV�DUH�H[SRVHG�LQ�D�V\QFOLQH�RQ�WKH�3XODVNL�WKUXVW�VKHHW��WKHVH�URFNV�DUH�RYHUULGGHQ�E\�WKH�%OXH�5LGJH�WKUXVW�
VKHHW�� �7KH�QRUWKHDVW�HQG�RI�WKH�0RXQWDLQ�&LW\�ZLQGRZ�LV� LQWHUSUHWHG�DV�D�VLPSOH�ZLQGRZ��WKH�6WRQH�0RXQWDLQ�
IDXOW�LV�IROGHG�DQG�FRQWLQXHV�DV�WKH�,URQ�0RXQWDLQ�IDXOW�RQ�WKH�1:�VLGH�RI�WKH�ZLQGRZ���7KH�6WRQH�0RXQWDLQ�IDXOW�
GRHV�QRW�H[LVW�WR�WKH�1(�QHDU�WKH�5D]RU�5LGJH�YROFDQLF�FHQWHU���,QVWHDG�D�FRQWLQXRXV�VHFWLRQ�RI�3URWHUR]RLF�JQHLVVHV��
0RXQW�5RJHUV�)RUPDWLRQ��.RQQDURFN�)RUPDWLRQ�DQG�&KLOKRZHH�*URXS�LV�QRZ�UHFRJQL]HG���

5K\ROLWHV�RI�WKH�0RXQW�5RJHUV�)RUPDWLRQ�UDQJH�IURP����±���0D��ZLWK�GHWULWDO�]LUFRQ�DJH�SRSXODWLRQV�IURP�
DVVRFLDWHG� YROFDQLFODVWLF� URFNV� LQGLFDWLQJ� PDJPDWLVP� DQG� ULIWLQJ� EHJDQ� E\� a���� 0D�� � 5K\ROLWH� EORFNV� LQ� WKH�
.RQQDURFN�)RUPDWLRQ�DQG�D�FKDQJH�IURP�ULIW�UHODWHG�FODVWLF�URFNV�RI�WKH�0RXQW�5RJHUV�)RUPDWLRQ�WUDQVLWLRQLQJ�WR�
PDURRQ�ODPLQLWHV�DQG�ODPLQLWHV�ZLWK�GURSVWRQHV��VXJJHVW�WKDW�WKH�.RQQDURFN�)RUPDWLRQ�PD\�EH�DV�ROG�DV�a����0D���

0HVRSURWHUR]RLF� FU\VWDOOLQH� URFNV� RI� WKH� %OXH� 5LGJH�� SUHYLRXVO\� UHIHUUHG� WR� DV� WKH� &UDQEHUU\� *QHLVV�� DUH�
VHSDUDWHG�EDVHG�RQ�¿HOG�UHODWLRQVKLSV�DQG��6+5,03�8±3E�JHRFKURQRORJ\������SUH�*UHQYLOOLDQ�FUXVW������*D������
����±�����0D�JUDQLWRLGV��DQG���������±�����0D�JUDQLWRLGV���

0XOWLSOH� JUHHQVFKLVW�IDFLHV� KLJK�VWUDLQ� ]RQHV�� LQFOXGLQJ� WKH� �±��� NP�ZLGH� )ULHV� KLJK�VWUDLQ� ]RQH�� RFFXU� LQ�
WKH�%OXH�5LGJH�WKUXVW�VKHHW��)DEULFV�DFURVV�WKH�)ULHV�DQG�*RVVDQ�/HDG�IDXOWV�KDYH�VLPLODU�RULHQWDWLRQV�DQG�1:±
GLUHFWHG�FRQWUDFWLRQDO�GHIRUPDWLRQ����$U���$U�KRUQEOHQGH��PXVFRYLWH��DQG�.�IHOGVSDU�DJHV�LQGLFDWH�WKH�ZHVWHUQ�DQG�
HDVWHUQ�%OXH�5LGJH�KDG�GLIIHUHQW�WKHUPDO�KLVWRULHV���7KH�HDVWHUQ�%OXH�5LGJH��*RVVDQ�/HDG�WKUXVW�VKHHW��H[SHULHQFHG�
D����±����0D�DPSKLEROLWH�IDFLHV�HYHQW�SULRU�WR�MX[WDSRVLWLRQ�ZLWK�WKH�ZHVWHUQ�%OXH�5LGJH�����$U���$U�PXVFRYLWH�DJHV�
LQ�ZHVWHUQ�%OXH�5LGJH�URFNV�GRFXPHQW�JUHHQVFKLVW�IDFLHV�PHWDPRUSKLVP�DQG�GHIRUPDWLRQ�DQG�HPSODFHPHQW�RI�WKH�
%OXH�5LGJH�WKUXVW�VKHHW�DW�a����0D��WKH�&DWIDFH�DQG�)ULHV�IDXOWV�DUH�WHQWDWLYHO\�LQWHUSUHWHG�WR�EH�FRQWHPSRUDQHRXV���
$IWHU�LQLWLDO�HPSODFHPHQW�RI�WKH�%OXH�5LGJH�WKUXVW�VKHHW�DW�a����0D��VKRUWHQLQJ�ZDV�DFFRPPRGDWHG�E\�ZHVWZDUG�
WUDQVODWLRQ�DORQJ�WKH�EDVDO�GHFROOHPHQW��ZKLFK�FDUULHG�WKH�%OXH�5LGJH�WKUXVW�VKHHW�WR�LWV�¿QDO�SRVLWLRQ�

Merschat, A.J., Southworth, S., Holm-Denoma, C.S., and McAleer, R.J.,  2016, Geology of the Mount Rogers area, revisited:  Evidence of 
Neoproterozoic Continental Rifting, Glaciation, and the Opening and Closing of the Iapetus Ocean, Blue Ridge, VA–NC–TN, 
in Merschat, A.J., ed., Geology of the Mount Rogers area, revisited, Blue Ridge, VA–NC–TN:  Carolina Geological Society Annual Field 
Trip Guidebook, p. 3–28.
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Forty-nine years ago Douglas W. Rankin led the Carolina 
*HRORJLFDO�6RFLHW\�RQ� LWV�¿UVW�YLVLW� WR� WKH�0RXQW�5RJHUV�DUHD��
VA–NC–TN (Rankin, 1967), and introduced the society to 
the spectacular and interesting geology.  His mapping and 
research into geology of the Mount Rogers area became the 
foundation for many subsequent papers and maps (Rankin, 
������ ������ ������5DQNLQ� HW� DO��� ������ ������ ������ DQG�¿HOG�
trips (Rankin, 1967, 1971; Rankin et al., 1994) on the tectonic 
history of the southern Appalachians, and recent USGS mapping 
and associated studies (Fig. 1).  The goal of the 2016 Carolina 
*HRORJLFDO�6RFLHW\�¿HOGWULS�LV�WR�SURYLGH�DQ�XSGDWHG�RYHUYLHZ�
of the geology in the Mount Rogers area from new information 
JOHDQHG� IURP� UHFHQW� ¿HOG� VWXGLHV��PRGHUQ� JHRFKURQRORJ\� DQG�
geochemistry. We will discuss the diversity of Mesoproterozoic 
rocks formerly included as the Cranberry Gneiss, the age and 
nature of  Neoproterozoic volcanism associated with the Mount 
5RJHUV�)RUPDWLRQ�� WKH�DJH�DQG�VLJQL¿FDQFH�RI� WKH�JODFLRJHQLF�
Konnarock Formation, the rifting and development of the 
Laurentian Early Paleozoic margin, the structure of the northeast 
end of the Mountain City window,  various high-strain zones 
(Fries and Gossan Lead faults), and the basement-cover contact 
of the eastern Blue Ridge.  

Fieldwork in the Mount Rogers area began about 70 
years ago with geologic investigations by Anna Jonas (e.g., 
Jonas and Stose, 1939; Stose and Stose, 1957).  This work 
was followed by Doug Rankin in the early 1960’s as part of 
detailed geologic mapping of the volcanic rocks on Mount 
Rogers, and reconnaissance work for the west-half of the 
:LQVWRQ�6DOHP����[����VKHHW��5DQNLQ�HW�DO�����������5HFHQW�¿HOG�
work and associated studies have focused on eight 7.5-minute 
quadrangles in Virginia, North Carolina and Tennessee (Fig. 2).  
'RXJ�5DQNLQ¶V�GHWDLOHG�PDSSLQJ��XQSXEOLVKHG�¿HOG�VKHHWV��DQG�
detailed descriptions have been the foundation on which present 
USGS research and academic partners build upon.  

On Day 1 we will examine an overview of the geology 
of the Mount Rogers area:  beginning in the oldest rocks, 
Mesoproterozoic basement gneisses, and progressing 
stratigraphically upwards through Neoproterozoic to Cambrian 
cover sequences (Mount Rogers, Konnarock and Unicoi 
formations), ending with evidence of the opening of the 
Iapetus ocean. During Day 1 we will discuss the evidence for 
different Mesoproterozoic orogenies, Neoproterozoic rifting 
and glaciations, the allochthonous nature of the Blue Ridge 
thrust sheet, its relationship to the Valley and Ridge, and the 
Late Neoproterozoic to Early Cambrian rifting of Laurentia and 
development of a passive margin.  Day 2 will focus primarily 
on the eastern Blue Ridge:  its relationship to the western Blue 
Ridge, and the lithostratigraphy and units within the Ashe 
Formation1 (Ashe Metamorphic Suite of Abbott and Raymond, 
1984). 

1  * U.S. Geological Survey usage for this unit is formation, 
DV�GH¿QHG�E\�5DQNLQ��������DQG�5DQNLQ�HW�DO�����������7KH�
Ashe Formation was elevated in rank to Metamorphic Suite 
E\�$EERWW�DQG�5D\PRQG��������DQG�UHGH¿QHG�E\��5D\PRQG�
(2015).  

*(2/2*,&�6(77,1*

The Blue Ridge is allochthonous; a large crystalline 
thrust sheet—the Blue Ridge thrust sheet—stacked on top of 
Paleozoic sedimentary rocks of the Valley and Ridge during the 
late Paleozoic Alleghanian orogeny (Fig. 1).  The composite 
Blue Ridge thrust sheet is composed of internal crystalline 
thrust sheets of Mesoproterozoic to Paleozoic rocks that are 
more penetratively deformed and higher metamorphic grade 
toward the hinterland or geographic east (i.e., Hatcher, 1989; 
Hatcher and Goldberg, 1991; Rankin, 1993). The thrust sheets 
contain rocks with different protoliths and tectonic histories:  
the western Blue Ridge represents part of the Laurentian margin 
(e.g., Rankin, 1975; Hatcher et al., 2007a), whereas the tectonic 
setting of eastern Blue Ridge rocks are still debated, but are 
generally considered to be related to closing of the Iapetus ocean 
(Fig. 1)(e.g., Rankin, 1975; Abbott and Raymond 1984; Horton 
et al., 1989; Bream et al., 2004; Hatcher et al. 2007a; Merschat 
et al., 2010; Carter and Merschat, 2014, this guidebook).  

The composite Blue Ridge thrust sheet is commonly 
described as an antiformal thrust stack (e.g., Hatcher and 
Goldberg, 1991).  In northwestern North Carolina and southwest 
Virginia, the composite Blue Ridge thrust sheet is comprised of 
several individual thrust sheets (from northwest to southeast):  
Shady Valley–Stone Mountain, Catface, Fries, and Gossan Lead 
thrust sheets (Figs. 1 and 2).  Except for the Gossan Lead thrust 
sheet, all of these thrust sheets involve western Blue Ridge 
rocks.  The Gossan Lead thrust sheet contains higher grade and 
more intensely deformed rocks of the eastern Blue Ridge.  

From southeastern Tennessee into Virginia the base of the 
Blue Ridge thrust sheet is the Great Smoky–Iron Mountain–
Holston Mountain faults, part of the Blue Ridge thrust system 
(Fig. 1) (Hatcher, 1989; Woodward, 1989; Rankin, 1993).  
The western edge of the Blue Ridge thrust sheet is commonly 
imbricated, and several windows occur along its leading edge.  
Prominent windows include the Mountain City window, Hot 
Springs window, and the Grandfather Mountain window (Fig. 
1).  These structures sole into a master fault beneath the Blue 
Ridge thrust sheet that extends eastward beneath the terranes of 
the Blue Ridge and Piedmont, and eventually terminates into a 
root zone beneath the Piedmont and Coastal Plain (Harris et al., 
1981; Hatcher, 1989; Rankin et al., 1991; Hatcher and Hooper, 
1992).   

The Mountain City window is framed by the Stone Mountain 
and Catface faults on the southeast and the Iron Mountain fault 
at the base of the Shady Valley thrust sheet to the northwest 
(King et al., 1944; King and Ferguson, 1960). Duplexes within 
the window repeat sections of the Chilhowee Group, Shady 
Dolomite, and Rome Formation (King et al., 1944; King and 
Ferguson, 1960).  The roof thrust of the window is the base of 
the Blue Ridge thrust sheet; it reemerges to the southeast to 
frame the Grandfather Mountain window (Bryant and Reed, 
1970; Boyer and Elliot, 1982).    

The western Blue Ridge consists of Neoproterozoic to 
Early Cambrian sedimentary rocks deposited unconformably on 
Mesoproterozoic rocks of the French Broad massif.  The study 
area is within the northern part of the French Broad massif before 
it is overridden by the Fries fault (Fig. 1).  The Cranberry Gneiss 
was the name previously assigned to much of the granitic rocks 
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exposed in the northern end of the French Broad massif (Keith, 
1903; Rankin et al., 1972), although recent work has demonstrated 
the complexities and variations in the Mesoproterozoic 
basement (Carrigan et al., 2003; Merschat and Cattanach, 2008; 
Tollo et al., 2010, 2012).  In southwestern Virginia and into 
North Carolina and Tennessee, the Mesoproterozoic basement 
is overlain by Neoproterozoic clastics and felsic volcanics of 
the 760–749 Ma Mount Rogers Formation and glaciogenic 
sediments of the Konnarock Formation (Rankin, 1993; Tollo 
et al., 2012, Merschat et al., 2014).  In northwestern North 
Carolina, the Grandfather Mountain Formation is a similar 
sequence of Neoproterozoic clastics but contains considerably 
less felsic volcanic rocks (Bryant and Reed, 1970).  The Mount 
Rogers and Grandfather Mountain formations, including both 
sedimentary and volcanic components, are part of the Crossnore 
Volcanic-Plutonic complex, which also includes the anorogenic 
plutonic rocks of the Beech Mountain Granite, Brown Mountain 

Granite, Striped Rock Pluton and Bakersville Gabbro and 
associated dikes (Rankin et al., 1993).  Collectively, these units 
represent a Neoproterozoic (Cryogenian) episode of rifting in 
the Blue Ridge (Rankin, 1993; Aleinikoff et al., 1995). The 
Neoproterozoic to Cambrian Chilhowee Group unconformably 
overlies both Mesoproterozoic basement rocks and rift-related 
Neoproterozoic rocks. The Chilhowee Group was deposited 
during the opening of the Iapetus ocean and development of an 
early Paleozoic passive margin.   

7KH�VWUXFWXUDOO\�KLJKHU�HDVWHUQ�%OXH�5LGJH��)LJ�����UHÀHFWV�
a different depositional and tectonic history. Eastern Blue 
Ridge rocks are polydeformed, amphibolite-facies (garnet 
to kyanite zones), Neoproterozoic to Paleozoic siliciclastic 
PHWDVHGLPHQWDU\�URFNV�WKDW�FRQWDLQ�PD¿F�DQG�XOWUDPD¿F�URFNV��
and are intruded by Paleozoic granitoids (Rankin et al., 1972; 
Abbott and Raymond, 1984; Rankin, 1993; Hatcher et al., 
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2007a).  Rock units include the Wills Ridge, Ashe, Alligator 
Back, and Lynchburg formations (Stose and Stose, 1957; Rankin 
et al., 1972; Rankin, 1975; Rankin et al., 1993), or the Ashe 
Metamorphic Suite (Abbott and Raymond, 1984; Raymond, 
2015) and Alligator Back Metamorphic Suite (Raymond et al., 
1989; Raymond, 2015). These rocks have been interpreted as 
offshore equivalent deposits of the western Blue Ridge (Rankin, 
1975), accretionary wedges (Abbott and Raymond, 1984), and 
DV�SDUW�RI�WHFWRQLF�WHUUDQHV�RI�RFHDQLF�DQG�H[RWLF�FUDWRQ�DI¿QLWLHV�
(Williams and Hatcher, 1982; Abbott and Raymond, 1984; 
Horton et al., 1989; Hatcher and Goldberg, 1991; Hatcher et 
al., 2007a).  A more in depth review and discussion of eastern 
Blue Ridge lithostratigraphy and tectonogenesis can be found in 
Carter and Merschat (this guidebook). 

5(*,21$/�6758&785(6

0RXQWDLQ�&LW\�ZLQGRZ�DQG�%OXH�5LGJH�WKUXVW�VKHHW��

The Mountain City window is more than 100 km (62 
mi) long, from near Konnarock, Virginia, to south of Erwin, 
Tennessee, and is over 15 km (9.5 mi) wide (Fig. 1B).  The 
internal structure consists of two oppositely verging duplexes: 
the southern end is the foreland-dipping duplex Limestone 
Cove culmination; the Doe Ridge culmination is a hinterland-
dipping duplex in the central part that ends near Mountain City, 
Tennessee (Diegel, 1986).  The imbricate thrusts within the 
Mountain City window merge into the Stone Mountain–Iron 
Mountain–Holston Mountain fault, the roof thrust and base 
of the Blue Ridge thrust sheet, which reemerges around the 
Grandfather Mountain window (Bryant and Reed, 1970; Boyer 
DQG�(OOLRW����������7KH�ÀRRU�WKUXVW�EHQHDWK�WKH�ZLQGRZ�LV�OLNHO\�
the Pulaski thrust (Boyer and Elliot, 1982; Woodward, 1989), 
which crops out 15–25 km to the northwest.

The northeast termination of the Mountain City window 
has been portrayed differently by various workers (Fig. 3). 
King and Ferguson (1960) connected the Catface and Iron 
Mountain faults.  Stratigraphic and structural relationships led 
Rankin (1967, 1993) to map the Catface fault around the Pond 
Mountain area to the east, where it was overridden by the Stone 
0RXQWDLQ�IDXOW���%DLOH\�DQG�5RVH��������LOOXVWUDWH�D�VLPSOL¿HG�
version of Rankin’s (1993) eyelid window geometry, with the 
Stone Mountain fault located further to the southeast, but their 
SRVLWLRQ�RI�WKH�&DWIDFH�IDXOW�LV�QRW�FRQVLVWHQW�ZLWK�¿HOG�UHODWLRQV�
(e.g., Rankin, 1967, Rankin, 1993).

Mapping in the Razor Ridge area (Trout Dale and Middle 
)R[� &UHHN� TXDGUDQJOHV�� )LJ�� ���� VXSSRUWV� D� FRQWLQXRXV� ÀDW�
lying to northwest-dipping stratigraphic section from basement 
to the Chilhowee Group, with no compelling evidence of the 
Stone Mountain and Trout Dale faults (Fig. 2; Merschat and 
Southworth, 2011).  Thus the Stone Mountain-Catface fault 
merge with the Iron Mountain fault, and the Shady Valley thrust 
sheet is part of the Blue Ridge thrust sheet.  Ordovician rocks in 
the southwestern core of the Stony Creek syncline in the Shady 
Valley thrust sheet are part of the Blue Ridge thrust sheet (Figs. 
1B).

The rocks in the northeasternmost end of the Mountain 
City window terminate in an overturned, antiformal syncline 

(060/20).  The overturned west limb of the syncline is overridden 
by the Iron Mountain fault, which frames the window on the 
west (Fig. 4).  Rocks of the Cambrian Rome Formation and 
Shady Dolomite plunge northeast under older rocks of the 
Chilhowee Group and Konnarock Formation in the hinge of the 
fold.  Reclined mesoscopic folds have a similar geometry and 
orientation as map-scale folds (Fig. 4A).  King and Ferguson 
(1960) recognized similar overturned folds and faults near Forge 
Mountain, east of Mountain City, Tennessee, where quartzites of 
the Erwin Formation overlie Shady Dolomite beneath the Stone 
Mountain fault (Fig. 4C).  

A problem not yet resolved is the relationship of the Stone 
Mountain and Catface faults. At their type locations, both faults 
occupy the same structural position and frame the southeast 
side of the Mountain City window (King et al., 1944; King and 
Ferguson, 1960).  King and Ferguson’s (1960) Stone Mountain 
fault is structurally above the Catface fault, similar to that 
portrayed by Rankin (1993) (Fig. 3). Bailey and Rose (1998) 
portrayed the Stone Mountain fault on the southeast side of the 
southwestern most occurrence of Mount Rogers Formation in 
the Park and Grayson quadrangles (Fig. 3).  Both basement and 
Mount Rogers Formation rocks are penetratively deformed and 
cut by numerous high-strain zones, an intensity of deformation 
not characteristic of the internal parts of the Mountain City 
window.  At this point it is not clear if this deformation is related 
to the Stone Mountain fault or high-strain zones similar to the 
Fries high-strain zone.  However, the location of the Stone 
Mountain fault in Figure 3 is similar to that of Rankin (1993) 
and Bailey and Rose (1998).

)ULHV�IDXOW

6WRVH�DQG�6WRVH��������GH¿QHG�WKH�)ULHV�IDXOW�WR�WKH�HDVW�RI�
our study area, where several discrete fault strands of basement 
and cover rocks are juxtaposed. Recent mapping has shown that 
high-strain zones occur throughout the western Blue Ridge from 
the Cat Face and Stone Mountain faults to the western edge of 
the eastern Blue Ridge, Gossan Lead fault (Fig. 2; Merschat, 
2011; Tollo et al., 2012, Merschat et al., 2014).  Multiple high-
strain zones as much as 11 km wide comprise a major crustal-
scale shear zone that may sole into the base of the Blue Ridge 
thrust sheet.  These high-strain zones are characterized by 
greenschist facies deformation, down-dip lineations, and top-to-
NW kinematic indicators (Merschat, 2011; Tollo et al., 2012; 
Merschat et al., 2014).  

:(67(51�%/8(�5,'*(�/,7+2675$7,*5$3+<

0HVRSURWHUR]RLF�5RFNV

The Cranberry Gneiss and variations thereof (e.g., 
Cranberry Granite of Keith, 1903; Cranberry Suite of 
Bartholomew and Lewis, 1984) have been used to describe most 
of the Proterozoic felsic granitoids and gneisses of the northern 
end of the French Broad massif (Rankin et al., 1972).  Recent 
mapping and geochronologic studies in the Mount Rogers area 
(Tollo et al., 2010, 2012) and to the southwest (Carrigan et al., 
2003; Merschat and Cattanach, 2008) have documented that the 
Cranberry Gneiss contains various lithologies that range in age 
from 1.33–1.0 Ga. Tollo et al. (2010, 2012) distinguished three 



Geology of the Mount Rogers area, revisited

�

DJH�JURXSV�RI�0HVRSURWHUR]RLF�URFNV�EDVHG�RQ�¿HOG�UHODWLRQVKLSV�
and SHRIMP U-Pb geochronology:  (1) pre–Grenvillian crust, 
~1.32 Ga migmatitic orthogranofels and  amphibolite; (2) 
1.19–1.14 Ga granitoids (early magmatic suite); and (3) 1.07–
1.03 Ga granitoids (late magmatic suite) (Fig. 2; Table 1).  
Similar ages of rocks are recognized in the Shenandoah massif 
(Southworth et al., 2010; Carter et al., 2012, 2013) and southern 
part of the French Broad massif (Carrigan et al., 2003). These 
age relationships are temporally correlative with Shawinigan 
and Ottawan phases of the Grenville orogeny, respectively 
(McLelland et al., 2010, 2013; Tollo et al., 2010, 2012).  

 The oldest rocks are ~1.33 Ga orthogranofels and migmatitic 
amphibolites (Tollo et al., 2010, 2012).  The orthogranofels have 
layers of hornblende–actinolite–chlorite–epidote and quartz–K-
feldspar (Tollo et al., 2010; 2012).  Amphibolite gneiss occurs as 

smaller bodies completely enclosed by early and late magmatic 
rocks, xenoliths.  Although no protolith ages have been obtained 
for the amphibolites, their occurrence as xenoliths permits 
correlation with the ~1.3 Ga orthogranofels (Tollo et al., 2012).  
The migmatitic granofels consist of a large NW-trending 
body in the Grassy Creek quadrangle and small NW-trending 
bodies in the southern part of the Park quadrangle (Fig. 2).  
Although locally containing retrograde epidote and K-feldspar, 
WKH�PLJPDWLWLF� JUDQRIHOV� SUHVHUYH� D� JQHLVVLF� IROLDWLRQ� GH¿QHG�
quartz–plagioclase–sillimanite–biotite assemblage (Fig. 5).  
Collectively, these rocks represent pre-Grenville crust intruded 
by the 1.18–1.14 and 1.07–1.03 Ga magmatic suites.  

The majority of basement rocks in the Mount Rogers area 
yields magmatic ages from 1.19–1.14 Ga, and are grouped 
as the early magmatic suite (Tollo et al., 2010, 2012).  The 
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rocks generally have a bulk composition of granite but have 
considerable lithologic and textural variation (Tollo et al., 2012).  
The dominant lithology is a variably foliated coarse-grained, 
equigranular to porphyritic, biotite monzogranite.  Pegmatitic 
DQG�DSOLWLF�GLNHV��DQG�a����0D�PD¿F�DQG�UK\ROLWH�GLNHV��7ROOR�HW�
al., 2012) intruded the early magmatic suite.

The late magmatic suite, 1.07–1.03 Ga, is bimodal and ranges 
from syenogranite to monzodiorite (Tollo et al., 2010, 2012). The 
syenogranite is commonly megacrystic to porphyroclastic with 
blocky to rounded, centimeter–sized alkali feldspar and 3–5 mm 
blue quartz phenocrysts in a strongly foliated matrix of biotite, 

muscovite (sericite) and minor chlorite (see Stop 1–1).  They are 
moderately to strongly foliated, and commonly mylonitic; the 
result of Paleozoic deformation.  

0RXQW�5RJHUV�)RUPDWLRQ

The 760–749 Ma Mount Rogers Formation consists of a 
lower clastic sedimentary sequence interbedded with basalt, 
and an upper sequence dominated by rhyolites. The rocks were 
¿UVW�GHVFULEHG�E\�-RQDV�DQG�6WRVH��������EXW�FDUHIXOO\�VWXGLHG�
DQG�GH¿QHG�E\�5DQNLQ��������� �7KH�0RXQW�5RJHUV�)RUPDWLRQ�
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unconformably overlies Mesoproterozoic basement, and is 
overlain by the Konnarock Formation. The formation reaches 
a thickness of about 3000 m (9,843 ft), and occurs in three 
separate areas (northeast to southwest): Razor Ridge, Mount 
Rogers and Pond Mountain volcanic centers of Rankin (1993) 
(Fig. 2). Of the named volcanic centers, only the Mount Rogers 
volcanic center has been studied and described in detail (Rankin, 
1993; Novak and Rankin, 2004).  

 The lower part of the formation consists of conglomerate, 
arkose, shale, basalt, and rhyolite.   Regionally there are spatial 
variations in the thickness and lithologic character.  Detrital 
zircon studies show that clastic rocks of the Mount Rogers 
Formation are dominated by 1160, 1050 and 760 Ma sources, 
with minor components of 1.4–1.2 Ga (Holm-Denoma et al., 

2013, 2014; see discussion below).  These studies show that 
the provenance of the Mount Rogers Formation was local, with 
sediment derived from Blue Ridge Mesoproterozoic rocks and 
cannibalized volcanic deposits.   Basaltic rocks vary texturally 
from amygdaloidal, porphyritic to aphanitic.  The upper part 
is dominated by ~610 m (2000 ft) of characteristically purple 
to maroon porphyritic rhyolites (Rankin, 1993).  Phenocrysts 
usually consist of quartz, alkali feldspar, and plagioclase, but 
the size, abundance, and assemblage vary.  Rare accessory 
minerals include aegirine, sodic amphibole (riebeckite), 
ELRWLWH�� DQG� ÀXRULWH� �5DQNLQ� ������ ������ 1RYDN� DQG� 5DQNLQ��
2004).  Chemically the rocks are ferroan, peraluminous to 
metaluminous, high silica (74–78 wt. %) rhyolites (Novak and 
Rankin, 2004; Tollo et al., 2012).  Trace-element data indicate 
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SRODUL]HG� �%�� DQG� FURVV�SRODUL]HG� �&��
OLJKW� ZLWK� WKH� SURJUDGH� DVVHPEODJH� RI�
TXDUW]�SODJLRFODVH�VLOOLPDQLWH�ELRWLWH���
3ODJLRFODVH� FRQWDLQV� LQFOXVLRQV� RI�
HSLGRWH� JLYLQJ� LW� D� FORXGHG� DSSHDUDQFH���
)LHOG�RI�YHLZ�LV�����PP���$EEUHYLDWLRQV���
TW]²TXDUW]�� SODJ²SODJLRFODVH�� VLO²
VLOOLPDQLWH���

Table�1.��Compilation�of�UͲPb�zircon�ages�of�Mesoproterozoic�rocks�from�the�northern�French�Broad�massif.
Name�or�lithologic�description Label Crystallization�Age�(Ma) Metamorphic�Age�(Ma) Ref.

Late�Magmatic
Biotite�metaͲquartz�monzonite�and�quartz�monzodiorite� Yag 1046�±�14 1055�±�11 2
biotite�metaͲquartz�monzodiorite Yag 1055�±�5 ~990 2
prophyroclastic�metagranite Yag 1061�±�5 1053�±�5 2
Blowing�Rock�Gneiss 1081�±�14 1

Early�Magmatic
lineated�biotite�metagranite Ylbg 1140�±�9 ~1050�&�997�±�12 2
porphyroclastic�biotite�metagranite Ylbg 1134�±�5 ~1050�&�984�±�18 3
metaͲalkali�feldspar�granite Ybg 1153�±�8 3
metaͲalkali�feldspar�granite Ybg 1162�±�4 1157�±�6�&�~1050 2
metaͲmonzograntie Ybg 1161�±�7 1156�±�10�1117�±�6�&�989�±�9 2
mataͲquartz�monzonite Yqm 1155�±�12 1.0Ͳ1.1�Ga 3
Watauga�River�Gneiss 1158�±�9 1
alkali�feldspar�metaͲleucogranite Ybg 1166�±�9 ~1.1�Ga 3
metaͲmonzogranite�(med.�Grained) Ybg 1168�±�10 0.9Ͳ1.0�Ga 3
metaͲmonzogranite�(porphyritic) Ybg 1172�±�10 3
metaͲleucogranite Ybg 1174�±�7 1158�±�7�&�1031�±�12 2
foliated�metaͲleucogranite Yfbl 1177�±�7 ~1160�&�~1035 3
amphiboleͲbearing�granitic�gneiss 1177�±�15 1180Ͳ1100 3
nonfoliated�amphibole�metaͲleucogranite 1183�±�18 1.18�Ga�&�1.1Ͳ1.05 3
Cranberry�Gneiss�(type�locality) 1192�±�11 1

preͲGrenville
layered�amphibolite Yga 1145�±�5�&�~950 3
mediumͲgrained�amphibolite Yga 1164�±�6�&�1148�±�9�&�1040� 2
orthogranofels Ygg 1327�±�7 1140Ͳ1060 2

References�cited:�1—Carrigan�et�al.,�(2003);�2—Tollo�et�al.,�(2010);�3—Tollo�et�al.,�(2012)
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the Mount Rogers rhyolites are derived from A-type, intraplate 
magmas, like the granitoids of the Crossnore Complex (Rankin, 
1975; Novak and Rankin, 2004; Tollo et al., 2012). McClellan 
and Gazel (2014) noted that the greenstone, basalts and rhyolites 
of the Mount Rogers Formation have a geochemical signature 
of mantle-derived melts. Thin beds of lithic wacke, arkose, 
and conglomerate are interbedded with the rhyolites. Foliated 
diabase dikes cut the youngest rhyolites (Rankin, 1967).    

)LHOG�5HODWLRQVKLSV����

Mount Rogers volcanic center
7KH� ¿HOG� DQG� VWUDWLJUDSKLF� UHODWLRQVKLSV� GHVFULEHG� KHUHLQ�

are from Rankin (1993).  Rhyolite units include (1) porphyritic, 
phenocryst-rich Fees Rhyolite in the lower Mount Rogers; (2) 
the low-silica, porphyritic Buzzard Rock Rhyolite Member; 
(3) phenocryst-poor Whitetop Rhyolite Member; and (4) the 
uppermost Wilburn Rhyolite Member, a porphyritic welded tuff 
(Rankin, 1993).  Additional work has focused on the southeastern 

A B

C

E

D

S0

S0

S0

)LJXUH���� ��$���0DVVLYH�FRDUVH�JUDLQHG��FRQJORPHUDWLF�DUNRVH�RI�WKH�ORZHU�0RXQW�5RGJHUV�)RUPDWLRQ�IURP�0LNHV�5LGJH��0LGGOH�)R[�
&UHHN�TXDGUDQJOH��� �&ODVWV� DUH� VXE�DQJXODU� WR� URXQGHG�� SHEEOH±� WR� FREOH±VL]HG� TXDUW]��PLFURFOLQH� DQG� VRPH� FRDUVH±JUDLQHG�� ELRWLWH�
JUDQLWH���%HGGLQJ�LV�IDLQW��JUDGHG�DQG�GLSV�PRGHUDWHO\�WR�WKH�QRUWKZHVW����%���9HVLFXODU��DP\JGDORLGDO�EDVDOW�ÀRZ�LQ�WKH�ORZHU�0RXQW�
5RJHUV�)RUPDWLRQ�UHVW�GLUHFWO\�RQ�EDVHPHQW�DQG� LV�DERXW����P��a����IW�� WKLFN�� �3RUSK\ULWLF�UK\ROLWH�ZLWK�����FP�ORQJ�DONDOL� IHOGVSDU�
SKHQRFU\VWV��&��DQG�FRQFHQWULF�MDVSHURLG�ULQJV��'��IURP�5D]RU�5LGJH�UK\ROLWH�RQ�%DOG�5RFN����(���$EXQGDQW�¿DPPH�������FP�ORQJ��GH¿QH�
YROFDQLF�FRPSDFWLRQ�OD\HULQJ�LQ�SRUSK\ULWLF�UK\ROLWH�RQ�1HZODQG�5LGJH���)LDPPH�DUH�GDUNHU�WKDQ�VXUURXQGLQJ�UK\ROLWH�DQG�VHYHUDO�DUH�
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boundary of the volcanic center and the lower Mount Rogers, 
Fees Rhyolite and basement contacts (James, 1999; Yonts et al., 
2011; Jessee et al., 2012; McClellan et al., 2012; Tollo et al., 
2012).  The Mesoproterozoic basement-lower Mount Rogers 
Formation contact is inclined to the southeast, with strongly 
foliated, mylonitic basement, structurally overlying younger 
Mount Rogers rocks. 

Razor Ridge volcanic center
The northeasternmost occurrence of the Mount Rogers 

Formation, the Razor Ridge volcanic center, consists of clastic 
rocks, rhyolites and lesser basalt.  Rankin (1993) interpreted 
the rhyolites of this volcanic center to be structurally lower and 
older than the Mount Rogers volcanic area to the southwest.  The 
5D]RU�5LGJH�DUHD�FRQVLVWV�RI�VHYHUDO�VHSDUDWH�ÀDW�O\LQJ�WR�JHQWO\�
dipping panels of rhyolite and underlying clastic rocks, as well 
as small outliers of rhyolite interbedded with laminites typical 
of the Konnarock Formation (Fig. 2) (Merschat and Southworth, 
2011).  The prominent ridges (Razor, Mike, Newland and Flat) 
are capped by rhyolite that dips gently northwest and north 
beneath the Konnarock Formation and Chilhowee Group rocks 
of the southeast limb of the Stony Creek syncline.  Between the 
panels of rhyolite is a synform of interbedded maroon sandstones, 
conglomerate and rhythmically laminated mudstone, which are 
likely the Konnarock Formation; there is no evidence of the 
Stone Mountain fault as previously mapped (Rankin et al., 1972; 
Rankin, 1993) (Figs. 2A and 2D). 

The basal part of the Mount Rogers Formation varies from 
0–300 m (0-984 ft) thick, and consists of arkose, conglomerate 
(Fig 6A), and purple to gray shale/mudstone.  Amygdaloidal and 
YHVLFXODU�EDVDOW�ÀRZV��QRZ�JUHHQVWRQHV���)LJ���%��DUH�FRPPRQ�
QHDU�WKH�EDVH�RI�WKH�IRUPDWLRQ��LQFOXGLQJ�D����PHWHU�WKLFN�ÀRZ�
with entrained basement boulders near Cinnamon Ridge in the 
northeast part of the Middle Fox Creek quadrangle (Fig. 2).  In 
other places the nonconformable base of the formation above 
Mesoproterozoic basement locally is a boulder conglomerate 
composed almost exclusively of granitoid clasts, coarse-grained 
arkose, and locally a purple to maroon shale.  Paleo-relief on 
the basement was as much as 100 m, locally cutting out most 
of the lower clastic part of the formation except locally ~1–2 
P� RI� UHG� ÀLQW\� URFN� WKDW� LV� OLNHO\� D� K\GURWKHUPDOO\� DOWHUHG�
paleosol beneath rhyolite.  Purple to maroon rhyolites are 
characteristically phenocryst-rich (30–40 percent). Phenocrysts, 
generally 3–10 mm across, are embayed quartz, alkali feldspar 
DQG� SODJLRFODVH� �)LJ�� �&±(��� � =RQHV� RI� ¿DPPH�ULFK� UK\ROLWH�
occur locally (Fig. 6E).  Petrographic and geochemical studies 
have distinguished two units that are texturally similar, but one is 
less chemically evolved and displays variation in silica content 
(Merschat et al., 2014).  Zircon from a sample of porphyritic 
Razor Ridge rhyolite was analyzed by Sensitive High Resolution 
Ion MicroProbe (SHRIMP).  Ten concordant analyses resulted 
in a U-Pb Concordia age of 748.8 ± 3.2 Ma (2 sigma-error) (Fig 
7), one of the youngest known rhyolite ages from the Mount 
Rogers Formation. 

Pond Mountain volcanic center
Located in the Catface thrust sheet, the Pond Mountain 

volcanic center is overridden by the Mount Rogers volcanic 
center along the Stone Mountain fault (Rankin, 1993; Bailey 
and Rose, 1998). The rocks are penetratively deformed and 
locally strongly tectonized (Fig. 8).  The Catface thrust bounds 

these rocks and juxtaposes lower clastic rocks and rhyolites 
against the Chilhowee Group and Konnarock Formation in 
the Mountain City window (Fig. 2).  Although upper contact 
relationships are excised by faulting and erosion, portions of 
the basement–cover contact are preserved.  Lower clastic rocks 
nonconformably on basement are overlain by rhyolite. A shallow 
NW-dipping fault along the basement-Mount Rogers Formation 
FRQWDFW�� DV� VKRZQ� E\� 5DQNLQ� �������� FRXOG� QRW� EH� LGHQWL¿HG�
(Fig. 2D).  The thickest accumulation of Neoproterozoic rocks 
in this volcanic center is at Pond Mountain.  Here, the lower 
Mount Rogers Formation consists of arkose, pebble to boulder 
lithic conglomerate, shale (slate), and minor basalt. Distinct 
purple shale with gray layers, chips, and reduction spots occurs 
at the base locally.  Bailey and Rose (1998) separated three 
different rhyolitic units and suggested that the Pond Mountain 
volcanic center may have partially collapsed into its magma 
chamber.  This study as also recognized multiple rhyolites in 
the Pond Mountain volcanic center (Fig. 2).  Rhyolites exposed 
on Pond Mountain and near Farmers Store, NC (the main body 
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of rhyolite in the Pond Mountain volcanic center) are purple to 
maroon, and distinctly porphyritic to megacrystic.  Phenocrysts 
comprise 30–40 percent of the rhyolite and consist of euhedral 
and embayed quartz, and alkali feldspar as long as 4 cm (Fig. 
8A).  Plagioclase phenocrysts are rare.  Linear bodies of reddish 
to maroon rhyolite have similar phenocryst assemblages, but 
DUH�RQO\����±��FP�DFURVV��DQG�ORFDOO\�FRQWDLQ�ODSLOOL�DQG�¿DPPH�
(Fig. 8C).  The large phenocrysts and mascular cavities suggest 
that this rock might be a hypabassal intrusive rock (Rankin, 
1993) but the deformed lapilli, embayed quartz phenocrysts, and 
fractured zircon grains (Fig. 8D) all indicate an extrusive origin. 
The distinctly porphyritic rhyolite from south of Farmers Store, 
NC was sampled for U-Pb geochronology of zircon by SHRIMP.  
Fifteen concordant analyses yielded a U-Pb Concordia age of 
758.7 ± 2.9 Ma (2 sigma-error) (Fig. 7).  The porphyritic, and 
locally strongly deformed, Pond Mountain rhyolite is the oldest 
rhyolite of the Mount Rogers Formation; however, detrital zircon 
data suggest rhyolites as old as ~780 Ma may have existed and 
were reworked into the clastic deposits (Holm-Denoma et al., 
20014; McClellan et al., this guidebook).   

*HRFKURQRORJ\

Improved analytical techniques have resulted in more 
precise age constraints of the Mount Rogers Formation (Table 
2).  Aleinikoff et al. (1995) obtained an age of 758 ± 12 Ma 
from the Whitetop Member using thermal ionization mass 
spectrometry.  Chemical abrasion thermal ionization mass 
VSHFWURPHWU\� VLQJOH� ]LUFRQ� DJHV� IURP� WKH� GH¿QHG� UK\ROLWH�
members of the Mount Rogers volcanic center span 6–10 m.y., 
and the weighted averages with associated errors overlap in age 
(Tollo et al., 2012; Table 2).  New SHRIMP U-Pb zircon ages 
from the Pond Mountain rhyolite date the oldest rhyolite deposit 
in the Mount Rogers Formation, 758.7 ± 2.9 Ma (2 sigma-error), 
while rhyolite from the Razor Ridge, 748.8 ± 3.2 Ma (2 sigma-
error), is the youngest rhyolite (Fig. 7; Table 2).  Based on the 
rhyolites ages, the Mount Rogers volcanic center magmatism 
likely persisted for at least10 m.y. or longer (Tollo et al., 2012), 
and eruption of the Mount Rogers rhyolites occurred between 
760–749 Ma.  The sub-volcanic magma chamber of the Mount 
Rogers Formation, however, may have existed as early as ~772 
Ma (oldest zircon analyzed; Tollo et al., 2012).  Additionally, 
SHRIMP and laser ablation-inductively coupled plasma-mass 
spectrometry U-Pb detrital zircon geochronology of arkoses 
DQG� FRQJORPHUDWHV� IURP� WKH�0RXQW� 5RJHUV� LGHQWL¿HG� ]LUFRQV�

Fe-Ti oxide

Figure 5.  Merschat et al. 
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that range from 800–710 Ma (Holm-Denoma et al., 2013, 2014, 
2015) demonstrating that older volcanic sources existed (Fig. 
9).  Several separate clasts from Mount Rogers Formation 
conglomerates ranged from 780–752 Ma (McClellan and Holm-
Denoma, 2014; McClellan et al., this guidebook).  The oldest 
three rhyolite clasts and a granitoid clasts, 780–772 Ma, further 
support the long lived duration of magmatism and initiation of 
rifting by ~780 Ma (Fig. 9) (McClellan et al., this guidebook).  
Additionally, these ages overlap with published ages from 
plutonic components of the Crossnore Complex (Table 2) (e.g., 
Rankin, 1975; Tollo et al., 2012).    

.211$52&.�)250$7,21

The Konnarock Formation crops out for ~60 km in the 
Blue Ridge thrust sheet, and Mountain City window (King 
and Ferguson, 1960; Hardeman, 1966; Rankin, 1993; Miller, 
2004).  Rankin (1993) recognized the glaciogenic origin of the 
XQLW�DQG�GH¿QHG�LW�DV�VHSDUDWH�IRUPDWLRQ�IURP�WKH�0RXQW�5RJHUV�
Formation. The Konnarock Formation locally unconformably 
overlies Mesoproterozoic basement and Mount Rogers 
Formation, although the contact is rarely exposed and/or is 
faulted (Rankin, 1993).  The formation is in excess of 1000 m 
thick (Rankin, 1993; Miller, 2004).  Maroon polylithic boulder 
to cobble diamictite and varved rhythmite containing dropstones 
are the most notable and characteristic lithologies (Rankin, 
1993) (Fig. 10).  These are interbedded with maroon to pink, 
massive sandstone/arkose, polylithic pebble conglomerate, 
maroon laminite, massive mudstone and other lithologies (see 
Miller, 2004).  

The Konnarock Formation represents a glaciolacustrine 
depositional environment in a continental rift setting (Rankin, 
1993; Miller, 2004).  The Konnarock Formation was deposited 
LQ�D� WKHUPDOO\�VWUDWL¿HG� ODNH�EDVLQ� WKDW�ZDV�DFWLYHO\�VXEVLGLQJ�

(Miller, 2004).    Varves indicate a seasonal control of the 
lake (melting and deposition during the warm periods) and 
dropstone stones indicate occurrence of ice-rafted material (Fig. 
10) (Miller, 2004).  Many of the sandstones, and interlayered 
sandstones and laminites represent subaqueous delta deposits 
(Miller, 2004; Moyer et al., 2016).  The massive to laminated, 
locally cross bedded, well-sorted sandstones represent proximal 
delta deposits.  Interlayered laminated mudstones and graded 
VDQGVWRQHV�UHSUHVHQW�WXUELGLWHV�RU�JUDYLW\�ÀRZV�GHSRVLWHG�LQ�WKH�
delta fans.  Diamictite, occurring at the top of formation, was 
deposited proximal to the glacier and likely indicates advance of 
a glacier across the paleo-Lake Konnarock.  The diamictite may 
have been deposited as a lodgment till on top of a frozen lake 
(Rankin, 1993), or a subaqueous lacustrine deposit below an ice 
cliff or ramp, which explains interbedded sandstone within the 
diamictite (Miller, 2004).  Clasts in the diamictite are dominantly 
Mesoproterozoic granitoids, while conglomerates in the Mount 
Rogers include both volcanic rocks and Mesoproterozoic 
granitoids (Rankin, 1993; Miller, 2004).  Detrital zircons from 
the Konnarock Formation are dominantly Mesoproterozoic and 
mimic this provenance shift (Holm-Denoma et al., 2012, 2013).  
The source area was dominated by Mesoproterozoic granitoids, 
indicating the glacier likely advanced from the west (current 
geographic coordinates) because no Mesoproterozoic rocks 
were cropping out to the east at the time of deposition; alpine 
JODFLHUV�RQ�YROFDQLF�HGL¿FHV�DV�SRUWUD\HG�E\�0LOOHU��������ZHUH�
not the setting because of the lack of volcanic clasts and detrital 
zircons of the appropriate age within the Konnarock.     

The depositional age of the Konnarock Formation is 
constrained by the youngest rhyolite (~749 Ma) and the 
disconformably overlying Unicoi Formation (Rankin, 1993).  
This broad age range for the Konnarock overlaps with several 
recognized global Neoproterozoic glaciations: Kaigas, ~750 
Ma; Sturtian, 716.5–700 Ma; Marinoan, 660–631 Ma; and 

Table�2.��Crystallization�ages�of�the�Crossnore�PlutonicͲVolcanic�Suite
Unit Crystallization�age�(Ma) Method Notes References

Mount�Rogers�Formation
Razor�Ridge�rhyolite 748.4�±�3.2 SHRIMP ––
Wilburn�Rhyolite 749.7�±�3.1 CAͲTIMS 754.5�±�1.2�(wtd.�mean) 3
Whitetop�Rhyolite 753.3�±�2.0 CAͲTIMS 757.1�±�3.6�(wtd.�mean) 3
Burrard�Rock�Rhyolite 755.0�±�6.6 CAͲTIMS 754.7�±�4.7�(wtd.�mean) 3
Fees�Rhyolite 753.1�±�2.7 CAͲTIMS 759.8�±�2.6�(wtd.�mean) 3
Pond�Mountain�rhyolite� 758.7�±�2.9 SHRIMP ––
Metagabbro 757�±�5 SHRIMP 3

Crossnore�Plutonic�Suite
Beech�Pluton 745�±�6 TIMS 2
Beech�Pluton 757�±�6 TIMS 1424�±�29�upper�intercept 2
Lansing�pluton 739�±�4 TIMS 2
Warrensville�pluton 740�±�8 TIMS 2
Crossnore�pluton 754�±�5 TIMS 2
Bakersville�Metagabbro 734�±�26 RbͲSr�isochron 1

759�±�7 SHRIMP 4

wtd.—weighted;�CAͲTIMS—chemical�abrasionͲthermal�ionization�mass�spectrometry;�
SHRIMP—sensitive�highͲresolution�ion�microprobe;�TIMS—thermal�ionization�mass�spectrometry

References:��1—Goldberg�and�Fullagar�(1986);�2—Su�et�al.�(1994);�3—Tollo�et�al.�(2012);�and�4—J.N.�
Aleinikoff�U.S.�Geological�Survey�(2016,�oral�commun.)
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Gaskiers 583–582 Ma (Hoffman and Schrag, 2002; Macdonald 
et al., 2010; Fig. 11). The supercontinent Rodinia was situated 
at low latitudes (4°–5°; 20°–30°) at this time (e.g., Hoffman 
and Schrag, 2002; Evans and Raub, 2011), so the Konnarock 
glaciation may be related to a global event.  Rhyolite bodies 
within the glaciolacustrine rocks are small (1 to 2.4 km long) 
isolated bodies of rhyolite that are structurally separated from 
the main masses of rhyolite in the Razor Ridge area (Merschat 
and Southworth, 2011; Merschat et al. 2014) (Fig. 2).  Polylithic 
pebble conglomerate above a body of rhyolite contains clasts of 
rhyolite, thus rhyolites are interlayered with glaciogenic rocks 
and not a klippe (Fig. 2) (e.g., Rankin et al., 1972; Rankin, 
1993).  Texturally, these purple to maroon, porphyritic rhyolites 
resemble those of the ~749 Ma Mount Rogers Formation. Until 

new U-Pb ages are obtained for these outliers, the tentative age of 
~749 Ma is applied to the Konnarock Formation and glaciation 
in this area may be related to a pre–Sturtian event (Fig. 11).  

&KLOKRZHH�*URXS

Unconformably overlying basement and the Konnarock 
Formation is the late Neoproterozoic to Cambrian Chilhowee 
Group succession of conglomerate, shale, and sandstone (Stose 
and Stose, 1957; King and Ferguson, 1960; Rankin et al., 1972; 
Rankin, 1993).  The Unicoi Formation, the lowest unit, consists 
RI�D�ORZHU�SDUW�RI�FRQJORPHUDWH��DUNRVH��VKDOH�DQG�EDVDOW�ÀRZV��
The upper part is cross-bedded quartz arenite, which marks the 
WUDQVLWLRQ� IURP� ÀXYLDO� WR� PDULQH� HQYLURQPHQWV� �6LPSVRQ� DQG�
Eriksson, 1989; Smoot and Southworth, 2014). The overlying 
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+DPSWRQ�)RUPDWLRQ�LV�FRPSRVHG�RI�EODFN�VKDOHV��VRPH�VXO¿GLF��
and gray sandstones that are turbidite successions deposited in 
deeper marine water (Smoot and Southworth, 2014).  White 
vitreous quartz arenites and light greenish gray shales of the 
Erwin Formation represent a return to shallow marine conditions; 
the top is mostly calcareous sandstones and shales of the 
Helenmode Member, which commonly host manganese deposits 
(King et al., 1944; King and Ferguson, 1960).  In a detailed 
study of the ichnotaxa of the Chilhowee Group, Hageman and 
0LOOHU� ������� LGHQWL¿HG� D� QHYDGLLG� WULORELWH� VSHFLPHQ� IURP�
the Erwin Formation (Murray Shale) on Chilhowee Mountain 
in southeast Tennessee.  The nevadiid trilobite constrains the 
Erwin Formation to Cambrian Stage 3 (521–517 Ma) (Hageman 
and Miller, 2016).  The Chilhowee Group rocks are succeeded 
by blue-gray Shady Dolomite and maroon shale, sandstone and 

minor carbonates of the Rome Formation (King et al., 1944; 
King and Ferguson, 1960; Rankin, 1967).  

'(75,7$/� =,5&21� *(2&+5212/2*<� 2)�
1(23527(52=2,&�52&.6�$1'�%$6,1�'<1$0,&6

Several samples (N=23) from the Mount Rogers, 
Konnarock, and Unicoi formations from each of the above 
mentioned volcanic centers/thrust sheets were sampled and 
analyzed for detrital zircon U-Pb ages by SHRIMP and LA-
ICPMS. A pooled probability density plot of all detrital zircon 
analyzed (N=~1300 analyses <15% discordant, 833 from the 
Mount Rogers Formation as shown in Figure 9) for this study 
shows three main age peaks, ~1160 Ma, ~1040 Ma, and ~760 
Ma, which coincide with the Grenville early and late magmatic 
suites (Tollo et al., 2010, 2012) and Mount Rogers volcanism, 
respectively. Within the Neoproterozoic (~760 Ma) peak, 243 
analyses between 800-700 Ma were evaluated and treated 
statistically to deconvolute and identify multiple zircon age 
populations under the ~760 Ma curve. The “Unmix” function 
RI� ,VRSORW� Y�� ����� �/XGZLJ�� ������ XVHV� WKH� UHODWLYH� PLV¿W�
parameter of the Sambridge and Compston (1994) method for 
deconvolution of Gaussian data. More than 90% of the data falls 
into the age grouping of ~761 Ma (Figure 9b); however, two 
RWKHU�PLQRU� DJH� SRSXODWLRQV�ZHUH� LGHQWL¿HG� DW� DSSUR[LPDWHO\�
����0D�DQG�����0D��7KLV�LV�VLJQL¿FDQW�DV�WKUHH�UK\ROLWH�DQG�D�
granitoid clast from the lower Mount Rogers Formation yielded 
ages between ~780-772 Ma as well as several rhyolite clasts that 
are ~760 Ma and ~753 Ma (see McClellan and Holm-Denoma, 
this guidebook; Holm-Denoma and McClellan, 2014, 2015; 
McClellan and Holm-Denoma, 2014) (Figure 9b). This suggests 
that magmatism in this region started by at least 780 Ma and 
persisted for at least 30 m.y. 

A Mount Rogers area composite stratigraphic section 
(including samples from each volcanic center/thrust sheet) based 
on the detrital zircons collected for this study was created to 
show detrital zircon provenance trends through time (Figure 12). 
Several observations are noted from the comparison of individual 
samples in this data set. (1) The lower Mount Rogers Formation 
has variable amounts of Mesoproterozoic and Neoproterozoic 
detrital zircon populations. However, the early magmatic suite 
Mesoproterozoic zircons are much more abundant than late 
magmatic suite derived zircon. This suggests that during initial 
rifting and basin formation the Early Magmatic suite granitoids 
were volumetrically more exposed than late magmatic suite 
granitoids. (2) The upper Mount Rogers Formation detrital 
zircon population is almost entirely derived from volcanic rocks 
erupted during ~760 Ma rifting of the region. (3) Between the 
lower and upper Konnarock Formation, ~760 Ma detrital zircon 
is no longer being sourced. This suggests that (a) volcanism has 
ceased in the region, and (b) that detrital zircon of that age is 
no longer accessible/exposed for erosion and deposition into the 
Konnarock basin. (4) Detrital zircon in the upper Konnarock 
is dominantly derived from late magmatic suite rocks. This 
suggests that either the source of the Konnarock has switched 
due to shifting drainage patterns or, if the sediment is still 
being derived locally, that the early magmatic suite dominated 
the upper portion of the basement rocks, and that progressive 
XQURR¿QJ�RI� WKH�EDVHPHQW� H[SRVHG� ORZHU�FUXVWDO� DVVHPEODJHV 
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)LJXUH� ���� � � 'LDPLFWLWH� DQG� UK\WKPLWH� DUH� GLVWLQFW� JODFLRJHQLF�
OLWKRIDFLHV� RI� WKH�.RQQDURFN�)RUPDWLRQ�� � �$��0DURRQ�GLDPLFWLWH�
ZLWK� YDULRXV� JUDQLWRLG� FREEOHV� DQG�ERXOGHUV� LQ� D�PDWUL[� RI� FOD\��
VLOW��DQG�VDQG�RFFXUV�LQ�WKH�XSSHU�SDUW�RI�WKH�IRUPDWLRQ���2XWFURS�
LV� ORFDWHG�RQ�86����QHDU� LQWHUVHFWLRQ�ZLWK�9$������ VHH�6WRS��±����
6OHGJH�LV����FP�ORQJ����%��&REEOH�VL]HG�JUDQLWRLG�GURSVWRQH��DUURZ�
SRLQWV� WR�GURSVWRQH�� LQ� UK\WKPLWH� IURP�VPDOO�TXDUU\�RQ�9$�������
%HGV��6��� �GDVKHG� OLQHV��GLS�WR� WKH�1:�DQG�GLVWLQFW�FRXSOHWV�ZLWK�
VKDUS�ERXQGDULHV�LQGLFDWH�WKHVH�DUH�OLNHO\�YDUYHV���+DPPHU�LV������
FP�ORQJ�
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dominated by the late magmatic suite—essentially exposing a 
VWUDWL¿HG�EDVHPHQW�DUFKLWHFWXUH�

The detrital zircon age population variations within 
samples of the lower Mount Rogers Formation coincide with 
their structural/volcanic center relations (Fig. 12). Samples 
from the Mount Rogers volcanic center/thrust sheet have 
detrital zircon that are dominantly ~760 Ma with relatively 
minor Mesoproterozoic grains. This suggests that the basin 
ZDV�GRPLQDQWO\�¿OOHG�E\�YROFDQLF�DQG�YROFDQLFODVWLF�URFNV��7KH�
Razor Ridge volcanic center/thrust sheet is apparently devoid 
of ~760 Ma volcanic-derived detrital zircon. This suggests that 
the basin was isolated from volcanic rocks during deposition. 
Interestingly, the Razor Ridge rhyolite dated at ~749 Ma 
(Figure 7) is one of the youngest in the area. We suggest that the 
Razor Ridge basin was an isolated basin or is relatively young 
compared to the Mount Rogers and Pond Mountain basins. It is 
SRVVLEOH�WKDW�WKH�5D]RU�5LGJH�EDVLQ�ZDV�¿OOHG�TXLFNO\�SULRU�WR�
eruption of the ~749 Ma volcanism. The Pond Mountain volcanic 
center has a relatively bimodal detrital zircon age distribution 
including both basement (Mesoproterozoic) and volcanic (~760 
Ma)-derived detritus. This suggests that the Pond Mountain 
basin was receiving both volcanic and volcaniclastic detritus 

as the basement was extended and eroded. The three volcanic 
centers have unique detrital zircon age populations, but each 
was formed during the active extension and uplift of the area in 
which the lower Mount Rogers formation was being deposited 
into basins. The basement paleotopography was quite variable 
and had a profound impact on the facies preserved in the basins.   

($67(51� %/8(� 5,'*(�²� *266$1� /($'� 7+5867�
6+((7�

The eastern Blue Ridge consists of an amphibolite-grade 
DVVHPEODJH� RI� GRPLQDQWO\� VLOLFLFODVWLF� URFNV� ZLWK� PD¿F� DQG�
XOWUDPD¿F� URFNV� WKDW� UHFRUG� WKH� FORVLQJ� RI� WKH� ,DSHWXV� RFHDQ���
5DQNLQ� ������� GH¿QHG� WZR� IRUPDWLRQV� LQ� WKH� %OXH� 5LGJH� RI�
northwestern North Carolina, the Ashe and overlying Alligator 
Back formations.   Tectonic aspects of the rocks led Abbott and 
Raymond (1984) to call these rocks the Ashe Metamorphic Suite 
within the Gossan Lead thrust sheet.  The Wills Ridge Formation, 
DV�GH¿QHG�E\�5DQNLQ�HW�DO����������FRQVLVWV�RI�JUDSKLWLF�VFKLVWV��
arkoses, and conglomerate deposited nonconformably on 
basement and underlying the Ashe along a pre–metamorphic 
fault.  Eastern Blue Ridge lithostratigraphy and structures are 
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further discussed in Carter and Merschat (this guidebook).  To 
the southwest the Ashe Formation is intruded by the Devonian 
Spruce Pine pegmatites (392–361 Ma; Mapes, 2002; Miller et 
al., 2006) and to the southeast the Mississippian Stone Mountain 
and Mount Airy granites intrude the Alligator Back Formation 
(Rankin et al., 1972; Miller et al., 2006).  The age of the 
Ashe Formation remains loosely constrained by the youngest 
detrital zircons and oldest intrusion, 750–466 Ma (e.g., Bream 
et al., 2004; Merschat et al., 2010).  Interpretation of the Ashe 
Formation as being deposited after the opening of the Iapetus 
ocean, suggests that it likely ranges from Late Neoproterozoic 

to Ordovician, 570–466 Ma (Rankin et al., 1975; Rankin, 1993, 
Hatcher, 2007a; Merschat et al., 2010).   

,Q� WKH� VRXWKHDVWHUQ� FRUQHU� RI� WKH�¿HOG� WULS� DUHD�� WKH�$VKH�
Formation consists of metagraywacke (two-mica gneiss) 
and interlayered pelitic schist, graphitic schist, amphibolite, 
chlorite-talc-amphibole schist, and an important locality of 
metaconglomerate near the contact with Mesoproterozoic 
basement (Rankin, 1971; Rankin et al., 1972). Graphitic schist, 
metagraywacke and metaconglomerate along the western part of 
the Gossan Lead thrust sheet (Fig. 2) may be correlated with the 
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Wills Ridge Formation (Rankin et al., 1993) or the Lynchburg 
Formation (Stose and Stose, 1957; Carter and Merschat, 2014, 
this guidebook).  Metamorphic grade is kyanite-staurolite 
zone locally overprinted by a retrograde greenschist-facies 
assemblage.  Interlayered quartzo-feldspathic and pelitic layers 
may be beds, but sedimentary structures are transposed into the 
strong regional foliation.  Linear inclusion trails in garnet and 
staurolite porphyroblasts, intrafolial folds, and oblique foliations 
preserved in amphibolite boudins indicate the regional foliation 
is at least S2 (Fig. 13).  The regional foliation is superposed by a 
later F3 crenulation that folds the earlier foliations and layering.  

The origin of rocks in the eastern Blue Ridge remains 
controversial.  Rankin (1970; 1975) suggested that the Ashe 
and overlying Alligator Back formations were deposited 
unconformably on basement, but later restricted only the 
Wills Ridge Formation to a nonconformable position above 
basement.   Abbott and Raymond (1984) suggested that the 
Ashe Formation was deposited on oceanic crust due to the 
ODUJH�YROXPH�RI� DPSKLEROLWH� DQG� VPDOO�XOWUDPD¿F�ERGLHV�� DQG�
transported onto basement along the Gossan Lead fault of Stose 
and Stose (1957).  Whisonant and Tso (1992) suggested that 
the rocks were deposited in slope and rise setting, based on 
quartz, feldspar, and clay modal proportions of metasandstones. 

Detrital zircon suites from along strike segments of the eastern 
Blue Ridge have yielded 1.4, 1.3, 1.2, 1.1, 1.0 and minor 0.7 Ga 
detrital zircons spectra suggesting a peri-Laurentian provenance 
(Bream et al., 2004; Carter et al., 2006; Merschat et al., 2010).  
Tectonic compilations of the orogen have included the eastern 
Blue Ridge in various terranes: Piedmont terrane (Williams and 
Hatcher, 1982), Jefferson (Horton et al., 1991), Toe (Raymond 
et al., 1989), Piedmont zone (Hibbard et al., 2006), and the 
Tugaloo (Hatcher et al., 2007a).    

6758&785(

The Blue Ridge is polydeformed by multiple Proterozoic to 
Paleozoic orogenies.  Structures across the Blue Ridge vary in 
style and age.  This study recognizes the following deformational 
events: D1, Grenville orogeny, 1.2–1.0 Ga; D2, middle Paleozoic 
Taconic and Acadian-Neoacadian orogenies, 470–440 Ma and 
395–340 Ma; D3 Alleghanian orogeny, 340–260 Ma.  

The oldest structures occur in the basement gneisses and 
are the result the Grenville orogeny, which actually consists of 
three to four different phases or events.  The Grenville orogeny 
resulted in the formation of the Proterozoic supercontinent 
Rodinia.  As noted previously, associated tectonomagmatic 
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events include the Elzevirian, Shawinigan, Ottawan and Rigolet 
(McClelland et al., 2010, 2013).  Structures that formed during 
WKHVH�HYHQWV�DUH�GLI¿FXOW�WR�UHFRJQL]H��ODUJHO\�GXH�WR�WKH�LQWHQVH�
overprinting Late Paleozoic deformation, D3.  In areas of less 
intense late Paleozoic deformation, high-grade D1 structures 
have been recognized (Tollo et al., 2010, 2012).  D1 structures are 
SULPDULO\�GH¿QHG�E\�KLJK�JUDGH��DPSKLEROLWH�WR�JUDQXOLWH�IDFLHV��
gneissic foliation S1 and roughly parallel migmatite layers in the 
orthogranofels, granofels, and basement amphibolites.  In some 
granitoid lithologies, S1�PD\�EH�GH¿QHG�E\�WKH�DOLJQPHQW�RI�DONDOL�
feldspar.  Although the orientation of S1 may vary, it generally 
strikes NW and dips steeply (mean foliation 322/83, Fig. 14).  
Folds and mineral lineations are also associated with D1, but are 
rare.  Tollo et al. (2010, 2012) delimited the formation of these 
VWUXFWXUHV�XVLQJ�8�3E�JHRFKURQRORJ\�DQG�¿HOG�UHODWLRQVKLSV�WR�
either the Shawinigan, or Ottawan orogenic phases.

The middle Paleozoic orogenies are combined into 
one event, D2, because the different structures or age of the 
structures cannot be clearly resolved by this study (i.e., Taconic 
versus Acadian).  Middle Paleozoic deformation is limited 
to the eastern Blue Ridge and possibly into the immediate 
footwall of the Gossan Lead fault (Fig. 14).  No evidence for 
middle Paleozoic deformation, D2, has been recognized in the 
western Blue Ridge, Stony Creek syncline, Mountain City 
window, and Valley and Ridge.  The eastern Blue Ridge, Ashe 
Formation rocks, in the southeast corner of the study area are 
polydeformed amphibolite facies rocks that reached kyanite and 
staurolite zones.   The different amphibolite facies deformations 
in the eastern Blue Ridge are designated with “a, b, c . . .” to 
indicate different generations of the structures.  The dominant 
foliation, S2b��LV�GH¿QHG�E\�ELRWLWH���PXVFRYLWH���TXDUW]���JDUQHW�
�� SODJLRFODVH� �� VWDXUROLWH� �� N\DQLWH� LQ� SHOLWLF� DQG� SVDPPLWLF�
URFNV�� DQG� KRUQEOHQGH� �� TXDUW]� �� SODJLRFODVH� LQ� EDVLF� URFNV���
Linear inclusion trails in garnet and staurolite porphyroclasts 
GH¿QH� DQ� HDUOLHU� PLGGOH� 3DOHR]RLF� IROLDWLRQ� 62a that is 
oblique to S2b (Fig. 13).  The L2b�PLQHUDO� OLQHDWLRQ� LV� GH¿QHG�
E\� PLQHUDO� DJJUHJDWHV� RI� TXDUW]� �� PXVFRYLWH�� DQG� DOLJQHG�
minerals including amphiboles, and, in some schists, staurolite.   
$EERWW� DQG�5D\PRQG� ������� GHVFULEHG�¿YH� GHIRUPDWLRQV� DQG�
three metamorphic events that affected the rocks of the Ashe 
Metamorphic Suite during the Taconic and Acadian orogenies.  
Our D2a and D2b deformations likely correspond to their D3, 
D4, and D5 events (Taconic and Acadian deformation).   To the 
southwest, however, multiple studies have separated Taconic 
and Acadian-Neoacadian structures in the eastern Blue Ridge of 
northwestern North Carolina (Goldberg and Dallmeyer, 1997; 
Trupe et al., 2003; Miller et al., 2010).  Based on the results of 
the 40Ar/39Ar thermochronology, discussed below, the D2 event 
occurred before ~340 Ma.

Most of the structure of the Mount Rogers area is related 
to the Alleghanian orogeny, D3.  These structures include a 
penetrative greenschist facies foliation and cleavage (S3), 
regional SE-plunging mineral stretching lineation (L3), 
northwest-verging folds and crenulations (F3) (Fig. 14).  
Alleghanian fabrics decrease in grade and intensity from SE to 
NW.  The Valley and Ridge, Mountain City window and Shady 
Valley thrust sheet are characterized by a spaced cleavage that is 
axial-planar to Alleghanian folds (Fig. 14).  

The S3� IROLDWLRQ� LV� GH¿QHG�E\�JUHHQVFKLVW� IDFLHV�PLQHUDOV�
PXVFRYLWH� �VHULFLWH����TXDUW]���FKORULWH���PDJQHWLWH���HSLGRWH�
± K-feldspar ± albite.  Alleghanian deformation is more intense 
in high-strain zones.  Largely granitic to rhyolitic protoliths 
DUH�DOWHUHG�WR�SK\OORQLWHV�GRPLQDWHG�E\�¿QH�JUDLQHG�PXVFRYLWH�
(sericite) formed through the replacement of feldspar.  The L3 
PLQHUDO� OLQHDWLRQ�GH¿QHV�D�UHJLRQDO�SDWWHUQ�DFURVV� WKH�ZHVWHUQ�
DQG�HDVWHUQ�%OXH�5LGJH��)LJ������� �7KH� OLQHDWLRQ�LV�GH¿QHG�E\�
fractured and stretched feldspar, and mineral aggregates of 
PXVFRYLWH��� TXDUW]��� FKORULWH� �)LJ�� �%� DQG� �&��� �7RS�WR�1:�
kinematics associated with the mineral lineation suggests NW-
directed transport of the Blue Ridge thrust sheet.  Folds are 
not common in many of the deformed basement rocks, but are 
FRPPRQ�LQ�WKLQ�EHGGHG��¿QH�JUDLQHG�VHGLPHQWDU\�URFNV�LQ�WKH�
Mountain City window and Stony Creek syncline.  These folds 
plunge gently (3–20°) to the ENE (35–060), with a steep to 
subvertical axial planar cleavage (Fig 14).

 ��$5���$5�7+(502&+5212/2*<�

Samples containing hornblende, muscovite, and K-feldspar 
were collected from the western edge of the Blue Ridge thrust 
sheet to the eastern Blue Ridge for 40Ar/39Ar thermochronology 
(Stokes et al., 2010; Stokes, 2013; M. Kunk, unpublished data; 
Tollo et al., 2012; McAleer et al., 2015).  Samples were collected 
from different units—basement gneisses, marbles, muscovite-
rich phyllonites, foliated rhyolites of the Mount Rogers 
Formation, and Ashe Formation schists and amphibolites—and 
across different structures—the Catface fault, greenschist facies 
high-strain zones related to the Fries fault, and the Gossan Lead 
fault.  A summary of the results is shown in Figure 15.

Two patterns are evident in the 40Ar/39Ar data.  First, from 
the Catface fault SE across the Gossan Lead fault, muscovite 
yields plateau or near plateau ages of ~340 Ma for all samples 
(Fig 15). Second, the 40Ar/39Ar ages of amphibole and K-feldspar 
are markedly different on either side of the Gossan Lead fault. 
Amphibole in the basement of the western Blue Ridge records 
an age of ~950 Ma, but amphibole immediately east of the 
Gossan Lead fault is ~340 Ma.  K-feldspar age spectra from 
rocks west of the Gossan Lead fault climb to ages > 340 Ma 
(older than muscovite ages) in all cases (n = 5), but only climb 
in age to ~300 Ma east of the Gossan Lead fault.  These patterns 
suggest the western and eastern Blue Ridge had different thermal 
histories (Fig. 16).

The preservation of Grenvillian amphibole ages west of 
the Gossan Lead fault indicates these rocks were never heated 
above ~500° C during Paleozoic orogenesis.  Similarly, because 
some K-feldspar age spectra climb to >470 Ma, Paleozoic 
metamorphic conditions likely never exceeded the lower 
greenschist-facies conditions west of the Gossan Lead fault.  
The fact that all (n = 5) K-feldspar spectra climb to ages that 
exceed the age of foliation-forming muscovite separated from 
WKH� VDPH� URFNV� IXUWKHU� FRQ¿UPV� WKDW� 3DOHR]RLF� GHIRUPDWLRQ�
occurred in the lower greenschist-facies conditions. This low 
grade of Paleozoic metamorphism in the western Blue Ridge is 
FRQVLVWHQW�ZLWK�DOO�¿HOG�DQG�SHWURJUDSKLF�REVHUYDWLRQV�

In light of these data we interpret the ~340 Ma age from 
foliation-forming muscovite in the western Blue Ridge to record 
the time of foliation formation rather than the time of cooling 
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through muscovite closure. In other words, the penetrative 
Paleozoic deformation (see Stops 1–2 and 1–7, Fig 1–7–1) 
observed in the Fries fault and Blue Ridge thrust (Catface and 
Stone Mountain faults) occurred at ~340 Ma.  These samples 
yield nearly ideal plateau ages because the folia are in rocks with 
no primary muscovite (e.g. rhyolite) and so only one generation 
of muscovite is present. Where foliation-forming muscovite 
overprints primary basement muscovite, a complex, older age 
VSHFWUXP�UHVXOWV��ZKLFK�FRQ¿UPV� WKH�EHORZ�FORVXUH�JURZWK�RI�
muscovite in the western Blue Ridge (Fig. 16; Stokes, 2012).

In the eastern Blue Ridge amphibole and muscovite ages are 
as young as ~340 and ~335 Ma. Because the microchemistry of 
the amphibole shows that it grew at 700° C (Stokes et al., 2012), 
and muscovite occurs in folia along with biotite (indicating 
minimum growth temperatures of >400° C), these muscovite 
DQG�.�IHOGVSDU�DJHV�DUH�LQWHUSUHWHG�WR�UHÀHFW�WKH�WLPH�RI�FRROLQJ�
through 350° C following peak metamorphism.

6800$5<�2)�7(&721,&�(9(176

The tectonic history of the Mount Rogers area (Fig. 16) 
begins with ~1.33 Ga, pre–Grenville crust. These rocks were 
intruded by the early magmatic suite plutonic rocks at 1190–
1140 Ma, which corresponds with high-grade deformational 
structures (D1, S1) in the pre-Grenville rocks and crystallization 
of metamorphic zircon rims (Tollo et al, 2010, 2012).  The early 
magmatic suite constitutes the majority of Mesoproterozoic 
rocks in the Mount Rogers area (Tollo et al., 2010, 2012), the 
French Broad massif, smaller internal massifs in the southern 
Appalachians (Carrigan et al., 2003), and the Shenandoah 
massif (Southworth et al., 2010; Carter et al., 2012, 2013).  This 
HYHQW� LV� GH¿QHG� DV� WKH� 6KDZLQLJDQ� RURJHQ\�� ����±�����0D��
and represents the initial collision of Amazonia and Laurentia 
(McClelland et al., 2010, 2014).  The late magmatic suite, 
1075–1030 Ma correlates with the Ottawan Phase, 1090–1020 
Ma, of the Grenville orogeny and continued collision between 
Amazonia and Laurentia (Tollo et al., 2010).  Whole-rock Pb 
isotopic studies indicate that Mesoproterozoic rocks of the 
southern and central Appalachians, including the rocks of the 
Mount Rogers area, were part of Amazonia (Sinha et al., 1996; 
Loewy et al., 2003; Fisher et al., 2010).  The continuity of 
magmatic and deformational ages from the central and southern 
Appalachian massifs to the Adirondacks and the Canadian 
Grenville Provence and Pb isotopic signatures demonstrate 
the collision of Amazonia and Laurentia began during the 
Shawinigan orogeny (Carrigan et al., 2003; McClelland et 
al., 2010, 2013, Tollo et al., 2010), and may have continued 
episodically through 0.98 Ga (Aleinikoff et al., 2013).  

During the Cryogenian there was a period of continental 
rifting, volcanism, and glaciation. Deep crustal basement rocks 
ZHUH� H[KXPHG� WR� WKH� VXUIDFH� �)LJ�� ���� DQG� LQWUXGHG�E\�PD¿F�
dikes (757 ± 9 Ma; Tollo et al., 2012) that locally breeched the 
VXUIDFH�DQG�IRUPHG�EDVDOW�ÀRZV�QRZ�LQ�WKH�ORZHU�0RXQW�5RJHUV�
Formation.  Intertonguing arkoses, conglomerates, shales and 
mudstones represent the variation and close proximity of high 
to low energy sedimentary environments of alluvial fan and 
shallow basin deposits that developed in the rifts associated with 
the Mount Rogers Formation.  Rhyolites from the Mount Rogers 
Formation span at least from 760–749 Ma (Tollo et al., 2012)—

rhyolite clast ages suggest volcanism and rifting initiated as early 
as ~780 Ma (McClellan and Holm-Denoma, 2014; McClellan et 
al., this guidebook).  Geochemically the rhyolites are A-type, 
rift-related, within-plate magmas, similar to granitoid plutons of 
the Crossnore Complex in northwestern North Carolina (Rankin, 
1975; Novak and Rankin, 2004; Tollo et al., 2012).  Likewise, 
basalts (greenstones) from the Mount Rogers Formation 
DQG� PD¿F� GLNHV� IURP� WKH� XQGHUO\LQJ� EDVHPHQW� DUH� VLPLODU�
to Bakersville Gabbro near the type area (Tollo et al., 2012).  
8OWLPDWHO\�� WKH� XQGHUZHOOLQJ� RI� PDQWOH�GHULYHG�PD¿F�PDJPD�
resulted in the generation of siliceous magma of the 760–740 
Ma granitoid plutons and metagabbro bodies of the Crossnore 
Complex and the 760–749 Ma Mount Rogers Formation 
rhyolites (McClellan and Gazel, 2014).  Detrital zircons and 
rhyolite clasts suggests rifting and magmatism began by ~780 
Ma (McClellan and Holm-Denoma, 2014; Holm-Denoma et al., 
2014, 2015; McClellan et al., this guidebook).  Globally, ca. 780 
Ma is recognized as a mantle plume/super plume event (Li et al., 
2008).   McClellan and Gazel (2014) suggested that the Mount 
Rogers Formation represented results of a mantle plume, but 
exactly how the plume is manifested in the geology of the Blue 
Ridge remains unclear.  Regionally, Neoproterozoic magmatic 
rocks in the Blue Ridge of northwest North Carolina to central 
Virginia young to the northeast (Burton and Southworth, 
2010; McClellan and Gazel, 2014).  Analogues for middle 
Neoproterozoic tectonics of the Blue Ridge are the East African 
rift (Rankin, 1975; Novak and Rankin, 2004), Yellowstone hot 
spot (Tollo et al., 2012), or mantle plume (McClellan and Gazel, 
2014).  

Glaciation was locally penecontemporaneous with late 
felsic volcanism (Merschat and Southworth, 2011; Merschat 
et al., 2014).  The dominance of Mesoproterozoic basement 
clasts in Konnarock diamictites suggest that glaciers advanced 
from the west (present geographic coordinates; Rankin, 1993).  
Paleolatitude estimates for Laurentia place the Konnarock 
Formation at low to middle latitudes (4°–5°; 20°–30°)  at ~740 
0D�DQG� WKH�H[LVWHQFH�RI�JODFLHUV� DW� WKLV� ODWLWXGH�PD\� UHÀHFW� D�
global event (Hoffman and Schrag, 2002; Evans and Raub, 
2011).  Rhyolite bodies in the Konnarock Formation provide a 
possible age constraint, ~750 Ma and suggest a correlation with 
a pre-Sturtian glacial event.  Field relationships, however, are 
not conclusive.  The rhyolites may represent erosional rhyolite 
domes that were topographic highs in the paleolake Konnarock 
basin.  Further, global evidence of a pre-Sturtian glacial event 
LV� LQ� GRXEW� EDVHG� RQ� LVRWRSLF� HYLGHQFH� DQG�¿HOG� UHODWLRQVKLSV�
(Rooney et al., 2015).  The Sturtian event (717–700 Ma) is well 
documented in the Laurentian craton in northwestern Canada 
(e.g., Macdonald, 2010), and may be an equally reasonable time 
of deposition of glacial rocks represented by the Konnarock 
Formation.

%DVDOW�ÀRZV�LQ�WKH�ORZHU�8QLFRL�)RUPDWLRQ�DUH�OLNHO\�UHODWHG�
to continental basalts of the 571–565 Ma Catoctin Formation 
and the break-up of Rodinia (i.e., Aleinikoff et al., 1995; Burton 
and Southworth, 2010; Smoot and Southworth, 2014).  Fluvial 
environments represented by conglomerates, arkose, and shales 
of the lower Unicoi Formation transgressed to marine and passive 
margin sediment in the upper Unicoi Formation (Simpson and 
Eriksson, 1989; Walker et al., 1994; Smoot and Southworth, 
2014).  Eventually, clastic sedimentation ceased and an Early 
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Cambrian to Ordovician carbonate shelf developed. During 
this same period, eastern Blue Ridge rocks (Ashe Formation) 
were deposited in the opening Iapetus ocean basin.   Provenance 
studies support a Laurentian source likely in a slope and rise 
setting proximal to Laurentia (Bream et al., 2004; Carter et al., 
2006; Merschat et al., 2010).

The eastern Blue Ridge was affected by multiple Middle 
Paleozoic orogenies resulting in the closing of the Iapetus ocean 
and amphibolite-facies metamorphism (Fig. 15).  Evidence 
for both a 465–450 Ma Taconian and a 390–345 Ma Acadian-
Neoacadian event has been recognized in the eastern Blue Ridge 
elsewhere, however, only Devonian to Mississippian deformation 
and metamorphism are recorded in northwesternmost North 
Carolina by 40Ar/39Ar hornblende cooling ages 360–340 Ma 
�6WRNHV�HW�DO���������6WRNHV���������ZKLFK�OLNHO\�UHÀHFWV�$FDGLDQ�
Neoacadian orogenesis and collision of the Carolina superterrane 
with Laurentian (Merschat et al., 2005; Hatcher et al., 2007a; 
Merschat and Hatcher, 2007).  South of the Grandfather 
Mountain window, the Ashe Formation contains eclogite dated 
DW� ������ ����������0D� �0LOOHU� HW� DO��� ������� DQG� ���±����0D�
Sm-Nd and Rb-Sr garnet and hornblende ages (Goldberg and 
Dallmeyer, 1997).  These isotopic ages represent subduction 
and closure of the Iapetus ocean and regional metamorphism 
associated with the Taconic orogeny, respectively (Fig. 16).  

The Alleghanian orogeny was the culminating, late 
Paleozoic collisional event and resulted in the formation of the 
supercontinent Pangea (e.g., Hatcher, 1989).  Based on restored 
cross sections across the orogen, crustal shortening in the 
southern and central Appalachians was ~50% (Hatcher, 1989; 
Hatcher et al., 2007b); the Blue Ridge thrust sheet was displaced 
as much as 350–400 km to the northwest.  Preservation of 
detrital ages in Chilhowee Group in the Mountain City window, 
and metamorphic ages in basement not reset by Paleozoic 
metamorphism suggests the Blue Ridge thrust was a thin thrust 
sheet, or at least the western edge was thin.  40Ar/39Ar muscovite 
growth ages ~340 Ma delimit greenschist-facies metamorphism 
and deformation in Blue Ridge thrust sheet associated with the 
westward emplacement of the Blue Ridge thrust sheet onto 
the then actively deforming foreland fold-thrust belt. Further, 
we tentatively suggest that the Fries fault and Catface fault/
Blue Ridge thrust were contemporaneous, but the Fries fault 
was a slightly deeper ductile structure. This is supported by the 
wide deformation zone associated with Fries Fault (2–11 km 
wide), the intensity of mylonitic fabric decreases to the west, 
and coarse-grained muscovite and biotite are stable in the S3 
mylonitic foliation within the Fries fault zone.  The rapid cooling 
from amphibole (500° C at ~340 Ma) through muscovite closure 
(350° C at ~335 Ma) for Ashe Formation rocks of the Gossan 
Lead thrust sheet is a direct consequence of motion on these 
~340 Ma high strain zones.  However, to explain the ~340 
Ma amphibole ages east of Gossan Lead fault requires greater 
exhumation moving eastward following mylonitization—
explanations may be east side up tilting (or doming) (Stokes, 
2013) or unrecognized faults within the Ashe and Alligator Back 
Formations.  Finally, ca. 340 Ma deformation is much older than 
the generally accepted ages for Alleghanian orogeny, 325–260 
Ma (Secor et al., 1986; Hatcher et al., 1989), and fault gouge ages 
in the Valley and Ridge (280–260 Ma; Hnat and van der Pluijm, 
2014).  We suggest that the ca. 340 Ma metamorphism and 

deformation in the Blue Ridge represent the initial emplacement 
of the Blue Ridge thrust sheet during the Alleghanian orogeny, 
which closely followed the Acadian-Neoacadian orogeny. After 
initial emplacement of the Blue Ridge thrust sheet at ~340 Ma, 
shortening was accommodated by westward translation along 
WKH�EDVDO�GHFROOHPHQW��ZKLFK�FDUULHG�WKH�%OXH�5LGJH�WR�LWV�¿QDO�
position.  Additionally, we speculate that periodic changes 
between partitioning of motion onto orogen-parallel structures 
like the Brevard fault zone and more inboard structure are due 
WR�IDU�¿HOG�FKDQJHV�LQ�SODWH�PRWLRQ��H�J��]LSSHULQJ�DQG�URWDWLRQ��
Hatcher, 2002).  Development of several large antiformal 
duplexes beneath the thrust sheet arched the thrust sheet and 
formed the Mountain City and Grandfather Mountain windows 
(Bryant and Reed, 1970; Hatcher et al., 2007b).   
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ABSTRACT

Early stages of breakup of the Rodinian supercontinent along the eastern Laurentian margin are preserved 
in the Blue Ridge of SW Virginia as ca. 760–750 Ma bimodal volcanic rocks and clastic sedimentary deposits of the 
Neoproterozoic Mount Rogers Formation (MRF). The stratigraphy and inferred eruptive sequence of the MRF 
were described in detail by Rankin (1993), who divided the formation into an “upper” section comprising rhyolite 
ODYDV�DQG�DVK�ÀRZ�VKHHWV��DQG�D�³ORZHU´�VHFWLRQ�FRQVLVWLQJ�RI�ELPRGDO�EDVDOW�UK\ROLWH�YROFDQLFV�LQWHUOD\HUHG�ZLWK�
VHGLPHQWDU\�URFNV��%DVHG�RQ�¿HOG�UHODWLRQVKLSV��URFNV�RI�WKH�ORZHU�05)�ZHUH�LQIHUUHG�WR�EH�ROGHU��+RZHYHU��UHFHQW�
U-Pb zircon ages reported for rhyolites in the upper and lower MRF (Tollo et al., 2012) show that their ages largely 
overlap within error of the analyses; therefore, the sequence of eruption is uncertain.

Coarse clastic sedimentary deposits in the lower MRF are dominated by arkosic sandstone and conglomerate. 
The poorly sorted, compositionally immature sediments, rapid changes in lateral and vertical facies, and generally 
lenticular geometry suggest deposition as alluvial fan deposits. Polymict conglomerates are dominated by boulder- 
to cobble-sized clasts of rhyolite and granitoids, assumed to be locally derived. Zircon U-Pb geochronology of ten 
rhyolite clasts and one granitoid from the lower MRF conglomerates yields ages (within error of each group) of 
775–780 Ma, ~760 Ma, and ~752 Ma. The 760 Ma and 752 Ma ages are consistent with MRF rhyolites (dated by 
6+5,03�DQG�7,06���7KH�\RXQJHVW� RI� WKHVH� FODVW� DJHV�GHPRQVWUDWHV� WKDW� WKH� FRQJORPHUDWHV� RI� WKH� ORZHU�05)�
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must be younger than at least parts of the upper MRF, and thus calls for reassessment of the stratigraphy and 
VWUXFWXUDO�UHODWLRQVKLSV�ZLWKLQ�WKH�05)��,Q�DGGLWLRQ��WKH�ROGHU��!����0D��UK\ROLWH�FODVWV�DSSHDU�WR�VLJQDO�JHRORJLFDO�
processes that occurred prior to deposition of the MRF, and suggest that magmatic activity related to the initial 
intracontinental rifting began 20 m.y. earlier than previously known.

rHFHQWO\��¿HOG�UHODWLRQVKLSV�KDYH�OHG�WR�WKH�DVVXPSWLRQ�WKDW�WKHVH�
rocks are older than the massive rhyolites of the upper MRF, and 
therefore represent the beginning stages of continental rifting. 
This assumption has been challenged by new U-Pb zircon ages 
reported for rhyolites in the upper and lower MRF (Tollo et al., 
2012). These data show that the ages largely overlap within the 
errors of the analyses, leading the authors to suggest that all the 
rhyolites formed during a geologically brief period of volcanic 
activity, perhaps as short as ~1 million years (Tollo et al., 2012). 
6LJQL¿FDQW�TXHVWLRQV�UHPDLQ��KRZHYHU��VRPH�RI�ZKLFK�PD\�EH�
answered by provenance studies of MRF sedimentary rocks. 
In particular, is there a record of an earlier Neoproterozoic 
history, perhaps of rocks that have mostly eroded away? And, 
if the lower MRF rhyolite is essentially contemporaneous with 
rhyolites in the upper MRF, as the new dates suggest, what are 
the stratigraphic and age relationships between the sedimentary 
DQG�YROFDQLF�URFNV��DQG�ZKDW�GR�WKH\�WHOO�XV�DERXW�WKH�VHTXHQFH�
and processes of rifting? In this study, we investigate these 
TXHVWLRQV�WKURXJK�JHRFKURQRORJLFDO�DQG�SHWURORJLFDO�DQDO\VLV�RI�
rhyolite and granitoid lithic clasts in conglomerates of the lower 
MRF. 

*(2/2*,&� 6(77,1*� 2)� 7+(� 02817� 52*(56�
)250$7,21

Previous Work

-RQDV� DQG� 6WRVH� ������� DQG� 6WRVH� DQG� 6WRVH� ������� ¿UVW�
described the Mount Rogers ‘series’ based on exposures of 
lightly metamorphosed volcanic and sedimentary rock on and in 
the vicinity of Mount Rogers, the highest mountain in the state of 
9LUJLQLD��5DQNLQ��������������VXEVHTXHQWO\�IRUPDOL]HG�WKH�URFN�
unit as the Mount Rogers Formation. In the latter work, Rankin 
(1993) named three separate volcanic centers, and described 
in detail rhyolites of the upper part of the Mt. Rogers volcanic 
FHQWHU��GLIIHUHQWLDWLQJ� WKHP�EDVHG�RQ�¿HOG�GLVWULEXWLRQ�DV�ZHOO�
as contrasting composition and mineral content of the rhyolite 
units. The lower Mount Rogers Formation remained largely 
undifferentiated on his map, and was described as a complexly 
deformed mixture of clastic sedimentary rocks, basalt, and 
rhyolite. Only the felsic volcanic rock was given a formal name, 
the Fees Rhyolite, for its prominent exposure on Fees Ridge. 
6XEVHTXHQW�ZRUN�LQ�WKH�0RXQW�5RJHUV�DUHD�FRQFHQWUDWHG�RQ�WKH�
distribution, chemistry, and geochronology of the volcanic rocks 
from the main eruptive centers in the upper part of the formation 
(e.g., Aleinikoff et al., 1995; Fetter and Goldberg, 1995; Novak 
and Rankin, 2004; Tollo et al., 2012), the stratigraphy and 
geochemistry of rocks in the lower MRF (e.g., McClellan et al., 
2011; 2012a; 2012b; McClellan and Gazel, 2014), and the Razor 
Ridge volcanic center to the east (Merschat and Southworth, 
2011; Rubin and Tollo, 2012).

,1752'8&7,21

Earth history is punctuated by supercontinent cycles, in 
which major continental masses amalgamate during convergent 
plate tectonics, only to break apart again and drift separately 
as plate motions change over time. The most recent and by 
far the best-studied supercontinent episode was the formation 
and eventual breakup of the supercontinent Pangaea between 
approximately 300 million years ago to 200 million years ago, 
when the modern-day Atlantic Ocean opened and the continental 
fragments drifted to their present position. The Blue Ridge in 
Virginia, however, contains vestiges of an older cycle, spanning 
~1.2-1.0 billion years ago with assembly of the supercontinent 
Rodinia, and ending with rifting and breakup about 565 million 
years ago (Badger and Sinha, 1988; Aleinikoff et al., 1995). 
Breakup of a continent is accomplished by intracontinental 
rifting, followed by initial formation of small ocean basins 
�H�J��� WKH�PRGHUQ�(DVW�$IULFDQ�5LIW� DQG�5HG�6HD��� DQG�¿QDOO\�
continued spreading that leads to an open ocean separating major 
continental masses. Geological processes characteristic of this 
environment include eruption of distinctive ‘bimodal’ volcanics 
(intermixed silica-rich and silica-poor lavas), and deposition of 
coarse-grained clastic sediment in down-dropped basins along 
rift-related faults. Each of these settings forms deposits that 
may be preserved in ancient rocks, yielding evidence of ancient 
rifting episodes.

The Mount Rogers Formation (MRF) in SW Virginia 
and NW North Carolina records volcanism and sedimentation 
during initial rifting of Rodinia. The upper part of the Mount 
Rogers Formation constitutes an eruptive center dominated by 
UK\ROLWH�ODYDV�DQG�DVK�ÀRZ�VKHHWV��5DQNLQ���������8�3E�]LUFRQ�
dating of the rhyolites yields ages of ~750-760 million years 
(Aleinikoff et al., 1995; Tollo et al., 2012). The lower Mount 
5RJHUV� )RUPDWLRQ�� DV� GH¿QHG� E\� 5DQNLQ� �������� FRPSULVHV�
bimodal volcanic rocks (basalt and rhyolite) intermixed with 
clastic sedimentary rocks, predominantly conglomerate and 
arkose. The contact between the basement intrusive rocks, 
which range in age from ca. 1.3 to 1.0 billion years (Tollo et 
al., 2010, 2012), and the lower MRF is generally interpreted as 
a nonconformity (e.g., Rankin, 1993). However, the presence 
of ductile fabrics in highly strained rocks at the basement-cover 
contact led Bailey and Rose (1998) to propose that the contact 
is a fault, and similar fabrics are prominent along the contact 
throughout the region (James, 1999; McClellan et al., 2012a). 
It is possible that a nonconformable contact became a localized 
zone of high strain during Paleozoic deformation, perhaps due 
to competency contrast between the more massive granitoids 
and the weaker volcanic or sedimentary lithologies (McClellan 
et al., 2012a). 

The Neoproterozoic history of the southern Appalachian 
mountain chain is not well understood, in part because of the 
limited rock record of this period of time. Although the absolute 
ages of rocks in the lower MRF have been uncertain until 
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Stratigraphy of the Mount Rogers Formation

Volcanic and clastic sedimentary rocks of the MRF were 
metamorphosed to lower greenschist facies during Paleozoic 
tectonism, likely during the earliest stages of the Alleghanian 
RURJHQ\� �+DPHV� HW� DO��� ������� ,GHQWL¿FDWLRQ� RI� SURWROLWKV� LV�
generally straightforward despite the metamorphic overprint 
DQG�ORFDOO\�LQWHQVH�IROLDWLRQ�GHYHORSPHQW��7KHUHIRUH��WKH�SUH¿[�
‘meta-‘ will be omitted in the descriptions below.

Lower Mount Rogers Formation 

The lower MRF comprises a diverse assemblage of rock 
types. The Fees Rhyolite Member (Fig. 1, Fig. 2) is dominated 
by porphyritic rhyolite with prominent phenocrysts of perthitic 
DONDOL� IHOGVSDU� DQG� TXDUW]� DQG� OHVVHU� SODJLRFODVH�� ZKLFK�
distinguishes this unit from similar rhyolites in the upper Mount 
Rogers Formation (Rankin, 1993; McClellan and Gazel, 2014). 
Locally, lithic clasts of both rhyolite and granite are present, 
DV� ZHOO� DV� ¿DPPH� �FRPSUHVVHG� SXPLFH� FODVWV��� 7KH� SUHVHQFH�
RI� LJQLPEULWH� WH[WXUHV�� OLWKLF� FODVWV�� DQG� ¿DPPH� LQGLFDWH� WKH�
)HHV�5K\ROLWH�LV�GRPLQDQWO\�S\URFODVWLF�LQ�RULJLQ��%DVDOW�ÀRZV�
dominate the lower Mount Rogers Formation in the western part 
of its outcrop area (Fig. 2), and range from relatively undeformed 
basalt to greenstone or foliated greenschist, all having the 
typical chlorite and epidote assemblages characteristic of the 
low-grade metamorphism. Several different varieties occur, 
including vesicular and amygdaloidal basalt, homogeneous 

aphyric greenstone or greenschist, and plagioclase-phyric 
basalt porphyry (the “turkey track” greenstone of Rankin, 
1993). The latter rock may represent a hypabyssal intrusive, but 
relationships in outcrop show interlayering between vesicular 
ÀRZV�DQG�WKH�SRUSK\U\��VXJJHVWLQJ�DQ�H[WUXVLYH�RULJLQ��/LQGVH\�
(2010) calculated a thickness of approximately 1600 m for lower 
MRF basalts exposed in the Trout Dale thrust sheet north of our 
study area (Fig. 1).

Volcanic rocks of the lower MRF are overlain by a 
VHTXHQFH� RI� FRDUVH�JUDLQHG� FODVWLF� URFNV�� ODUJHO\� FRPSRVHG�
of conglomerate, pebbly arkose and lithic wacke (Fig. 2). 
Conglomerates range from grain- to matrix-supported, and 
typically contain cobble-sized to boulder-sized clasts of rhyolite 
and granitoid, with lesser basalt and other lithologies (Fig. 3). 
In some outcrops, original bedding in the conglomerate can 
EH�REVHUYHG��GH¿QHG�E\�OD\HUV�RI�SHEEO\�VDQGVWRQH�ZLWKLQ� WKH�
conglomerate. Over the outcrop area, conglomerate grades 
laterally into coarse arkosic sandstone that contain granules and 
SHEEOHV�RI�YHLQ�TXDUW]��JUDQLWRLG��DQG�UK\ROLWH�

Upper Mount Rogers Formation

Detailed descriptions of the upper Mount Rogers Formation 
can be found in Rankin (1993). The formation is divided into 
three rhyolite units (Fig. 1), with an estimated total thickness of 
approximately 1850 m (Rankin, 1993). The uppermost Wilburn 
5K\ROLWH� LV� D� ZHOO�SUHVHUYHG� DVK�ÀRZ� VKHHW� �LJQLPEULWH���
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Figure 1. Generalized geologic map of the Mount Rogers area, southwestern Virginia, northwestern North Carolina, and eastern Tennessee 
(after Rankin, 1993). Contacts in the lower Mount Rogers Formation from Jessee et al. (2011), McClellan et al. (2012a), Brett et al. (2014). 
Placement of the Stone Mountain fault in North Carolina from Bailey and Rose (1998). Box is approximate location of Fig. 2.
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Geochemical interpretations suggest that the magma chamber 
was compositionally zoned from metaluminous to peralkaline, 
and this relationship was inverted during eruption (Novak and 
Rankin, 2004). Fewer published geochemical analyses exist for 
the other units, but existing data show that the Whitetop Rhyolite 
is geochemically similar to the Wilburn, whereas the Buzzard 
Rock Rhyolite is lower in silica and less chemically evolved 
(e.g., higher in FeOt, TiO2, Sc, V) than the other units (Tollo 
et al., 2012). Whole rock major and trace-element data indicate 
that the Mount Rogers rhyolites were formed in a within-plate 
setting, and are interpreted as part of an A-type suite of plutonic 
and volcanic rocks related to intracontinental rifting (Novak and 
Rankin, 2004; Tollo et al., 2004, 2012).  

Age of Mount Rogers Formation Rhyolite Units

Stose and Stose (1944) interpreted the Mount Rogers 
volcanics to be correlative with basalts of the Catoctin 
Formation, which crop out from southeastern Pennsylvania 
to central Virginia. This correlation was accepted for decades 
(e.g., Rankin, 1975). Aleinikoff et al. (1995) applied zircon 
8�3E�LVRWRSLF�GDWLQJ�WHFKQLTXHV�WR�ERWK�XQLWV�DQG�VKRZHG�WKDW�
the upper Mount Rogers volcanic rocks are distinctly older [758 
(± 12) million years] than the Catoctin volcanic rocks [564 
(± 9) million years]. The Catoctin age agrees with data from 
VLPLODU�YROFDQLF�VHTXHQFHV� WKDW�FURS�RXW� IURP�FHQWUDO�9LUJLQLD�
WR�0DULWLPH�&DQDGD�� DQG� LV� QRZ� DFFHSWHG� DV� WKH� DJH� RI� ¿QDO�

rifting of the North American margin of Rodinia and opening of 
the Iapetus Ocean. In contrast, the Mount Rogers is interpreted 
to represent an older initial stage of rifting (Aleinikoff et al., 
1995; Burton and Southworth, 2010). More recently, Tollo et 
al. (2012) reported CA (chemical abrasion)-TIMS single zircon 
ages for the three rhyolite units in the upper MRF, as well as 
the Fees Rhyolite in the lower MRF. The youngest zircons 
from each of the units, 755-750 Ma, overlap in age within the 
analytical uncertainties (Fig. 4), leading the authors to suggest 
that rhyolites in both the upper and lower MRF were produced 
during a short-lived episode of eruptive activity.

$1$/<6,6� 2)� &/$67,&� 52&.6� ,1� 7+(� /2:(5�
02817�52*(56�)250$7,21

Until recently, the sedimentary rocks of the lower Mount 
Rogers Formation were not studied in detail. Nonetheless, 
the immature polymict conglomerates, in particular, possess 
a remarkable potential to provide information applicable to 
studies of stratigraphy, sediment provenance, and depositional 
environment. Below we summarize the results of our recent 
investigations of these rocks, and explore the implications 
for understanding timing and processes associated with the 
Neoproterozoic/Cryogenian episode of intracontinental rifting.
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'HSRVLWLRQDO�6HWWLQJ

Detailed mapping and outcrop studies have shown that 
conglomerates and arkosic sandstones in the lower MRF 
OLNHO\� UHSUHVHQW� D� SURJUDGDWLRQDO� VHTXHQFH� IRUPHG� GXULQJ�
synsedimentary faulting associated with intra-continental rifting 
RI� 5RGLQD�� LQ� ZKLFK� VHGLPHQW� ZDV� HURGHG� RII� WKH� ULIW� ÀDQNV�
and deposited into subsiding rift basins (e.g., McClellan et al., 
2010, 2012b; Yonts et al., 2011; Jessee et al., 2012). In such 
an environment, sedimentation occurs rapidly by the action of 
LQWHUPLWWHQW��KLJK�YROXPH�VWUHDP�ÀRZV��GHEULV�ÀRZV��DQG�VKHHW�
ÀRRGV��DQG�UHVXOWV�LQ�IDQ�VKDSHG�DFFXPXODWLRQV�RI�SRRUO\�VRUWHG�
sediment, generally of locally derived material. The features of 
the Mount Rogers deposits conform to many of the 23 numbered 
criteria for alluvial fan deposits as described by Nilsen (1982), 

as described below. Note that the numbers in parentheses refer 
to Nilsen’s original criteria:

�� The majority of clasts in the conglomerates derive from 
felsic volcanic rocks similar to MRF rhyolites or plutonic 
rocks similar to Mesoproterozoic granitoids in the region, 
indicating sediments were deposited relatively close to their 
source area (1).

�� Cobble and boulder-sized clasts, some up to a meter in 
GLDPHWHU�� DUH� FRPPRQ� LQ� 05)� FRQJORPHUDWHV�� UHTXLULQJ�
WUDQVSRUW�DQG�GHSRVLWLRQ�E\�KLJK�HQHUJ\�ÀRZV�����

�� MRF sedimentary rocks are compositionally immature (6), 
containing abundant feldspar and lithic clasts. In addition, 
they are extremely poorly sorted (4) and have moderate to 
SRRU�URXQGLQJ�����UHÀHFWLQJ�VKRUW�GLVWDQFHV�RI�WUDQVSRUW��

�� 05)� FRQJORPHUDWHV� DUH� XQVWUDWL¿HG� RU� ZHDNO\� VWUDWL¿HG�
������ VXJJHVWLYH� RI� GHSRVLWLRQ� E\� GHEULV� ÀRZV�� ,QYHUVH�
JUDGLQJ��ZKLFK�W\SLFDOO\�RFFXUV�LQ�EDVDO�SDUWV�RI�GHEULV�ÀRZ�
deposits (Naylor, 1980) is observed in a few localities. The 
conglomerates are interlayered with, and grade into, better 
VWUDWL¿HG�DUNRVLF�VDQGVWRQHV� WKDW�PD\�UHSUHVHQW�VWUHDPÀRZ�
DQG�VKHHWÀRRG�GHSRVLWV�����������

�� MRF sedimentary structures are limited to normal to 
LQYHUVH� JUDGLQJ�� SODQDU� VWUDWL¿FDWLRQ� DQG� RFFDVLRQDO� FURVV�
VWUDWL¿FDWLRQ��DV�W\SLFDO�RI�DOOXYLDO�IDQ�VHGLPHQWV������
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Figure 3. Mount Rogers conglomerate outcrops and 
clasts. (A) Typical outcrop of Mount Rogers Formation 
conglomerate, dominated by clasts of rhyolite and pink 
JUDQLWH�� 2ULJLQDO� EHGGLQJ� GH¿QHG� E\� LQWHUOD\HUHG� DUNRVLF�
sandstone. (B) Representative outcrop of conglomerate 
IURP�ZKLFK�FODVWV�ZHUH�FROOHFWHG��7'���������VHH�)LJ����IRU�
location). Light-colored clasts are granite, dark maroon 
FODVWV� DUH� UK\ROLWH�� �&�� 3RUSK\ULWLF� UK\ROLWH� FODVW� �7'����
���$����'��3LQN�JUDQLWH�FODVW��7'�������%���
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from the Mount Rogers Formation (Tollo et al., 2012). 
Bars represent preferred ages with 2-sigma-error: Fees 
Rhyolite— 753.1 ±2.7 Ma; Buzzard Rock Rhyolite— 755.0 
± 6.6 Ma; Whitetop Rhyolite— 753.3 ± 2.0 Ma; Wilburn 
Rhyolite— 749.7 ± 3.1 Ma.
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�� Although the original geometry of the Mount Rogers 
FODVWLF� GHSRVLWV� KDV� EHHQ� KLJKO\�PRGL¿HG� E\� ODWHU� WHFWRQLF�
deformation, major changes in lateral and vertical facies, and 
generally wedge-shaped geometry are still evident (Jessee et 
al., 2012), as discussed below. Alluvial fans are characterized 
by lenticular or wedge-shaped geometry (13). Sediments 
are typically distinguished by major changes in lateral and 
vertical facies, especially in the downfan direction (7), 
including downfan decreases in average and maximum clast 
size (8).  

We used spatial analysis of the sedimentary rocks to 
determine the aerial extent, facies variation, and geometry 
of the interpreted alluvial fan deposits (Jessee et al., 2012). 
'DWD� FROOHFWLRQ� LQYROYHG� GHWDLOHG� ¿HOG� PDSSLQJ�� DQG� SRLQW�
counting clasts in outcrops using a 1 m2 grid divided into 4 
cm2 sections.  Data were interpreted using spatial statistics, 
DQG� WKUHH� GLVWLQFW� VXEV\VWHPV� ZHUH� GH¿QHG�� 6XEV\VWHP� ��
is composed of dominantly clast-supported conglomerates 
with matrix/clast ratio of < 1, and clast size commonly > 10 
cm in diameter. Subsystem 1 conglomerates are polymict, but 
rhyolite clasts are most abundant and make up > 50 percent 
of the total rock volume. Subsystem 2 comprises polymict 
matrix-supported conglomerates with matrix/clast ratio > 1, 

and clasts size typically < 10 cm in diameter; rhyolite is again 
the dominant clast type, but makes up < 50 percent of the total 
volume. Subsystem 3 is composed of pebbly arkosic sandstone 
with scattered granule- to pebble-sized lithic fragments and 
YHLQ�TXDUW]�FODVWV��7KH�VXEV\VWHPV�DUH�LQWHUSUHWHG�WR�UHSUHVHQW�
proximal, midfan, and distal facies respectively (e.g., Larsen and 
Steel, 1978), and their spatial distribution, both along and across 
strike, aids in reconstructing the original fan geometry (Fig. 5). 
We interpret the complex present-day map pattern to arise from 
the considerable paleotopography that persisted on a broader 
VFDOH� DV� WKH� VHGLPHQWV� ZHUH� EHLQJ� GHSRVLWHG�� DQG� VXEVHTXHQW�
PRGL¿FDWLRQ�RI�1HRSURWHUR]RLF�V\QGHSRVLWLRQDO�EDVLQ�ERXQGLQJ�
faults by Paleozoic folding, faulting, and top-to-NW high strain 
zones (Jessee et al., 2012; McClellan et al., 2012b). 

Variation in Clast Types

Recognizing that several dissimilar rhyolite types occur 
DV� FODVWV�� ZH� VXEVHTXHQWO\� XQGHUWRRN� D� GHWDLOHG� FODVW� FRXQW�
study to distinguish them based on texture (porphyritic vs. non-
porphyritic), phenocryst abundance, and matrix color (Stokes 
et al., 2015). The use of the latter as a basis is complicated 
by weathering and/or degree of oxidation, but the common 
correlation between matrix color and phenocryst abundance 
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Figure 5. Spatial distribution of facies and clast types in the lower Mount Rogers Formation sedimentary deposits. Pie charts 
represent the clast-to-matrix ratio and clast type: Blue – matrix; Red – rhyolite clasts; Green – granitoid clasts; Purple – 
total of other clast types. Arrows represent interpretation of sediment dispersal patterns: Red arrows – proximal fan facies; 
Blue arrows – distal fan facies.
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seems to support its inclusion as a parameter. Following the 
‘area method’ of Howard (1993), a 1 m2� DUHD�ZDV�GH¿QHG�RQ�
each conglomerate outcrop face, and every clast >2 cm (coarse 
pebble-sized) within the area was counted. A total of ~130-160 
clasts were counted in each of eight separate outcrops. In all 
outcrops analyzed, rhyolite is the most abundant clast type, 
composing 40–70% of the clast population. The proportion 
of rhyolite clasts increases toward the NE in the outcrop belt, 
consistent with the results of Jessee, et al. (2012). The most 
common rhyolite clast type contains 3–7 mm alkali feldspar 
DQG�TXDUW]�SKHQRFU\VWV�DQG�OHVVHU�SODJLRFODVH�LQ�D�GDUN�JUD\�WR�
maroon-gray aphanitic matrix. Other less abundant types have 
red, light gray, or green matrix, and some contain alkali feldspar 
DQG�SODJLRFODVH�SKHQRFU\VWV�ZLWK� OHVVHU�TXDUW]��3OXWRQLF� URFNV�
typically make up ~30% of the clast types. Pink non-foliated 
granite clasts are found throughout all of the conglomerates 
counted, whereas white granitoids, rarely with gneissic banding, 
make up less than a third of the total plutonic clasts. Lithic 
IUDJPHQWV�RI�VDQGVWRQH��EODFN�VODWH��DQG�YHLQ�TXDUW]�RFFXU�DV�D�
minor component in most outcrops.

$*(�$1'�3529(1$1&(�2)�&21*/20(5$7(6

The marked variation in rhyolite clast types suggests there 
may have been multiple sources, and perhaps different ages, of 
igneous-sourced sediment entrained in the fan deposits. To test 
provenance interpretations, we visited several conglomerate 
outcrops (Fig. 2) and collected large (decimeter to sub-meter 
scale) rhyolite clasts. One granite clast was also collected. Rock 
saws were used to trim any matrix surrounding the clast and 
carefully isolate only the clast core. Samples were processed at 
the U.S. Geological Survey in Denver, Colo., for preparation 
(crushing, grinding, sieving, water table, magnetic separation, 
DQG� KHDY\� OLTXLGV��� LPDJLQJ� �UHÀHFWHG� OLJKW� DQG� HOHFWURQ�
microscopy), and analysis (laser ablation coupled with high- 
resolution inductively coupled plasma-mass spectrometry-(LA-
ICPMS)-and data reduction).  

Rhyolite Clast Petrography 

Table 1 summarizes the petrographic characteristics of the 
DQDO\]HG� VDPSOHV��$OO� WKH� UK\ROLWH� VDPSOHV� H[KLELW� VLJQL¿FDQW�
alteration to sericite, and pervasive fracturing at the grain scale. 
Most are characterized by a felsitic groundmass, composed 
RI� D� ¿QH�JUDLQHG� WR� PLFURFU\VWDOOLQH� PL[WXUH� RI� QHDUO\�
LQGLVWLQJXLVKDEOH� TXDUW]� DQG� IHOGVSDU�� VSKHUXOLWLF� RXWOLQHV� DUH�
visible in some at the thin section scale (Table 1). These textures 
SURYLGH�FRPSHOOLQJ�HYLGHQFH�RI�GHYLWUL¿FDWLRQ�RI�DQ�RULJLQDOO\�
glassy groundmass (e.g., Ewart, 1971). In thin section, none of 
the samples resemble the pyroclastic Fees Rhyolite of the lower 
Mount Rogers Formation, which is distinguished by a very 
¿QH� FU\SWRFU\VWDOOLQH� JURXQGPDVV�� VWURQJO\� HXWD[LWLF� WH[WXUH��
¿DPPH� �SXPLFH� FODVWV�� QRZ� UHFU\VWDOOL]HG��� DQG� WKH� SUHVHQFH�
of lithic fragments. Three of the samples do exhibit a moderate 
to strongly developed foliation (Table 1), however, which may 
LQGLFDWH�D�UHOLFW�HXWD[LWLF�RU�ÀRZ�EDQGLQJ���

Despite the overall similarity in groundmass textures, the 
rhyolite clasts are distinguished by their contrasting phenocryst 

abundances. Alkali feldspar perthite is dominant in most 
VDPSOHV��EXW�WKH�UHODWLYH�SURSRUWLRQV�RI�TXDUW]�DQG�SODJLRFODVH�
vary (Table 1). Only one sample (TD-13-649A) is devoid of 
plagioclase, whereas two samples (TD-ad-547E, TD-13-650D) 
KDYH�YHU\�OLWWOH�TXDUW]�DV�D�SKHQRFU\VW�SKDVH��7KH�VLJQL¿FDQFH�
of the phenocryst assemblages in relation to clast ages will be 
explored below.

Zircon Analysis

Several clasts from the lower Mount Rogers Formation 
were analyzed for U-Pb zircon geochronology. Eleven clasts 
RI�D�GR]HQ�VDPSOHG�\LHOGHG�VXI¿FLHQW�]LUFRQ� WR�EH�GDWHG²WHQ�
rhyolite clasts and one granitoid clast. Each clast sample was 
crushed and ground down to individual mineral grains. The 
VSOLWV� WKHQ� XQGHUZHQW� VWDQGDUG� PLQHUDO� VHSDUDWLRQ� WHFKQLTXHV�
LQFOXGLQJ� ZDWHU� GHQVLW\� VHSDUDWLRQ� �:LOÀH\� WDEOH��� PDJQHWLF�
separation (Frantz Isodynamic Magnetic Separator), and heavy 
OLTXLG�VHSDUDWLRQ��0HWK\OHQH�,RGLGH���=LUFRQ�FRQFHQWUDWHV�ZHUH�
then hand-picked and mounted in epoxy and imaged by SEM-
cathodoluminescence to identify internal characteristics of the 
grains. The zircons were analyzed using the Laser Ablation-
Inductively Coupled Plasma Mass Spectrometry (LA-ICPMS) 
U-Pb method. All analyses were completed at the Southwest 
Isotope Research Laboratory at the U.S. Geological Survey in 
Denver, Colo. using a Photon Machines Excite 193 nm excimer 
laser and Nu Instruments ATTOM high-resolution magnetic 
sector ICPMS. 

=ircons from the rhyolite and granitoid clasts in general 
have textures and U/Th ratios typical of igneous origin. The 
zircon morphologies range from blocky to euhedral and in some 
cases display some resorption textures.  Oscillatory zoning is the 
most common internal feature in the zircons; however, sector 
zoning is relatively common as well (Fig. 6). Another common 
feature in zircon from rhyolite clasts is an abundance of melt 
inclusions. These seem to be common in zircon derived from 
extrusive/hypabyssal felsic rocks of the MRF. All the zircon 
was imaged to identify xenocrystic cores as an indicator of 
inheritance. While xenocrystic textures are noted in the zircons, 
few if any yielded ages that indicated inheritance from an older 
zircon population, with the exception of the granitoid clast, 
sample TD-547B (see discussion below). 

The U-Pb zircon ages of the clasts fall into three age 
groupings:  ~780-770 Ma, ~764-756 Ma, and ~752 Ma (Fig. 7; 
Fig. 8). The youngest age group agrees well with the rhyolites 
of the Fees, Buzzard Rock, Whitetop, and Wilburn rhyolites of 
the MRF (Tollo et al., 2012) (Fig. 8) and rhyolite from the Razor 
Ridge area (see Merschat et al., this guidebook). A rhyolite 
from the Pond Mountain area (759 Ma, see Merschat et al., this 
guidebook) falls within the 764-756 Ma clast age grouping, but 
the oldest age group is older than any reported U-Pb zircon ages 
on rhyolite exposed in the area. Included in the older age group 
LV� WKH�VLQJOH�JUDQLWRLG�FODVW� WKDW�\LHOGHG�VXI¿FLHQW�]LUFRQ�WR�EH�
dated. We interpret the granitoid clast to be ~780 Ma. It contains 
xenocrystic and inherited zircon components at 1.77 Ga, 1.5-1.4 
Ga, and 1.3-1.16 Ga. 
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6,*1,),&$1&(�2)�&/$67�$1$/<6,6�

,QVLJKW� LQWR�VHYHUDO�TXHVWLRQV�PD\�EH�JDLQHG� WKURXJK� WKLV�
study, including: (1) can the clasts be matched with potential 
source rocks within the MRF; (2) what are the stratigraphic and 
age relationships between the sedimentary and volcanic rocks 
RI� WKH�05)��DQG�ZKDW�GR� WKH\� WHOO�XV�DERXW� WKH� VHTXHQFH�DQG�
processes of rifting; and (3) do the conglomerate clasts hold a 
record of an earlier Neoproterozoic history, perhaps of rocks that 
have mostly eroded away? 

,Q� DQVZHU� WR� WKH�¿UVW�RI� WKHVH�TXHVWLRQV�� WKH���������0D�
clast ages are consistent with ages of upper and lower MRF 
rhyolites, although based on petrography, correlations with 
VSHFL¿F�05)�XQLWV� RI� VLPLODU� DJH� DUH� QRW� FOHDU��7KH�PDMRULW\�

of clast samples of the ~760 Ma and ~752 Ma populations 
FRQWDLQ�SODJLRFODVH�DV�D�VLJQL¿FDQW�FRPSRQHQW�RI�WKH�SKHQRFU\VW�
assemblage. The ~760 Ma clast population appears to have two 
contrasting rhyolitic sources (Table 1). One is characterized 
by a moderate percentage of phenocrysts (20-25%), little to 
no plagioclase, and groundmass textures that may indicate a 
S\URFODVWLF� RULJLQ� �UHOLFW� HXWD[LWLF� WH[WXUH�� SRVVLEOH� GHYLWUL¿HG�
pumice clasts), whereas the other is especially phenocryst-
rich (up to 40%), contains abundant plagioclase, and exhibits a 
felsitic groundmass with obvious relict spherulites. Petrographic 
characteristics of the oldest clast population (770-780 Ma) vary 
to some degree (Table 1), but all the samples are relatively rich 
LQ�TXDUW]�SKHQRFU\VWV��
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In contrast to the ~752 Ma clast samples, similarly 
aged Wilburn and Whitetop rhyolites of the upper MRF are 
GRPLQDWHG�E\�SHUWKLWH�DQG�TXDUW]�SKHQRFU\VWV�ZLWK� OLWWOH� WR�QR�
plagioclase (Rankin, 1993). Lavas of the Whitetop Rhyolite 
DUH� SKHQRFU\VW�SRRU�� DQG� FRPPRQO\� GLVSOD\� GLVWLQFWLYH� ÀRZ�
banding. Texturally, the Wilburn Rhyolite displays diagnostic 

IHDWXUHV�RI�D�ZHOGHG�DVK�ÀRZ�WXII��LQFOXGLQJ�¿DPPH��GHYLWUL¿HG�
glass shards, eutaxitic layering, and locally abundant lithic 
clasts of the underlying Whitetop Rhyolite. Pyroclastic rocks 
of the Fees Rhyolite Member of the lower MRF contains all 
three phenocryst phases, although plagioclase makes up a 
small percentage of the assemblage (Rankin, 1993). Only the 

TD-13-547-A

TD-13-547-B

TD-13-547-C TD-13-547-E

P-13-HO-X

TD-13-650-A

Figure 6. Examples of scanning electron microscope-cathodoluminescence (SEM-CL) images of zircon from clasts from 
the lower Mount Rogers Formation. Most zircons show typical magmatic zoning; however, complex zonation is exhibited 
LQ�VHYHUDO�JUDLQV��7KH�FRPSOH[�GRPDLQV�GR�QRW�VKRZ�HYLGHQFH�RI�LQKHULWDQFH�LQ�WKH�LQGLYLGXDO�JUDLQ�H[FHSW�IRU�VDPSOH�7'�
�������%��ZKLFK�LV�D�JUDQLWRLG�FODVW��,Q�WKLV�VDPSOH��WKH�GDUN�JUDLQV�KDYH�KLJK�XUDQLXP�FRQFHQWUDWLRQV�DQG�DUH�JHQHUDOO\�
xenocrystic in nature. 
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Buzzard Rock Rhyolite, which may be as old as ~760 Ma 
(Fig. 4, Table 1) contains abundant plagioclase, commonly 
in glomeroporphyritic aggregates with or without perthite 

(Rankin, 1993). Rhyolite of the Razor Ridge volcanic center to 
the east (Fig. 1) is petrographically similar to the Buzzard Rock 
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Figure 7. Representative zircon U-Pb concordia diagrams from the three rhyolite clast age groups determined by laser 
DEODWLRQ�,&3�06�8�3E�]LUFRQ�DQDO\VHV��7KLUW\�DQDO\VHV�ZHUH�FRQGXFWHG�IRU�HDFK�VDPSOH��+LJKO\�GLVFRUGDQW�DQDO\VHV�DQG�
statistical outliers were removed for the determination of concordia ages (Ludwig, 1998). All ages reported are at 2-sigma 
HUURU�RU�DW�����FRQ¿GHQFH��
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(Merschat et al, 2014), and thus a potential source outside of the 
main MRF eruptive center.

In regard to stratigraphic and age relationships within 
the MRF, the data presented here suggest that the assumed 
‘lower’ vs. ‘upper’ stratigraphy of the MRF must be reassessed. 
Following Charles Lyell’s classic principle of inclusions, 
conglomerates of the lower MRF must be younger than the 
~752 Ma clasts they contain. Considering that the age of the 
Fees Rhyolite in the lower MRF overlaps with rhyolites of the 
upper MRF (Tollo et al., 2012), and that the conglomerates must 
be even younger, it is evident that the lower MRF must be, at 
least in part, younger than most or all of the upper MRF. Work 
is currently underway (e.g., McClellan et al., 2016) to assess the 
LQÀXHQFH�RI�SDOHRWRSRJUDSK\�DQG�DQFLHQW�EORFN�IDXOWLQJ�RQ�WKH�
present-day distribution of lithologies.

$� VLJQL¿FDQW� ¿QG� RI� WKLV� SURMHFW� LV� WKDW� WKH� ROGHVW� DJH�
group of clasts is older than any reported U-Pb zircon ages 
on volcanic rocks exposed in the area. Rhyolite clasts older 
WKDQ�����0D�GHPRQVWUDWH� WKDW�D�1HRSURWHUR]RLF�YROFDQLF�¿HOG�
existed ~20 m.y. earlier than previously thought. Additionally, 
not all granitoid clasts were sourced from the Mesoproterozoic 
EDVHPHQW�URFNV�DV�IRUPHUO\�DVVXPHG��EXW�D�VLJQL¿FDQW�SURSRUWLRQ�
may represent part of the 780 Ma magma plumbing system. 
Two observations can be made from the incorporation of these 

~780 Ma plutonic rock clasts into the lower Mount Rogers 
Formation: (1) the granitoid intruded the crust ~780 Ma, cooled, 
and was rapidly uplifted and exposed to erosion, suggesting 
very rapid basin formation; and (2) the melt likely incorporated 
a sedimentary rock that contained recycled materials from the 
Laurentian continental craton (1.77 Ga Trans-Hudson orogeny/
Yavapai-Mazatzal terrane), Granite-rhyolite province (1.5-1.4 
Ga), and pre- to early phases of the Grenville orogeny (1.3-1.16 
*D���7KH�HQWLUH�YROFDQR�SOXWRQLF�¿HOG�PXVW�KDYH�EHHQ�H[KXPHG�
and rapidly eroded prior to deposition of the conglomerate, 
suggesting dynamic processes such as doming which may occur 
above a mantle plume (e.g., McClellan and Gazel, 2014).

&21&/86,21

Age dating of lithic clasts in conglomerates can provide 
VLJQL¿FDQW� LQIRUPDWLRQ�DERXW�FU\SWLF�JHRORJLFDO�SURFHVVHV�DQG�
events. Determining the age of lithic clasts in conglomerates 
can go beyond the bounds of traditional detrital zircon studies, 
LQ� WKDW� QRW� RQO\� GRHV� WKLV� WHFKQLTXH� \LHOG� LQIRUPDWLRQ� DERXW�
WKH�DJH�RI�VHGLPHQW�VRXUFHV��EXW�DOVR�DERXW�VSHFL¿F�URFN�W\SHV�
that were incorporated into the sedimentary deposit. In the 
MRF, clasts older than 760 Ma demonstrate the existence of 
a Neoproterozoic magmatic (volcano-plutonic) system of ~20 

740

750

760

770

780

790

TD
-13-547A

TD
-13-547E

TD
-13-547B

TD
-13-547C

TD
-13-649A

TD
-13-650B

W
H

ITETO
P

W
ILB

U
R

N

B
U

ZZA
R

D
 R

O
C

K

FEES

TD
-13-650C

TD
-13-650A

TD
-13-649B

TD
-13-650D

P-13-H
O

-x

Figure 8. Ages of rhyolite and granite lithic clasts from Mount Rogers Formation conglomerate, determined by laser ablation 
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Rogers Formation for comparison are from Tollo et al. (2012).
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m.y. longer duration than previously thought, whereas clasts as 
young as ~752 Ma indicate that the lower MRF must be, at least 
in part, younger than most or all of the upper MRF.
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Linking the Central and Southern Appalachian 
Blue Ridge:  What We Know and Don’t Know about 

Stratigraphy, Structure, Tectonism, and Regional 
Correlation Between the  Eastern Limb of the Blue 

Ridge in Central Virginia and the Eastern Blue 
Ridge in Southern Virginia

Mark W. Carter 
Arthur J. Merschat

U.S. Geological Survey, Reston, VA 20192

ABSTRACT

The transition from Neoproterozoic Lynchburg Group rocks on the eastern limb of the para-autochthonous 
Blue Ridge anticlinorium in central Virginia to the fault-bounded Ashe Formation and Alligator Back Formation in 
southern Virginia has been a source of intense debate and speculation for decades.  There are fundamental differences 
in the tectonogenetic interpretation for these rock packages, despite many similarities in lithology.  This problem 
LV�FRPSRXQGHG�E\�LQVXI¿FLHQW�GHWDLOHG�PDSSLQJ�����������VFDOH��LQ�FULWLFDO�NH\�DUHDV�RI�WKLV�WUDQVLWLRQ���/\QFKEXUJ�
Group rocks unconformably overlie Mesoproterozoic meta-igneous rocks and underlie Catoctin greenstone on 
the east limb of the anticlinorium in central Virginia.  In southern Virginia, similar metasedimentary lithologies 
±� PHWDVDQGVWRQH� �PHWD�IHOGVSDWKLF� JUH\ZDFNH�� PHWD�TXDUW]� DUHQLWH�� PHWD�TXDUW]� ZDFNH��� JUDSKLWLF� VFKLVW�� DQG�
SHEEOH�PHWDFRQJORPHUDWH�±�DQG�PD¿F�WR�XOWUDPD¿F�URFNV�RI�WKH�$VKH�)RUPDWLRQ�DQG�$OOLJDWRU�%DFN�)RUPDWLRQ�
are faulted onto Mesoproterozoic meta-igneous rocks along the Gossan Lead and Red Valley faults.  Internal to 
the eastern Blue Ridge of southern Virginia, the Rock Castle Creek fault separates Ashe Formation, consisting of 
/\QFKEXUJ�OLNH�OLWKRORJLHV��IURP�SRO\GHIRUPHG�$OOLJDWRU�%DFN�)RUPDWLRQ�URFNV��ZKLFK�FURS�RXW�LQ�WKH�FRUH�RI�WKH�
Ararat River synclinorium.  Regional reconnaissance suggests Ashe Formation rocks re-emerge on the eastern limb 
RI�WKH�V\QFOLQRULXP���)XQGDPHQWDO�DQG�FRQÀLFWLQJ�GLIIHUHQFHV�LQ�WHFWRQRJHQHWLF�PRGHOV�IRU�WKHVH�URFNV�FRPSRXQG�
the problem.  The Neoproterozoic Lynchburg Group has long been thought to represent Laurentian margin rift-
UHODWHG�URFNV��ZLWK�LQWUXVLYH�PDQWOH�GHULYHG�GLNHV�DQG�VLOOV�RI�PD¿F�DQG�XOWUDPD¿F�FKDUDFWHU���,Q�FRQWUDVW��WKH�$VKH�
)RUPDWLRQ�DQG�$OOLJDWRU�%DFN�)RUPDWLRQ�LQ�VRXWKHUQ�9LUJLQLD�DQG�QRUWKZHVWHUQ�1RUWK�&DUROLQD�DUH�SRVVLEO\�LQ�
SDUW�\RXQJHU��DQG� LQWHUSUHWHG� WR�EH�SDUW�RI�D�GLVWDO�PDUJLQ�DFFUHWLRQDU\�ZHGJH�ZLWK�HQWUDLQHG�DQG�WHFWRQLFDOO\�
HPSODFHG�GLVPHPEHUHG�RSKLROLWH�IUDJPHQWV�RI�PD¿F�DQG�XOWUDPD¿F�URFNV���2QO\�GHWDLOHG�PDSSLQJ�LQ�FULWLFDO�DUHDV��
FRXSOHG�ZLWK�QHZ�DQG�HPHUJLQJ�JHRFKHPLFDO�DQG�JHRFKURQRORJLF�DQDO\VHV�ZLOO�VROYH�WKH�SHUVLVWHQW�TXHVWLRQV�DERXW�
the various units.  

Carter, M.W., and Merschat, A.J., 2016, Linking the Central and Southern Appalachian Blue Ridge:  What We Know and Don’t Know about 
Stratigraphy, Structure, Tectonism, and Regional Correlation Between the  Eastern Limb of the Blue Ridge in Central Virginia and the Eastern 
Blue Ridge in Southern Virginia, in Merschat, A.J., ed., Geology of the Mount Rogers area, revisited, Blue Ridge, VA–NC–TN:  Carolina 
Geological Society Annual Field Trip Guidebook, p. 43–57. 
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It has long been recognized that a major transition in the 
architecture of the Blue Ridge occurs in the vicinity of the 
James River in central Virginia (Fig. 1).  North of the James 
River, the Blue Ridge consists of a para-autochthonous, north-
plunging anclinorium that extends well into Maryland (Cloos, 
1947; Southworth and Brezinski, 1996).  The core of the Blue 
Ridge anticlinorium is composed of Mesoproterozoic meta-
igneous rocks (basement), whereas Neoproterozoic to Cambrian 
metasedimentary and metavolcanic cover strata comprise the 
limbs. The Neoproterozoic Catoctin Formation is the only 
VWUDWLJUDSKLF�XQLW�UHFRJQL]HG�RQ�ERWK�ÀDQNV��)LJ�������

South of the James River, the Blue Ridge is an allochthonous 
composite megathrust sheet that extends southward into North 
Carolina, South Carolina, Georgia and Alabama (Hatcher, 
1978).  Low angle thrust faults repetitively stack basement rocks 
and overlying metasedimentary and metavolcanic cover.  The 
Grandfather Mountain window in northwestern North Carolina 
demonstrates minimum displacement to the west of up to 80 km 
(Bryant and Reed, 1970; Boyer and Elliot, 1982), but maximum 
HVWLPDWHV� IURP� VHLVPLF� UHÀHFWLRQ� SUR¿OLQJ� VXJJHVW�PRUH� WKDQ�
350 km of total translation (Cook et al., 1979; Hatcher and Zietz, 
1980; Hatcher, 1989).   The Cambrian Chilhowee Group is the 
only unit that may be correlated from the northern anticlinorium 
to the southern composite megathrust sheet.  Strata of the 
Chilhowee Group occur both on the western limb of the Blue 
Ridge anticlinorium north of the James River and in the frontal 
thrust sheets of the western Blue Ridge to the south (Fig. 1).   

The Geologic Map of Virginia (VDMR, 1993) suggests a 
smooth transition from rocks of the eastern limb of the Blue Ridge 
anticlinorium to those in the fault-bounded eastern Blue Ridge 
in southern Virginia, but correlating the units is problematic, 
particularly in the absence of detailed mapping in critical areas 
south of Lynchburg, Virginia (Fig. 1).  Greenstone of the Catoctin 
Formation on the east limb of the Blue Ridge anticlinorium 
extends as far south as Lynchburg, where it stratigraphically 
pinches out or is cut out by faults.  Beneath the Catoctin 
Formation on the east limb of the Blue Ridge anticlinorium is 
a variably thick package of metasedimentary and metavolcanic 
rocks of the Lynchburg Group, which rests on an unconformity 
above basement (e.g., Nelson, 1932; Bailey, 2014).  In southern 
Virginia, however, rocks of the Ashe Formation1* (usage of 
Rankin, 1970) and Alligator Back Formation2* (usage of Rankin 
et al., 1973) comprise the fault-bounded eastern Blue Ridge, 
which is structurally emplaced above basement of the western 
Blue Ridge.  Fundamental differences between orogenic models 
developed over decades of independent work in these areas only 
compound what should be a simple exercise in correlation.  

This paper outlines the few similarities and many 
differences in the stratigraphy, the structure, and the tectonic 
models between the northern and southern portions of the Blue 
Ridge in Virginia on the basis of detailed geologic mapping 
north of Lynchburg in central Virginia, and recent work, both 
along the Blue Ridge Parkway and in the Mount Rogers area 
of southern Virginia.  Because answers are few, and many are 

 

speculative at best, this paper also highlights areas where future 
detailed work must be conducted to resolve lingering questions 
in this intriguing region.  

6,0,/$5�/,7+2/2*,(6�±�',))(5(17�1$0(6

The term “Lynchburg” has been used, since the early 
work of Jonas (1927), for metasedimentary and metavolcanic 
strata between basement meta-igneous rocks and the Catoctin 
Formation on the eastern limb of the Blue Ridge anticlinorium 
in Virginia from the James River northward to Charlottesville.  
:HKU� ������� IRUPDOO\� GH¿QHG� DQ� LQWHUQDO� OLWKRVWUDWLJUDSKLF�
nomenclature for these metasedimentary strata (Fig. 2), building 
primarily upon earlier models of Nelson (1962) and Furcron 
(1969).  Lynchburg Group stratigraphy of Wehr (1985) is still 
in use (e.g., Carter, 2008), although not all workers accept 
this stratigraphy (e.g., Wang, 1991; Johnson et al., 2014), or 
VLJQL¿FDQWO\�PRGLI\� KLV�PRGHO� �'ULJJHUV�� ������� � �$ORQJ� WKH�
5RFN¿VK�5LYHU�LQ�FHQWUDO�9LUJLQLD��:HKU��������������IROORZLQJ�
Nelson, 1932) recognized at the base of the Lynchburg Group a 
FRQJORPHUDWH��5RFN¿VK�&RQJORPHUDWH��WKDW�OLHV�XQFRQIRUPDEO\�
RQ�EDVHPHQW�PHWD�LJQHRXV�URFNV���7KH�5RFN¿VK�&RQJORPHUDWH�
is variably thick and stratigraphically discontinuous, as it 
is not recognized everywhere at the base of the Lynchburg 
*URXS� �%DLOH\�� ������ 'ULJJHUV�� ������� � $ERYH� WKH� 5RFN¿VK�
Conglomerate is a unit composed of medium-grained to pebbly, 
poorly sorted meta-feldspathic greywacke (usage of Pettijohn 
et al., 1987) with minor metaconglomerate, metasiltstone, 
and graphitic slate that is mapped as the Thorofare Mountain 
Formation.  This unit is overlain by a unit consisting of coarse-
grained to pebbly meta-quartz wackes and cross-bedded meta-
quartz arenite that is mapped as the Ball Mountain Formation.  
Within the Ball Mountain Formation, a distinctive, thick package 
of graphitic schist is mapped as the Johnson Mill Member.  
The graphitic schist is overlain by a unit of greenschist-facies 
metasiltstone and phyllite with isolated beds of medium- to 
coarse-grained meta-feldspathic greywacke that is mapped 
collectively as the Charlottesville Formation.  Southward from 
Charlottesville toward Lynchburg, where the metamorphic grade 
increases from lower greenschist-facies to upper greenschist- to 
lower amphibolite-facies, the Charlottesville Formation consists 
of garnetiferous muscovite-rich phyllite (Carter, 2008).   The 
upper part of the Lynchburg Group is meta-volcanic arenite 
and phyllite near Lynchburg (Carter, 2008).  Throughout the 
Lynchburg Group, there are concordant, tabular, dike- and 
VLOO�OLNH� ERGLHV� RI�PD¿F� DQG� DOWHUHG� XOWUDPD¿F� URFNV�� EXW� WKH�
larger and more abundant bodies of these rocks occur in the 
Charlottesville Formation.

During the late 1950’s, the term “Lynchburg” was extended 
into southern Virginia to include greenschist- to amphibolite-
facies metasandstone (meta-feldspathic greywacke, meta-quartz 
DUHQLWH��JUDSKLWLF�VFKLVW��PDUEOH��DQG�PD¿F�DQG�XOWUDPD¿F�URFNV�
occurring in the eastern Blue Ridge (Stose and Stose, 1957; 
Dietrich, 1959).  During the early 1970’s, however, Rankin and 
FROOHDJXHV�QDPHG� D� XQLW� RI� VXO¿GLF� ELRWLWH� JQHLVV� LQWHUOD\HUHG�
with mica schist and amphibolite as the Ashe Formation, for 

1*�8�6��*HRORJLFDO�6XUYH\�XVDJH�IRU�WKHVH�XQLWV�LV�IRUPDWLRQV��DV�GH¿QHG�E\�5DQNLQ��������DQG�5DQNLQ�HW�DO�����������7KH�$VKH�
Formation was elevated to Metamorphic Suite by Abbott and Raymond (1984) and the Alligator Back Formation to Metamorphic 
6XLWH�E\�5D\PRQG�HW�DO�����������5D\PRQG��������UHGH¿QHG�ERWK�XQLWV���
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exposures along the South Fork of the New River in northeastern 
Ashe County, North Carolina (Rankin, 1970; Rankin et al., 
1973).  Rocks formerly assigned to the Lynchburg Formation in 
Virginia by Stose and Stose (1957), Brown (1958), and Dietrich 
(1959) were included in the Ashe Formation by both Rankin et 
al. (1973) and Espenshade et al. (1975).   Rankin et al. (1973) 
designated a unit of mica gneiss, “pelite,” and amphibolite, with 
minor amounts of “quartzite” and marble, in the core of the 
Ararat River synclinorium in southern Virginia and northwestern 
North Carolina (Fig. 1), as the Alligator Back Formation, 
and noted prominent pin-striped laminae as a distinguishing 
feature.  Abbott and Raymond (1984) proposed that the Ashe 
Formation constituted a Metamorphic Suite, with metabasite 
DQG�XOWUDPD¿F�URFNV�DV�SULQFLSOH�OLWKRORJLHV�LQWHUOD\HUHG�ZLWKLQ�
PHWDVHGLPHQWDU\�VWUDWD�� �5D\PRQG�HW�DO���������DOVR�FODVVL¿HG�
the Alligator Back Formation as a Metamorphic Suite, and 
5D\PRQG��������UH�GH¿QHG�WKH�WZR�XQLWV���

The recognition of far travelled lithotectonic terranes in the 
Cordilleran (e.g., Coney et al., 1980) created a paradigm shift in 
the evaluation of different tectonic and stratigraphic elements 
of an orogen.  Analysis of the similarities and differences 
of stratigraphic, magmatic, metamorphic and deformational 
history can be used to recognize internally homogenous, fault-
bounded terranes and help resolve the accretionary history of an 
orogen.  Williams and Hatcher (1982) applied this concept to 
the Appalachian orogen, and combined most of the eastern Blue 
Ridge and Piedmont into the Piedmont terrane, a suspect terrane 
accreted to Laurentia.  Horton et al. (1989) also recognized that 
PXFK�RI�WKH�HDVWHUQ�%OXH�5LGJH�FRQWDLQHG�PD¿F�DQG�XOWUDPD¿F�
URFNV�RI�RFHDQLF�DI¿QLW\�DQG�GH¿QHG�WKH�-HIIHUVRQ�WHUUDQH��ZKLFK�
included the Ashe Formation and Alligator Back Formation in 
northwestern North Carolina and southern Virginia.  Similarly, 
Raymond et al. (1989) proposed the Toe terrane to recognize 
the accretionary and mélange-related nature of the eastern Blue 

5LGJH�� � 5DQNLQ� HW� DO�� ������� GH¿QHG� D� QHZ� IRUPDWLRQ� WR� WKH�
northwest of the Jefferson terrane, the Wills Ridge Formation, 
which contains graphitic schist, phyllite, metasiltstone, 
metagraywacke, metagrit and metaconglomerate, but devoid 
RI� XOWUDPD¿F� URFNV�� 7KXV� WKH�:LOOV� 5LGJH� ZDV� LQWHUSUHWHG� WR�
be deposited on the Laurentian margin and the contact with 
the Jefferson terrane represents a pre-metamorphic Taconic 
VXWXUH��5DQNLQ�HW�DO�����������7KH�)DXTXLHU�*URXS��UHGH¿QHG�E\�
Rankin et al. (1993), represented part of the rifted Laurentian 
margin north of the James River. Hatcher (2002) and Hatcher 
et al., (2007) included the peri-Laurentian, metasedimentary, 
magmatic and oceanic rocks of the eastern Blue Ridge and 
much of the Inner Piedmont in the Tugaloo terrane.  Hibbard 
et al. (2006) included the eastern Blue Ridge in the Piedmont 
domain, a grouping of Late Neoproterozoic to middle Paleozoic 
lithotectonic elements that represented the opening and closing 
of the Iapetus ocean.  

7+(�*5281'�7587+�±�&217$&7�5(/$7,216

It is well established that strata of the Lynchburg Group of 
Wehr (1985) on the east limb of the Blue Ridge anticlinorium in 
central Virginia rest on an unconformity above Mesoproterozoic 
basement meta-igneous rocks (Jonas and Stose, 1939; Bloomer, 
1950; Brown, 1953; Bloomer and Werner, 1955; Brown, 1958; 
Nelson, 1962; Furcron, 1969; Wehr, 1983, 1985; Wang, 1991; 
Tollo and Arav, 1992; Bailey et al., 2007; Johnson et al., 2014; 
Driggers, 2016).  In the vicinity of Charlottesville, Virginia, 
and northward, it is also clear that these rocks of the Lynchburg 
Group are present beneath the greenstone of the Catoctin 
Formation (Fig. 1).  Thus, the age of the Lynchburg Group is 
constrained by ca. 1.0 Ga basement (below) and the ca. 571-564 
Ma age of the overlying Catoctin Formation (Southworth et al., 
1994; Aleinikoff et al., 1995).  The unit has a maximum age of 
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about 730-680 Ma on the basis of granitoid clasts within the 
5RFN¿VK�&RQJORPHUDWH� �%DLOH\� HW� DO��� ������� �7KHVH� UHODWLRQV�
become less clear southward toward Lynchburg, as some 
workers have mapped both the upper and lower contacts as 
faults (e.g., Espenshade, 1954; Carter, 2008).  

The transition from the para-autochthonous east limb 
rocks of the Blue Ridge anticlinorium in central and northern 
Virginia to the allochthonous, thrust faulted, eastern Blue 
5LGJH� URFNV� LQ� VRXWKHUQ�9LUJLQLD� LV� VLJQL¿FDQWO\� FRPSOLFDWHG�
by faults that bound discrete domains of different lithologies, 
structural style, deformational history, and metamorphic 
FRQGLWLRQV�� 7KH�*RVVDQ� /HDG� IDXOW� ZDV� GH¿QHG� E\� 6WRVH� DQG�
Stose (1957) as a major overthrust that juxtaposed Lynchburg 
gneiss above mostly mylonitic basement metagranitoid rocks. 
They reported beds of shiny, slate-like phyllonite and quartzose 
metasandstone that dip gently SE and folds with NW vergence. 
This contact was reinterpreted by Rankin (1970, 1971) and 
Rankin et al. (1972) as an unconformity on the interpretation 
that a metaconglomerate present locally in the Ashe Formation 
is a basal conglomerate containing clasts of basement meta-
igneous rocks.  The amphibolite grade (kyanite zone) Ashe 
Formation rocks are mylonitic at the contact, however, and in 
noting those facts, Abbott and Raymond (1984) suggested that 
Ashe Metamorphic Suite rocks were juxtaposed on lower grade 
basement meta-igneous rocks along the Gossan Lead fault of 
Stose and Stose (1957).  Rankin et al. (1993) and Rankin (1993) 
re-assigned the conglomerate and interbedded graphitic schist to 
their Wills Ridge Formation and placed it immediately above an 
unconformity on Mesoproterozoic basement.  Ashe Formation 
rocks, which include metasedimentary rock types associated 
with the Lynchburg Group to the north (e.g., “quartzite” of the 
Ball Mountain Formation, graphitic schist of the Johnson Mill 
Member of the Ball Mountain Formation, and phyllite of the 
&KDUORWWHVYLOOH� )RUPDWLRQ��� DV� ZHOO� DV� XOWUDPD¿F� URFNV� ZHUH�
considered by them to structurally overlie the Wills Ridge 
)RUPDWLRQ� �ZKLFK� GRHV� QRW� FRQWDLQ� XOWUDPD¿F� URFNV�� DERYH� D�
pre-metamorphic fault (Rankin, 1988).   

&203/,&$7,1*�6758&785(6

Numerous regional studies from southern Virginia into 
western North Carolina have concluded that the Ashe Formation 
and correlative rocks (e.g., Tallulah Falls Formation) are in fault 
contact with basement meta-igneous rocks and (or) metamorphic 
rocks of the western Blue Ridge (Raymond and Abbott, 1984; 
Mies, 1988; Merschat and Wiener, 1988; McSween et al., 1989; 
Whisonant and Tso, 1992; Trupe et al., 2003; Waters–Tormey 
and Stewart, 2010; Merschat et al., 2012). The metamorphic 
rocks west of the Grandfather Mountain window along the 
contact with basement meta-igneous rocks have dextral strike-
slip kinematic indicators of pre-ca. 360 Ma motion (Adams et 
al., 1995; Trupe et al., 2003). Yet, 40Ar/39Ar muscovite cooling 
ages across the contact in southern Virginia suggest cooling 
through 350 °C at approximately 340 Ma and top-to-the-NW 
motion, with emplacement before 340 Ma (Carter and Merschat, 
2014).   Northward toward Roanoke, Virginia, the Gossan Lead 
fault has been correlated with both the dextral transpressive Red 
Valley shear zone that juxtaposes basement metasedimentary 
rocks of the Wills Ridge Formation rocks against basement 

meta-igneous rocks (Henika, 1997; Henika, 2000; Trupe et 
al., 2003).  The Gossan Lead fault has also been correlated 
with the Callaway fault, which places metamorphic rocks 
of the Ashe Formation on metamorphic rocks of Wills Ridge 
Formation and Mesoproterozoic basement meta-igneous rocks 
(Henika, 2011a; 2011b; 2011c).  The Callaway fault thus would 
EH�WKH�PDMRU�VXWXUH�WKDW�MX[WDSRVHV�WKH�XOWUDPD¿F�URFN�EHDULQJ�
PHWDPRUSKLF�URFNV�RI�WKH�$VKH�)RUPDWLRQ�RYHU�XOWUDPD¿F�URFN�
free metamorphic rocks of the Wills Ridge Formation (Rankin, 
1988; Rankin et al., 1993; Horton et al., 1994; Hibbard et al., 
2006).  Recent mapping across this proposed major structural 
boundary east of the Mount Rogers area, however, did not reveal 
any structural variations (Merschat, 2011; Carter and Merschat, 
�������6LPLODUO\��WKHUH�DUH�QR�VLJQL¿FDQW�GLIIHUHQFHV�LQ�OLWKRORJ\�
across this proposed boundary in the vicinity of the Blue Ridge 
3DUNZD\��H�J���DOWHUHG�XOWUDPD¿F�URFNV�RFFXU�LQ�ERWK�WKH�IRRWZDOO�
and hanging wall – Carter, 2012; Carter et al., 2016).  

The contact between the Alligator Back Formation and the 
underlying Ashe Formation in North Carolina was originally 
GH¿QHG� DV� FRQIRUPDEOH� E\� 5DQNLQ� HW� DO��� �������� ,Q� FRQWUDVW��
recent mapping demonstrates that the contact is a fault in southern 
Virginia (Carter, 2012).  Along the Blue Ridge Parkway in the 
vicinity of Rock Castle Creek (Fig. 3), the fault contact is marked 
by a zone of tectonite with northwest-vergent fabric in which 
tight to isoclinal folds of mm-thick laminations in pin-striped 
gneiss and quartz-feldspar layered amphibolite are transposed 
into penetrative S2 foliation, with down-dip mineral stretching 
lineations (e.g., see Carter, 2012; Carter and Merschat, 2014; 
Carter et al., 2016).  This high-strain zone can be followed along 
strike on the basis of a number of easily recognized lithologic, 
deformational, and metamorphic features.  The fault marks a 
VLJQL¿FDQW�FKDQJH�LQ�ERWK�OLWKRORJ\�DQG�VWUXFWXUDO�VW\OH���%HQHDWK�
the fault, bedding (S0 layering) in pebble metaconglomerate, 
abundant graphic schist, and meta-feldspathic greywacke is 
present locally, with penetrative axial-planar S1 foliation. Above 
the fault, pin-striped compositional layers of the Alligator Back 
Formation constitute an S1 foliation (likely transposed S0; S0 is 
not observed in hanging wall rocks), and both an S2 axial-planar 
foliation that is locally penetrative and an S3 cleavage that is 
ORFDOO\�FRPPRQ��DUH�SUHVHQW��6LJQL¿FDQW� OLWKRORJLF�GLIIHUHQFHV�
between rocks in the footwall (Ashe Formation) and rocks in the 
hanging wall (Alligator Back Formation) also exist across the 
structure (Fig. 4).  These include the following.  1) Volumetrically, 
WKHUH� DUH� IDU�PRUH� XOWUDPD¿F� URFN� ERGLHV� DQG�PRUH� JUDSKLWLF�
schist in the footwall (Ashe Formation) than in the hanging wall 
(Alligator Back Formation), although Cattanach et al., (2016) 
assign a belt of graphitic schist that occurs along a thrust fault to 
the Alligator Back Formation.  2) Pin-striped, two-mica gneiss 
of the hanging wall (Alligator Back Formation) is interlayered 
throughout the unit with garnet-mica schist, which is absent in 
the footwall rocks (Ashe Formation). 

Regional reconnaissance suggests that the Alligator Back 
Formation structurally occupies the core of the Ararat River 
synclinorium (Fig. 1).  To the west of the synclinorium axis, rocks 
of the Ashe Formation, which includes rock types like those in 
both the Wills Ridge Formation and Lynchburg Group, extend 
to the Gossan Lead fault separating the French Broad massif 
and the Ashe Formation rocks (Whisonant and Tso, 1992).  In 
the vicinity of the Blue Ridge Parkway, coarse-grained rocks 
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KDPPHU�LV�DSSUR[LPDWHO\����FP�ORQJ����%���*DUQHW�PLFD�VFKLVW�a�����NP�VRXWKHDVW�RI�WKH�WUDFH�RI�WKH�IDXOW��ZKHUH�LW�FURVVHV�9$�5RXWH�����
7KH�JDUQHWV�DUH�XS�WR�VHYHUDO�FP�LQ�GLDPHWHU��VHH�DUURZV��LQ�WKH�6��IROLDWLRQ��ZKLWH�OLQH���6RPH�PD\�EH�URWDWHG��3HQFLO�LV�DSSUR[LPDWHO\�
���FP�ORQJ����&���3LQ�VWULSHG�ELRWLWH�PXVFRYLWH�JQHLVV�RI�WKH�$OOLJDWRU�%DFN�)RUPDWLRQ���6� compositional layers comprise the pin-stripes 
and are characteristically folded into tight to isoclinal F�� IROGV��ZLWK�D[LDO�SODQDU�6�� IROLDWLRQ�� �%UXQWRQ�FRPSDVV� LV�DSSUR[LPDWHO\����
FP�ORQJ����'���*UDQXOH�PHWDFRQJORPHUDWH�LQ�WKH�SDUNLQJ�ORW�DFURVV�WKH�%OXH�5LGJH�3DUNZD\�IURP�WKH�5RFN\�.QRE�9LVLWRU�&HQWHU�QHDU�
0LOH�3RVW�����RQ� WKH�%OXH�5LGJH�3DUNZD\�� �7KLV�URFN� LV� LQ� WKH� IRRWZDOO�RI� WKH�5RFN�&DVWOH�&UHHN�IDXOW�� �1RWH� WKH�DEVHQFH�RI� LQWHQVH�
SHQHWUDWLYH�GHIRUPDWLRQ�LQ�WKH�FRQJORPHUDWH���%HGGLQJ�LV�HYLGHQW�E\�JUDGDWLRQ�LQ�JUDLQ�VL]H�LQ�VRPH�OD\HUV����([SRVHG�SDUW�RI�SHQFLO�LV�
DSSUR[LPDWHO\����FP�ORQJ����(���,QWHUEHGGHG�JUDSKLWLF�VFKLVW��JV��DQG�PHWD�TXDUW]�DUHQLWH��PT��DSSUR[LPDWHO\����NP�QRUWKHDVW�RI�WKH�
5RFN\�.QRE�9LVLWRU�&HQWHU��HDVW�RI�)OR\G��9LUJLQLD��VHH�)LJ����IRU�GLVWULEXWLRQ�RI�JUDSKLWLF�VFKLVW�LQ�WKH�YLFLQLW\�RI�WKH�5RFN\�.QRE�9LVLWRU�
&HQWHU��LQ�WKH�IRRWZDOO�RI�WKH�5RFN�&DVWOH�&UHHN�IDXOW����+DPPHUKHDG�LV�DSSUR[LPDWHO\����FP�ORQJ����)���4XDUW]�ODPLQDWHG�DPSKLEROLWH�
RI�WKH�$OOLJDWRU�%DFN�)RUPDWLRQ��LQ�WKH�KDQJLQJ�ZDOO�RI�WKH�5RFN�&DVWOH�&UHHN�IDXOW��H[SRVHG�VRXWK�RI�WKH�5RFN�&DVWOH�&UHHN�IDXOW��QHDU�
0HDGRZV�RI�'DQ��DSSUR[LPDWHO\����NP�VRXWKZHVW�RI�WKH�5RFN\�.QRE�9LVLWRUV�&HQWHU���6��SLQ�VWULSHG�FRPSRVLWLRQDO�OD\HULQJ��VROLG�EODFN�
OLQH���FRPSRVHG�PRVWO\�RI�TXDUW]��LV�GHIRUPHG�LQWR�WLJKW�WR�LVRFOLQDO�)��IROGV��ZLWK�D[LDO�SODQDU�6��IROLDWLRQ��ORQJ�GDVKHG�ZKLWH�OLQH���ERWK�
S� and S� are deformed by F3�FURVV�IROGV��VKRUW�GDVKHG�ZKLWH�OLQH����6� X S3�LQWHUVHFWLRQ�OLQHDWLRQ��YHU\�VKRUW�GDVKHG�ZKLWH�OLQH��SDUDOOHOV�
mineral stretching lineations on the S��IROLDWLRQ�SODQH��7KLV�RXWFURS�LV�a����NP�ZHVW�RI�TXDUW]�ODPLQDWHG�DPSKLEROLWH�H[SRVHG�DW�6WRS���RI�
&DUWHU�DQG�0HUVFKDW����������3HQ�FDS�LV�DSSUR[LPDWHO\���FP�ORQJ����*����4XDUW]�OD\HUHG�DPSKLEROLWH�LQ�WKH�IRRWZDOO�RI�WKH�5RFN�&DVWOH�
Creek faXOW���7KLV�RXWFURS�LV�RQ�WKH�WUDLO�WR�WKH�FUHVW�RI�%XIIDOR�0RXQWDLQ��)OR\G�&RXQW\��9LUJLQLD��a���NP�ZHVW�RI�WKH�5RFN\�.QRE�9LVLWRUV�
Center.  F� isoclinal folds deform cm-thick S��TXDUW]�OD\HUV��EXW�D[LDO�SODQDU�6��IROLDWLRQ�LV�ZHDN�WR�DEVHQW��FRPSDUH�WR�TXDUW]�ODPLQDWHG�
DPSKLEROLWH�LQ�WKH�KDQJLQJ�ZDOO�RI�WKH�5RFN�&DVWOH�&UHHN�IDXOW����)� isoclinal folds are deformed by F3 cross folds locally.  Field book is 
DSSUR[LPDWHO\����FP�ORQJ�  
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core map-scale anticlines (Carter, 2012; Carter et al., 2016), and 
DUH�ÀDQNHG�E\�¿QHU�JUDLQHG�JUDSKLWLF�VFKLVW�DQG�¿QH�WR�PHGLXP�
grained meta-feldspathic greywacke (Carter, 2012; Carter et al., 
2016 – Fig. 3).  To the east of the synclinorium axis, lower-
grade graphitic schist and medium- to coarse-grained meta-
feldspathic greywacke re-appear from beneath higher-grade and 
polydeformed Alligator Back rocks west of Philpott Reservoir 
�)LJ�� ���� JUDSKLWLF� VFKLVW� ÀDQNV� PHWD�IHOGVSDWKLF� JUH\ZDFNH�
comprising the core of the Cooper Creek anticline (Conley and 
Henika, 1970; McCollum, 1989).  Farther east, the top of the 
eastern Blue Ridge sequence is truncated by the Bowens Creek 
fault and rocks of the Smith River allochthon (Fig. 1).  

&21)/,&7,1*�02'(/6

Since the 1970’s, the accepted interpretation of the Lynchburg 
*URXS�KDV�EHHQ�RQH�RI�ÀXYLDO�GHOWDLF�GHHS�ZDWHU�VXEPDULQH�IDQ�
turbidite deposition, typical for a rifted continental margin basin 
(Brown, 1970; Conley, 1981; Conley, 1985; Wehr and Glover, 
1985; Swab, 1986; Kline, 1991; Bailey and Peters, 1998).  
Detrital zircon ages of ca. 1.4-0.9 Ga for Lynchburg Group rocks 
are consistent with Laurentian margin sources (Carter et al., 
2006).  In contrast, rocks of the Ashe Formation and Alligator 
Back Formation of the eastern Blue Ridge in North Carolina are 
viewed by many as an accretionary unit or mélange (Hatcher, 

1978; Abbott and Raymond, 1984; Conley, 1985; Horton et al., 
1989; Hatcher, 1989; Raymond et al., 1989; Adams et al., 1995; 
Miller et al., 2006), despite many lithologic similarities of rock 
types with rocks of the Lynchburg Group to the north.   Abbott 
and Raymond (1984) cite the following evidence for mélange 
IURP�LQWHUFDODWHG�XOWUDPD¿F�URFNV��QRWLQJ�WKDW�� ����WKHVH�URFNV�
preserve an earlier deformational history before incorporation 
and prior to high-grade Paleozoic metamorphism; and 2) the 
OLQHDU�GLVWULEXWLRQ�RI�XOWUDPD¿F�ERGLHV�VXJJHVWV�WKDW�WKH\�ZHUH�
emplaced along pre- to syn-metamorphic faults within the 
accretionary wedge.  Interestingly, similar evidence is used 
LQ�FHQWUDO�9LUJLQLD� WR� LQWHUSUHW� OLQHDU�PD¿F�WR�XOWUDPD¿F�URFNV�
within the Lynchburg Group as dikes and sills formed through 
fractional crystallization of a picritic-basaltic magma related to 
Neoproterozoic Iapetan rifting (Wang and Glover, 1997; Jensen, 
������� �3HWURORJLF�DQG�JHRFKHPLFDO�VWXGLHV�LQGLFDWH�PD¿F�DQG�
XOWUDPD¿F� URFNV� RI� WKH� $VKH� )RUPDWLRQ� DQG� $OOLJDWRU� %DFN�
Formation formed in an oceanic setting (Misra and Conte, 1991; 
Raymond et al., 2001, 2003, 2016).  Misra and Conte (1991) 
concluded that amphibolites of these formations have a MORB-
like geochemical signature.  Investigations into the petrology 
DQG�JHRFKHPLVWU\�RI�XOWUDPD¿F�ERGLHV�IURP�QRUWKZHVWHUQ�1RUWK�
Carolina indicate the bodies represent dismembered ophiolitic 
fragments (Raymond et al., 2001, 2016).  Further, chromium 
VSLQHO�FRPSRVLWLRQV�IURP�PDQ\�RI�WKH�XOWUDPD¿F�ERGLHV�VXJJHVW�
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a supra-subduction zone setting (Raymond et al., 2003).  

'HVSLWH�WKHVH�FRQÀLFWV��HDVWHUQ�%OXH�5LGJH�VWUDWLJUDSK\�RI�
North Carolina has historically been applied to central Virginia, 
as the lower (Ashe) and upper (Alligator Back) formations of 
the Lynchburg Group (Rankin et al., 1972; 1973; Conley, 1985; 
Henika, 1992; Rankin et al., 1993; Fig. 5).  Scheible (1975) and 
Henika (1991) suggest that the Alligator Back  Formation of 
Rankin et al. (1973) represents the upper part of the Lynchburg 
Group type section along the James River.  Moreover, strata 
previously assigned to the Evington Group of Espenshade (1954) 
east of the Bowens Creek fault (Slippery Creek Greenstone, 
Mount Athos Formation, Pelier Schist, Arch Marble, and Joshua 
Schist, as designated by Brown, 1951; 1958), were considered 
to be equivalent to the Alligator Back Formation, and thus 
the upper Lynchburg Group (Henika, 1992; Rader and Evans, 
1993). Given the rock types, this correlation suggests that 
graphitic schist is common in the Alligator Back Formation, but 
is a minor component of the Ashe Formation, where it marks 
WKH� WRSV�RI� WKLFN��¿QLQJ�XSZDUG�JUDGHG� VHTXHQFHV� �5DGHU�DQG�
Evans, 1993, pp. 29-30).  In southern Virginia, graphitic schist 
is a major lithology in both the Ashe Formation and Wills Ridge 
Formation, and from southern Virginia southward, graphitic 
schist is rare in rocks assigned to the Alligator Back Formation, 
except along faults (e.g., Cattanach et al., 2016).  

Regional correlations remain a problem.  A tectonic model 
RQ�WKH�EDVLV�RI�WKH�GLVWULEXWLRQ�RI�XOWUDPD¿F�URFNV�ZDV�GHYLVHG�
by Rankin et al. (1993).  According to his model, the Wills Ridge 

Formation was deposited on Laurentian continental crust and 
WKHUHIRUH� VKRXOG� FRQWDLQ�QR�XOWUDPD¿F� URFNV�� �7KH�/\QFKEXUJ�
Group (Charlottesville and Ball Mountain formations, including 
graphite schist of the Johnson Mill Member) was deposited 
RQ� RFHDQLF� FUXVW�� DQG� WKHUHIRUH� FRQWDLQV� QXPHURXV� XOWUDPD¿F�
URFNV�� �$Q� DVVRFLDWLRQ� RI� XOWUDPD¿F� URFNV� RI� RFHDQLF� DI¿QLW\�
and Lynchburg Group sediments only makes sense, however, 
if the Lynchburg rocks were deposited on that crust, in which 
FDVH��WKH�PD¿F�DQG�XOWUDPD¿F�URFNV�ZRXOG�QRW�OLNHO\�EH�GLNHV�
cutting the stratigraphic section. In this scenario, the Alligator 
%DFN�)RUPDWLRQ��ZKLFK�JHQHUDOO\�ODFNV�XOWUDPD¿F�URFNV��RFFXUV�
stratigraphically above the Ashe Formation, which is rich in 
XOWUDPD¿F� URFNV�� � � 7KH� (YLQJWRQ� *URXS� �%URZQ�� ������ LV� D�
separate sequence of rocks exposed east of the Bowens Creek 
fault and has no clear relationship to the preceding two units.  
Stratigraphic similarities and structural position east of the 
Bowens Creek fault suggest that the Evington Group in Virginia, 
however, may be the northern equivalent of a unit of quartz 
schist, mica schist, and graphitic schist in South Carolina and 
North Carolina named the Chauga River Formation (Hatcher 
(1972).  

:+$7�(/6(�'21¶7�:(�.12:"��

With the publication of the geologic map of east Tennessee, 
Rodgers (1953) provided a list and short description of 
outstanding projects for future geologic mapping, which “should 
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provide structural information of more than merely local 
importance, such as information on the interrelation of major 
structural features or on the mechanics of the deformation.”  
This paper follows in the footsteps of Rodgers (1953) with the 
following shorter list and discussion of future research directions 
in the Blue Ridge of Virginia, to resolve the many lingering 
questions concerning correlations between the eastern limb of 
the Blue Ridge anticlinorium in central Virginia and the eastern 
Blue Ridge to the south:  

�� We do not know the full extent of the Red Valley ductile 
deformation zone.  The Red Valley ductile deformation zone 
needs to be traced to the northeast and mapped in detail.  Henika 
(1997) showed that the dextral transpressive Red Valley 
shear zone terminates on the west limb of a SW-plunging 
map-scale fold with a core comprised of Mesoproterozoic 
basement meta-igneous rocks, approximately 7 km west of 
Lynchburg and 3 km southwest of the type section of the 
Lynchburg Group.  Carter (2008), however, characterizes 
the contact between the basement meta-igneous rocks and 
the overlying metamorphic rocks of the Lynchburg Group 
approximately 15 km north of Lynchburg as a top-to-
northwest thrust fault.  Yet most have argued that the contact 
between the basement meta-igneous rocks and the overlying 
metamorphic rocks north of the James River is stratigraphic 
rather than structural (e.g., Nelson, 1932; Jonas and Stose, 
1939; Bloomer, 1950; Brown, 1953; Bloomer and Werner, 
1955; Brown, 1958; Nelson, 1962; Furcron, 1969; Wehr, 
1983, 1985; Wang, 1991; Tollo and Arav, 1992; Bailey et al., 
2007; Bailey, 2014; Johnson et al., 2014; Driggers, 2016). 
More than 50 km of the trace of the Red Valley fault through 
southern Virginia has not been mapped at a scale larger than 
1:100,000, including the region at the fault terminus west of 
Lynchburg.  Detailed geologic mapping on seven 7.5-minute 
quadrangles, coupled with structural analysis, high-resolution 
geophysical surveys, and 40Ar/39Ar geochronology, may pin 
the fault location, determine kinematic variation along strike, 
and provide much needed data for regional fault and terrane 
reconstructions. 

2) We do not know the details of the relations between rocks 
of the Lynchburg Group and Ashe Formation and Alligator 
Back Formation rocks. Detailed mapping of approximately 
nine 7.5-minute quadrangles southwest of Lynchburg, at 
a scale of 1:24,000, is needed to resolve correlation issues 
between the Lynchburg Group rocks to the north and rocks 
to the south.  Graphitic rocks of the Johnson Mill Member 
(formation of Nelson, 1962) can be traced without break from 
north of Charlottesville to the type section of the Lynchburg 
Group along the James River in Lynchburg.  Four tiers of 
7.5-minute quadrangles occupy the area between outcrops of 
graphitic schist on the James River, as well as outcrops of 
abundant graphitic schist on the Rocky Mount 7.5-minute 
quadrangle (McCollum, 1989). To the west on the Callaway 
7.5-minute quadrangle, similar rocks occur (Carter, 2012; 
Carter et al., 2016).  Are these belts of graphitic schist the 
same, indicating that graphitic schist in the Lynchburg Group 
is a marker bed that can be traced into southern Virginia and 
FDQ�GH¿QH�PDMRU�VWUXFWXUDO�IROGV�DQG�IDXOWV�RU�ZHUH�FRQGLWLRQV�

in the depositional basin at that time conducive to repeated 
deposition of carbon-rich sediments?  

3) We do not fully understand the relations between the Ashe 
Formation and the Alligator Back Formation.  The largest-
scale mapping currently available that crosses the entire 
width of the eastern Blue Ridge in southern Virginia is the 
1:250,000-scale map of Espenshade et al. (1975).  Recent 
detailed mapping along the Blue Ridge Parkway (Carter, 
2012; 2014; Carter et al., 2016) and regional reconnaissance 
(Carter and Merschat, 2014) raise the following tantalizing 
new questions that can only be addressed with new detailed 
1:24,000-scale mapping across seven 7.5-minute quadrangles 
north of latitude 36°45´ and west of Austinville, Virginia. 
Important questions include:  a) Is the contact between the 
Ashe Formation and Alligator Back Formation along the 
length of the west limb of the Ararat River synclinorium 
D� VWUXFWXUDO� FRQWDFW�� DV� ¿UVW� SURSRVHG� E\� 5D\PRQG� HW� DO���
��������DQG�FRQ¿UPHG�LQ�VRXWKHUQ�9LUJLQLD�E\�&DUWHU���������
b) How far east do high-grade and polydeformed rocks of the 
Alligator Back Formation extend and is the east limb contact 
in the Ararat River synclinorium structural – e.g., what is the 
contact relation between the Alligator Back Formation and 
lower-grade graphitic schist and meta-feldspathic greywacke 
DW� WKH� QRVH� DQG� ZHVW� ÀDQN� RI� WKH� &RRSHU� &UHHN� DQWLFOLQH�
(Conley and Henika, 1970; McCollum, 1989)? and c) Would 
detailed 1:24,000-scale mapping along the New River in 
northwestern North Carolina, where lower metamorphic 
grades reveal a blurred lithologic distinction and contact 
relations between the Ashe Formation and Alligator Back 
Formation, as noted by Carter and Merschat (2014),  force 
UH�GH¿QLWLRQ�RI�WKHVH�XQLWV"

4) We do not understand regional variations and tectonic 
VLJQL¿FDQFH�RI�XOWUDPD¿F�URFNV�RI�WKH�%OXH�5LGJH�*HRORJLF�
Province in Virginia and North Carolina.  Some work has been 
GRQH� LQGHSHQGHQWO\� RQ� XOWUDPD¿F� URFNV� RI� WKH� /\QFKEXUJ�
Group in central-western Virginia (e.g., Burfoot, 1930; Hess, 
1933; Conley, 1986; 1987; Wang and Glover, 1991; 1997; 
Weiss, 1999; Jensen, 2012), and considerable work has been 
GRQH�RQ�XOWUDPD¿F�URFNV�RI�WKH�$VKH�)RUPDWLRQ�LQ�WKH�HDVWHUQ�
Blue Ridge in North Carolina and southernmost Virginia 
(e.g., Misra and Keller, 1978; Raymond and Swanson, 1981; 
Swanson, 1981; Scotford and Williams, 1983; Hatcher et al., 
1984; Misra and McSween, 1984; McSween and Hatcher, 
1985; Hopson, 1989; Misra and Conte, 1991; Tenthory et 
al., 1996; Abbott and Raymond, 1997; Berger at al., 2001; 
Raymond et al., 2001; 2003; Warner, 2001; Peterson et al., 
2004; Swanson et al., 2005; Swanson and Raymond, 2010; 
Warner and Swanson, 2010; Raymond and Merschat, 2011; 
Raymond et al., 2016).  It’s now time to study these rocks as 
a package in order to answer the following basic questions:  
Chemically, are these rocks similar or different? Raymond 
et al. (2016) suggest that there are regional variations. If the 
/\QFKEXUJ�XOWUDPD¿F�URFNV�DUH�GLNHV�DQG�VLOOV��ZK\�WKHQ�GLG�
they not create easily observed thick contact metamorphic 
areoles in the wet sediments into which they intruded?  If 
they are ophiolites, then can the faults along which they were 
HPSODFHG� ZLWKLQ� WKH� PHWDVHGLPHQWDU\� VWUDWD� EH� LGHQWL¿HG��
and reconciled with regional kinematics?  If Lynchburg and 
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$VKH� XOWUDPD¿F� URFNV� DUH� GLIIHUHQW�� WKHQ� ZKHUH� GR� WKHVH�
rocks make a transition from mantle-derived dikes and 
sills to ophiolites, as this transition site will mark the major 
hinge zone (Wehr and Glover, 1985) or suture between the 
Neoproterozoic paracontinental rift-related rocks and likely 
Paleozoic distal marine sediments and oceanic crust? 

5) We do not have the needed constraints on ages of rock 
units.  Age relations of the various units are still loosely 
FRQVWUDLQHG�RQ�WKH�EDVLV�RI�¿HOG�UHODWLRQV�DQG�WKH\�UDQJH�IURP�
Neoproterozoic to early Paleozoic.  Detrital zircon studies 
(Bream et al., 2004; Carter et al., 2006; Bailey et al., 2007; 
Merschat et al. 2010) have provided important information 
UHJDUGLQJ�SURYHQDQFH��EXW�KDYH�QRW�VLJQL¿FDQWO\�UH¿QHG�WKH�
depositional age of these units.  Intercalated felsic volcanic 
URFNV� QHHG� WR� EH� LGHQWL¿HG� DQG� GHVFULEHG� WKURXJK� GHWDLOHG�
¿HOG�VWXGLHV��DQG�GDWHG�E\�8�3E�JHRFKURQRORJ\�WHFKQLTXHV��

Despite decades of attempted correlation of units from the 
eastern limb of the Blue Ridge anticlinorium in central Virginia 
to the eastern Blue Ridge in southern Virginia and western 
North Carolina (Fig. 1), fundamental differences in origin and 
evolution remain problematic.  These correlation problems are a 
VLJQL¿FDQW�KLQGUDQFH�WR�RXU�IXOO�XQGHUVWDQGLQJ�RI�WKH�%OXH�5LGJH�
in the central and southern Appalachians.  Much work remains 
to be done in the decades to come.

$&.12:/('*(0(176

7KLV� PDQXVFULSW� EHQH¿WWHG� IURP� WHFKQLFDO� UHYLHZV� E\�
Christopher S. Swezey (U.S. Geological Survey) and Loren 
A. Raymond (Appalachian State University emeritus).  Scott 
Southworth (U.S. Geological Survey) also provided helpful 
comments.   
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Field Trip Stop Descriptions
 

INTRODUCTION

7KLV�¿HOG� WULS�JXLGH�FRQWDLQV����VWRSV� LQ� WKH�1RUWK�&DUROLQD�DQG�9LUJLQLD�%OXH�5LGJH�WKDW�H[DPLQHV� WKH�JHRORJ\�RI�0RXQW�
5RJHUV��9LUJLQLD�DQG�VXUURXQGLQJ�DUHD��VHH�)LJ�����0HUVFKDW�HW�DO���WKLV�JXLGHERRN����6RPH�RI�WKH�VWRS�GHVFULSWLRQV�LQ�WKLV�¿HOG�JXLGH�
DUH�PRGL¿HG�IURP�SUHYLRXV�¿HOG�WULS�VWRSV��DQG�DGGLWLRQDO�LQIRUPDWLRQ�PD\�EH�IRXQG�LQ�WKH�IROORZLQJ�JXLGHV��5DQNLQ��������7ROOR�
HW�DO���������&DUWHU�DQG�0HUVFKDW��������0HUVFKDW�HW�DO�����������2Q�'D\���ZH�ZLOO�H[DPLQH�WKH�JHRORJ\�RI�WKH�ZHVWHUQ�%OXH�5LGJH��
EHJLQQLQJ�LQ�WKH�ROGHVW�URFNV��a����±�����*D�EDVHPHQW�JQHLVVHV��DQG�FRQWLQXLQJ�WKURXJK�/DWH�1HRSURWHUR]RLF�����±����0D��IHOVLF�
YROFDQLF��FODVWLF��DQG�JODFLRJHQLF�URFNV��DQG�¿QLVKLQJ�ZLWK�/DWH�1HRSURWHUR]RLF�WR�(DUO\�&DPEULDQ�ULIW�WR�GULIW�VHTXHQFH�SUHVHUYHG�
LQ�WKH�&KLOKRZHH�*URXS���'D\���ZLOO�IRFXV�RQ�WKH�HDVWHUQ�%OXH�5LGJH�URFNV�DQG�NH\�FRQWDFWV�ZLWK�EDVHPHQW�URFNV�RI�WKH�ZHVWHUQ�
%OXH�5LGJH���0RVW�RI�WKH�VWRSV�DUH�DORQJ�SXEOLF�URDGV�RU�RQ�SXEOLF�ODQG��EXW�D�IHZ�DUH�RQ�SULYDWH�SURSHUW\���3OHDVH�KRQRU�SURSHUW\�
RZQHUV¶�UHTXHVWV�ZKHQ�HQWHULQJ�SULYDWH�SURSHUW\���3OHDVH�QRWH�WKDW�6WRSV��±��WKURXJK��±��DUH�ORFDWHG�ZLWKLQ�*UD\VRQ�+LJKODQGV�
6WDWH�3DUN�DQG�QR�FROOHFWLQJ�RU�URFN�KDPPHUV�DUH�DOORZHG�

SAFETY

$V�DOZD\V��SOHDVH�EH�YHU\�FDXWLRXV�DQG�PLQGIXO�RI�\RXUVHOI�DQG�RWKHUV�DW�HYHU\�VWRS���%RDUG�DQG�OHDYH�WKH�EXVHV�FDUHIXOO\�DQG�
TXLFNO\��ZDWFK�IRU�WUDI¿F�DQG�ZDUQ�RWKHUV��EH�FDUHIXO�FURVVLQJ�KLJKZD\V��DQG�EH�PLQGIXO�RI�RWKHUV�ZKHQ�KDPPHULQJ�RQ�DQ�RXWFURS���
'R�QRW�JR�FORVH�WR�RYHUKDQJLQJ�OHGJHV��SDUWLFXODUO\�ZKHUH�WKHUH�LV�ORRVH�URFN��DQG�GR�QRW�DWWHPSW�WR�FOLPE�URDG�FXWV�RU�RWKHU�URFN�
IDFHV�DW�DQ\�RI�WKH�VWRSV���(DFK�VWRS�SUHVHQWV�GLIIHUHQW�NLQGV�RI�KD]DUGV��VR�SOHDVH�ORRN�DURXQG�DQG�DVVHVV�\RXU�VXUURXQGLQJV�EHIRUH�
H[DPLQLQJ�WKH�JHRORJ\�

:H�ZLVK�HYHU\RQH�D�VDIH��HGXFDWLRQDO��DQG�HQMR\DEOH������&DUROLQD�*HRORJLFDO�6RFLHW\�¿HOG�WULS���

DAY 1.  OVERVIEW OF THE GEOLOGY OF THE MOUNT ROGERS AREA

Stop 1–1.  ~1061 Ma Porphyroclastic granite gneiss (Yag) with blue quartz on VA 16 near Mouth of Wilson Baptist Church 
(Mouth of Wilson 7.5–minute quadrangle; 36.579872° N, 81.362313° W) 

([SRVHG�LQ�WKH�URDGFXW�DORQJ�9$����LV�D�SRUSK\URFODVWLF�JUDQLWH�JQHLVV��DXJHQ�JQHLVV��ZLWK�EOXH�TXDUW]���7KH�JQHLVV�FRQWDLQV�
���±��FP�ORQJ�EORFN\� WR�VXEURXQGHG�DONDOL� IHOGVSDU� �PLFURFOLQH��PHJDFU\VWV� WR�SRUSK\URFODVWV� LQ�D�GDUN�PDWUL[�RI�ELRWLWH��EOXH�
TXDUW]���±��PP�GLDPHWHU���PXVFRYLWH��HSLGRWH�DQG�FKORULWH��7KH�IROLDWLRQ�LV�ZHOO�GHYHORSHG��FKDUDFWHUL]HG�E\�JUHHQVFKLVW�IDFLHV�
DVVHPEODJH��TXDUW]���ELRWLWH���PXVFRYLWH���FKORULWH���HSLGRWH��PDJQHWLWH�� DQG� LV� VLPLODU� WR�$OOHJKDQLDQ� IROLDWLRQV�REVHUYHG� LQ�
PDQ\�RI�WKH�0HVRSURWHUR]RLF�URFNV�DURXQG�WKH�0RXQW�5RJHUV�DUHD���)HOGVSDU�SRUSK\URFODVWV�PD\�FRQWDLQ�WDLOV�RU�SUHVVXUH�VKDGRZV�
RI�TXDUW]�DQG�PXVFRYLWH�WKDW�GH¿QH�D�OLQHDWLRQ����������DQG�RIWHQ�GLVSOD\�WRS�WR�WKH�1:�VKHDU�VHQVH���*HRFKHPLFDOO\��WKH�JQHLVV�
YDULHV�IURP�V\HQRJUDQLWH�WR�PRQ]RJUDQLWH��7ROOR�HW�DO�������������5DQNLQ�HW�DO���������PDSSHG�WKLV�DV�DXJHQ�JQHLVV�DQG�FODVVL¿HG�LW�
DV�SDUW�RI�WKH�&UDQEHUU\�*QHLVV��*HRFKURQRORJLF�DQG�SHWURORJLF�LQYHVWLJDWLRQV�LQ�FRQMXQFWLRQ�ZLWK�JHRORJLF�PDSSLQJ�KDYH�VKRZQ�
WKDW�WKH�SRUSK\URFODVWLF�JQHLVV�LV�RQH�RI�WKH�\RXQJHU�0HVRSURWHUR]RLF�XQLWV��7ROOR�HW�DO�����������������$�6+5,03�8�3E�]LUFRQ�DJH�
RI����������0D�ZDV�REWDLQHG�IURP�D�VDPSOH�RI�SRUSK\URFODVWLF�ELRWLWH�JQHLVV�ORFDWHG�WR�WKH�VRXWKZHVW�DORQJ�%LJ�+RUVH�%UDQFK���
7KH�%ORZLQJ�5RFN�*QHLVV��ORFDWHG�LQ�WKH�*UDQGIDWKHU�0RXQWDLQ�ZLQGRZ�IXUWKHU�WR�WKH�VRXWKZHVW��LV�WH[WXUDOO\�DQG�FRPSRVLWLRQDOO\�
VLPLODU���&DUULJDQ�HW�DO����������REWDLQHG�D�6+5,03�8�3E�]LUFRQ�DJH�RI�����������0D�IRU�WKH�%ORZLQJ�5RFN�*QHLVV��ZKLFK�VXJJHVWV�
LW�PD\�EH�WHPSRUDOO\�UHODWHG�WR�WKH�SRUSK\URFODVWLF�JUDQLWH�JQHLVV�KHUH���

6WRS��±�����a�����0D�/LQHDWHG�ELRWLWH�JUDQLWH��<OEJ��DQG�IROLDWHG�PD¿F�GLNHV��QRZ�JUHHQVWRQH��=GJ��9$����VRXWK�RI�EULGJH�
over New River (Mouth of Wilson 7.5–minute quadrangle; 36.584315° N, 81.313263° W) 

7KH� ODUJH� URDGFXW� RQ�9$� ��� MXVW� VRXWK� RI� WKH� EULGJH� RYHU� WKH�1HZ�5LYHU� UHSUHVHQWV� D�PLFURFRVP� RI� WKH� QRUWKHUQ� HQG� RI�
WKH�)UHQFK�%URDG�PDVVLI�� �YDULRXV�0HVRSURWHUR]RLF� OLWKRORJLHV� LQWUXGHG�E\�PD¿F�GLNHV�DQG� ORFDOO\�VWURQJO\�RYHUSULQWHG�ZLWK�D�
P\ORQLWLF��JUHHQVFKLVW� IDFLHV��3DOHR]RLF� IDEULF�� �7KH� URDGFXW�FRQWDLQV�PLJPDWLWLF� OD\HUHG�PD¿F�JQHLVV� �<JJ���FRDUVH�JUDLQHG� WR�
SRUSK\ULWLF�ELRWLWH�JUDQLWH�JQHLVV��<OEJ���SRUSK\ULWLF�JUDQLWH�JQHLVV��<DJ���DQG�VHYHUDO�PD¿F�GLNHV��ZKLFK�DUH�QRZ�FKORULWH�DOELWH�
VFKLVWV�RU�JUHHQVWRQH���$�VWUDLQ�JUDGLHQW�RFFXUV�LQ�WKH�URDGFXW���7KH�OHDVW�GHIRUPHG�URFNV�RFFXU�QHDU�WKH�EULGJH�LQ�WKH�QRUWKHUQ�SDUW�
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RI�WKH�URDGFXW��LQ�IURQW�RI�D�a��P�WKLFN�PD¿F�GLNH�WUDQVSRVHG�LQWR�WKH�UHJLRQDO�IROLDWLRQ�����������)LJ���±�����7KH�UHVW�RI�WKH�URDGFXW�
LV�SURWRP\ORQLWLF�WR�P\ORQLWLF��7KH�FRDUVH�JUDLQHG�SRUSK\ULWLF�WR�SRUSK\URFODVWLF�JUDQLWH�JQHLVV�FRQWDLQV����±����FP�ORQJ�DONDOL�
IHOGVSDU��SODJLRFODVH��TXDUW]��RIWHQ�EOXHLVK�JUD\���DQG�ELRWLWH��RYHUSULQWHG�ZLWK�D�PHWDPRUSKLF�DVVHPEODJH�RI�PXVFRYLWH��FKORULWH��
DQG�HSLGRWH���%LRWLWH�ULFK�VFKOLHUHQ���[����FP�DFURVV�RFFXU�LQ�WKH�JUDQLWH�EXW�DUH�RQO\�REYLRXV�LQ�WKH�ORZ�VWUDLQHG�JUDQLWH�DW�WKH�
QRUWK�HQG�RI�WKH�URDGFXW���7KH�ORQJ�D[LV�RI�WKH�VFKOLHUHQ�DUH�SDUDOOHO�WR�6������������ZKLFK�LV�OLNHO\�D�*UHQYLOOLDQ�IROLDWLRQ��2WWDZDQ�
SKDVH����7KH�SURWRP\ORQLWLF�WR�P\ORQLWLF�JUDQLWH�JQHLVV�FRQWDLQV�SRUSK\URFODVWV�RI�DONDOL�IHOGVSDU�DQG�VRPHWLPHV�TXDUW]��ZKHUHDV�
PXVFRYLWH���FKORULWH���HSLGRWH���FOLQR]RLVLWH�GH¿QH�WKH�6��3DOHR]RLF�IROLDWLRQ���,Q�SODFHV�ZKHUH�WKH�SURWRP\ORQLWLF�JUDQLWH�JQHLVV�
LV�PRUH�PDVVLYH��HSLGRWH�YHLQV�DUH�FRPPRQ���$�VDPSOH�RI�OLQHDWHG�ELRWLWH�JUDQLWH�IURP�D�TXDUU\�ORFDWHG�a���NP�WR�WKH�HDVW�\LHOGHG�
D�6+5,03�8�3E�DJH�RI����������0D�DQG�D�VHFRQG�P\ORQLWLF�VDPSOH�IURP�WKLV�URDGFXW�\LHOGHG�DQ�DJH�RI����������0D��7ROOR�HW�DO���
��������7KH�RWKHU�0HVRSURWHUR]RLF�OLWKRORJLHV�LQFOXGH�PLJPDWLWLF�PD¿F�JQHLVV��<JJ��DQG�D�SRUSK\ULWLF�WR�SRUSK\URFODVWLF�JUDQLWH�
JQHLVV��DXJHQ�JQHLVV��<DJ����7KH�RYHUSULQWLQJ�P\ORQLWLF�3DOHR]RLF�IROLDWLRQ�PDNHV�WKHVH�WZR�OLWKRORJLHV�GLI¿FXOW�WR�GLVWLQJXLVK�IURP�
WKH�P\ORQLWLF�ELRWLWH�JUDQLWH���,Q�WKH�PLGGOH�RI�WKH�URDGFXW��a��P�VRXWK�RI�WKH�URDG�VLJQ��WKH�URFN�LV�FKDUDFWHUL]HG�E\�FHQWLPHWHU�WR�
GHFLPHWHU�OD\HUV�RI�TXDUW]�IHOGVSDU�OHXFRVRPHV�DQG�DPSKLEROLWH�RI�WKH�PLJPDWLWLF�PD¿F�JQHLVV��<JJ�����7KH�DOWHUQDWLQJ�DPSKLEROLWH�
DQG�OHXFRVRPH�OD\HUV�UHSUHVHQW�D�*UHQYLOOH�DJH�IROLDWLRQ�6��WUDQVSRVHG�LQ�WKH�UHJLRQDO�P\ORQLWLF�3DOHR]RLF�IROLDWLRQ�6����1HDU�WKH�
VRXWKHUQ�HQG�RI�WKH�URDGFXW��WKH�IHOGVSDU�SRUSK\URFODVWV�DUH�QRWLFHDEO\�ODUJHU��$OWKRXJK�WKLV�FRXOG�EH�D�FRDUVHU�JUDLQHG�SKDVH�RI�WKH�
ELRWLWH�JUDQLWH��<OEJ���LW�LV�LQWHUSUHWHG�WR�EH�WKH�a�����0D�SRUSK\URFODVWLF�JUDQLWH�JQHLVV�VHHQ�DW�6WRS��±��

$W�OHDVW�VHYHQ�EOXLVK�JUHHQ�WR�GDUN�JUHHQLVK�JUD\�PD¿F�GLNHV��=GJ��LQ�WKH�URDGFXW�DUH�WUDQVSRVHG�LQWR�WKH�UHJLRQDO�3DOHR]RLF�
IROLDWLRQ�DQG�ORFDOO\�VWURQJO\�VKHDUHG��)LJ���±�����7KH�PD¿F�GLNHV�YDU\�IURP���P�WR�����P�WKLFN��DOWKRXJK�PRVW�DUH�����WR���P�WKLFN��
DQG�DUH�FKDUDFWHUL]HG�E\�JUHHQVFKLVW�IDFLHV�PLQHUDOV��FKORULWH���DOELWH���PDJQHWLWH���HSLGRWH���,Q�DUHDV�ZKHUH�WKH�3DOHR]RLF�RYHUSULQW�
LV�QRW�VWURQJ��WKH�PD¿F�GLNHV�YDU\�IURP�GLDEDVH�WR�JDEEUR��RIWHQ�PD\�EH�RSKLWLF�WR�VXERSKLWLF��DQG�WUXQFDWH�6��IROLDWLRQ�LQ�WKH�FRXQWU\�
URFNV��6HH�6WRS��±������=LUFRQ�VHSDUDWHG�IURP�D�JDEEUR�GLNH�ORFDWHG����NP�HDVW�RI�/DQVLQJ��1&���\LHOGHG�D�6+5,03�8�3E�DJH�RI�
��������0D��7ROOR�HW�DO���������ZLWKLQ�HUURU�RI�D�6+5,03�8�3E�]LUFRQ�DJH�RI���������0D�IURP�D�%DNHUVYLOOH�*DEEUR�GLNH�RQ�5RDQ�
0RXQWDLQ��7HQQHVVHH��-��$OHLQLNRII��86*6��ZULWWHQ�FRPPXQ�����������7KXV��WKH�PD¿F�GLNHV�DUH�SDUW�RI�WKH�%DNHUVYLOOH�GLNH�VZDUP�
DQG�DUH�UHODWHG�WR�DQ�HDUO\�VWDJH�RI�ULIWLQJ�DQG�XQGHUSODWLQJ�RI�PD¿F��PDQWOH�GHULYHG�PDWHULDO�EHQHDWK�WKH�%OXH�5LGJH��5DQNLQ��������
%XUWRQ�DQG�6RXWKZRUWK��������0F&OHOODQ�HW�DO���������DQG�OLNHO\�ZHUH�IHHGHUV�WR�WKH�EDVDOW�LQ�WKH�ORZHU�0RXQW�5RJHUV�)RUPDWLRQ���

7KH�3DOHR]RLF�IDEULF�LQ�WKLV�URDGFXW�LV�GH¿QHG�E\�D�JUHHQVFKLVW�IDFLHV�DVVHPEODJH�RI�PXVFRYLWH���TXDUW]���FKORULWH���HSLGRWH����
4XDUW]�ULEERQV�LQ�WKH�P\ORQLWLF�JUDQLWLF�JQHLVV�GLVSOD\�SRO\JRQDO�DQQHDOHG�WH[WXUHV��ZKLOH�RWKHU�TXDUW]�JUDLQV�DUH�XQGXORVH�DQG�
FRQWDLQ�VXEJUDLQV���3ODJLRFODVH�SRUSK\URFODVWV�DUH�VHULFLWL]HG�DQG�ZUDSSHG�E\�WKH�P\ORQLWLF�IROLDWLRQ����$Q�DV\PPHWULF�IROLDWLRQ�WDLO�
RQ�D���P�WKLFN�PD¿F�GLNH�LQGLFDWHV�WRS�WR�WKH�1:�NLQHPDWLFV���6DPSOHV�ZHUH�FROOHFWHG�IURP�WKLV�RXWFURS�IRU���$U���$U�KRUQEOHQGH��
PXVFRYLWH�� DQG�.�IHOGVSDU� JHRFKURQRORJ\�� �0XVFRYLWH� IURP� WKLV� URDGFXW� \LHOGHG� DQ� ��$U���$U� SODWHDX� DJH� RI� ���� �� ��0D�� EXW�
KRUQEOHQGH�DQG�ELRWLWH�\LHOGHG�VWURQJO\�GLVWXUEHG���$U���$U�VSHFWUD��7ROOR�HW�DO�����������.�IHOGVSDU�DJHV�DUH�GLVWXUEHG�DV�ZHOO��EXW�
\LHOGHG�DJHV�JUHDWHU�WKDQ�WKH�IROLDWLRQ�IRUPLQJ�PXVFRYLWH���$U���$U�DJH�VXJJHVWLQJ�WKDW�WKH�ODWWHU�LV�D�JURZWK�DJH���

S3
S3

S3

S3
S3

S3

NW SE

)LJXUH� �±�±��� � 0HJDFU\VWV�SRUSK\URFODVWV� RI� DONDOL� IHOGVSDU� LQ� WKH� a�����0D� SRUSK\URFODVWLF� JUDQLWH� �DXJHQ� JQHLVV�� DUH� EORFN\� WR�
subrounded, and rotated into the Alleghanian S3�IROLDWLRQ�GH¿QHG�E\�PDWUL[�ELRWLWH�PXVFRYLWH�TXDUW]�IHOGVSDU���6RPH�RI�WKH�DONDOL�IHOGVSDU�
SRUSK\URFODVWV�LQGLFDWH�WRS�WR�WKH�1:�VKHDU�VHQVH���6PDOO�IHOVLF�GLNH�LV�WUDQVHFWHG�E\�63. 
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6WRS� �±��� � �0LJPDWLWLF� DPSKLEROLWH� JQHLVV� �<JJ�� FXW� E\� D�PD¿F� GLNH� �=GJ�� �*UDVV\� &UHHN� TXDGUDQJOH�� ���������° N, 
81.444673° W)

7KLV�LV�DOVR�D�VQDFN�EUHDN� 
7KLV� URDGFXW� LV� ORFDWHG�RQ� WKH� LQVLGH�RI� D� EOLQG� FXUYH�RQ�8�6�� ���� VR�SOHDVH�EH� FDUHIXO�ZKHQ� FURVVLQJ� WKH� URDG� DQG�ZKLOH�

H[DPLQLQJ�WKH�URDGFXW���)XUWKHUPRUH��LW�LV�QRW�QHFHVVDU\�WR�FURVV�WKH�URDG�WR�VHH�WKH�LPSRUWDQW�VWUXFWXUDO�UHODWLRQVKLSV��HYHU\WKLQJ�
FDQ�EH�REVHUYHG�IURP�WKH�JUDYHO�SXOO�RII�DQG�EULGJH�RQ�5XJE\�5RDG��9$�������)UHVK�H[SRVXUHV�RI�WKH�PLJPDWLWLF�DPSKLEROLWH�JQHLVV�
FDQ�EH�VHHQ�EHORZ�WKH�EULGJH�LQ�WKH�FUHHN��EXW�EH�FDUHIXO�ZDONLQJ�GRZQ�WKH�VWHHS�EDQN��

7KLV�URDGFXW��ZKLFK�ZDV�IXUWKHU�H[FDYDWHG�LQ�WKH�ZLQWHU�RI�������FRQVLVWV�RI�PLJPDWLWLF�DPSKLEROLWH�JQHLVV��<JJ��LQWUXGHG�E\�
D�PD¿F�GLNH��=GJ��WKDW�LV�PRUH�WKDQ���P�WKLFN���7KH�PLJPDWLWLF�DPSKLEROLWH�JQHLVV�LV�RQH�RI�WKH�OLWKRORJLHV�WKDW�FRPSULVH�WKH�ROGHU�
JURXS�RI�JQHLVVHV�LQ�WKH�QRUWKHUQ�HQG�WKH�)UHQFK�%URDG�PDVVLI��DQG�PD\�EH�UHJDUGHG�DV�SUH�*UHQYLOOH�FUXVW�LQWR�ZKLFK�YROXPLQRXV�
DPRXQWV�RI������0D�DQG������0D�PDJPDV�LQWUXGHG��7KHVH�YHVWLJHV�RI�SUH�*UHQYLOOH�FUXVW�PD\�EH�EHVW�FRQVLGHUHG�DV�[HQROLWKV�RU�
VFUHHQV��7KLV�RXWFURS�LV�QHDU�WKH�QRUWKHDVWHUQ�HQG�RI�D�ODUJHU�ERG\�RI�PLJPDWLWLF�OD\HUHG�JQHLVV�UHIHUUHG�WR�DV�RUWKRJUDQRIHOV��7ROOR�
HW�DO�����������������7KH�a�����*D�RUWKRJUDQRIHOV��<JJ�LV�WKH�ROGHVW�URFN�LQ�WKH�0HVRSURWHUR]RLF�EDVHPHQW�DURXQG�0RXQW�5RJHUV�
DQG�SRVVLEO\�WKH�VRXWKHUQ�$SSDODFKLDQV��7ROOR�HW�DO����������6XE�YHUWLFDO�JQHLVVLF�OD\HULQJ�GH¿QHG�E\�KRUQEOHQGH���SODJLRFODVH���

A

C D

B

mylonitic
mafic dike

mylonitic
lineated biotite granite

mylonitic
lineated biotite granite

S3S3

S3

S3
S1

S3

S1

NW SE

NW SE

mafic 
dike

Mylonitic lineated 
biotite granite

Strain increases to the southlow-strain
lineated biotite granite

S1; N=3
S3; N=13
Mafic dike; N=9

)LJXUH��±�±�����$��/RZ�VWUDLQHG�OLQHDWHG�ELRWLWH�JUDQLWH�LV�ORFDWHG�WR�WKH�QRUWK�RI�D�a�P�GLNH�PD¿F�GLNH��QRZ�JUHHQVWRQH���7KH�ORZ�VWUDLQHG�
granite contains an earlier foliation, S1��DQG�ELRWLWH�ULFK�VFKOLHUHQ����%���&RDUVH�JUDLQHG��OLQHDWHG�ELRWLWH�JUDQLWH�ZLWK�ELRWLWH�ULFK�VFKOLHUHQ�
LQ�1:�VWULNLQJ�61 foliation (310/50).  (C) Asymmetric S3�IROLDWLRQ�GHYHORSHG�LQ�WUDQVSRVHG�DQG�VKHDUHG�PD¿F�GLNH�VXJJHVWV�WRS�WR�WKH�1:�
NLQHPDWLF�VKHDU�VHQVH����'���(TXDO�DUHD�ORZHU�KHPLVSKHUH�VWHUHRQHW�VKRZLQJ�WKH�RULHQWDWLRQ�RI�61��PD¿F�GLNHV��DQG�P\ORQLWLF�IROLDWLRQ��63, 
LQ�KLJK�VWUDLQHG�JUDQLWH�DQG�PD¿F�GLNHV��FKORULWH�VFKLVWV�RU�JUHHQVWRQH����)DEULF�GLDJUDP�FUHDWHG�XVLQJ�6WHUHRQHW�Y���������$OOPHQGLQJHU�
et al., 2012).  
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TXDUW]�DQG�PLJPDWLWH�OHXFRVRPH�OD\HUV�GH¿QH�6������������DQG�DUH�WUXQFDWHG�E\�D�a����P�OHXFRFUDWLF�GLNH����������DQG�WKH�PD¿F�
GLNH�������������)ROLDWLRQ�ZLWKLQ�WKH�PD¿F�GLNH��6���LV���������WKH�GLNH�LV�WUDQVSRVHG�LQWR�WKH�UHJLRQDO�SHQHWUDWLYH�3DOHR]RLF�IROLDWLRQ���
$OWKRXJK�WKLV�GLNH�FRQWDLQV�D�JUHHQVFKLVW�IDFLHV�$OOHJKDQLDQ�IROLDWLRQ��WKH�GHIRUPDWLRQ�LV�QRW�DV�LQWHQVH�RU�SHUYDVLYH�DV�DW�6WRS�±����
6LPLODU�WR�WKH�GLNHV�REVHUYHG�DW�6WRS��±���WKHVH�GLNHV�DUH�LQWHUSUHWHG�WR�EH�SDUW�RI�WKH�a����0D�%DNHUVYLOOH�GLNH�VZDUP�DQG�OLNHO\�
UHSUHVHQW�IHHGHU�GLNHV�WR�WKH�EDVDOW�ÀRZV�LQ�WKH�ORZHU�SDUW�RI�WKH�0RXQW�5RJHUV�)RUPDWLRQ���

Stops 1–4 through 1–6 are located within the Grayson Highlands State Park and collecting is prohibited without a  permit.  
No hammers please.

6WRS��±����)HHV�5K\ROLWH�0HPEHU��=PI���*UD\VRQ�+LJKODQGV�6WDWH�3DUN��*UDVV\�&UHHN����±PLQXWH�TXDGUDQJOH������������° 
N, 81.477144° W)

7KH�GDUN�JUD\LVK�SXUSOH��ZHDWKHULQJ� OLJKW�SXUSOLVK�JUD\�� UK\ROLWH� LQ� WKH� URDGFXW� LQ� WKH�FXUYH� LV� WKH�)HHV�5K\ROLWH�0HPEHU�
�������������0D��=PI��RI�WKH�0RXQW�5RJHUV�)RUPDWLRQ���7KH�)HHV�5K\ROLWH�0HPEHU�LV�D�SRUSK\ULWLF�UK\ROLWH�ZLWK���±���SHUFHQW�
SKHQRFU\VWV��XS�WR����SHUFHQW��5DQNLQ��������RI�SLQN�SHUWKLWH�DONDOL�IHOGVSDU��TXDUW]��DQG�SODJLRFODVH��)LJ���±�±�����3LQN�SHUWKLWH�

S1; N=9
S3; N=3

Leucocratic
granitoid dike

Mafic dike

VOLNEY
KONNAROCK

VOLNEY
KONNAROCK

Covered

Covered

Mafic dike

Migmatitic amphibolite & orthogranofels, ~1.33 Ga

Coarse-grained leucocratic granitoid dike

S1 gneissic layering

S3 foliation/cleavage

W E

US 58

US 58

VA 743

B

A

C

)LJXUH� �±�±��� � 6NHWFK� RI� URDGFXW� RI�PLJPDWLWLF� DPSKLEROLWH� DQG� RUWKRJUDQRIHOV�ZLWK� IROLDWLRQ�� 61�� FXW� E\�PD¿F� GLNH�� �0D¿F� GLNH� LV�
transposed into the regional D3 Paleozoic foliation.  (B)  Equal area lower hemisphere stereonet showing the relationship between S1, 
OHXFRFUDWLF�JUDQLWRLG�GLNH��PD¿F�GLNH��DQG�63���7KH�FRQWDFW�RI�WKH�GLNH�LV�URXJKO\�SDUDOOHO�ZLWK�63.  Stereonet v. 9.3.2 (Allmendinger et al., 
������ZDV�XVHG�WR�FUHDWH�WKH�SORW���&��0LJPDWLWLF�DPSKLEROLWH�H[SRVHG�LQ�WKH�:LOVRQ�&UHHN���.QLIH�LV���FP�ORQJ���
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DONDOL�IHOGVSDU�LV�WKH�PRVW�DEXQGDQW�SKHQRFU\VW�DQG�UDQJHV�IURP����PP�DFURVV��4XDUW]�LV�WKH�VHFRQG�PRVW�DEXQGDQW�SKDVH�DQG�LV�
�±��PP�DFURVV�DQG�IUHTXHQWO\�LV�HPED\HG���5DQNLQ��������QRWHG�WKDW�SODJLRFODVH�SKHQRFU\VWV�FRQVWLWXWH�D�VPDOO��YDULDEOH�DPRXQW�
RI�SKHQRFU\VWV��EXW� LWV�SUHVHQFH�LV�D�GLVWLQJXLVKLQJ�FKDUDFWHULVWLF�RI� WKH�)HHV�5K\ROLWH�� �7KH�SKHQRFU\VWV�RIWHQ�RFFXU� LQ�FLUFXODU�
GHQVH�FOXVWHUV��±���FP�ORQJ�DQG�ÀDWWHQHG�LQWR�WKH�IROLDWLRQ���1HDU�WKH�VRXWKHUQ�HQG�RI�WKH�URDGFXW��WKH�UK\ROLWH�FRQWDLQV�UDUH�OLWKLF��
SHEEOH�WR�FREEOH�VL]HG�LQFOXVLRQV�RI�TXDUW]��PXVFRYLWH�JUDQLWH��DQG�UK\ROLWH��)LJ���±�±�����$�IROLDWLRQ��6���LV�PRGHUDWHO\�WR�ZHDNO\�
GHYHORSHG�WKURXJKRXW�WKH�URDGFXW�

7KH�)HHV�5K\ROLWH�0HPEHU�ZDV� LQWHUSUHWHG� WR�RFFXU�QHDU� WKH�EDVH�RI� WKH�0RXQW�5RJHUV�)RUPDWLRQ�DV� LW� LV� VHSDUDWHG� IURP�
WKH�PDLQ� VHFWLRQ� RI� UK\ROLWHV� RI� WKH�0RXQW� 5RJHUV� YROFDQLF� FHQWHU� E\� DUNRVH�� FRQJORPHUDWH�� DQG�PHWDEDVDOW��ZKLFK� DUH� RIWHQ�
DVVRFLDWHG�ZLWK�WKH�ORZHU�SDUW�RI�WKH�IRUPDWLRQ��5DQNLQ����������7KH�)HHV�LV�RIWHQ�LQ�FORVH�SUR[LPLW\�ZLWK�EDVHPHQW�DQG�ORFDOO\�UHVWV�
QRQFRQIRUPDEO\�RQ�EDVHPHQW��VHH�6WRS����0HUVFKDW�HW�DO�����������<HW�DPELJXLW\�VWLOO�H[LVWV�UHJDUGLQJ�LWV�¿HOG�UHODWLRQVKLSV��DJH�
DQG�VWUDWLJUDSKLF�SRVLWLRQ��VHH�0F&OHOODQ�HW�DO���WKLV�JXLGHERRN����6WUXFWXUDOO\��WKH�)HHV�RYHUOLHV�WKH�UK\ROLWHV�RI�WKH�0RXQW�5RJHUV�
YROFDQLF�FHQWHU��HLWKHU�DORQJ�D�1:�YHUJLQJ�GXFWLOH�WKUXVW��WKH�RYHUWXUQHG�OLPE�RI�D�VSHFXODWLYH�1:�YHUJLQJ�IROG��DOWKRXJK�WKH�FRUH�
RI�WKH�IROG�KDV�QRW�EHHQ�IRXQG���RU�LW�LV�D�\RXQJHU�UK\ROLWH�ZLWKLQ�D�\RXQJHU�FODVWLF�VHTXHQFH��7ROOR�HW�DO���������UHSRUWHG�&$�7,06�
8�3E�VLQJOH�]LUFRQ�DJHV�IURP�WKH�)HHV�UK\ROLWH�WKDW�UDQJH�IURP�a����WR�a����0D��������������ZHLJKWHG�PHDQ��DQG�WKH�\RXQJHVW�
]LUFRQ��������������0D��ZDV�LQWHUSUHWHG�DV�WKH�DJH���,I�WKLV�DJH�LV�FRUUHFW�WKH�)HHV�LV�DERXW�WKH�VDPH�DJH�DV�WKH�RYHUO\LQJ�%X]]DUG�
5RFN�DQG�:KLWHWRS�5K\ROLWH�PHPEHUV�

6WRS��±����)ORZ�EDQGV�LQ�WKH�:KLWHWRS�5K\ROLWH�0HPEHU��=PZW���*UD\VRQ�+LJKODQGV�6WDWH�3DUN���:KLWHWRS�0RXQWDLQ����±
minute quadrangle; 36.624713° N, 81.506812° W)

7KH�:KLWHWRS�5K\ROLWH�0HPEHU��=PZW���������������0D��7ROOR�HW�DO���������LV�GLVWLQFW�DPRQJ�DOO�RI�WKH�UK\ROLWHV�RI�WKH�0RXQW�
5RJHUV�)RUPDWLRQ�LQ�WKDW�LW�JHQHUDOO\�ODFNV�SKHQRFU\VWV�DQG�LV�FRPPRQO\�ÀRZ�EDQGHG���7KH�OLJKW�SXUSOLVK�JUD\�ÀRZ�EDQGHG�UK\ROLWHV�
H[SRVHG�DORQJ�WKH�URDG�DQG�LQ�URDGFXWV�DUH�W\SLFDO�RI�WKH�:KLWHWRS�5K\ROLWH���(VSHFLDOO\�ZHOO�GHYHORSHG�KHUH�DUH�IROGV�LQ�WKH�ÀRZ�
EDQGV��FRQWRUWHG��DQG�VRPH�RI�WKH�WLJKWHU�IROGV�VKRZ�HYLGHQFH�RI�DXWR�EUHFFLDWLRQ��)LJ���±�±�����&RPPRQ�ÀRZ�EDQGV�LQGLFDWH�WKDW�
WKH�:KLWHWRS�5K\ROLWH�0HPEHU�ZDV�D�ODYD�WKDW�ÀRZHG�RQ�WKH�VXUIDFH�DV�FRPSDUHG�WR�PRVW�RI�WKH�RWKHU�UK\ROLWHV��H[FOXGLQJ�SDUWV�RI�
WKH�%X]]DUG�5RFN�5K\ROLWH��VHH�6WRS��±����WKDW�ZHUH�HUXSWHG�DV�LJQLPEULWHV�RU�S\URFODVWLF�ÀRZV��5DQNLQ����������7KH�VXE�YHUWLFDO��

)LJXUH� �±�±��� � 7KH� )HHV� 5K\ROLWH� 0HPEHU� LV� D� GDUN� JUD\LVK�
purple, porphyritic lithic crystal tuff, which contains inclusions 
of porphyritic rhyolite recognized by close clusters of phenocrysts 
(white dashed ellipse), and inclusions of granite pebbles (white 
arrows).  Some rhyolite inclusions in this roadcut may be 
dominantly aphanitic.  Pencil is 14.5 cm long.

)LJXUH� �±�±��� � &RQWRUWHG� ÀRZ� EDQGV� LQ� WKH�:KLWHWRS� 5K\ROLWH�
Member.  Pencil is 14.5 cm long.
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FRQWRUWHG�ÀRZ�EDQGV�REVHUYHG�KHUH�LQGLFDWH�LW�LV�QHDU�WKH�FRUH�RU�FHQWHU�RI�D�ODYD�ÀRZ���2WKHU�OLWKRORJLHV�RI�WKH�:KLWHWRS�5K\ROLWH�
0HPEHU�WKDW�DUH�QRW�VHHQ�KHUH�LQFOXGH�OLWKLF�ODSLOOL�WXII��YROFDQLF�ÀRZ�EUHFFLD��DQG�PXOWLVKHOOHG�OLWKRSK\VDH�UK\ROLWH��VHH�5DQNLQ��
������

6WRS��±���/LVWHQLQJ�5RFN�2YHUORRN�DQG�9LUJLO� -��&R[�9LVLWRUV�&HQWHU��*UD\VRQ�+LJKODQGV�6WDWH�3DUN� �3DUN�����PLQXWH�
quadrangle; 36.623129° N, 81.501452° W����/XQFK�DQG�5HVWURRP�EUHDN���

7KLV�VWRS��a����KRXUV�ORQJ��LQFOXGHV�ERWK�D�OXQFK�DQG�UHVWURRP�EUHDN���7KHUH�DUH�SLFQLF�WDEOHV�LQ�WKH�WUHHV�DURXQG�WKH�RYHUORRN�
DQG�DOVR�VFDWWHUHG�DERXW�WKH�YLVLWRU�FHQWHU���%DWKURRPV�DUH�DYDLODEOH�DW�WKH�9LUJLO�-��&R[�9LVLWRUV�&HQWHU���7KH�RXWFURSV�ZH�ZLOO�EH�
H[DPLQLQJ�DUH�E\�WKH�RYHUORRN��EXW�WKHUH�DUH�ORWV�RI�RWKHU�H[SRVXUHV�RI�WKH�%X]]DUG�5RFN�5K\ROLWH�0HPEHU�DURXQG�WKH�YLVLWRU�FHQWHU���
7KHUH�DUH�DOVR�VHYHUDO�KLNLQJ�WUDLOV�ZLWK�VSHFWDFXODU�JHRORJ\��EXW�ZH�GR�QRW�KDYH�WLPH�IRU�D�KLNH��SOHDVH�GR�QRW�DWWHPSW�WKHP�

2Q�WKH�OHIW�VLGH�RI�WKH�SDYHG�SDWK�WR�WKH�RYHUORRN�LV�DQ�RXWFURS�RI�WKH�%X]]DUG�5RFN�5K\ROLWH�0HPEHU��=PE��������������
0D��� WKH� ORZHVW� DQG�ROGHVW� UK\ROLWH�RI� WKH�0RXQW�5RJHUV�YROFDQLF�FHQWHU�� �7KH�%X]]DUG�5RFN�5K\ROLWH� LV� D�GDUN�EOXLVK�SXUSOH�
SRUSK\ULWLF�UK\ROLWH�ZLWK���±���SHUFHQW�SKHQRFU\VWV�RI�SHUWKLWLF�DONDOL�IHOGVSDU��XVXDOO\�SLQN��DQG�SODJLRFODVH��ZKLWH�WR�JUHHQLVK�
ZKLWH���XVXDOO\�LQ�HTXDO�SURSRUWLRQV��5DQNLQ����������3KHQRFU\VWV�DUH�JHQHUDOO\��±��PP�DFURVV���*ORPHURSRUSK\ULWLF�SODJLRFODVH�
FOXVWHUV��D�WH[WXUH�WRR�GHOLFDWH�WR�VXUYLYH�H[SORVLYH�DLUERUQH�GHSRVLWLRQ��RFFXU�LQ�WKH�%X]]DUG�5RFN�5K\ROLWH��7ROOR�HW�DO������������,Q�
WKH�RXWFURSV�DURXQG�WKH�RYHUORRN��URDG��DQG�YLVLWRU�FHQWHU��GDUN�JUD\�WR�GDUN�SXUSOH�FHQWLPHWHU�VFDOH�ÀRZ�EDQGV�DUH�ZHOO�GHYHORSHG�
�)LJ���±�±����ZKLFK�VXJJHVWV�WKDW�SDUWV�RI�WKH�%X]]DUG�5RFN�5K\ROLWH�ZHUH�ODYD�ÀRZV��LI�QRW�HQWLUHO\��5DQNLQ��������7ROOR�HW�DO���
���������&KHPLFDOO\�WKH�%X]]DUG�5RFN�5K\ROLWH�LV�GLVWLQFW��LW�LV�ORZHU�LQ�VLOLFD������±��������DQG�WKH�OHDVW�FKHPLFDOO\�HYROYHG�RI�
DOO�WKH�RWKHU�UK\ROLWHV�IURP�WKH�0RXQW�5RJHUV�)RUPDWLRQ��7ROOR�HW�DO���������

3RO\OLWKLF�ERXOGHU�FRQJORPHUDWH��=PDF��FURSV�RXW�DW�WKH�RYHUORRN��DQG�PDNHV�D�VHULHV�RI�OHGJHV�DQG�ERXOGHUV�DORQJ�WKH�VRXWK�
VLGH�RI�WKH�URDG�DQG�VORSH��)LJ���±�±������7KLV�LV�DOVR�D�SRSXODU�ORFDWLRQ�IRU�ERXOGHULQJ��D�W\SH�RI�URFN�FOLPELQJ��DQG�KHQFH�WKH�ZKLWH��
FKDON\�UHVLGXH�RQ�PDQ\�VXUIDFHV�RI� WKH�RXWFURSV��� �7KH�ERXOGHU�FRQJORPHUDWHV�DUH�JHQHUDOO\�PDVVLYH��DQG�FRQWDLQ�URXQGHG�DQG�

A

B C

)LJXUH��±�±�����$��3RUSK\ULWLF�%X]]DUG�5RFN�5K\ROLWH�0HPEHU�ZLWK�W\SLFDO�GDUN�EOXLVK�JUD\�FRORU��������SHUFHQW�SKHQRFU\VWV���DQG�IDLQW�
ÀRZ�EDQGV���%���%RXOGHU�FRQJORPHUDWH�SUHVHUYLQJ�EHGIRUPV��ZLWK�UK\ROLWH�FODVWV�HPEHGGHG�LQWR�ODPLQDWHG�DQG�JUDGHG�VDQGV��EODFN�DUURZ���
(PEHGGHG�UK\ROLWH�FODVW�VXJJHVWV�WKDW�WKH�EHGIRUP�LV�RYHUWXUQHG����&��3RO\OLWKLF�ERXOGHU�FRQJORPHUDWH�DW�/LVWHQLQJ�5RFN�2YHUORRN���0RVW�
RI�WKH�URXQG�FODVWV�DUH�SRUSK\ULWLF�UK\ROLWH��FRDUVH�JUDLQHG�ELRWLWH�JUDQLWRLG��JUHHQVWRQH��DUNRVH��TXDUW]�DQG�IHOGVSDU�FRPSULVH�PLQRU�
SRSXODWLRQV��VHH�DOVR�0F&OHOODQ�HW�DO���WKLV�JXLGHERRN����'XVW\�ZKLWH�DUHDV�LQ��E��DQG��F��DUH�FKDON���3HQFLO�LV������FP�



Field Trip Stop Descriptions

65

HORQJDWH�FODVWV�RI�SRUSK\ULWLF�UK\ROLWH��JUDQLWH��SLQN��PHGLXP�JUDLQHG��DQG�FRDUVH�JUDLQHG�ELRWLWH�JUDQLWH���VDQGVWRQH��JUHHQVWRQH��
PXGVWRQH��TXDUW]��DQG�DONDOL�IHOGVSDU��VHH�0F&OHOODQ�HW�DO���WKLV�JXLGHERRN����%HGIRUPV��DOWKRXJK�QRW�FRPPRQ��FRQVLVW�RI�GHFLPHWHU�
VFDOH� ODPLQDWHG�VDQG� WR�VLOW� OD\HUV�� �%HGIRUPV�DURXQG� WKH�RYHUORRN�DQG�VHHQ�DORQJ�SDUW�RI�/LVWHQLQJ�5RFN�7UDLO�GLVSOD\�JUDGHG�
EHGV��DQG�GUDSHG�RU�HPED\HG�FODVWV�WKDW�LQGLFDWH�WKH�ERXOGHU�FRQJORPHUDWH�EHGV�DUH�XSULJKW�DQG�GLSSLQJ�WR�WKH�HDVW�DQG�VRXWK���7KH�
FRQWDFW�UHODWLRQVKLS�EHWZHHQ�WKH�FRQJORPHUDWH�DQG�UK\ROLWH�LV�HLWKHU������WKH�UK\ROLWH�RYHUOLHV�WKH�FRQJORPHUDWH�DQG�WKH�SRUSK\ULWLF�
UK\ROLWH�LV�VRXUFHG�HOVHZKHUH��RU�����WKH�FRQJORPHUDWH�RYHUOLHV�WKH�UK\ROLWH�DQG�ZDV�VRXUFHG�IURP�WKH�UK\ROLWH���7KH�ODUJH�DPRXQW�
RI�UK\ROLWH�FODVWV��DQG�XSULJKW�EHGIRUPV�VXJJHVWV�WKH�ODWWHU�PD\EH�SRVVLEOH��KRZHYHU�D�VRXUFH�IRU�WKH�JUDQLWRLG�FODVWV��SUHVXPDEO\�
0HVRSURWHUR]RLF� EDVHPHQW�� LV� QHHGHG�� �'HWULWDO� ]LUFRQ� DQDO\VLV� DQG�8�3E� FODVW� DQDO\VLV� �VHH�0F&OHOODQ� HW� DO��� WKLV� JXLGHERRN��
LQGLFDWHV�WKH�VRXUFH�ZDV�D�ODUJHU�YROFDQLF�¿HOG�ZLWK����±����0D�YROFDQLFV��a����0D�JUDQLWRLGV��DQG�0HVRSURWHUR]RLF�EDVHPHQW�
H[SRVHG���

)LQDOO\��WKH�YLHZ�IURP�WKH�RYHUORRN�LV�WR�WKH�VRXWK���1RUWK�&DUROLQD���7KH�KLJK�PRXQWDLQV�LQFOXGH�3KRHQL[�0RXQWDLQ��VHYHUDO�
WRZHUV�RQ�WKH�VRXWKZHVW�HQG���0RXQW�-HIIHUVRQ��S\UDPLGDO�PRXQWDLQ�ZLWK�D�WRZHU�EHKLQG�3KRHQL[���7KUHH�7RS��DQG�(ON�.QRE��ERWK�
WR�WKH�VRXWKZHVW�IURP�3KRHQL[�0RXQWDLQ���WKHVH�PRXQWDLQV�DUH�DOO�XQGHUODLQ�E\�DPSKLEROLWH�RI�WKH�$VKH�)RUPDWLRQ���2Q�D�FOHDU�GD\��
%HHFK�0RXQWDLQ��1&�DQG�*UDQGIDWKHU�0RXQWDLQ��1&�FDQ�EH�VHHQ�

6WRS��±����&DWIDFH�IDXOW�DQG�P\ORQLWLF�3RQG�0RXQWDLQ�SRUSK\U\��=PS���0XG�&UHHN�5RDG��3DUN�����PLQXWH�TXDGUDQJOH��
36.608051° N, 81.578419° W)

2QH�RI�WKH�PRUH�LQWHUHVWLQJ�VWUXFWXUHV�RQ�WKH�JHRORJLF�PDS�RI�5DQNLQ��������LV�D�QDUURZ��KRRNHG�UHHQWUDQW�RI�WKH�0RXQWDLQ�
&LW\�ZLQGRZ�WKDW�H[WHQGV�WR�WKH�VRXWKHDVW�WKURXJK�WKH�FRPPXQLW\�RI�:KLWHWRS��9$�H[SRVLQJ�WKH�.RQQDURFN�)RUPDWLRQ�DQG�ERXQGHG�
E\�VKDOORZ�GLSSLQJ�VHJPHQWV�RI�WKH�&DWIDFH�DQG�6WRQH�0RXQWDLQ�IDXOWV��VHH�)LJ�����0HUVFKDW�HW�DO���WKLV�JXLGHERRN����0XG�&UHHN�
5RDG�WUDQVHFWV�WKH�PLGGOH�RI�WKH�VWUXFWXUH�DQG�WKH�URDGFXW�DW�6WRS��±��FRQWDLQV�P\ORQLWLF�3RQG�0RXQWDLQ�UK\ROLWH�SRUSK\U\��=PS����
$�VKRUW�GLVWDQFH�IXUWKHU�VRXWK�RQ�0XG�&UHHN�5RDG�DUH�GLWFK�H[SRVXUHV�RI�FOHDYHG�PDURRQ�ODPLQLWHV�DVVLJQHG�WR�WKH�.RQQDURFN�
)RUPDWLRQ�

7KH�URFNV�KHUH�DUH�SRUSK\URFODVWLF�SK\OORQLWHV�ZLWK�TXDUW]�DQG�DONDOL�IHOGVSDU�SRUSK\URFODVWV� LQ�D�PDWUL[�RI�PXVFRYLWH�DQG�
TXDUW]���7KH�URFN�PD\�QRW�ORRN�P\ORQLWLF��EXW�WKHVH�URFNV�FDQ�EH�PDSSHG�LQWR�FRDUVH�SRUSK\ULWLF�UK\ROLWHV�RI�WKH�3RQG�0RXQWDLQ�
SRUSK\U\�FRQWDLQLQJ�DONDOL�IHOGVSDU�SKHQRFU\VWV��±��FP�DFURVV��)LJ��±�±�$����2Q�PDQ\�RI�WKH�IROLDWLRQ�VXUIDFHV�DUH�URXQGHG�EXPSV�
RI�TXDUW]�SRUSK\URFODVWV�SKHQRFU\VWV��HOOLSWLFDO�SDWFKHV�RI�OLJKW�JUHHQ��YHU\�¿QH�JUDLQHG�PXVFRYLWH��VFDOHV���DQG�D�VWURQJ�OLQHDWLRQ�
GH¿QHG�E\�VWUHDNHG�PXVFRYLWH��TXDUW]�ULEERQV��DQG�IUDFWXUHG�DQG�VWUHWFKHG�IHOGVSDUV���7KH�P\ORQLWLF�IROLDWLRQ��6����GLSV�JHQWO\�WR�
WKH�VRXWKHDVW��DQG�D�OLQHDWLRQ��/���SOXQJHV�JHQWO\�WR�WKH�VRXWKHDVW����±������SDUW�RI�WKH�UHJLRQDO�OLQHDWLRQ�SDWWHUQ�UHODWHG�WR�WKH�1:�
WUDQVSRUW�RI�WKH�%OXH�5LGJH�WKUXVW�VKHHW��

,Q� WKLQ� VHFWLRQ�.�IHOGVSDU� DQG� SODJLRFODVH� SRUSK\URFODVWV� DUH� IUDFWXUHG�� SXOOHG� DSDUW�� DQG� SDUWLDOO\� DOWHUHG� WR� ¿QH�JUDLQHG�
PXVFRYLWH���7KH�HORQJDWH�OLJKW�JUHHQ�VFDOHV�RQ�WKH�IROLDWLRQ�VXUIDFHV�DUH�DOVR�FRPSULVHG�RI�PXVFRYLWH��KRZHYHU�WKH�PXVFRYLWH�LQ�
WKHVH�VFDOHV�LV�VOLJKWO\�FRDUVHU�JUDLQHG��)LJ���±�±���DQG�WKHVH�GRPDLQV�FRQWDLQ�QR�UHOLFW�IHOGVSDU��7KHVH�WH[WXUDO�GLIIHUHQFHV�VXJJHVW�
WKDW�WKH�VFDOHV�KDYH�D�GLIIHUHQW�RULJLQ�WKDQ�PXVFRYLWH�LQ�WKH�UHVW�RI�WKH�URFN��:H�VXJJHVW�WKH�OLJKW�JUHHQ�VFDOHV�RULJLQDWHG�DV�JODVV\�
GRPDLQV��DQG�SRVVLEO\�DV�S\URFODVWV��¿DPPH�RU�SXPLFH�ODSLOOL��� � �([DPLQDWLRQ�RI�OHVV�GHIRUPHG�SRUSK\ULWLF�UK\ROLWHV�VKRZV�WKH�
SUHVHQFH�RI�VLPLODU��WKRXJK�OHVV�HORQJDWH��KRPRJHQRXV�GRPDLQV�RI�JUHHQ�PXVFRYLWH�GHVSLWH�QR�ORZHU�JUHHQVFKLVW�IDFLHV�IROLDWLRQ�
DQG� OLWWOH� WR�QR� UHSODFHPHQW�RI�.�IHOGVSDU�E\�PXVFRYLWH� �)LJ�� � �±�±���� �=LUFRQ� DQG� DSDWLWH� DUH� DQRPDORXVO\� DEXQGDQW� LQ� WKHVH�
GRPDLQV��DQG�]LUFRQ�LV�FRPPRQO\�IUDFWXUHG�DQG�EUHFFLDWHG��)LJ���±�±�����+RZHYHU��PXVFRYLWH�LQ�WKH�IUDFWXUHV�VKRZV�QR�SUHIHUUHG�
RULHQWDWLRQ���2QH�SRVVLEOH�H[SODQDWLRQ�IRU�WKH�REVHUYHG�PLQHUDORJ\�DQG�WH[WXUHV�LV�WKDW�WKHVH�GRPDLQV�ZHUH�RULJLQDOO\�ODWH�VWDJH�
OLTXLGV� FRQFHQWUDWHG� LQ� LQFRPSDWLEOH� DQG� DFFHVVRU\�SKDVHV�� �)ORZ�RI� WKLV�KLJKO\�YLVFRXV� DQG� FRROLQJ� VLOLFDWH� OLTXLG� UHVXOWHG� LQ�
IUDFWXULQJ�RI�WKH�LQFOXGHG�DFFHVVRU\�SKDVHV���/DWHU��WKH�PHWDVWDEOH�JODVV�ZDV�UHSODFHG�E\�UDQGRPO\�RULHQWHG�PXVFRYLWH�GXULQJ�ÀXLG�
LQ¿OWUDWLRQ�DQG�RU�PHWDPRUSKLVP��OLNHO\�GXULQJ�WKH�$OOHJKDQLDQ�

$QRWKHU�LQWHUHVWLQJ�WH[WXUDO�DVSHFW�RI�WKHVH�SK\OORQLWHV�LV�WKH�FRQVSLFXRXV�SUHVHUYDWLRQ�RI�TXDUW]�SKHQRFU\VWV�� �0RVW�TXDUW]�
SKHQRFU\VWV�DUH�VOLJKWO\�URXQGHG�DQG�VRPH�DUH�IUDFWXUHG�DQG�RIIVHW�LQ�DQ�RULHQWDWLRQ�FRQVLVWHQW�ZLWK�WKH�UHJLRQDO�VHQVH�RI�VKHDU���
+RZHYHU��LQ�JHQHUDO�WKH�SKHQRFU\VWV�DUH�ZHOO�SUHVHUYHG�DQG�VRPH�SKHQRFU\VWV�HYHQ�UHPDLQ�DQJXODU�DQG�SUHVHUYH�LJQHRXV�]RQLQJ�LQ�
FDWKRGROXPLQHVFHQFH���)LJ���±�±�����$OO�RI�WKHVH�REVHUYDWLRQV�DUH�FRQVLVWHQW�ZLWK�WKH�OLPLWHG�UHFU\VWDOOL]DWLRQ�DQG�ULJLG�EHKDYLRU�RI�
TXDUW]�SKHQRFU\VWV�GHVSLWH�WKH�ORFDWLRQ�RI�WKHVH�URFNV�LQ�D�PDMRU�VKHDU�]RQH�WKDW�ZDV�DFWLYH�DW�WHPSHUDWXUHV�RI�a���°C���4XDUW]�LV�
H[SHFWHG�WR�GHIRUP�GXFWLOHO\�DW�WKHVH�WHPSHUDWXUHV���

2XU�REVHUYDWLRQV�IURP�KLJK�DQG�ORZ�VWUDLQ�URFNV�VXJJHVW�WKDW�DQ�LQLWLDO�DSKDQLWLF�PDWUL[�RI�IHOGVSDU��TXDUW]�DQG�YROFDQLF�JODVV�
ZDV�UHSODFHG�E\�D�ZHDNHU�DVVHPEODJH�RI�PXVFRYLWH���TXDUW]���UHDFWLRQ�VRIWHQLQJ���OLNHO\�DLGHG�E\�PLFURFUDFNV��0F$OHHU�HW�DO���
�������6WUDLQ�ORFDOL]DWLRQ�LQWR�]RQHV�GRPLQDWHG�E\�WKLV�ZHDNHU�DVVHPEODJH�OHG�WR�DOLJQPHQW�RI�PXVFRYLWH�LQWR�FRQWLJXRXV�EDQGV�DQG�
IXUWKHU�ZHDNHQHG�WKH�URFN��WH[WXUDO�VRIWHQLQJ����7KH�URFN²QRZ�FKDUDFWHUL]HG�E\�WKHVH�EDQGV�RI�PXVFRYLWH²FRXOG�DFFRPPRGDWH�
WKH�VWUDLQ�DW�D�ORZHU�\LHOG�VWUHVV�WKDQ�WKDW�QHFHVVDU\�WR�GHIRUP�TXDUW]�LQWR�ULEERQV��7KH�HQG�UHVXOW�SUHVHUYHG�QHDUO\�HXKHGUDO�TXDUW]�
SKHQRFU\VWV�ZLWKLQ�WKH�&DWIDFH�IDXOW�DW�WKH�EDVH�RI�WKH�%OXH�5LGJH�WKUXVW�VKHHW��

%HFDXVH�WKH�PXVFRYLWH�DSSDUHQWO\�JUHZ�DW�ORZ�WHPSHUDWXUH�DQG�GH¿QHV�WKH�IROLDWLRQ��ZH�DWWHPSWHG�WR�GDWH�WKH�IDEULF�IRUPLQJ�
PXVFRYLWH�WR�GHWHUPLQH�WKH�WLPH�RI�GHIRUPDWLRQ�RQ�WKH�&DWIDFH�IDXOW�����$U���$U�DJHV�RI�PXVFRYLWH�IURP�WKLV�SK\OORQLWH�DV�ZHOO�DV�
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VHYHUDO�RWKHU�QHDUE\�ORFDOLWLHV�DUH�DOO�a����0D�DQG�ZH�VXJJHVW�WKLV�LV�WKH�WLPH�RI�HPSODFHPHQW�RI�WKH�%OXH�5LGJH�WKUXVW�VKHHW�DERYH�
ZKDW�LV�QRZ�WKH�0RXQWDLQ�&LW\�ZLQGRZ��)LJ���±�±�)���7KLV�LV�ROGHU�WKDQ�WKH�DJH�RI�IDXOWLQJ�DV�GHWHUPLQHG�LQ�WKH�IROG�DQG�WKUXVW�
EHOW�� �:H�VXJJHVW� WKDW�VKRUWHQLQJ�DIWHU�a����0D�ZDV�DFFRPPRGDWHG�DORQJ�WKH�EDVDO�GHFROOHPHQW�DQG�OLQNHG�ZLWK�WKH�ZHVWZDUG�
SURSDJDWLRQ�RI�IDXOWV�LQ�WKH�9DOOH\�DQG�5LGJH�WKDW�HYHQWXDOO\�FDUULHG�WKH�%OXH�5LGJH�WKUXVW�VKHHW�WR�LWV�SUHVHQW�ORFDWLRQ�E\�a����
0D��3RVW�a����0D�GHIRUPDWLRQ�DQG�ÀXLG�ÀRZ�LV�LQGLFDWHG�E\�����RSHQ�IROGLQJ�RI�P\ORQLWLF�IDEULFV�DORQJ�WKH�%OXH�5LGJH�WKUXVW������
IROGLQJ�RI�WKH�6KDG\�9DOOH\�WKUXVW�VKHHW�DQG�GXSOH[LQJ�LQ�WKH�0RXQWDLQ�&LW\�ZLQGRZ�������$U���$U�DJHV�RI�a����0D�IURP�IDXOW�JRXJH�
WR�WKH�ZHVW��+QDW�HW�DO���������������a����0D�]LUFRQ�¿VVLRQ�WUDFN��1DHVHU�HW�DO����������DQG�����a����0D�.�IHOGVSDU�¿OOLQJ�YHVLFOHV�
LQ�EDVDOWV�RI�WKH�8QLFRL��6WRS��±����

6WRS��±����%RXOGHU�GLDPLFWLWH�RI�WKH�.RQQDURFN�)RUPDWLRQ��=NG���LQWHUVHFWLRQ�RI�9$�����DQG�86�����.RQQDURFN����±PLQXWH�
quadrangle; 36.65914° N, 81.66052° W).

0DURRQ�SRO\OLWKLF�ERXOGHU�GLDPLFWLWH��=NG��LV�RQH�RI�WKH�FKDUDFWHULVWLF�JODFLRJHQLF�URFN�W\SHV�RI�WKH�.RQQDURFN�)RUPDWLRQ���
'LDPLFWLWH�KDV�EHHQ�PDSSHG�ERWK�QRUWKZHVW�DQG�VRXWKHDVW�RI� WKH�YDOOH\� LQ�ZKLFK� WKH�FRPPXQLW\�RI�.RQQDURFN� LV� ORFDWHG��DQG�
RFFXUV�LQ�ERWK�WKH�6KDG\�9DOOH\�%OXH�5LGJH�WKUXVW�VKHHW�DQG�ZLWKLQ�WKH�0RXQWDLQ�&LW\�ZLQGRZ��5DQNLQ���������������VHH�)LJ�����
0HUVFKDW�HW�DO���WKLV�JXLGHERRN����7KLV�H[SRVXUH�RI�GLDPLFWLWH�LV�ZLWKLQ�WKH�6KDG\�9DOOH\�WKUXVW�VKHHW�DQG�LV�VWUDWLJUDSKLFDOO\�DERYH�
WKH�UK\WKPLWH�DW�6WRS��±����,W�LV�SDUW�RI�D�QHDUO\�FRQWLQXRXV�EHOW�RI�GLDPLFWLWH�QHDU�WKH�WRS�RI�WKH�IRUPDWLRQ�WKDW�LV����±����P�WKLFN�
�5DQNLQ����������7KH�8QLFRL�)RUPDWLRQ�GLVFRQIRUPDEO\�RYHUOLHV�WKH�.RQQDURFN�)RUPDWLRQ�DQG�SDUW�RI�WKH�GLDPLFWLWH�PD\�KDYH�EHHQ�
UHPRYHG�E\�HURVLRQ���

7KH�GLDPLFWLWH�FRQVLVWV�RI�UDQGRPO\�RULHQWHG��VXEURXQGHG�ERXOGHUV�RI�ODUJHO\�SLQN��FRDUVH�JUDLQHG��QRQ�IROLDWHG�ELRWLWH�JUDQLWH�
LQ�D�SRRUO\�VRUWHG�PDURRQ�PDWUL[�RI�FOD\�DQG�VRPH�VDQG���5K\ROLWH��JUHHQVWRQH�DQG�VHGLPHQWDU\�FODVWV�DUH�QRW�FRPPRQ��EXW�GR�RFFXU���
%HGIRUPV�DUH�QRW�HYLGHQW�DQG�FOHDYDJH�LV�QRW�ZHOO�GHYHORSHG��DOWKRXJK�VOLFNHQVLGHV�RFFXU�RQ�WKH�VXUIDFHV�RI�VRPH�ERXOGHUV���/RFDO�
EHGV�RI�DUNRVH�RU�PHGLXP��WR�¿QH�JUDLQHG�VDQGVWRQH�EHGV�RFFXU�ZLWKLQ�WKH�GLDPLFWLWH�DORQJ�VWULNH��5DQNLQ����������7KH�GLDPLFWLWH�
UHSUHVHQWV�HLWKHU�D�ORGJPHQW�WLOO��5DQNLQ���������RU�ZDWHUODLQ�WLOO�GHSRVLWHG�SUR[LPDO�WR�DQ�LFH�FOLII�RU�UDPS�E\�VXEDTXHRXV�PHOWLQJ�RI�
WKH�JODFLHU�DV�LW�DGYDQFHG�DFURVV�³ODNH�.RQQDURFN´��0LOOHU����������7KH�ODFN�RI�VWULDWHG�FODVWV�DQG�FRPPRQ�VXEDTXHRXV�IDFLHV�RI�WKH�
.RQQDURFN�)RUPDWLRQ��VHH�6WRS��±���VXJJHVWV�D�ZDWHUODLQ�WLOO�QHDU�DQ�LFH�FOLII�RU�UDPS�LV�PRUH�OLNHO\��0LOOHU����������1RQ�IROLDWHG�
JUDQLWRLG�FODVWV�DUH�GRPLQDQW��a���SHUFHQW�EDVHPHQW�JUDQLWRLG�DQG�WKH�UHVW�RI�WKH�FODVWV�DUH�YROFDQLF�DQG�VHGLPHQWDU\�FODVWV��5DQNLQ��
������WKURXJKRXW�WKH�GLDPLFWLWH�DQG�VXJJHVW�WKDW�LW�ZDV�QRW�DQ�DOSLQH�JODFLHU�RQ�D�YROFDQLF�HGL¿FH�

6WRS��±����0DURRQ�UK\WKPLWH�ZLWK�GURSVWRQHV��.RQQDURFN�)RUPDWLRQ��=N���LQWHUVHFWLRQ�RI�9$�����DQG�9$������.RQQDURFN�
7.5–minute quadrangle; 36.674506° N, 81.608850° W����3DUN�DW�JDV�VWDWLRQ�DQG�ZDON�DORQJ�URDG�WR�URDGFXW�RQ�9$�����

7KH�WZR�EHWWHU�NQRZQ�OLWKRORJLHV�RI�WKH�.RQQDURFN�)RUPDWLRQ�DUH�WKH�GLDPLFWLWH��6WRS��±���DQG�PDURRQ�ODPLQDWHG�UK\WKPLWH�
ZLWK�GURSVWRQHV��=N����7KLV�URDGFXW�GLVSOD\V�WKH�YDULDWLRQ�RI�URFN�W\SHV�ZLWKLQ�WKH�.RQQDURFN�)RUPDWLRQ���([SRVHG�KHUH�DUH�SLQNLVK�
PHGLXP�JUDLQHG�VDQGVWRQH��PDURRQ�PXGVWRQH��ODPLQDWHG�PXGVWRQH�DQG�UK\WKPLWH�ZLWK�GURSVWRQHV��DOO�RI�WKHVH�OLWKRORJLHV�UHÀHFW�
GHSRVLWLRQ�LQ�D�JODFLRODFXVWULQH�HQYLURQPHQW����´/DNH�.RQQDURFN´�KDG�D�VXUIDFH�DUHD�RI�SHUKDSV������NP���DOWKRXJK�WKHVH�DUH�RQO\�
PLQLPXP�HVWLPDWHV�EDVHG�RQ�WKH�FXUUHQW�GHIRUPHG�GLVWULEXWLRQ�RI�WKH�.RQQDURFN�)RUPDWLRQ���

$W�WKH�VRXWKZHVW�HQG�RI�WKH�FXW�LV�D����P�WKLFN��ZHOO�VRUWHG�IHOGVSDWKLF�TXDUW]�DUHQLWH��VDQGVWRQH��EHG�WKDW�RYHUOLHV�PDURRQ�
PXGVWRQH���7KH�VDQGVWRQH�EHG�LV�LQWHUQDOO\�IHDWXUHOHVV�H[FHSW�IRU�ULS�XS�FODVWV�RI�PDURRQ�PXGVWRQH�DQG�H[KLELWV�ORDG�FDVWV�DORQJ�
LWV�EDVH����7KH�VDQGVWRQH�FXWV�GRZQZDUG�WKURXJK�EHGV�RI�PDURRQ�PXGVWRQH�DQG�SUREDEO\�UHSUHVHQWV�VXEDTXHRXV�RXWZDVK�RU�GHOWD�
GHSRVLW��0LOOHU��������)LJ���±�±�$����7KH�PXGVWRQH�LV�ODPLQDWHG�DQG�EHGGLQJ�GLSV�WRZDUG�WKH�ZHVW�DQG�QRUWKZHVW���7KH�PXGVWRQH�
FRQWDLQV� SHOOHWV� RI� IULDEOH� IHOGVSDU� DQG� D� FREEOH�VL]HG� JUDQLWRLG� FODVW� �GURSVWRQH�� FXW� E\� D� GRZQ�WR�WKH�1:�QRUPDO� IDXOW� �)LJ��
�±�±�%����0RYLQJ�WR�WKH�QRUWKHDVW�DORQJ�WKH�URDGFXW��PDURRQ�UK\WKPLWH�RFFXUV�EHQHDWK�WKH�PXGVWRQH�DQG�LQ�WKH�QRUWKHDVW�SDUW�RI�
WKH�URDGFXW��7KH�UK\WKPLWH�FRQVLVWV�RI�FP��WR�PP�VFDOH�YDUYHV��FRXSOHWV�ZLWK�JUHHQ�JUD\�VLOWVWRQH�WR�¿QH�JUDLQHG�VDQGVWRQH��EDVH��

Figure 1–7–��� � �$�&��/DUJHO\�XQGHIRUPHG�SRUSK\ULWLF� UK\ROLWH� RI� WKH�0RXQW�5RJHUV�)RUPDWLRQ�  (A) Slabbed hand sample. (B) The 
DSKDQLWLF�PDWUL[�LV�GRPLQDQWO\�.�IHOGVSDU�DQG�TXDUW]��4XDUW]�DQG�IHOGVSDU�SKHQRFU\VWV�DUH�SUHVHUYHG�DQG�SXUH�JUHHQ�PXVFRYLWH�³EOHEV´�
DUH� SUHVHQW�ZLWK� LQFOXVLRQV� RI� )H�7L� R[LGHV�� ]LUFRQ� DQG� DSDWLWH�� �&��$SDWLWH� DQG� ]LUFRQ� DUH� DEXQGDQW� LQ� WKH�PXVFRYLWH� GRPDLQV� DQG�
are commonly fractured. (D) Mylonitic rhyolite from Stop 1–7. Pure green muscovite zones are present but are elongate. Muscovite 
LV�DOVR�FRPPRQ�LQ�WKH�PDWUL[�DQG�UHSODFLQJ�.�IHOGVSDU��5HG�PLQHUDO�LV�MDVSHURLG��QRW�JDUQHW����(��3KRWRPLFURJUDSK�VKRZV�FRQWLJXRXV�
PXVFRYLWH�LQ�WKH�JUHHQ�GRPDLQV��$�IUDFWXUHG�DQG�SXOOHG�DSDUW�.�IHOGVSDU�LV�UHSODFHG�E\�PXVFRYLWH�DQG�VRPH�RI�WKLV�PXVFRYLWH�LV�SDUDOOHO�
WR�IROLDWLRQ��)LQH�JUDLQHG�PHWDPRUSKLF�TXDUW]�¿OOV�IUDFWXUHV�LQ�TXDUW]�SKHQRFU\VWV���)� 40Ar/39Ar data from phyllonites developed in the 
0RXQW�5RJHUV�)RUPDWLRQ��0XVFRYLWH�IURP���ORFDOLWLHV����VKRZQ��SURGXFHG�D�ÀDW�DJH�VSHFWUD�DW�a����0D���.�IHOGVSDU�SKHQRFU\VWV�IURP�
the same samples (1 shown) yield age spectra that climb to ages older than 340 Ma, supporting our conclusion that muscovite grew below 
LWV�FORVXUH�WHPSHUDWXUH�DQG�GDWHV�WKH�WLPH�RI�SK\OORQLWL]DWLRQ��.�IHOGVSDU�IURP�YHVLFOHV�LQ�WKH�EDVDOWV�LQ�WKH�8QLFRL��6WRS��±����LQGLFDWH�
.�IHOGVSDU precipitated WKHUH�DW�a����0D��OLNHO\�UHODWHG�WR�ÀXLG�ÀRZ�DVVRFLDWHG�ZLWK�WUDQVSRUW�RI�WKH�FRPSRVLWH�WKUXVW�VKHHW�WR�WKH�ZHVW���
$EEUHYLDWLRQV���)V²IHOGVSDU��.VS².�IHOGVSDU��0V²PXVFRYLWH��DQG�4W]²TXDUW]��
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)LJXUH��±�±�����$��$Q�DSSUR[LPDWHO\���P�WKLFN�VDQGVWRQH�EHG�FXWV�GRZQ�LQWR�EHGGHG�PDURRQ�PXGVWRQH���7KH�ZHOO�VRUWHG�IHOGVSDWKLF�
VDQGVWRQH�H[KLELWV�ORDG�FDVWV��VHH�ZKLWH�DUURZV�DQG�GDVKHG�OLQHV��DQG�VRPH�ULS�XS�FODVWV�RI�PDURRQ�PXGVWRQH���/RDG�FDVWV�DW�WKH�EDVH�
RI�WKH�VDQGVWRQH��ULS�XS�FODVWV��DQG�GRZQ�FXWWLQJ�QDWXUH�RI�WKH�VDQGVWRQH�VXJJHVW�UDSLG��VXEDTXHRXV�GHSRVLWLRQ�LQ�D�JODFLDO�RXWZDVK�RU�
GHOWD�GHSRVLW���6PDOO�ZKLWH�ER[�VKRZV�ORFDWLRQ�RI��%�����%���&RDUVH�JUDLQHG�JUDQLWRLG�GURSVWRQH��a���FP�ORQJ��FXW�E\�D�VPDOO�ODWH�3DOHR]RLF�
QRUPDO�IDXOW��WRS�GRZQ�WR�1:����&���*UDQLWRLG�GURSVWRQHV�HPEHGGHG�DQG�WUXQFDWLQJ�PLOOLPHWHU�VFDOH�UK\WKPLFDOO\�OD\HUHG�EHGV��YDUYHV�
(181/46).  Pencil is 14.5 cm and points downward in (B) and (C).

)LJXUH��±�±�����)ROGHG�PDURRQ�UK\WKPLWH�ZLWK�JUDQLWRLG�GURSVWRQHV�WKDW�LV�RYHUWXUQHG�WR�WKH�1:���1RWH�ORQJ�D[LV�RI�WKH�FODVWV�HPEHG�
GRZQZDUG�DQG�DUH�QHDUO\�D[LDO�SODQDU�WR�WKH�IROG���$�ZHDN�FOHDYDJH�FDQ�EH�QRWHG�����������%ODFN�OLQHV�WUDFH�OLJKW�FRORUHG��FRDUVHU�JUDLQHG�
EHGV���±���PP�WKLFN��ZKLFK�UHSUHVHQW�VHDVRQDO�PHOWLQJ�RI�LFH���
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JUDGH�XSZDUG�LQWR�PDURRQ�PXGVWRQH��WRS���)LJ���±�±�&���5DQNLQ����������9DUYHV�IRUP�DV�WKH�UHVXOW�RI�IUHH]H�PHOW�F\FOHV�ZLWKLQ�D�
JODFLDO�ODNH��5DQNLQ��������0LOOHU����������'URSVWRQHV�RFFXU�LQ�WKH�QRUWKHDVW�HQG�RI�WKH�URDGFXW�DQG�DUH�SULPDULO\�SHEEOH��WR�FREEOH�
VL]HG�JUDQLWRLG�FODVWV����%HGGLQJ�LQ�WKH�QRUWKHDVW�HQG�RI�WKH�RXWFURS��DSSUR[LPDWHO\���P�DERYH�URDG�OHYHO��LV�IROGHG��)LJ���±�±�����
7KH�IROGLQJ�LV�RYHUWXUQHG�WR�WKH�1:�DQG�UHODWHG�WR�WKH�HPSODFHPHQW�RI�WKH�%OXH�5LGJH�WKUXVW�VKHHW�GXULQJ�WKH�$OOHJKDQLDQ�RURJHQ\�

 

6WRS� �±���� � $P\JGDORLGDO� PHWDEDVDOW� ÀRZ� LQ� WKH� ORZHU� 8QLFRL� )RUPDWLRQ�� 9$� ���� �:KLWHWRS� 0RXQWDLQ� ���±PLQXWH�
quadrangle; 36.70806°N, 81.61692°W).

� 7KLV�URDGFXW�H[SRVHV�D�FURVV�VHFWLRQ�WKURXJK�WKH�XSSHUPRVW�EDVDOW�ÀRZ��!=XE��LQ�WKH�ORZHU�8QLFRL�)RUPDWLRQ��!=XO�����,W�
LV�ORFDWHG�DERYH�WKH�+ROVWRQ�0RXQWDLQ�IDXOW�LQ�WKH�QRUWKZHVW�OLPE�RI�WKH�6WRQ\�&UHHN�V\QFOLQH�LQ�WKH�%OXH�5LGJH�WKUXVW�VKHHW��)LJ��
�����7KH�ÀRZ�LV�a���P�WKLFN�DQG�FRQVLVWV�RI�EOXLVK�EODFN�WR�GDUN�JUD\��DP\JGDORLGDO��YHVLFXODU�PHWDEDVDOW��)LJ���±��±�����$P\JGXOHV�
DUH�¿OOHG�ZLWK�ZKLWH�FDOFLWH�DQG�ULPPHG�E\�SLQN�.�IHOGVSDU�����$U���$U�VSHFWUD�LQGLFDWH�WKH�.�IHOGVSDU�SUHFLSLWDWHG�DW�a����0D��)LJ��
�±�±�)���OLNHO\�UHODWHG�WR�ÀXLG�ÀRZ�FRUUHVSRQGLQJ�ZLWK�WUDQVSRUW�RI�WKH�FRPSRVLWH�%OXH�5LGJH�WKUXVW�VKHHW�WR�WKH�ZHVW����7KH�EDVH�
RI�WKH�EDVDOW�LV�DERYH�D���±���FP�]RQH�RI�GUDE�WR�GDUN�JUD\��VKDOH�WR�PXGVWRQH��a��P�RI�GDUN�JUD\�ODPLQDWHG�IHOGVSDWKLF�ZDFNH��
DQG�D����±��P�WKLFN�EHG�RI�TXDUW]�SHEEOH�FRQJORPHUDWH�DQG�IHOGVSDWKLF�ZDFNH���7KH�GHSRVLWLRQDO�HQYLURQPHQW�RI�WKH�ORZHU�8QLFRL�
)RUPDWLRQ�LV�GHVFULEHG�DV�ÀXYLDO��6LPSVRQ�DQG�(ULNVVRQ��������:DONHU�HW�DO���������6PRRW�DQG�6RXWKZRUWK��������� �7KH�XSSHU�
FRQWDFW�RI�WKH�EDVDOW�LV�D�PLQRU�LQWUDIRUPDWLRQDO�EHGGLQJ�VOLS�IDXOW�����������'HÀHFWHG�DQG�WUXQFDWHG�FOHDYDJH�LQ�WKH�PHWDEDVDOW�LV�
FRQVLVWHQW�ZLWK�WRS�WR�WKH�1:�UHYHUVH�PRWLRQ��)LJ���±��±�����7KH�IDXOW��\RXQJHU�RYHU�ROGHU��OLNHO\�GHYHORSHG�DORQJ�FRQWUDVWLQJ�
UKHRORJLHV�GXULQJ�FRQWUDFWLRQ�DVVRFLDWHG�ZLWK�WKH�IRUPDWLRQ�RI�WKH�6WRQ\�&UHHN�V\QFOLQH�DQG�HPSODFHPHQW�RI�WKH�%OXH�5LGJH�WKUXVW�
VKHHW�GXULQJ�WKH�$OOHJKDQLDQ�RURJHQ\���7KH�EDVDOW�LV�RYHUODLQ�E\�OLJKW�SXUSOLVK�JUD\�WR�ZKLWH��WKLFN�EHGGHG��PHGLXP��WR�FRDUVH�
JUDLQHG�TXDUW]LWHV�DQG�IHOGVSDWKLF�DUHQLWHV�RI�WKH�XSSHU�8QLFRL�)RUPDWLRQ�������������6DQGVWRQHV�DUH�FURVV�EHGGHG��ZDY\�ODPLQDWHG��
JUDGH�XSZDUGV�DQG�UHSUHVHQW�WKH�WUDQVLWLRQ�IURP�ÀXYLDO�HQYLURQPHQWV�WR�QHDUVKRUH�PDULQH�HQYLURQPHQWV�XSVHFWLRQ��6LPSVRQ�DQG�
(ULNVVRQ��������:DONHU�HW�DO���������6PRRW�DQG�6RXWKZRUWK������������

6HYHUDO�EDVDOW�ÀRZV�RFFXU�LQ�WKH�ORZHU�8QLFRL�)RUPDWLRQ�IURP�FHQWUDO�7HQQHVVHH�WR�VRXWKZHVW�9LUJLQLD��.LQJ�HW�DO���������.LQJ�
DQG�)HUJXVRQ��������5DQNLQ��������6PRRW�DQG�6RXWKZRUWK���������7KLV�LV�RQH�RI�WKH�PRUH�H[WHQVLYH�ÀRZV�DQG�KDV�EHHQ�WUDFHG�IRU�
���NP�DQG�DOVR�FURSV�RXW�RQ�WKH�VRXWKHDVW�OLPE�RI�WKH�6WRQ\�&UHHN�V\QFOLQH��.LQJ�DQG�)HUJXVRQ��������5DQNLQ��XQSXE��GDWD���7KHVH�
EDVDOW�ÀRZV�DUH�OLNHO\�UHODWHG�WR�WKH����±����0D�FRQWLQHQWDO�ÀRRG�EDVDOWV�DQG�ELPRGDO�YROFDQLVP�RI�WKH�&DWRFWLQ�)RUPDWLRQ��FHQWUDO�
9LUJLQLD� WR� VRXWK�FHQWUDO�3HQQV\OYDQLD�� �$OHLQLNRII� HW� DO��� ������%XUWRQ� DQG�6RXWKZRUWK�� ������6PRRW� DQG�6RXWKZRUWK�� ��������

NW

basalt
!Zub

quartzite
!uu

Figure 1-9.  Merschat et al.,

)LJXUH��±��±����/DUJH�DP\JGDORLGDO�EDVDOW�ÀRZ��!=XE��DW�WKH�FRQWDFW�EHWZHHQ�WKH�PDULQH�TXDUW]LWHV�RI�WKH�XSSHU�8QLFRL�)RUPDWLRQ�DQG�
ÀXYLDO�URFNV�RI�WKH�ORZHU�8QLFRL�)RUPDWLRQ�EHQHDWK�WKH�EDVDOW��RXW�RI�YLHZ���7KH�ORZHU�8QLFRL�)RUPDWLRQ�LV�FRPSULVHG�RI�FRQJORPHUDWH��
FRDUVH�JUDLQHG�IHOGVSDWKLF�ZDFNHV��GUDE�DQG�SXUSOH�VKDOH��DQG�VHYHUDO�EDVDOW�ÀRZV���1RWH�WKH�SODQDU�QDWXUH��UHFHVVHG�ZHDWKHULQJ��¿QH�
JUDLQHG�PDWHULDO��DQG�GHÀHFWLRQ�RI�FOHDYDJH��ZKLWH�GDVKHG�OLQHV��DORQJ�WKH�XSSHU�FRQWDFW���7KH�FRQWDFW�ZDV�UH�DFWLYDWHG�DV�D�1:�GLUHFWHG�
WKUXVW�IDXOW�DORQJ�WKH�DQLVRWURSLF�DQG�PHFKDQLFDOO\�GLIIHUHQW�XQLWV��3HUVRQ�LV�DSSUR[LPDWH�����P�WDOO�
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7KHUHIRUH��WKLV�DJH�KDV�EHHQ�DSSOLHG�WR�WKH�8QLFRL�)RUPDWLRQ��DQG�WKH�DJH�RI�ULIWLQJ�RI�5RGLQLD�DQG�RSHQLQJ�RI�WKH�,DSHWXV�RFHDQ�
�$OHLQLNRII�HW�DO���������+DWFKHU�HW�DO�����������$�UHFHQW�VWXG\�RI�LFKQRWD[D�IURP�WKH�&KLOKRZHH�*URXS�VXJJHVWV�WKDW�WKH�PLGGOH�DQG�
XSSHU�SDUWV�RI�WKH�JURXS�DUH�0LGGOH�&DPEULDQ��6WDJHV���DQG����+DJHPDQ�DQG�0LOOHU����������0RVW�LPSRUWDQWO\��D�QHZO\�GLVFRYHUHG�
QHYDGLLG�WULORELWH�VSHFLPHQ�IURP�WKH�(UZLQ�)RUPDWLRQ��0XUUD\�6KDOH��RQ�&KLOKRZHH�0RXQWDLQ�LQ�VRXWKHDVWHUQ�7HQQHVVHH�SODFHV�
IDXQDO�FRQWURO�RQ�WKH�DJH�RI�WKH�(UZLQ�)RUPDWLRQ�����±����0D���+DJHPDQ�DQG�0LOOHU�HW�DO�����������7KXV�WKH�&KLOKRZHH�*URXS�
HLWKHU�VSDQV�SHUKDSV����P�\��RU�ULIWLQJ�RFFXUUHG�ODWHU� WKDQ�LQWHUSUHWHG��:DONHU�DQG�'ULHVH��������6PRRW�DQG�6RXWKZRUWK��������
+DJHPDQ�DQG�0LOOHU��������������

  

DAY 2.  ASHE–BASEMENT CONTACT

6WRS��±����$PSKLEROLWH�RI�WKH�$VKH�0HWDPRUSKLF�6XLWH�QHDU�:DUUHQVYLOOH��:DUUHQVYLOOH�����PLQXWH�TXDGUDQJOH�����������° 
N, 81.515036° W����-DPLH�/HYLQH�

$W� WKLV� RXWFURS�ZH�ZLOO� VHH� H[FHOOHQW� H[DPSOHV� RI� WKH� DPSKLEROLWH� RI� WKH�$VKH�0HWDPRUSKLF� 6XLWH� �$06�� RI�$EERWW� DQG�
5D\PRQG����������7KLV�ORFDWLRQ��MXVW�RXWVLGH�:DUUHQVYLOOH��1&�LV�YHU\�FORVH�WR�WKH�*RVVDQ�/HDG�IDXOW��DQ�$OOHJKDQLDQ�DJHG�IDXOW�
ZLWK�WKUXVW�NLQHPDWLFV���7KH�*RVVDQ�/HDG�IDXOW��ZKLFK�LV�PDSSHG�WR�WKH�QRUWKZHVW�RI�WKH�WRZQ�RI�:DUUHQVYLOOH��VWULNHV�QRUWKHDVW�
VRXWKZHVW�LQ�WKLV�DUHD�DQG�VHSDUDWHV�URFNV�RI�WKH�$06�IURP�EDVHPHQW�JQHLVVHV�DQG�VFKLVWV���'XH�WR�WKH�SUR[LPLW\�RI�WKH�*RVVDQ�
/HDG�IDXOW��DQG�IXUWKHU�WR�WKH�QRUWKZHVW�WKH�SUHVHQFH�RI�WKH�)ULHV�IDXOW��DQRWKHU�$OOHJKDQLDQ�DJHG�WKUXVW�IDXOW��WKLV�RXWFURS�GLVSOD\V�
D�ZHOO�GHYHORSHG�6�&�IDEULF���$ORQJ�ERWK�VLGHV�RI�WKH�*RVVDQ�/HDG�IDXOW�WKH�&�IDEULF�LV�WKH�GRPLQDQW�IROLDWLRQ��DQG�LW�FRQVLVWHQWO\�
VWULNHV�QRUWK�QRUWKHDVW�DQG�GLSV�WR�WKH�HDVW�VRXWKHDVW��$PSKLEROH�QHHGOHV�IRUP�D�VWURQJ�GRZQ�GLS�PLQHUDO�OLQHDWLRQ�WKDW�W\SLFDOO\�
SOXQJHV�PRGHUDWHO\�WR�VKDOORZO\�WR�WKH�HDVW�VRXWKHDVW���$PSKLEROLWHV�RI�WKH�$06�FRPPRQO\�FRQWDLQ�IROLDWLRQ�VXE�SDUDOOHO�JUDQLWLF�
GLNHV�DQG�TXDUW]�YHLQV��)LJ���±�±�$��

,Q� WKLQ� VHFWLRQ� WKHVH� DPSKLEROLWHV� FRQWDLQ� DEXQGDQW� DPSKLEROH�� DQG� TXDUW]�ZLWK�ZHOO�GHYHORSHG� TXDUW]� ULEERQV� SDUDOOHO� WR�
WKH�GRPLQDQW�&�IROLDWLRQ�� LQ�DGGLWLRQ� WR� OHVV�DEXQGDQW�SODJLRFODVH� �JDUQHW� �)LJ���±�±�%��� �6HYHUDO� VDPSOHV�GLVSOD\�6�&�DQG�&¶�
IDEULFV� WKDW� DUH� FRQVLVWHQW�ZLWK� WRS�WR�WKH�1:�NLQHPDWLF� VKHDU� VHQVH�� �7KHUH� LV� VRPH� FKORULWH� JURZWK��ZKLFK� FDQ� EH� REVHUYHG�
DORQJ�&¶�IDEULFV���7KH�TXDUW]�LQ�WKHVH�VDPSOHV�KDV�XQGHUJRQH�GRPLQDQWO\�URWDWLRQDO�UHFU\VWDOOL]DWLRQ�ZLWK�VRPH�VDPSOHV�VKRZLQJ�
HYLGHQFH�IRU�IDVW�JUDLQ�ERXQGDU\�PLJUDWLRQ��IROORZHG�E\�VRPH�DPRXQW�RI�VWDWLF�UHFU\VWDOOL]DWLRQ�DV�HYLGHQFHG�E\�SRO\JRQDO�JUDLQV���
5RWDWLRQDO�UHFU\VWDOOL]DWLRQ�LQ�TXDUW]�LV�W\SLFDO�RI�GHIRUPDWLRQ�RFFXUULQJ�DW�JUHHQVFKLVW�IDFLHV�WR�ORZHU�DPSKLEROLWH�IDFLHV�FRQGLWLRQV��
FRQVLVWHQW�ZLWK�WKH�SUHVHQFH�RI�FKORULWH�LQ�VRPH�VDPSOHV��6DPSOHV�RI�PHWDJUD\ZDFNH�DGMDFHQW�WR�DPSKLEROLWHV�FRPPRQO\�GLVSOD\�
PRUH�HYLGHQFH�IRU�IDVW�JUDLQ�ERXQGDU\�PLJUDWLRQ�LQ�TXDUW]��VXJJHVWLQJ�WKDW�WHPSHUDWXUHV�PD\�KDYH�EHHQ�PRUH�GH¿QLWLYHO\�ZLWKLQ�WKH�
DPSKLEROLWH�IDFLHV���$PSKLEROLWH�VDPSOHV�PD\�QRW�SURYLGH�HYLGHQFH�IRU�WKHVH�KLJKHU�WHPSHUDWXUHV�EHFDXVH�WKH�DPSKLEROH��LQVWHDG�
RI�TXDUW]��PD\�EH�WKH�PRUH�KLJKO\�VWUDLQHG�SKDVH�

Discussion of Ashe Metamorphic Suite Amphibolite Geochemistry (Crystal G. Wilson)

,Q� DGGLWLRQ� WR� PDS�VFDOH� DPSKLEROLWH� ERGLHV� WKURXJKRXW� WKH� HDVWHUQ� %OXH� 5LGH�� DPSKLEROLWH� FDQ� DOVR� EH� IRXQG� DV� PLQRU�
RFFXUUHQFHV�ZLWKLQ�SHOLWLF�XQLWV�RI� WKH�$VKH�0HWDPRUSKLF�6XLWH� �$06��� �5HFHQW�GHWDLOHG�JHRORJLF�PDSSLQJ�DW�(ON�.QRE�6WDWH�
3DUN��a�����NP�QRUWK�RI�%RRQH��1&��SURPSWHG�JHRFKHPLFDO�LQYHVWLJDWLRQ�RI�WKH�RULJLQ�DQG�SRVVLEOH�UHODWLRQVKLS�RI�WKHVH�VPDOOHU��

A B

)LJXUH��±�±����$��2XWFURS�RI�DPSKLEROLWH�RI�WKH�$VKH�0HWDPRUSKLF�6XLWH���7KHUH�LV�D�ZHOO�GHYHORSHG�IROLDWLRQ�LQ�WKLV�RXWFURS�DVVRFLDWHG�
ZLWK�WKH�&�IROLDWLRQ���7KLV�RXWFURS�FRQWDLQV�DEXQGDQW�TXDUW]�YHLQV�DQG�JUDQLWLF�GLNHV����%��3KRWRPLFURJUDSK�RI�DPSKLEROLWH�FRQWDLQLQJ�
TXDUW]�YHLQV���4XDUW]�JUDLQV�DUH�FRDUVH�DQG�VRPH�JUDLQ�ERXQGDULHV�DUH�DPRHERLG��UHG�DUURZ��LQGLFDWLQJ�WKDW�WKLV�URFN�LV�RQ�WKH�ERXQGDU\�
between subgrain rotation recrystallization and fast grain boundary migration.  In the middle right of the image quartz ribbons appear 
to be wrapping around a more rigid amphibole grain.
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LQWHUOD\HUHG�DPSKLEROLWH�ERGLHV�WR�WKH�GRPLQDQW�PDS�VFDOH�ERGLHV�RI�DPSKLEROLWH�WKURXJKRXW�WKH�UHJLRQ���)RXU�VDPSOHV�RI�LQWHUOD\HUHG�
DPSKLEROLWH�DQG�RQH�VDPSOH�HDFK�IURP�XQGHU��DQG�RYHUO\LQJ�PDS�VFDOH�DPSKLEROLWH�ERGLHV�DW�(ON�.QRE�6WDWH�3DUN�ZHUH�FUXVKHG�DQG�
SRZGHUHG�DW�$SSDODFKLDQ�6WDWH�8QLYHUVLW\¶V�URFN�SUHS�ODE�DQG�VHQW�IRU�DQDO\VHV�RI�PDMRU��WUDFH��DQG�5((�JHRFKHPLVWU\�DW�$FWLYDWLRQ�
/DEV�LQ�2QWDULR��&DQDGD�

&RPSDULVRQ�RI�(ON�.QRE�DPSKLEROLWH�JHRFKHPLVWU\�WR�HDUOLHU�PDMRU��PLQRU��DQG�WUDFH�HOHPHQW�DQDO\VHV�RI�$06�DPSKLEROLWHV�
E\�0LVUD�DQG�&RQWH���������VKRZ�ERWK�PLQRU�LQWHUOD\HUHG�DPSKLEROLWH�DQG�GRPLQDQW�PDS�VFDOH�DPSKLEROLWH�VDPSOHV�IURP�(ON�.QRE�
WR�KDYH�JHRFKHPLFDO� WUDLWV�FRQVLVWHQW�ZLWK�0LVUD�DQG�&RQWH¶V��������FRPSRVLWLRQDO�JURXS�,,��RI� WKUHH�FRPSRVLWLRQDO�JURXSV��RI�
LQWHUPHGLDWH�7L��ZKLFK�FKDUDFWHUL]HV�WKH�PDMRULW\�RI�$06�DPSKLEROLWHV�LQ�QRUWKZHVWHUQ�1&��)LJ���±�±�����$OWKRXJK�WKHUH�LV�VFDWWHU�
LQ�VHYHUDO�SORWV��PDMRU�HOHPHQWV��)H��0J��&D��$O��DQG�FRPSDWLEOH�HOHPHQWV��1L��&U��H[KLELW�GLVFHUQDEOH�WR�VWURQJ�IUDFWLRQDWLRQ�WUHQGV�
ZKHQ�SORWWHG�DJDLQVW�=U��)LJ���±�±�����0LVUD�DQG�&RQWH��������LQWHUSUHW�GHFUHDVLQJ�0J2��&U��DQG�1L�ZLWK�LQFUHDVLQJ�=U�WR�LQGLFDWH�
WKDW�FRPSRVLWLRQDO�JURXS�,,�DPSKLEROLWHV�DUH�GHULYHG�IURP�ORZ�SUHVVXUH�IUDFWLRQDO�FU\VWDOOL]DWLRQ�RI�ROLYLQH���FOLQRS\UR[HQH���0LVUD�
DQG�&RQWH��������DOVR�DWWULEXWH�WKH�ODUJH�GHFUHDVH�LQ�9�ZLWK�LQFUHDVLQJ�=U�FRQWHQW�WR�LQGLFDWH�WKDW�PDJQHWLWH�ZDV�DOVR�D�IUDFWLRQDWLQJ�
SKDVH�WRZDUG�WKH�ODWHU�VWDJH�RI�FU\VWDOOL]DWLRQ�

$W�OHDVW�WKUHH�WUHQGV�DUH�DSSDUHQW�LQ�FKRQGULWH�QRUPDOL]HG�5((�SDWWHUQV�ZLWK�VDPSOHV�YDU\LQJ�IURP�GHSOHWHG�WR�HQULFKHG�LQ�
/5((��>/D�<E@1� �������WR��������ZLWK�RQH�DQRPDORXV�VDPSOH�EHLQJ�KLJKO\�HQULFKHG�LQ�/5((��>/D�<E@1� ��������)LJ���±�±�����
0LVUD�DQG�&RQWH��������DWWULEXWHG�VLPLODU�YDULDWLRQ�LQ�5((�WUHQGV�RI�RWKHU�$06�DPSKLEROLWHV�WR�G\QDPLF�PHOWLQJ��DV�/5((�DQG�
+5((�SDWWHUQV� FRQWUROOHG�E\� IUDFWLRQDWLRQ�SURFHVVHV� DORQH�DUH�PRUH�FRQVLVWHQW� �QRW� FULVV�FURVVLQJ�� DQG�GLVSOD\�D�PRUH�QDUURZ�
UDQJH�RI�>/D�<E@1���$OWKRXJK�WKHUH�LV�D�VOLJKW�(X�DQRPDO\�LQ�WKH�IRXU�(ON�.QRE�VDPSOHV�DQDO\]HG��SODJLRFODVH�LV�OLNHO\�QRW�D�major 
IUDFWLRQDWLQJ�SKDVH��ZKLFK�LV�DOVR�VXSSRUWHG�E\�LQYHUVH�FRUUHODWLRQ�RI�GHFUHDVLQJ�&D�DQG�LQFUHDVLQJ�$O�WUHQGV�LQ�=U�SORWV���

7HFWRQLF�GLVFULPLQDWLRQ�GLDJUDPV��)LJV���±�±�$�)��VKRZ�PRVW�DPSKLEROLWHV�SORW�ZLWKLQ�GLVWLQFW�WR�RYHUODSSLQJ�1��DQG�(�W\SH�
025%�¿HOGV��DV�ZHOO�DV�ZLWKLQ�SODWH�¿HOGV��3HDUFH�	�&DQQ��������)OR\G�DQG�:LQFKHVWHU��������:RRG��������3HDUFH�	�1RUU\��������
5ROOLQVRQ����������7KH�YDULDWLRQ�DQG�RYHUODS�LQWR�(�W\SH�025%�¿HOGV�DQG�ZLWKLQ�SODWH�¿HOGV�LV�GXH�WR�WKHLU�HQULFKPHQW�LQ�/5((V��
DV�LV�W\SLFDO�RI�EDVDOWV�LQ�WKHVH�VHWWLQJV���$PSKLEROLWH�VDPSOHV�PD\�EH�HQULFKHG�LQ�/5((V�GXH�WR�HLWKHU�����HQULFKPHQW�RI�WKH�VRXUFH��
����D�VPDOO�SHUFHQW�RI�SDUWLDO�PHOWLQJ��DQG�RU�����IUDFWLRQDWLRQ�RI�JDUQHW���,I�JDUQHW�ZDV�D�IUDFWLRQDWLQJ�SKDVH��WKHUH�VKRXOG�EH�D�VWURQJ�
GHFUHDVH�LQ�&U��'FU

JW�O�!����ZLWK�LQFUHDVLQJ�=U�<�DQG�GHFUHDVLQJ�$O�2���DV�$O�DQG�<�DUH�SUHIHUHQWLDOO\�UHPRYHG�E\�WKH�JDUQHW��0LVUD�
DQG�&RQWH��������3HDUFH�DQG�1RUU\����������'HFUHDVLQJ�DQG�FRQVWDQW�&U�YDOXHV�ZLWK�LQFUHDVLQJ�$O�2��DQG�=U�<��UHVSHFWLYHO\��FRXSOHG�
ZLWK�LQFRQVLVWHQW�5((�SDWWHUQV��SUHFOXGH�JDUQHW�DV�D�IUDFWLRQDWLQJ�SKDVH���0LVUD�DQG�&RQWH��������LQWHUSUHW�WKH�ODFN�RI�/5((�+5((�
FRUUHODWLRQ�LQ�WKHLU�DPSKLEROLWH�VDPSOHV�DQG�WKH�QDUURZ�UDQJH�RI��/D�&H�1�UDWLRV�������������WUDLWV�ZKLFK�(ON�.QRE�VDPSOHV�GR�VKDUH��
WR�LQGLFDWH�WKDW�VRPH�DPRXQW�RI�G\QDPLF�PHOWLQJ�RFFXUUHG���&RQYHUVHO\��PL[LQJ�RI�D�GHSOHWHG�DVWKHQRVSKHUH�ZLWK�HQULFKHG��SOXPH�
FRPSRQHQWV�LV�VXSSRUWHG�E\�YDULDWLRQ�LQ�<�1E�=U�1E�LQ�(ON�DQG�RWKHU�$06�DPSKLEROLWHV��)LJ���±�±�*����
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)LJXUH��±�±�� �� �7L�ELYDULDWH�SORWV�JUDSK� LPPRELOH�DQG� LQFRPSDWLEOH�7L�DJDLQVW� WKH� IUDFWLRQDWLRQ� LQGH[�0J
� ����>0J��0J�)H���@��� D�
compatible element Ni, and highly incompatible (P). 
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,Q� FRQFOXVLRQ�� WKH� ODUJH� FRPSRVLWLRQDO� YDULDWLRQ� LQ�$06� DPSKLEROLWHV� FDQ� EH� DWWULEXWHG� WR� IUDFWLRQDWLRQ� RI� DQ� ROLYLQH� ��
FOLQRS\UR[HQH�����PDJQHWLWH� SDUHQWDO�PDJPD�� D� VPDOO� SHUFHQW� RI� G\QDPLF�PHOWLQJ�� DQG�PDJPD�PL[LQJ�HQULFKPHQW�RI� GHSOHWHG�
DVWKHQRVSKHUH�ZLWK�SOXPH�OLNH�FRPSRQHQWV���$OWKRXJK�LW�LV�QRW�SRVVLEOH�WR�GLVWLQJXLVK�ZKHWKHU�$06�DPSKLEROLWH�RULJLQDWHG�DW�D�
PLG�RFHDQ�ULGJH�YHUVXV�EDFN�DUF�VSUHDGLQJ�FHQWHU��LW�LV�FOHDU�WKDW�ERWK�PDS�VFDOH�ERGLHV�DQG�LQWHUOD\HUHG�DPSKLEROLWH�DVVRFLDWHG�
ZLWK�SHOLWLF�URFNV�UHSUHVHQW�RFHDQLF�FUXVW�IRUPHG�LQ�D�ULIW�HQYLURQPHQW��0LVUD�DQG�&RQWH����������
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)LJXUH��±�±���*HRORJLF�PDS�ZLWK�FURVV�VHFWLRQ�RI�SDUW�RI�*UDVV\�&UHHN�DQG�0RXWK�RI�:LOVRQ����±PLQXWH�TXDGUDQJOHV��1&±9$�LQGLFDWLQJ�
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6WRS��±�����0HWDFRQJORPHUDWH�DQG�JUDSKLWLF�VFKLVW�LQ�WKH�$VKH�)RUPDWLRQ�QHDU�&UXPSOHU��1&��*UDVV\�&UHHN����±PLQXWH�
quadrangle; 36.50414° N, 81.37988°�:����6QDFN�EUHDN�

5DQNLQ��������¿UVW�GHVFULEHG�DQG�YLVLWHG�WKLV�PHWDFRQJORPHUDWH�ORFDOLW\��DQG�LW�UHPDLQV�D�SLYRWDO�RXWFURS�WKDW�KDV�EHHQ�YLVLWHG�
E\�PDQ\�� �:H� UHTXHVW�12�+$00(56�DW� WKLV�RXWFURS� WR�SUHVHUYH� LW� IRU� IXWXUH�GLVFXVVLRQV� �RU� D� URDG�ZLGHQLQJ�SURMHFW��� �7KH�
PHWDFRQJORPHUDWH�RXWFURS�LV�ORFDWHG�a�����P�WR�WKH�QRUWK�DORQJ�WKH�URDG�RQ�SULYDWH�SURSHUW\��SOHDVH�UHVSHFW�WKH�RZQHUV¶�SURSHUW\����

:H�ZLOO�SDUN�WKH�EXVHV�DW�D�JUDYHO�SDUNLQJ�ORW�DQG�ZDON�WR�WKH�RXWFURS��2Q�WKH�ZD\�WR�WKH�PHWDFRQJORPHUDWH�RXWFURS�DUH�URDGFXWV�
RI�JUDSKLWLF�VFKLVW�ZLWK�LQWHUOD\HUHG�PHWDJUD\ZDFNH�OD\HUV���±���FP�WKLFN���7KH�VFKLVW�KDV�D�VLOYHU\�JUD\�VKHHQ�RI�¿QH�JUDLQHG�ZKLWH�
PLFD�DQG�LV�VOLJKWO\�VXO¿GLF��,W�ZDV�DVVLJQHG�WR�WKH�$VKH�)RUPDWLRQ��!=DS��E\�0HUVFKDW���������)ROLDWLRQ�GLSV�PRGHUDWHO\�VRXWKHDVW��
%LRWLWH�SRUSK\URFODVWV���±��PP�DFURVV��RFFXU�WKURXJKRXW��JDUQHW�RFFXUV�ORFDOO\���$�VXEWOH�6�&�IROLDWLRQ�KDV�WRS�WR�WKH�1:�VKHDU�
VHQVH���7KH�PHWDFRQJORPHUDWH�LV�ZLWKLQ�WKH�JUDSKLWLF�VFKLVW��

Metaconglomerate.��7KH�RXWFURS�LV�DQ�a��P�KLJK�OHGJH�RI�PHWDPRUSKRVHG�SHEEOH�FRQJORPHUDWH�ZLWK�D�SURQRXQFHG�IROLDWLRQ�
���������DQG�QHDUO\�GRZQ�GLS�PLQHUDO�OLQHDWLRQ����������GH¿QHG�E\�TXDUW]�ULEERQV��PXVFRYLWH�DQG�ELRWLWH�VWUHDNV��DQG�HORQJDWH�
SHEEOHV��±��FP�ORQJ���PD[LPXP�LV����FP��)LJ���±�±�$����0RVW�RI�WKH�FODVWV�DUH�TXDUW]��EXW�D�IHZ�FODVWV�DUH�TXDUW]�DQG�IHOGVSDU��DQG�
OHXFRFUDWLF�JUDQLWRLG���$V\PPHWULF�WDLOV�RQ�SHEEOHV�VXJJHVW�WRS±WR±1:�NLQHPDWLFV��)LJ���±�±�%����

7KH�H[WHQW�RI�WKH�PHWDFRQJORPHUDWH��!=DF��LV�OLPLWHG�WR�D���NP�ORQJ�OHQV�ZLWKLQ�JUDSKLWLF�VFKLVW�RI�WKH�$VKH�)RUPDWLRQ��)LJ��
�±�±�����$V�PDSSHG��LW�H[WHQGV�IURP�MXVW�HDVW�RI�WKH�&UXPSOHU�3RVW�2I¿FH�DQG�JHQHUDO�VWRUH�WR�MXVW�HDVW�RI�WKLV�RXWFURS���,QFOXGHG�ZLWK�
WKH�PHWDFRQJORPHUDWH�DUH�JUD\�FRDUVH�JUDLQHG��PHWDJUD\ZDFNH�VLPLODU�WR�WKH�PDWUL[�RI�WKH�PHWDFRQJORPHUDWH���/RFDWHG�a���P�WR�WKH�
QRUWKZHVW��VWUXFWXUDOO\�EHORZ�WKH�PHWDFRQJORPHUDWH��LV�P\ORQLWLF�EDVHPHQW�ÀRDW�DQG�VDSUROLWH�VHSDUDWHG�IURP�WKH�PHWDFRQJORPHUDWH�
E\�D�WKLQ�VHSWXP�RI�JUDSKLWLF�VFKLVW���

7KLV�ORFDOLW\�ZDV�LQWHUSUHWHG�DV�WKH�EDVDO�FRQWDFW�RI�WKH�$VKH�)RUPDWLRQ�RQ�EDVHPHQW��5DQNLQ��������������5DQNLQ�HW�DO���������
��������$EERWW�DQG�5D\PRQG��������UH�LQWHUSUHWHG�WKLV�RXWFURS�WR�EH�P\ORQLWLF�DQG�LQ�FRQMXQFWLRQ�ZLWK�D�KLJKHU�PHWDPRUSKLF�JUDGH��
PDS�VFDOH�WUXQFDWLRQV��DQG�YDULRXV�PD¿F�DQG�XOWUDPD¿F�URFNV��SURSRVHG�WKDW�WKH�$VKH�0HWDPRUSKLF�6XLWH�ZDV�MX[WDSRVHG�DJDLQVW�
EDVHPHQW�DORQJ�WKH�*RVVDQ�/HDG�IDXOW�RI�6WRVH�DQG�6WRVH����������/DWHU��WKH�JUDSKLWLF�VFKLVW��PHWDVDQGVWRQH��DQG�PHWDFRQJORPHUDWH�
ZHUH�UHFODVVL¿HG�DV�WKH�:LOOV�5LGJH�)RUPDWLRQ��D�PHWDFODVWLF�XQLW�GHSRVLWHG�XQFRQIRUPDEO\�RQ�/DXUHQWLDQ�EDVHPHQW��DQG�VHSDUDWHG�
IURP�WKH�$VKH�WR�WKH�VRXWKHDVW�E\�D�SUH�PHWDPRUSKLF�IDXOW��5DQNLQ�HW�DO���������5DQNLQ���������0HUVFKDW��������PDSSHG�JUDSKLWLF�
VFKLVW� WR� MXVW�VRXWKZHVW�RI�&UXPSOHU��1&��KRZHYHU��QR�VWUXFWXUDO�GLVFRQWLQXLWLHV� �IDXOWV��ZHUH�UHFRJQL]HG�EHWZHHQ� WKH�JUDSKLWLF�
VFKLVW�DQG�RWKHU�PHWDFODVWLF�URFN�XQLWV�FODVVL¿HG�DV�SDUW�RI�WKH�:LOOV�5LGJH�)RUPDWLRQ�RI�5DQNLQ�HW�DO����������DQG�W\SLFDO�VFKLVW��
PHWDJUD\ZDFNH��DPSKLEROLWH�DQG�XOWUDPD¿F�URFNV�RI�WKH�$VKH�)RUPDWLRQ�WR�WKH�VRXWKHDVW��)LJV��±�±�����7KH�JUDSKLWLF�VFKLVW�FDQ�
EH� WUDFHG� IURP�&UXPSOHU��1&� WR�FHQWUDO�9LUJLQLD��ZKHUH� LW� LV� LQFOXGHG�ZLWK� WKH�/\QFKEXUJ�*URXS� �&DUWHU� DQG�0HUVFKDW�� ������
WKLV�JXLGHERRN��� �9DULRXV�VWXGLHV�WR�WKH�VRXWKZHVW�KDYH�FRQFOXGHG�WKDW�WKH�$VKH�)RUPDWLRQ�DQG�HTXLYDOHQWV��H�J���7DOOXODK�)DOOV�
)RUPDWLRQ��DUH�LQ�IDXOW�FRQWDFW�ZLWK�WKH�EDVHPHQW�RU�/DWH�1HRSURWHUR]RLF�URFNV�RI�WKH�ZHVWHUQ�%OXH�5LGJH��0HUVFKDW�DQG�:LHQHU��
������7UXSH�HW�DO���������:DWHUV±7RUPH\�DQG�6WHZDUW��������0HUVFKDW�HW�DO����������EXW�GRFXPHQWHG�GLIIHUHQW�NLQHPDWLFV�DQG�WLPH�
RI�GHIRUPDWLRQ�DORQJ�WKLV�ERXQGDU\��

 ��$U���$U�PXVFRYLWH�FRROLQJ�DJH�IURP�WKH�PHWDFRQJORPHUDWH�GLG�QRW�\LHOG�D�SODWHDX��EXW�VXJJHVWV�D�PLQLPXP�FRROLQJ�DJH�RI�
a����0D��0�-��.XQN�86*6�RUDO�FRPPXQ����������0XVFRYLWH�IURP�D�VFKLVW�LQ�WKH�$VKH�)RUPDWLRQ�a����P�WR�WKH�VRXWK�\LHOGHG�DQ�
��$U���$U�FRROLQJ�DJH�RI�������������0D�DQG�RYHUODSV�ZLWK�PXVFRYLWH���$U���$U�DJHV�IURP�P\ORQLWLF�EDVHPHQW�WR�WKH�QRUWKZHVW��VHH�

AA B

(L2, 115/57) NE SW NE SW

)LJXUH��±�±�����$��'RZQ�GLS�YLHZ�RI�HORQJDWHG�TXDUW]�SHEEOH�DQG�FREEOHV�IURP�WKH�PHWDFRQJORPHUDWH�QHDU�WKH�EDVH�RI�WKH�$VKH�)RUPDWLRQ���
�%��&ORVH� XS� RI� TXDUW]�IHOGVSDU�ELRWLWH� SHEEOH�ZLWK� DV\PPHWULF� TXDUW]� WDLOV�� VOLJKWO\� REOLTXH� YLHZ� VXJJHVWV� WRS±WR±WKH±1:�DQG±6:�
�GH[WUDO��VKHDU�VHQVH���3HQFLO�LV������FP�ORQJ��KDPPHU�LV������FP�ORQJ�
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6WRSV��±����±���DQG��±�����&ROOHFWLYHO\��WKH�HDVWHUQ�DQG�ZHVWHUQ�%OXH�5LGJH�H[SHULHQFHG�WKH�VDPH�GHIRUPDWLRQDO�HYHQW�UHODWHG�WR�WKH�
LQLWLDO�HPSODFHPHQW�RI�WKH�%OXH�5LGJH�WKUXVW�VKHHW�DW�a����0D�����$U���$U�KRUQEOHQGH�FRROLQJ�DJHV�RI����±����0D��6WRNHV�HW�DO���
������6WRNHV��������LQGLFDWH�WKDW�WKH�HDVWHUQ�%OXH�5LGJH�H[SHULHQFHG�D�'HYRQLDQ�WR�0LVVLVVLSSLDQ�DPSKLEROLWH�IDFLHV�PHWDPRUSKLF�
HYHQW�WKDW�UHDFKHG�FRQGLWLRQV�LQ�H[FHVV�RI������&��6WRNHV�HW�DO���������SULRU�WR�EHLQJ�MX[WDSRVHG�ZLWK�WKH�EDVHPHQW�DW�����0D�

  

6WRS��±�����5RFN\�5LGJH�8OWUDPD¿F�%RG\��7RSLD�5RDG��0RXWK�RI�:LOVRQ�����PLQXWH�TXDGUDQJOH�����������1�����������:��

7KH�5RFN\�5LGJH�XOWUDPD¿F�ERG\��!=DX��FURSV�RXW�LQ�D�OLQHDU�WUDFH�IRU�QHDUO\����NP�����PLOHV�� DQG�LV�FRQFRUGDQW�ZLWK�WKH�
UHJLRQDO�IROLDWLRQ�LQ�WKH�$VKH�)RUPDWLRQ��,W�LV�VHSDUDWHG�IURP�WKH�3HGHQ�ERG\��5D\PRQG�HW�DO���������DQRWKHU�OLQHDU�ERG\�WR�WKH�
VRXWK��E\�D�WKLQ�VHSWXP�RI�VFKLVW��)LJ���±�±����7KHVH�XOWUDPD¿F�ERGLHV�FRQWDLQ�D�YDULHW\�RI�URFN�W\SHV��H�J���5D\PRQG�HW�DO���������
�������7KH�5RFN\�5LGJH�ERG\�LV�ODUJHO\�D�FKORULWH��&D�0J�DPSKLEROH�VFKLVW��ZLWK�PLQRU�WDOF��DQG�UDUH�SRGV�RI�DPSKLEROLWH��,W�KDV�D�
SRUSK\URFODVWLF�VFKLVWRVH�WH[WXUH�FRQWDLQLQJ�DPSKLEROH�SRUSK\URFODVWV�LQ�D�PDWUL[�RI�DPSKLEROH��FKORULWH��DQG�WDOF��$PSKLEROH�JUHZ�
LQ�WKUHH�HYHQWV��HDUO\�LQFOXVLRQ�ULFK�0J�KRUQEOHQGH�FRUHV�ULPPHG�ZLWK�FOHDU�0J�DFWLQROLWH��)LJ���±�±�����6RPH�PDWUL[�DPSKLEROHV�
JUHZ�DW�WKH�VDPH�WLPH�DV�ULPV�RQ�WKH�SRUSK\URFODVWV��DQG�FRPSRVLWLRQV�GR�QRW�YDU\�VLJQL¿FDQWO\�LQ�WKH�ULPV��5D\PRQG�HW�DO���������
�������0LQRU�ODWH�VWDJH�FXPPLQJWRQLWH�LV�WKH�PDWUL[��RULJLQDOO\�UHSRUWHG�E\�6WDSRU�HW�DO����������RFFXUV�LQ�VRPH�URFNV���$�SRG�RI�
DPSKLEROLWH�FRQVLVWV�RI�DPSKLEROH±SODJLRFODVH±TXDUW]±VSKHQH±PDJQHWLWH�DQG�LV�QRW�DV�VWURQJO\�IROLDWHG�DV�WKH�FKORULWH±DPSKLEROH�
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Figure 2-3-1.  
Merschat et al.,       

)LJXUH��±�±����6LPSOL¿HG�JHRORJLF�PDS�RI�SDUW�RI�WKH�0RXWK�RI�:LOVRQ��/DXUHO�6SULQJV��DQG�6SDUWD�:HVW�����PLQXWH�TXDGUDQJOHV��VKRZLQJ�
WKH�ORFDWLRQ�RI�6WRSV�������0DS�PRGL¿HG�5D\PRQG�HW�DO���������DQG�VKRZV�ORFDWLRQ�RI�JHRFKHPLFDO�DQDO\VHV�SUHVHQWHG�WKHUHLQ�
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)LJXUH��±�±����3KRWRPLFURJUDSK�RI�5RFN\�5LGJH�WDOF�FKORULWH�DPSKLEROH�VFKLVW�ZLWK�PXOWLSOH�DPSKLEROH�JHQHUDWLRQV��HDUO\�LQFOXGHG�0J�
KRUQEOHQGH��0J�+EO��FRUHV��DQG�ODWH�0J�DFWLQROLWH��0J�DFW��ULPV�DQG�PDWUL[�DPSKLEROHV��0DWUL[�DOVR�FRQWDLQV�FKORULWH��FKO���WDOF��WOF���
PDJQHWLWH��PWW���DQG�LOOPHQLWH��LO���3KRWRV�DUH�SODQH�SRODUL]HG�OLJKW��$��DQG�FURVV�SRODUL]HG�OLJKW��%����
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VFKLVW��7KH�5RFN\�5LGJH�DQG�3HGHQ�XOWUDPD¿F�URFNV�KDYH�FKHPLVWU\�VLPLODU�WR�RWKHU�URFNV�LQ�WKH�$VKH�)RUPDWLRQ�WKDW�DUH�LQWHUSUHWHG�
WR�EH�RSKLROLWH�IUDJPHQWV��5D\PRQG�HW�DO����������

6WRS��±����)ULHV�IDXOW�DQG�KLJK�VWUDLQ�]RQHV��2OG�1&�����*UDVV\�&UHHN����±PLQXWH�TXDGUDQJOH������������1������������:���

7KH�ZHDWKHUHG�URFNV�H[SRVHG�LQ�WKH�SRLVRQ�LY\�FRYHUHG�RXWFURSV��&$87,21���FRQVLVW�RI�GLIIHUHQW�SURWRP\ORQLWLF�DQG�P\ORQLWLF�
EDVHPHQW�OLWKRORJLHV��)LJ���±�±�����7KHVH�URFNV�DUH�SDUW�RI�D�EURDG�KLJK�VWUDLQ�]RQH�RI�WKH�)ULHV�IDXOW�DQG�KDYH�EHHQ�LQWHUSUHWHG�
WR�LQFOXGH�URFNV�RI�WKH�0DUV�+LOO�WHUUDQH�DQG�3XPSNLQ�3DWFK�0HWDPRUSKLF�6XLWH��5D\PRQG��������+DWFKHU�HW�DO������������7R�WKH�
QRUWKHDVW��6WRVH�DQG�6WRVH��������SRUWUD\HG�WKH�)ULHV�IDXOW�DV�D�IDXOW�]RQH�DQG�LV�PDSSHG�WR�WKH�LQ�WKH�DUHD�DURXQG�0RXQW�5RJUHV�
DV�D�VHULHV�RI�DQDVWRPRVLQJ�JUHHQVFKLVW�IDFLHV�KLJK�VWUDLQ�]RQHV�WKDW�YDU\�IURP�PHWHU�WR�NLORPHWHUV�ZLGH�DQG�RFFXU�WKURXJKRXW�WKH�
QRUWKHUQ�HQG�RI�WKH�)UHQFK�%URDG�PDVVLI��7ROOR�HW�DO���������6RXWKZRUWK�HW�DO�����������6WRS��±��LV�ZLWKLQ�RQH�RI�WKH�ZLGHU�KLJK�VWUDLQ�
]RQHV��ZKLFK�DOVR�LQFOXGHV�6WRS��±���DQG�LV�LQ�WKH�LPPHGLDWH�IRRWZDOO�RI�WKH�*RVVDQ�/HDG�IDXOW��ORFDWHG�a�����NP������PLOHV��WR�WKH�
VRXWKHDVW��6WRS��±����

7KH�URFNV�DUH�JUHHQLVK�JUD\�WR�VLOYHU\�JUHHQLVK�JUD\�SRUSK\URFODVWLF�HSLGRWH±FKORULWH±PXVFRYLWH±ELRWLWH±TXDUW]±SODJLRFODVH�
JQHLVV�DQG�VFKLVW��<JQ���PXVFRYLWH±TXDUW]±SODJLRFODVH�VFKLVW�DQG�PLQRU�DPSKLEROLWH��<DP����&HQWLPHWHU�WKLFN�OD\HUV�RI�TXDUW]�DQG�
IHOGVSDU�SDUDOOHO�WR�WKH�P\ORQLWLF�IROLDWLRQ�SLQFK�DQG�VZHOO��DQG�DUH�ERXGLQDJHG��7KHVH�OD\HUV�OLNHO\�ZHUH�PLJPDWLWH�OHXFRVRPHV�
IURP�D�KLJK�JUDGH�JQHLVV�RU�VFKLVW�SURWROLWK��ZKLFK�DUH�QRZ�P\ORQLWLF�WR�SURWRP\ORQLWLF��6±/�WHFWRQLWHV��ZLWK�D�GRZQ±GLS�PLQHUDO�
VWUHWFKLQJ�OLQHDWLRQ��/�����WUHQGV�����±�����DQG�SOXQJHV����±�����DQG�WRS�WR�WKH�1:�NLQHPDWLF�VKHDU�VHQVH���0\ORQLWLF�IROLDWLRQV�
�PHDQ�������� LQ� WKH� EDVHPHQW� LV� URXJKO\� SDUDOOHO� WR�6��$VKH�)RUPDWLRQ� �)LJ�� �±�±��� VHH� DOVR�0HUVFKDW� HW� DO��� WKLV� JXLGHERRN��
)LJ��������%LRWLWH�ZLWKLQ�WKH�P\ORQLWLF�IROLDWLRQ��6���DQQHDOHG�TXDUW]�ULEERQV�ZLWK�VRPH�VXEJUDLQV��DQG�VOLJKWO\�XQGXORVH�IHOGVSDU�
SRUSK\URFODVWV�VXJJHVW�GHIRUPDWLRQ�WHPSHUDWXUHV�LQ�WKH�HDVWHUQ�SDUW�RI�WKH�)ULHV�KLJK�VWUDLQ�]RQH�ZHUH�KLJKHU�WKDQ�IXUWKHU�ZHVW��
SRVVLEO\�UHODWHG�WR�EHLQJ�SUR[LPDO�WR�WKH�*RVVDQ�/HDG�IDXOW���0XVFRYLWH�IURP�WKHVH�RXWFURSV�\LHOGHG�DQ���$U���$U�DJH���������0D�
�0��.XQN�86*6�RUDO�FRPPXQ��������DQG�LV�ZLWKLQ�HUURU�RI�PXVFRYLWH���$U���$U�DJHV�IURP�WKH�$VKH�)RUPDWLRQ�*RVVDQ�/HDG�WKUXVW�
VKHHW���7KH�URFNV�RI�WKH�)ULHV�KLJK�VWUDLQ�]RQH�DQG�HDVWHUQ�%OXH�5LGJH�H[SHULHQFHG�WKH�VDPH�GHIRUPDWLRQ�HYHQW�DW�a����0D�UHODWHG�
WR�WKH�HPSODFHPHQW�RI�WKH�%OXH�5LGJH�WKUXVW�VKHHW�����

7R� WKH�VRXWKZHVW�QHDU�%RRQH��1&��%U\DQW�DQG�5HHG��������PDSSHG�D�³PL[HG�XQLW´�RI�ELRWLWH±SODJLRFODVH�VFKLVW� WR�JQHLVV��
DPSKLEROLWH�DQG�FDOF�VLOLFDWH�ORFDWHG�VWUXFWXUDOO\�EHQHDWK�URFNV�QRZ�DVVLJQHG�WR�WKH�$VKH�)RUPDWLRQ��7KLV�XQLW�ZDV�FRUUHODWHG�ZLWK�
WKH�JUDQXOLWH�IDFLHV�SDUDJQHLVVHV�DQG�PLJPDWLWLF�KRUQEOHQGH�JQHLVVHV�RI�WKH�0DUV�+LOO�WHUUDQH�ZHVW�DQG�VRXWKZHVW�RI�WKH�*UDQGIDWKHU�
0RXQWDLQ�ZLQGRZ��)LJ�����0HUVFKDW�HW�DO��� WKLV�JXLGHERRN���5D\PRQG�DQG�-RKQVRQ��������5D\PRQG��������7UXSH�HW�DO���������
+DWFKHU�HW�DO���������� � �3DUDJQHLVV�DQG�DPSKLEROLWH�DUH�DOVR�IRXQG�QRUWKHDVW�RI� WKH�1RUWK�&DUROLQD±9LUJLQLD�VWDWH� OLQH�DORQJ�WKH�
ERXQGDU\�EHWZHHQ�EDVHPHQW�DQG�FRYHU�URFNV��DOWKRXJK�5DQNLQ�HW�DO����������FODVVL¿HG�WKH�URFNV�DV�EDVHPHQW�DERYH�WKH�)ULHV�IDXOW�
DQG�EHQHDWK�WKH�XQFRQIRUPDEOH�FRYHU�URFNV���:H�VXJJHVW�WKDW�WKHVH�SDUDJQHLVVHV�DQG�DVVRFLDWHG�URFN�W\SHV�RFFXS\�D�VLPLODU�SRVLWLRQ�
PD\�EH�D�0HVRSURWHUR]RLF�VHGLPHQWDU\�FRYHU�VHTXHQFH�DQG�FRXOG�SRWHQWLDOO\�EH�FRUUHODWLYH�ZLWK�URFNV�DVVLJQHG�WR�WKH�0DUV�+LOO�
WHUUDQH��6WRS
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WKH�&DWRFWLQ�DQG�0RXQW�5RJHUV�IRUPDWLRQV��FHQWUDO�DQG�VRXWKHUQ�$SSDODFKLDQV���(YLGHQFH�IRU�WZR�SXOVHV�RI�,DSHWDQ�ULIWLQJ���
$PHULFDQ�-RXUQDO�RI�6FLHQFH��Y�������S�����±����

$OOPHQGLQJHU��5��:���&DUGR]R��1���DQG�)LVKHU��'���������6WUXFWXUDO�JHRORJ\�DOJRULWKPV��9HFWRUV�DQG�WHQVRUV�LQ�VWUXFWXUDO�JHRORJ\��
&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH������S�

%U\DQW��%���DQG�5HHG��-�&���-U���������*HRORJ\�RI�WKH�*UDQGIDWKHU�0RXQWDLQ�ZLQGRZ�DQG�YLFLQLW\��1RUWK�&DUROLQD�DQG�7HQQHVVHH���
8�6��*HRORJLFDO�6XUYH\�3URIHVVLRQDO�3DSHU����������S�

%XUWRQ��:�&���DQG�6RXWKZRUWK��6���������$�PRGHO�IRU�,DSHWDQ�ULIWLQJ�RI�/DXUHQWLD�EDVHG�RQ�1HRSURWHUR]RLF�GLNHV�DQG�UHODWHG�URFNV��
in�7ROOR��5�3���%DUWKRORPHZ��0�-���+LEEDUG��-�3���DQG�.DUDELQRV��3�0���HGV���)URP�5RGLQLD�WR�3DQJHD���7KH�OLWKRWHFWRQLF�UHFRUG�
RI�WKH�$SSDODFKLDQ�5HJLRQ���%ROGHU��&RORUDGR��*HRORJLFDO�6RFLHW\�RI�$PHULFD�0HPRLU������S�����±�����

&DEDQLV��%��DQG�/HFROOH��0���������/H�GLDJUDPPH�/D����<����1E����RQ�RXWLO�SRXU�OD�GLVFULPLQDWLRQ�GHV�VHULHV�YROFDQLTXHV�HW�OD�PLVH�
HQ�HYLGHQFH�GHV�SURFHVVXV�GH�PpODQJH�HW�RX�GH�FRQWDPLQDWLRQ�FUXVWDOH��&�5��$FDGHP\�RI�6FLHQFH�6HU��,,��Y�������S������������

&DUULJDQ��&��:���0LOOHU��&��)���)XOODJDU��3��'���+DWFKHU��5��'���-U���%UHDP��%��5���DQG�&RDWK�&��'���������,RQ�PLFURSUREH�DJH�DQG�
JHRFKHPLVWU\�RI�VRXWKHUQ�$SSDODFKLDQ�EDVHPHQW��ZLWK�LPSOLFDWLRQV�IRU�3URWHUR]RLF�DQG�3DOHR]RLF�UHFRQVWUXFWLRQV��3UHFDPEULDQ�
5HVHDUFK��Y�������S���±���

&DUWHU��0���DQG�0HUVFKDW��$���������6WUDWLJUDSK\��VWUXFWXUH��DQG�UHJLRQDO�FRUUHODWLRQ�RI�HDVWHUQ�%OXH�5LGJH�VHTXHQFHV�LQ�VRXWKHUQ�
9LUJLQLD�DQG�QRUWKZHVWHUQ�1RUWK�&DUROLQD��$Q� LQWHULP�UHSRUW� IURP�QHZ�8�6��*HRORJLFDO�6XUYH\�PDSSLQJ�� LQ�%DLOH\��&�0���
DQG�&RLQHU��/�9���HGV���(OHYDWLQJ�*HRVFLHQFH�LQ�WKH�6RXWKHDVWHUQ�8QLWHG�6WDWHV��1HZ�,GHDV�DERXW�2OG�7HUUDQHV²)LHOG�*XLGHV�
IRU� WKH�*6$�6RXWKHDVWHUQ�6HFWLRQ�0HHWLQJ��%ODFNVEXUJ��9LUJLQLD��������*HRORJLFDO�6RFLHW\�RI�$PHULFD�)LHOG�*XLGH�����S��
���±�����GRL�����������������������

&DZRRG��3��$���DQG�1HPFKLQ��$��$���������3DOHRJHRJUDSKLF�GHYHORSPHQW�RI�WKH�HDVW�/DXUHQWLDQ�PDUJLQ��&RQVWUDLQWV�IURP�8�3E�
GDWLQJ�RI�GHWULWDO�]LUFRQV�LQ�WKH�1HZIRXQGODQG�$SSDODFKLDQV��*HRORJLFDO�6RFLHW\�RI�$PHULFD�%XOOHWLQ��Y�������S������±�����

)OR\G�� 3�$��� DQG�:LQFKHVWHU�� -�$��� ������0DJPD�W\SH� DQG� WHFWRQLF� VHWWLQJ� GLVFULPLQDWLRQ� XVLQJ� LPPRELOH� HOHPHQWV�� (DUWK� DQG�
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3ODQHWDU\�6FLHQFH�/HWWHUV��Y������S����������
+DJHPDQ��6�-���DQG�0LOOHU��:���������1HZ�IRVVLO�GLVFRYHULHV� LQ� WKH�&KLOKRZHH�*URXS��VRXWKHUQ�$SSDODFKLDQV��86$���HYLGHQFH�

IRU� WKH�(GLDFDUDQ�&DPEULDQ� WUDQVLWLRQ�� µ&DPEULDQ�$JURQRPLF�5HYROXWLRQ¶��DQG�HDUOLHVW� WULORELWHV�DW� WKH�VRXWKHUQ�PDUJLQ�RI�
/DXUHQWLD���1HXHV�-DKUEXFK�I�U�*HRORJLH�XQG�3DOlRQWRORJLH�±�$EKDQGOXQJHQ��Y�������S����������

+DWFKHU��5��'���-U���0HUVFKDW��$��-���DQG�5D\PRQG��/��$���������*HRWUDYHUVH���*HRORJ\�RI�QRUWKHDVWHUQ�7HQQHVVHH�DQG�WKH�*UDQGIDWKHU�
0RXQWDLQ�UHJLRQ��in�/DERWND��7��/���DQG�+DWFKHU��5��'���-U���HGV���*HRORJLFDO�6RFLHW\�RI�$PHULFD������6RXWKHDVWHUQ�6HFWLRQ�
PHHWLQJ�)LHOG�7ULS�*XLGHERRN���.QR[YLOOH��8QLYHUVLW\�RI�7HQQHVVHH��S����������

+DWFKHU��5��'���-U���%UHDP��%��5���DQG�0HUVFKDW��$��-���������7HFWRQLF�PDS�RI�WKH�VRXWKHUQ�DQG�FHQWUDO�$SSDODFKLDQV��$�WDOH�RI�WKUHH�
RURJHQV�DQG�D�FRPSOHWH�:LOVRQ�F\FOH��in�+DWFKHU��5��'���-U���&DUOVRQ��0��3���0F%ULGH��-��+���DQG�0DUWtQH]�&DWDOiQ��-��5���HGV���
��'�)UDPHZRUN�RI�&RQWLQHQWDO�&UXVW��%ROGHU��&RORUDGR��*HRORJLFDO�6RFLHW\�RI�$PHULFD�0HPRLU������S�����±����

+DWFKHU��5��'���-U���������7HFWRQLF�V\QWKHVLV�RI�WKH�8�6��$SSDODFKLDQV��&KDSWHU�����in�+DWFKHU��5��'���-U���7KRPDV��:��$���DQG�9LHOH��
*��:���HGV���7KH�$SSDODFKLDQ�2XDFKLWD�RURJHQ�LQ�WKH�8QLWHG�6WDWHV���%RXOGHU��&RORUDGR��*HRORJLFDO�6RFLHW\�RI�$PHULFD��7KH�
*HRORJ\�RI�1RUWK�$PHULFD��Y��)����S�����±����

+QDW��-�6���DQG�YDQ�GHU�3OXLMP��%�$���������)DXOW�JDXJH�GDWLQJ�LQ�WKH�VRXWKHUQ�$SSDODFKLDQV��86$���*HRORJLFDO�6RFLHW\�RI�$PHULFD�
%XOOHWLQ��Y�������S�����±����

.LQJ��3�%���DQG�)HUJXVRQ��+�:���������*HRORJ\�RI�QRUWKHDVWHUQPRVW�7HQQHVVHH���8�6��*HRORJLFDO�6XUYH\�3URIHVVLRQDO�3DSHU������
����S��

.LQJ�� 3�%��� )HUJXVRQ��+�:���&UDLJ�� /�&��� DQG�5RGJHUV�� -��� ������*HRORJ\� DQG�0DQJDQHVH� GHSRVLWV� RI� QRUWKHDVWHUQ�7HQQHVVHH���
7HQQHVVHH�'LYLVLRQ�RI�*HRORJ\�%XOOHWLQ��������S��

0F$OHHU��5�-���0HUVFKDW��$�-���.XQN��0�-���6RXWKZRUWK��&�6���DQG�:LQWVFK��5�3���������5HDFWLRQ�VRIWHQLQJ�LQ�UK\ROLWHV�RI�WKH�0RXQW�
5RJHUV�)RUPDWLRQ�DQG�&DUERQLIHURXV�GHIRUPDWLRQ�RQ� WKH�%OXH�5LGJH� WKUXVW��9$±1&±71�� �*HRORJLFDO�6RFLHW\�RI�$PHULFD�
$EVWUDFWV�ZLWK�3URJUDPV��Y�������QR�����S�������

0HUVFKDW��$�-���������*HRORJLF�0DS�RI�WKH�VRXWKHUQ�SDUW�RI�WKH�0RXWK�RI�:LOVRQ�DQG�VRXWKHDVW�FRUQHU�RI�WKH�*UDVV\�&UHHN�����PLQXWH�
TXDGUDQJOHV��1&±9$���$VKH�EDVHPHQW�FRQWDFW�UHYLVLWHG���*HRORJLFDO�6RFLHW\�RI�$PHULFD�$EVWUDFWV�ZLWK�3URJUDPV��Y������QR��
���S������

0HUVFKDW��$�-���+DWFKHU��5�'���-U���3HWHUVRQ��9���6WDKU��'�:���,,,��&\SKHUV��6�5���DQG�-XEE��0�*�9���������7HFWRQLFV�RI�WKH�FHQWUDO�
DQG�HDVWHUQ�%OXH�5LGJH�� �*HRWUDYHUVH�IURP�WKH�+D\HVYLOOH� IDXOW� WR� WKH�%UHYDUG�IDXOW�]RQH�� �*HRORJLFDO�6RFLHW\�RI�$PHULFD�
6RXWKHDVWHUQ�6HFWLRQ�0HHWLQJ�����S�

0HUVFKDW��$�-���6RXWKZRUWK��6���0F&OHOODQ��(���7ROOR��5�3���5DQNLQ��'�:���+RRSHU��6�,���DQG�%DXHU��6���������.H\�VWUXFWXUDO�DQG�
VWUDWLJUDSKLF�UHODWLRQVKLSV�IURP�WKH�QRUWKHDVW�HQG�RI�WKH�0RXQWDLQ�&LW\�ZLQGRZ�DQG�WKH�0RXQW�5RJHUV�DUHD��9LUJLQLD±1RUWK�
&DUROLQD±7HQQHVVHH�� LQ�%DLOH\��&�0���DQG�&RLQHU��/�9���HGV���(OHYDWLQJ�*HRVFLHQFH� LQ� WKH�6RXWKHDVWHUQ�8QLWHG�6WDWHV��1HZ�
,GHDV�DERXW�2OG�7HUUDQHV²)LHOG�*XLGHV�IRU�WKH�*6$�6RXWKHDVWHUQ�6HFWLRQ�0HHWLQJ��%ODFNVEXUJ��9LUJLQLD��������*HRORJLFDO�
6RFLHW\�RI�$PHULFD�)LHOG�*XLGH�����S����±�����GRL�����������������������

0HUVFKDW��&��(���DQG�:LHQHU��/��6���������*HRORJ\�RI�WKH�6DQG\PXVK�DQG�&DQWRQ�4XDGUDQJOHV��1RUWK�&DUROLQD���5DOHLJK��1RUWK�
&DUROLQD�*HRORJLFDO�6XUYH\�%XOOHWLQ��������������VFDOH�����S�

0LOOHU�� -�0�*��� ������ 7KH� 1HRSURWHUR]RLF� .RQQDURFN� )RUPDWLRQ�� VRXWKZHVWHUQ� 9LUJLQLD�� 86$�� � JODFLRODFXVWULQH� IDFLHV� LQ� D�
FRQWLQHQWDO� ULIW�� in� �'H\QRX[��0���0LOOHU�� -�0�*���'RPDFN��(�:���(\OHV��1���)DLUFKLOG�� ,�-��� DQG�<RXQJ��*�0��� HGV���(DUWK¶V�
*ODFLDO�5HFRUG���&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��S���������

1DHVHU��&�:���1DHVHU��1�'���6RXWKZRUWK��6���������7UDFNLQJ�DFURVV�WKH�VRXWKHUQ�$SSDODFKLDQV�� in�+DWFKHU��5�'���-U���DQG�0HUVFKDW��
$�-���%OXH�5LGJH�*HRORJ\�*HRWUDYHUVH�(DVW�RI� WKH�*UHDW�6PRN\�0RXQWDLQV�1DWLRQDO�3DUN��ZHVWHUQ�1RUWK�&DUROLQD�� �1RUWK�
&DUROLQD�*HRORJLFDO�6XUYH\��&DUROLQD�*HRORJLFDO�6RFLHW\�DQQXDO�¿HOG�WULS�JXLGHERRN��S����±���

3HDUFH��-��$���DQG�&DQQ��-��5���������7HFWRQLF�VHWWLQJ�RI�EDVLF�YROFDQLF�URFNV�GHWHUPLQHG�XVLQJ�WUDFH�HOHPHQW�DQDO\VLV��&RQWULEXWLRQV�
WR�0LQHUDORJ\�DQG�3HWURORJ\��Y������S��������

3HDUFH��-�$���DQG�1RUU\��0�-���������3HWURJHQHWLF�LPSOLFDWLRQV�RI�7L��=U��<��DQG�1E�YDULDWLRQV�LQ�YROFDQLF�URFNV��&RQWULEXWLRQV�WR�
0LQHUDORJ\�DQG�3HWURORJ\��Y������S��������

5DQNLQ��'�:���������*XLGH�WR�WKH�JHRORJ\�RI�WKH�0W��5RJHUV�DUHD��9LUJLQLD��1RUWK�&DUROLQD��DQG�7HQQHVVHH²)LHOG�WULS�JXLGHERRN���
&DUROLQD�*HRORJLFDO�6RFLHW\�)LHOG�7ULS�*XLGHERRN��'XUKDP��1&�����S�

5DQNLQ��'�:���������6WUDWLJUDSK\�DQG�VWUXFWXUH�RI�3UHFDPEULDQ�URFNV�LQ�QRUWKZHVWHUQ�1RUWK�&DUROLQD��in�)LVKHU��*�:���3HWWLMRKQ��
)�-����5HHG��-�&���-U���DQG�:HDYHU��.�1���HGV���6WXGLHV�RI�$SSDODFKLDQ�JHRORJ\±&HQWUDO�DQG�VRXWKHUQ���1HZ�<RUN��,QWHUVFLHQFH�
3XEOLVKHUV��S�����±����

5DQNLQ��'�:��� ������*HRORJ\� RI� WKH� %OXH�5LGJH� LQ� VRXWKZHVWHUQ�9LUJLQLD� DQG� DGMDFHQW�1RUWK� &DUROLQD�� in� /RZU\��:�'��� HG���
*XLGHERRN� WR�$SSDODFKLDQ�7HFWRQLFV� DQG� 6XO¿GH�0LQHUDOL]DWLRQ� RI� VRXWKZHVWHUQ�9LUJLQLD�� � %ODFNVEXUJ��9LUJLQLD��9LUJLQLD�
3RO\WHFKQLF�,QVWLWXWH�DQG�6WDWH�8QLYHUVLW\��*XLGHERRN�QR�����S����±����

5DQNLQ��'�:���������7KH�FRQWLQHQWDO�PDUJLQ�RI�HDVWHUQ�1RUWK�$PHULFD�LQ�WKH�VRXWKHUQ�$SSDODFKLDQV���WKH�RSHQLQJ�DQG�FORVLQJ�RI�WKH�
3URWR±$WODQWLF�RFHDQ���$PHULFDQ�-RXUQDO�RI�6FLHQFH��Y�����±$��S�����±����

5DQNLQ��'�:���������7KH�YROFDQRJHQLF�0RXQW�5RJHUV�)RUPDWLRQ�DQG�WKH�RYHUO\LQJ�JODFLRJHQLF�.RQQDURFN�)RUPDWLRQ�²�7ZR�/DWH�
3URWHUR]RLF�XQLWV�LQ�VRXWKZHVWHUQ�9LUJLQLD���8�6��*HRORJLFDO�6XUYH\�%XOOHWLQ����������S�

5DQNLQ��'�:���'UDNH��$�$��� -U��� DQG�5DWFOLIIH��1�0���������3URWHUR]RLF�1RUWK�$PHULFDQ� �/DXUHQWLDQ�� URFNV�RI� WKH�$SSDODFKLDQ�
RURJHQ��in�5HHG��-�&���%LFNIRUG��0�(���-U���+RXVWRQ��5�6���/LQN��3�.���5DQNLQ��'�:���6LPV��3�.���DQG�9DQ�6FKPXV��:�5���HGV���
3UHFDPEULDQ���&RQWHUPLQRXV�8��6����%RXOGHU��&RORUDGR��*HRORJLFDO�6RFLHW\�RI�$PHULFD��7KH�JHRORJ\�RI�1RUWK�$PHULFD�Y��&±���
S�����±�����

5DQNLQ��'�:���(VSHQVKDGH��*�+��� DQG�1HXPDQ��5�%��� ������*HRORJLF�PDS�RI� WKH�ZHVW�KDOI�RI� WKH�:LQVWRQ±6DOHP�TXDGUDQJOH��
1RUWK�&DUROLQD��9LUJLQLD��DQG�7HQQHVVHH���8�6��*HRORJLFDO�6XUYH\�0LVFHOODQHRXV�*HRORJLF�,QYHVWLJDWLRQV�0DS�,±���±$��6FDOH�
�����������

5D\PRQG��/�$���������'RHV�WKH�)ULHV�EORFN��3XPSNLQ�3DWFK�WKUXVW�VKHHW��H[LVW�ERWK�VRXWK�DQG�QRUWK�RI�WKH�*UDQGIDWKHU�0RXQWDLQ�
ZLQGRZ��1RUWK�&DUROLQD"���*HRORJLFDO�6RFLHW\�RI�$PHULFD�$EVWUDFWV�ZLWK�3URJUDPV��Y������QR�����S��$����

5D\PRQG��/�$���DQG�-RKQVRQ��3�$���������7KH�0DUV�+LOO�WHUUDQH���$Q�HQLJPDWLF�VRXWKHUQ�$SSDODFKLDQ�WHUUDQH���*HRORJLFDO�6RFLHW\�
RI�$PHULFD�$EVWUDFWV�ZLWK�3URJUDPV��Y������QR�����S�����

5D\PRQG��/�$���0HUVFKDW��$�-���DQG�9DQFH��5�.���������0LQHUDORJ\��SHWURFKHPLVWU\��DQG�PHWDPRUSKLF�FKDQJHV�LQ�PHWDXOWUDPD¿F�
URFNV� DFURVV� WKH�$VKH�0HWDPRUSKLF� 6XLWH� RI� QRUWKZHVWHUQ�1RUWK�&DUROLQD��*HRORJLFDO� 6RFLHW\� RI�$PHULFD�$EVWUDFWV�ZLWK�
3URJUDPV��Y������QR�����S������

5D\PRQG��/�$���0HUVFKDW��$�-���DQG�9DQFH��5�.���������0HWDXOWUDPD¿F�VFKLVWV�DQG�GLVPHPEHUHG�RSKLROLWHV�RI�WKH�$VKH�0HWDPRUSKLF�
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6XLWH�RI�QRUWKZHVWHUQ�1RUWK�&DUROLQD��86$���,QWHUQDWLRQDO�*HRORJ\�5HYLHZV��Y������S���±����
5ROOLQVRQ��+���������8VLQJ�JHRFKHPLFDO�GDWD��HYDOXDWLRQ��SUHVHQWDWLRQ��LQWHUSUHWDWLRQ��(VVH[��(QJODQG��/RQJPDQ�*URXS�8.�/LPLWHG��

����S�
6LPSVRQ��(�/���DQG�(ULNVVRQ��.�$���������6HGLPHQWRORJ\�RI�WKH�8QLFRL�)RUPDWLRQ�LQ�VRXWKHUQ�DQG�FHQWUDO�9LUJLQLD���(YLGHQFH�IRU�

ODWH�3URWHUR]RLF�WR�(DUO\�&DPEULDQ�ULIW±WR±SDVVLYH�PDUJLQ�WUDQVLWLRQ���*HRORJLFDO�6RFLHW\�RI�$PHULFD�%XOOHWLQ��Y�������S����±���
6PRRW��-���DQG�6RXWKZRUWK��6���������9ROFDQLF�ULIW�PDUJLQ�PRGHO�IRU�WKH�ULIW�WR�GULIW�VHWWLQJ�RI�WKH�ODWH�1HRSURWHUR]RLF�HDUO\�&DPEULDQ�

HDVWHUQ�PDUJLQ�RI�/DXUHQWLD��&KLOKRZHH�*URXS�RI�WKH�$SSDODFKLDQ�%OXH�5LGJH���*HRORJLFDO�6RFLHW\�RI�$PHULFD�%XOOHWLQ��Y�������
S�����±����

6WDSRU��)�:��� -U���6ZDQVRQ��6�(��� DQG�)OHLVKHU��&���������$OWHUHG�$PSKLEROLWH�+\SRWKHVLV� IRU� WKH�2ULJLQ�RI�7RGG�7\SH�&KORULWH�
%RGLHV�LQ�WKH�$VKH�0HWDPRUSKLF�6XLWH��$06���1:�1RUWK�&DUROLQD���6RXWKHDVWHUQ�*HRORJ\��Y������1R�����S��������

6WRNHV��0��5���������$�FRPSDULVRQ�RI�GHIRUPDWLRQ�PHFKDQLVPV�DQG�WKHUPDO�KLVWRULHV�LQ�D�PRGHUQ�DQG�DQFLHQW�DUF�FRQWLQHQW�FROOLVLRQ�
>3K�'��GLVVHUWDWLRQ@���,QGLDQD�8QLYHUVLW\��%ORRPLQJWRQ������S�

�6WRNHV��0�5���.XQN��0�-���6RXWKZRUWK��6���DQG�:LQWVFK��5�����������$U���$U�LVRWRSLF�HYLGHQFH�IRU�/DWH�&DUERQLIHURXV�HPSODFHPHQW�
DQG� H[KXPDWLRQ�RI� WKH�$VKH�)RUPDWLRQ� DERYH� WKH�)ULHV� IDXOW� LQ� WKH�%OXH�5LGJH�RI�1RUWK�&DUROLQD� *HRORJLFDO�6RFLHW\� RI�
$PHULFD�$EVWUDFWV�ZLWK�3URJUDPV��Y������QR�����S������

6WRNHV��0�5���:LQWVFK��5���DQG�6RXWKZRUWK��6���������'HIRUPDWLRQ�RI�DPSKLEROLWHV�YLD�GLVVROXWLRQ±SUHFLSLWDWLRQ�FUHHS�LQ�WKH�PLGGOH�
DQG�ORZHU�FUXVW���-RXUQDO�RI�0HWDPRUSKLF�*HRORJ\��Y������S�����±����

6WRVH��$�-��� DQG�6WRVH��*�:���������*HRORJ\�DQG�PLQHUDO� UHVRXUFHV�RI� WKH�*RVVDQ�/HDG�GLVWULFW� DQG�DGMDFHQW� DUHDV� LQ�9LUJLQLD���
9LUJLQLD�'LYLVLRQ�RI�0LQHUDO�5HVRXUFHV�%XOOHWLQ���������S�

7ROOR��5�3���$OHLQLNRII��-�1���:RRGHQ��-�/���0D]GDE��)�.���6RXWKZRUWK��&�6���DQG�)DQQLQJ�&�0���������7KHUPRPDJPDWLF�HYROXWLRQ�
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