
WKLV�� ,� ZRXOG� JLYH� D� UHSO\� VRPHWKLQJ� OLNH�� ´,I� \RXU
IDWKHU�KDG�ORVW�KLV�ILQJHU�LQ�D�FLUFXODU�VDZ��GR�\RX�WKLQN
KLV�FKLOGUHQ�ZRXOG�KDYH�RQH�OHVV�ILQJHU"�RU�KLV�VRQV�
EXW�QRW�KLV�GDXJKWHUV"�2I�FRXUVH�QRW��7KH�'1$�LQVWUXF�
WLRQV�WKDW�DUH�SDVVHG�RQ�IURP�SDUHQW�WR�FKLOG�DUH�LQ�WKH
IRUP�RI�D�FRGH��OLNH�ZULWLQJ³UHPRYLQJ�D�ULE��RU�ILQJHU�
ZRXOG�QRW�FKDQJH�WKH�LQVWUXFWLRQV�RQ�WKH�FRGH��VR�DOO
WKH�RIIVSULQJ�ZRXOG�KDYH�DOO�WKHLU�ULEV�µ

:KLOH�DOO�WKDW�LV�VWLOO�YHU\�WUXH�DQG�SHUWLQHQW��WKLV
LQIRUPDWLRQ�DERXW�ULE�UHJURZWK�DGGV�D�QHZ�DQG�IDVFL�
QDWLQJ�GLPHQVLRQ��*RG�GHVLJQHG�WKH�ULE��DORQJ�ZLWK
WKH�SHULRVWHXP��+H�ZRXOG�FHUWDLQO\�KDYH�NQRZQ�KRZ
WR�UHPRYH�WKH�ULE�LQ�VXFK�D�ZD\�WKDW�LW�ZRXOG�ODWHU�JURZ
EDFN��MXVW�DV�ULEV�VWLOO�GR�WRGD\³ZLWKRXW�UHTXLULQJ�D
VSHFLDO�PLUDFOH��$GDP�GLGQ·W�KDYH�DQ\�SHUPDQHQW�DUHD
RI�ZHDNQHVV�LQ�KLV�ULEFDJH��KH�KDG�WKH�VDPH�QXPEHU
RI�ULEV�WKDW�\RX�DQG�,�KDYH�WRGD\�

Bones and Bridges
6RPH�\HDUV�DJR��ZKLOH�GULYLQJ�DFURVV�WKH�6\GQH\

+DUERXU�%ULGJH��P\�VPDOO�GDXJKWHU�DVNHG�PH�ZK\�WKH
EULGJH�ZDV�PDGH�ZLWK�DOO�WKRVH�IXQQ\�SROHV�DQG�FULVV�
FURVV�WKLQJV��:K\�QRW�LQ�RQH�VPRRWK�SLHFH"

,�DVNHG�KHU�WR�LPDJLQH�EHJLQQLQJ�ZLWK�D�EULGJH�RI
VROLG�VWHHO��VWURQJ�HQRXJK�VR�WKDW�LW�ZRXOGQ·W�EXFNOH
DQG�FROODSVH�DV�FDUV�GURYH�RYHU�LW��,�SRLQWHG�RXW�KRZ
KHDY\�DQG�H[SHQVLYH� LW�ZRXOG�EH��6R�ZH�KDG�WR�FXW
SLHFHV�RXW��LQ�RXU�LPDJLQDWLRQ��WR�PDNH�LW�OLJKWHU�DQG
FKHDSHU��:KLFK�SLHFHV�ZRXOG�EH�WKH�EHVW�RQHV�WR�OHDYH
EHKLQG��VR�DV�WR�VWRS�LW�IURP�FUXPEOLQJ"�,Q�WLPH��SOD\�
LQJ�ZLWK� WKHVH� LGHDV�� WKH� WZR�RI�XV�´QRQ�HQJLQHHUVµ
EHJDQ�WR�VHH�KRZ�DQG�ZK\�WUXVVHV�VXSSRUWLQJ�JDUDJH
URRIV��IRU�H[DPSOH��FRXOG�NHHS�PRVW�RI�WKH�VWUHQJWK
RI�D� VROLG��PRUH�KHDY\�DQG�H[SHQVLYH�EHDP�MXVW�E\
´HOLPLQDWLQJ� WKH� SLHFHV�µ� LQ� D� VHQVH�� WKDW� ZHUH� QRW
DFWXDOO\�DFWLQJ�DV�EUDFHV�DJDLQVW�WKH�ORDG�

6HYHUDO�\HDUV�ODWHU��RZLQJ�WR�WKH�PDMRU�FDU�DFFLGHQW
PHQWLRQHG�HDUOLHU��,�ZDV�ZDONLQJ�DURXQG�ZLWK�D�PDV�
VLYH�SLQ�UXQQLQJ�ULJKW�GRZQ�WKH�FHQWHU�RI�P\�WKLJK
ERQH��IHPXU���%HFDXVH�WKH�IUDFWXUH�LQ�WKDW�ERQH�ZDV�QRW
KHDOLQJ�� DOO� WKH�ZHLJKW� RI�P\� ERG\�ZDV� EHLQJ� VXS�
SRUWHG�E\�WKH�SLQ��ORFNHG�LQ�SODFH�E\�VWXUG\�KRUL]RQWDO
VFUHZV��WRS�DQG�ERWWRP��7KH�PHWDO�XVHG�IRU�WKLV�SLQ
ZDV�WKH�ILQHVW�VSDFH�DJH�VWHHO�DOOR\��6R�ZK\�ZDV�WKH
RUWKRSHGLF�VXUJHRQ�DGYLVLQJ�\HW�DQRWKHU�PDMRU�RSHUD�
WLRQ�WR�WU\�WR�JHW�WKH�ERQH�WR�KHDO"�$IWHU�DOO��,�ZDV�DEOH
WR�ZDON�DURXQG��:K\�QRW�MXVW�OHW�WKH�PDVVLYH�VWHHO�URG
FDUU\�P\�ZHLJKW�IRU�WKH�UHVW�RI�P\�OLIH"�6XUHO\�PDQ·V
KLJK�WHFK�PHWDOV�DUH�MXVW�DV�JRRG�DV�VRPH�ROG�ERQH�

Trusses and Braces
7KH�VXUJHRQ�NQHZ�IURP�H[SHULHQFH�WKDW�WKH�ILQHVW

PHWDO�ZRXOG�HYHQWXDOO\�IDWLJXH�DQG�JLYH�ZD\�LQ�WLPH�
\HW�QRW�VR�WKH�DYHUDJH�SHUVRQ·V�ERQHV��,Q�IDFW��ZLWKLQ�D
IHZ�PRQWKV��VLJQV�RI�H[FHVV�VWUDLQ�RQ�WKH�PHWDO�KDG
DOUHDG\�VKRZQ�XS�RQ�DQ�;�UD\��7KH�DPRXQW�RI�UHSHWL�
WLYH�VWUHVV�SODFHG�RQ�WKH�OHJ�ERQHV�GXULQJ�ZDONLQJ�LV
UHPDUNDEOH��:KDW� LV� LW� DERXW� ERQH� WKDW�PDNHV� LW� VR
VSHFLDO��VR�LQFUHGLEO\�VWURQJ��\HW�OLJKW��DQG�VR�UHVLVWDQW
WR�VWUHVV�DQG�IDWLJXH�WKDW�LW�SXWV�VSDFH�DJH�PHWDOOXUJ\
WR�VKDPH"

/RRN�FDUHIXOO\�DW�D�ERQH�;�UD\��DQG�\RX�ZLOO�VHH�ORWV
RI�GHQVHU��ZKLWHU��ILQH�OLQHV�LQVLGH�WKH�ERQH�VXEVWDQFH�
7KHVH�DUH�OLNH�´EUDFHVµ�LQVLGH�WKH�ERQH³DUHDV�RI�LQ�
FUHDVHG� VWUHQJWK� IRU� ORDG�EHDULQJ�� 7KH\� DUH� OLNH� WKH
FULVV�FURVV�PHPEHUV�LQ�D�WUXVV��VR�WKDW�WKH�UHPDLQLQJ
DUHDV�FDQ�EH�OLJKWHU�

/LNH� RXU� +DUERXU� %ULGJH�� WKLV� JLYHV� PD[LPXP
VWUHQJWK�DQG�PLQLPXP�ZHLJKW��7KH�´EUDFHVµ�LQ�ERQHV
DUH�SODFHG�VR�WKDW�WKH\�DUH�H[DFWO\�FRRUGLQDWHG�ZLWK
WKH�OLQHV�RI�VWUHVV��WKH�GLUHFWLRQV�LQ�ZKLFK�WKH�ZHLJKW
LV� WUDQVPLWWHG� WKURXJK� WKDW� ERQH�� ,Q� LWVHOI�� WKDW� LV� D
EHDXWLIXO� H[DPSOH� RI� FOHYHU� HQJLQHHULQJ� GHVLJQ� LQ
ERQH��%XW�WKHUH�LV�PRUH³PXFK�PRUH�

The Bridge That�s Continually Rebuilding Itself
,I�LW�ZHUH�RQO\�D�PDWWHU�RI�FOHYHU�HQJLQHHULQJ��PDQ

FRXOG�GHVLJQ�D�VLPLODU�VWUXFWXUH�IRU�D�OHJ�ERQH�ZLWK�DOO
VRUWV�RI�LQWHUQDO�EUDFLQJ��ZKLFK�ZRXOG�PDNH�LW�DV�OLJKW
DV�ERQH³DEOH�WR�EHDU�WKH�VDPH�ORDG³DW�OHDVW�DW�ILUVW�
%XW�HYHQ�WKDW�ZRXOG�ZHDU�RXW�DIWHU�VHYHUDO�\HDUV��6R
ZK\�LV�LW�WKDW�DQ�RUGLQDU\�WKLJK�ERQH��IRU�DOO�SUDFWLFDO
SXUSRVHV�� DQG� LQ� WKH� DEVHQFH� RI� GLVHDVHV� VXFK� DV
RVWHRSRURVLV��ZLOO�QHYHU�ZHDU�RXW� OLNH�D�PHWDO� VWUXF�
WXUH"

7KH�DQVZHU�OLHV�PDLQO\�LQ�WKH�IDFW�WKDW�ERQH��ZKLFK
LV� D� OLYLQJ� VWUXFWXUH�� LV� FRQWLQXDOO\� GLVPDQWOLQJ� DQG
UHEXLOGLQJ�LWVHOI�� ,W� LV�YHU\� OLNHO\� WKDW� WKH�ERQHV�\RX
QRZ�KDYH�DUH�QRW�WKH�VDPH�DV�\RX�KDG�WHQ�\HDUV�DJR�
7KH\�KDYH�DOO�EHHQ�´UHPRYHG�DQG�UHSODFHG�µ�EULFN�E\
EULFN��DV�LW�ZHUH�

&HUWDLQ�FHOOV�LQ�\RXU�ERG\�KDYH�WKH�MRE�RI�GHYRXU�
LQJ�WKH�ROG�ERQH��ZKLOH�RWKHUV�OD\�GRZQ�QHZ�ERQH�LQ
LWV� SODFH�� /RQJ� EHIRUH� DQ\� IDWLJXHG� DUHDV� FDQ� ´JLYH
ZD\�µ�WKH\�ZLOO�EH�UHSODFHG�ZLWK�EUDQG�QHZ�´JLUGHUV
DQG�WUXVVHV�µ�,I�WKDW�KDSSHQHG�WR�WKH�6\GQH\�+DUERXU
%ULGJH��LW�ZRXOG�ODVW�IRUHYHU��%XW�WKH�PDUYHOV�RI�ERQH
HQJLQHHULQJ�GR�QRW�VWRS�WKHUH�

Not Only Rebuilding, But Redesigning
%RQHV� DQG� EULGJHV� FDQQRW� EH� FRPSDUHG� H[DFWO\

IURP�DQ�HQJLQHHULQJ�YLHZSRLQW��$�EULGJH�DOZD\V�WDNHV
VWUHVVHV�DORQJ�WKH�VDPH�OLQHV��EHWZHHQ�WKH�VDPH�SRLQWV�
WKURXJKRXW�LWV�OLIHWLPH��%XW�WKH�VLWXDWLRQ�IRU�WKH�KXPDQ
ERG\� LV� GLIIHUHQW�� 7KURXJKRXW� WKHLU� OLIHWLPH�� SHRSOH
FKDQJH� LQ� WKH�ZD\� WKHLU� ERG\�ZHLJKW� LV� GLVWULEXWHG
�ORRNHG�LQ�WKH�PLUURU�ODWHO\"���)RU�LQVWDQFH��WKH\�PD\�
EHFDXVH�RI�DUWKULWLV�RU�VRPH�RWKHU�GLVDELOLW\��FKDQJH
WKH�ZD\�WKH\�ZDON�DQG�WKH�H[DFW�ZD\�LQ�ZKLFK�WKH\
SXW�ZHLJKW�RQ�WKH�OLPE�

6R��ZKHQ�WKH� OLQHV�RI� IRUFH�WUDQVPLVVLRQ�WKURXJK
WKH� OLPE� FKDQJH� VR� WKDW� WKH� H[LVWLQJ� ´JLUGHUVµ� RU
´EUDFHVµ� DUH�QR� ORQJHU� LQ� WKH� ULJKW�SODFH��ZK\�GRHV
ERQH�QRW�HYHQWXDOO\�IDWLJXH"�7KH�IDVFLQDWLQJ�DQVZHU�LV
WKDW�WKH�ERQH�LV�QRW�RQO\�UHEXLOGLQJ�LWVHOI��EXW�UHPRG�
HOLQJ��´UHGHVLJQLQJµ��LWVHOI�DV�WKH�OLQHV�RI�VWUHVV�FKDQJH�
5HPHPEHU� RXU� LPDJLQDU\� YHUVLRQ� RI� WKH� +DUERXU
%ULGJH��WKH�RQH�WKDW·V�FRQWLQXDOO\�UHSODFLQJ�LWV�JLUGHUV"
,PDJLQH�WKDW�LW�ZDV�RIWHQ�EHLQJ�VKLIWHG�RQWR�GLIIHUHQW
S\ORQV�DQG�WLOWHG�DW�GLIIHUHQW�DQJOHV��VR�WKDW�WKH�DUHDV
WKDW�KDYH�WKH�JUHDWHVW�VWUHVV�DUH�FRQWLQXDOO\�VRPHZKDW
GLIIHUHQW��1RZ�ZH�ZRXOG�ILQG�WKDW�UHSODFLQJ�H[LVWLQJ
JLUGHUV�ZDV�QRW�VXIILFLHQW��7KH\�PXVW�EH�SXW�LQWR�QHZ
SRVLWLRQV�DFFRUGLQJ�WR�SUHFLVH�HQJLQHHULQJ�SULQFLSOHV�
7KRVH�WKDW�DUH�QR�ORQJHU�XVHIXOO\�EHDULQJ�VWUHVV�PXVW
EH� UHPRYHG�DQG� UHSODFHG�ZLWK�RWKHUV�DW� WKH� FRUUHFW
DQJOH�

$QG�WKDW�LV�H[DFWO\�ZKDW�KDSSHQV�LQ�ERQH��LQFUHG�
LEOH�DV�LW�PD\�VHHP��3URJUDPPHG�LQ�WKH�'1$�LQVWUXF�
WLRQV� WKDW� DUH� LQ� HYHU\� FHOO� RI� RXU� ERGLHV� LV� WKH
PDUYHORXV� FDSDFLW\� IRU� RXU� ERQHV� WR� FRQWLQXDOO\� UH�
PRGHO�WKHPVHOYHV�VR�WKDW�WKHLU�LQWHUQDO�HQJLQHHULQJ
LV�DOZD\V�OLQHG�XS�VR�DV�WR�H[DFWO\�FRSH��LQ�WKH�PRVW
HIILFLHQW�SRVVLEOH�ZD\��ZLWK�WKH�SUHFLVH� IRUFHV�DFWLQJ
XSRQ�WKHP��,Q�IDFW��LI�WKH�IRUFHV�JHW�ODUJHU��IRU�H[DPSOH�
D�RQH�OHJJHG�PDQ�ZKR�VXSSRUWV�WKH�ZHLJKW�RI�KLV�ERG\
RQ�RQH�OLPE�DOO�WKH�WLPH��WKH�ERQH�ZLOO�DFWXDOO\�EHFRPH
WKLFNHU�DQG�VWURQJHU�

7KH�DSRVWOH�VD\V�LQ�5RPDQV������ WKDW�DOO�PHQ�DUH
´ZLWKRXW�H[FXVH�µ�VLQFH�*RG·V�SRZHU�DQG�ZLVGRP�LV
HYLGHQW�DOO�DURXQG�WKHP�LQ�FUHDWLRQ��+RZ�PXFK�PRUH
LV�WKLV�VR�LQ�RXU�DJH�RI�WUHPHQGRXV�DGYDQFHV�LQ�NQRZO�
HGJH��ZKLFK�KDYH�UHYHDOHG�HYHU�PRUH�DVWRQLVKLQJ�PDU�
YHOV�RI�FRPSOH[LW\�DQG�GHVLJQ�LQ�WKH�OLYLQJ�ZRUOG"�7KH
JORU\�DQG�KRQRU�RI�VXFK�HQJLQHHULQJ�PDUYHOV�GR�QRW
EHORQJ�WR�´QDWXUH�µ�EXW�WR�RXU�/RUG�-HVXV�&KULVW��WKH
&UHDWRU�RI�DOO��-RKQ������������

�³$GDSWHG�IURP�WKH�ZULWLQJV�RI�'U��&DUO�:LHODQG

0XFK�PRUH�\RXQJ�ZRUOG�HYLGHQFH�H[LVWV��EXW�WKHVH
LWHPV�DUH�FKRVHQ�IRU�EUHYLW\�DQG�VLPSOLFLW\��6RPH�RI
WKH� LWHPV�RQ� WKLV� OLVW� FDQ� EH� UHFRQFLOHG�ZLWK� DQ� ROG
XQLYHUVH�RQO\�E\�PDNLQJ�D�VHULHV�RI�LPSUREDEOH�DQG
XQSURYHQ�DVVXPSWLRQV��RWKHUV�FDQ�ILW�LQ�RQO\�ZLWK�D
\RXQJ�XQLYHUVH��7KH�OLVW�VWDUWV�ZLWK�GLVWDQW�DVWURQRPLF
SKHQRPHQD�DQG�ZRUNV�LWV�ZD\�GRZQ�WR�(DUWK��HQGLQJ
ZLWK�HYHU\GD\�IDFWV�

1. Galaxies Wind Themselves Up Too Fast
7KH�VWDUV�RI�RXU�RZQ�JDOD[\��WKH�0LON\�:D\��URWDWH

DERXW� WKH� JDODFWLF� FHQWHU� ZLWK� GLIIHUHQW� VSHHGV�� WKH
LQQHU� RQHV� URWDWLQJ� IDVWHU� WKDQ� WKH� RXWHU� RQHV�� 7KH
REVHUYHG�URWDWLRQ�VSHHGV�DUH�VR�IDVW�WKDW�LI�RXU�JDOD[\
ZHUH�PRUH�WKDQ�a few hundred million years�ROG��LW
ZRXOG�EH�D�IHDWXUHOHVV�GLVF�RI�VWDUV�LQVWHDG�RI�LWV�SUH�
VHQW�VSLUDO�VKDSH�

<HW�RXU�JDOD[\�LV�VXSSRVHG�WR�EH�DW�OHDVW����ELOOLRQ
\HDUV�ROG��(YROXWLRQLVWV�FDOO�WKLV� ẂKH�ZLQGLQJ�XS�GLOHP�
PD�µ�ZKLFK�WKH\�KDYH�NQRZQ�DERXW�IRU����\HDUV��7KH\
KDYH�GHYLVHG�PDQ\�WKHRULHV�WR�WU\�WR�H[SODLQ�LW��HDFK
RQH�IDLOLQJ�DIWHU�D�EULHI�SHULRG�RI�SRSXODULW\��7KH�VDPH
´ZLQGLQJ�XS�GLOHPPDµ�DOVR�DSSOLHV�WR�RWKHU�JDOD[LHV�

)RU� WKH� ODVW� IHZ� GHFDGHV� WKH� IDYRUHG� DWWHPSW� WR
UHVROYH��WKH�GLOHPPD�KDV�EHHQ�D�FRPSOH[�WKHRU\�FDOOHG
´GHQVLW\�ZDYHV�µ�7KH�WKHRU\�KDV�FRQFHSWXDO�SUREOHPV�
KDV�WR�EH�DUELWUDULO\�DQG�ILQHO\�WXQHG��DQG�ODWHO\�KDV
EHHQ�FDOOHG�LQWR�VHULRXV�TXHVWLRQ�E\�WKH�+XEEOH�6SDFH
7HOHVFRSH·V�GLVFRYHU\�RI�YHU\�GHWDLOHG�VSLUDO�VWUXFWXUH
LQ�WKH�FHQWUDO�KXE�RI�WKH�´:KLUOSRROµ�JDOD[\��0���
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HUH�DUH�QLQH�QDWXUDO�SKHQRPHQD�ZKLFK�FRQIOLFW
ZLWK�WKH�HYROXWLRQDU\�LGHD�WKDW�WKH�XQLYHUVH�LV
ELOOLRQV�RI�\HDUV�ROG��7KH�QXPEHUV�OLVWHG�EHORZ

LQ�bold�SULQW� �RIWHQ�PLOOLRQV�RI�\HDUV�� DUH�PD[LPXP
SRVVLEOH�DJHV�VHW�E\�HDFK�SURFHVV��QRW�WKH�DFWXDO�DJHV�
7KH�QXPEHUV�LQ�LWDOLFV�DUH�WKH�DJHV�UHTXLUHG�E\�HYROXWLRQ�
DU\�WKHRU\�IRU�HDFK�LWHP��7KH�SRLQW�LV�WKDW�WKH�PD[LPXP
SRVVLEOH�DJHV�DUH�DOZD\V�PXFK�OHVV�WKDQ�WKH�UHTXLUHG
HYROXWLRQDU\�DJHV��ZKLOH�WKH�ELEOLFDO�DJH��������WR�������
\HDUV��DOZD\V� ILWV�FRPIRUWDEO\�ZLWKLQ�WKH�PD[LPXP
SRVVLEOH�DJHV��7KXV�WKH�IROORZLQJ�LWHPV�DUH�HYLGHQFH
DJDLQVW�WKH�HYROXWLRQDU\�WLPH�VFDOH�DQG�IRU�WKH�ELEOLFDO
WLPH�VFDOH�



2. Comets Disintegrate Too Quickly
$FFRUGLQJ�WR�HYROXWLRQDU\�WKHRU\��FRPHWV�DUH�VXS�

SRVHG�WR�EH�WKH�VDPH�DJH�DV�WKH�VRODU�V\VWHP��DERXW
��ELOOLRQ�\HDUV�ROG��<HW�HDFK�WLPH�D�FRPHW�RUELWV�FORVH�WR
WKH�VXQ��LW�ORVHV�VR�PXFK�RI�LWV�PDWHULDO�WKDW�LW�FRXOG�QRW
VXUYLYH� PXFK� ORQJHU� WKDQ� DERXW� 100,000 years�
0DQ\�FRPHWV�KDYH�W\SLFDO�DJHV�RI�10,000 years�

(YROXWLRQLVWV�H[SODLQ�WKLV�GLVFUHSDQF\�E\�DVVXP�
LQJ�WKDW�(1)�FRPHWV�FRPH�IURP�DQ�XQREVHUYHG�VSKHULFDO
´2RUW�FORXGµ�ZHOO�EH\RQG�WKH�RUELW�RI�3OXWR��(2)� LP�
SUREDEOH�JUDYLWDWLRQDO�LQWHUDFWLRQV�ZLWK�LQIUHTXHQWO\
SDVVLQJ�VWDUV�RIWHQ�NQRFN�FRPHWV�LQWR�WKH�VRODU�V\VWHP�
DQG� (3)� RWKHU� LPSUREDEOH� LQWHUDFWLRQV� ZLWK� SODQHWV
VORZ� GRZQ� WKH� LQFRPLQJ� FRPHWV�� RIWHQ� HQRXJK� WR
DFFRXQW�IRU�WKH�KXQGUHGV�RI�FRPHWV�REVHUYHG��6R�IDU�
QRQH�RI� WKHVH�DVVXPSWLRQV�KDYH�EHHQ�VXEVWDQWLDWHG�
HLWKHU�E\�REVHUYDWLRQV�RU�UHDOLVWLF�FDOFXODWLRQV�

/DWHO\�� WKHUH� KDV� EHHQ�PXFK� WDON� RI� WKH� ´.XLSHU
%HOW�µ�D�GLVF�RI�VXSSRVHG�FRPHW�VRXUFHV�O\LQJ�LQ�WKH
SODQH�RI�WKH�VRODU�V\VWHP�MXVW�RXWVLGH�WKH�RUELW�RI�3OXWR�
(YHQ�LI�VRPH�ERGLHV�RI�LFH�GLG�H[LVW�LQ�WKDW�ORFDWLRQ��WKH
HYROXWLRQLVWV·� SUREOHP� ZRXOG� QRW� UHDOO\� EH� VROYHG�
VLQFH�DFFRUGLQJ�WR�HYROXWLRQDU\�WKHRU\�WKH�.XLSHU�%HOW
ZRXOG� TXLFNO\� EHFRPH� H[KDXVWHG� LI� WKHUH� ZHUH� QR
´2RUW�FORXGµ�WR�VXSSO\�LW�

3. Not Enough Mud On The Seafloor
(DFK�\HDU��ZDWHU�DQG�ZLQGV�HURGH�DERXW����ELOOLRQ

WRQV�RI�GLUW�DQG�URFN�IURP�WKH�FRQWLQHQWV�DQG�GHSRVLW
WKHP� LQWR� WKH� RFHDQ�� 7KLV� PDWHULDO� DFFXPXODWHV� DV
ORRVH� VHGLPHQW� �PXG�� RQ� WKH� KDUG� EDVDOWLF� �ODYD�
IRUPHG��URFN�RI�WKH�RFHDQ�IORRU��7KH�DYHUDJH�GHSWK�RI
DOO�WKH�PXG�LQ�WKH�ZKROH�RFHDQ��LQFOXGLQJ�WKH�FRQWL�
QHQWDO�VKHOYHV��LV�OHVV�WKDQ�����PHWHUV�

7KH�PDLQ�ZD\�NQRZQ�WR�UHPRYH�WKH�PXG�IURP�WKH
RFHDQ�IORRU�LV�E\�SODWH�WHFWRQLF�VXEGXFWLRQ��7KDW�LV��WKH
VHDIORRU� VOLGHV� VORZO\� �D� IHZ� FP�\HDU�� EHQHDWK� WKH
FRQWLQHQWV��WDNLQJ�VRPH�VHGLPHQW�ZLWK�LW��$FFRUGLQJ
WR�VHFXODU�VFLHQWLILF� OLWHUDWXUH�� WKDW�SURFHVV�SUHVHQWO\
UHPRYHV�RQO\���ELOOLRQ�WRQV�SHU�\HDU��$V�IDU�DV�DQ\RQH
NQRZV��WKH�RWKHU����ELOOLRQ�WRQV�SHU�\HDU�VLPSO\�DFFX�
PXODWH��$W�WKDW�UDWH��HURVLRQ�ZRXOG�GHSRVLW�WKH�SUHVHQW
DPRXQW�RI�VHGLPHQW�LQ�IHZHU�WKDQ�12 million years�

<HW�DFFRUGLQJ�WR�HYROXWLRQDU\�WKHRU\��HURVLRQ�DQG
SODWH�VXEGXFWLRQ�KDYH�EHHQ�JRLQJ�RQ�DV� ORQJ�DV� WKH
RFHDQV�KDYH�H[LVWHG��DQ�DOOHJHG���ELOOLRQ�\HDUV��,I�WKDW
ZHUH�VR��WKH�UDWHV�DERYH�LPSO\�WKDW�WKH�RFHDQV�ZRXOG
EH�PDVVLYHO\�FKRNHG�ZLWK�PXG��GR]HQV�RI�NLORPHWHUV
GHHS��$Q�DOWHUQDWLYH��FUHDWLRQLVW��H[SODQDWLRQ�LV� WKDW

HURVLRQ�IURP�WKH�ZDWHUV�RI�WKH�*HQHVLV�)ORRG�UXQQLQJ
RII� WKH� FRQWLQHQWV� GHSRVLWHG� WKH� SUHVHQW� DPRXQW� RI
PXG�ZLWKLQ�D�VKRUW�WLPH�DERXW�������\HDUV�DJR�

4. Not Enough Sodium In The Sea
(YHU\�\HDU��ULYHUV�DQG�RWKHU�VRXUFHV�GXPS�RYHU����

PLOOLRQ�WRQV�RI�VRGLXP�LQWR�WKH�RFHDQ��2QO\�����RI�WKLV
VRGLXP�PDQDJHV�WR�JHW�EDFN�RXW�RI�WKH�VHD�HDFK�\HDU�
$V�IDU�DV�DQ\RQH�NQRZV��WKH�UHPDLQGHU�VLPSO\�DFFX�
PXODWHV�LQ�WKH�RFHDQ��,I�WKH�VHD�KDG�QR�VRGLXP�WR�VWDUW
ZLWK��LW�ZRXOG�KDYH�DFFXPXODWHG�LWV�SUHVHQW�DPRXQW
LQ� OHVV� WKDQ� ��� PLOOLRQ� \HDUV� DW� WRGD\·V� LQSXW� DQG
RXWSXW�UDWHV��7KLV�LV�PXFK�OHVV�WKDQ�WKH�HYROXWLRQDU\
DJH�RI�WKH�RFHDQ����ELOOLRQ�\HDUV��7KH�XVXDO�UHSO\�WR�WKLV
GLVFUHSDQF\�LV�WKDW�SDVW�VRGLP�LQSXWV�PXVW�KDYH�EHHQ
OHVV�DQG�RXWSXWV�JUHDWHU��+RZHYHU��FDOFXODWLRQV�ZKLFK
DUH�DV�JHQHURXV�DV�SRVVLEOH�WR�HYROXWLRQDU\�VFHQDULRV
VWLOO�JLYH�D�PD[LPXP�DJH�RI�RQO\�62 million years�
&DOFXODWLRQV�IRU�PDQ\�RWKHU�VHDZDWHU�HOHPHQWV�JLYH
PXFK�\RXQJHU�DJHV�IRU�WKH�RFHDQ�

5. Earth�s Magnetic Field Is Decaying Too Fast
7KH�WRWDO�HQHUJ\�VWRUHG�LQ�(DUWK·V�PDJQHWLF� ILHOG

KDV�VWHDGLO\�GHFUHDVHG�E\�D�IDFWRU�RI�����RYHU�WKH�SDVW
������\HDUV��(YROXWLRQDU\�WKHRULHV�H[SODLQLQJ�WKLV�UDSLG
GHFUHDVH��DV�ZHOO�DV�KRZ�(DUWK�FRXOG�KDYH�PDLQWDLQHG
LWV�PDJQHWLF�ILHOG�IRU�ELOOLRQV�RI �\HDUV��DUH�YHU\�FRPSOH[
DQG�LQDGHTXDWH�

$� PXFK� EHWWHU� FUHDWLRQLVW� WKHRU\� H[LVWV�� ,W� LV
VWUDLJKWIRUZDUG�� EDVHG� RQ� VRXQG� SK\VLFV�� DQG� H[�
SODLQV�PDQ\� IHDWXUHV�RI� WKH� ILHOG�� LWV� FUHDWLRQ�� UDSLG
UHYHUVDOV� GXULQJ� WKH�*HQHVLV� )ORRG�� VXUIDFH� LQWHQVLW\
GHFUHDVHV�DQG�LQFUHDVHV�XQWLO�WKH�WLPH�RI�&KULVW��DQG�D
VWHDG\�GHFD\�VLQFH�WKHQ��7KLV�WKHRU\�PDWFKHV�SDOHR�
PDJQHWLF��KLVWRULF�DQG�SUHVHQW�GDWD��7KH�PDLQ�UHVXOW�LV
WKDW�WKH�ILHOG·V�WRWDO�HQHUJ\��QRW�VXUIDFH�LQWHQVLW\��KDV
DOZD\V�GHFD\HG�DW�OHDVW�DV�IDVW�DV�QRZ��$W�WKDW�UDWH�WKH
ILHOG�FRXOG�QRW�EH�PRUH�WKDQ�10,000 years�ROG�

6. Many Strata Are Too Tightly Bent
,Q�PDQ\�PRXQWDLQRXV�DUHDV��VWUDWD�WKRXVDQGV�RI

IHHW�WKLFN�DUH�EHQW�DQG�IROGHG�LQWR�KDLUSLQ�VKDSHV��7KH
FRQYHQWLRQDO�JHRORJLF�WLPHVFDOH�KDV�WKHVH�IRUPDWLRQV
GHHSO\�EXULHG�DQG�VROLGLILHG�IRU�KXQGUHGV�RI �PLOOLRQV�RI
\HDUV�EHIRUH�WKH\�ZHUH�EHQW��<HW�WKH�IROGLQJ�RFFXUUHG
ZLWKRXW�FUDFNLQJ��ZLWK�UDGLL�VR�VPDOO� WKDW� WKH�HQWLUH
IRUPDWLRQ�KDG�WR�EH�VWLOO�ZHW�DQG�XQVROLGLILHG�ZKHQ
WKH� EHQGLQJ� RFFXUUHG�� 7KLV� LPSOLHV� WKDW� WKH� IROGLQJ
ZDV�IHZHU�WKDQ thousands of years�DIWHU�GHSRVLWLRQ�

7. Helium In The Wrong Places
$OO�QDWXUDOO\�RFFXUULQJ�IDPLOLHV�RI�UDGLRDFWLYH�HOH�

PHQWV�JHQHUDWH�KHOLXP�DV�WKH\�GHFD\�� ,I� VXFK�GHFD\
WRRN�SODFH�IRU�ELOOLRQV�RI�\HDUV��DV�DOOHJHG�E\�HYROXWLRQ�
LVWV�� PXFK� KHOLXP� VKRXOG� KDYH� IRXQG� LWV� ZD\� LQWR
(DUWK·V�DWPRVSKHUH�7KH�UDWH�RI�ORVV�RI�KHOLXP�IURP�WKH
DWPRVSKHUH�LQWR�VSDFH�LV�FDOFXODEOH�DQG�VPDOO��7DNLQJ
WKDW�ORVV�LQWR�DFFRXQW��WKH�DWPRVSKHUH�WRGD\�KDV�RQO\
������RI�WKH�DPRXQW�RI�KHOLXP�LW�ZRXOG�KDYH�DFFXPX�
ODWHG�LQ���ELOOLRQ�\HDUV��7KLV�PHDQV�WKH�DWPRVSKHUH�LV
PXFK�\RXQJHU�WKDQ�WKH�DOOHJHG�HYROXWLRQDU\�DJH�

$�VWXG\�SXEOLVKHG�LQ�WKH�-RXUQDO�RI �*HRSK\VLFDO�5H�
VHDUFK� VKRZV� WKDW� KHOLXP� SURGXFHG� E\� UDGLRDFWLYH
GHFD\�LQ�GHHS��KRW�URFNV�KDV�QRW�KDG�WLPH�WR�HVFDSH�
7KRXJK�WKH�URFNV�DUH�VXSSRVHG�WR�EH�RYHU�RQH�ELOOLRQ
\HDUV�ROG��WKHLU�ODUJH�KHOLXP�UHWHQWLRQ�VXJJHVWV�DQ�DJH
RI�thousands of years�

8. Not Enough Stone Age Skeletons
(YROXWLRQDU\� DQWKURSRORJLVWV� VD\� WKDW� WKH� 6WRQH

$JH�ODVWHG� IRU�DW� OHDVW���������\HDUV��GXULQJ�ZKLFK
WLPH�WKH�ZRUOG�SRSXODWLRQ�RI�1HDQGHUWKDO�DQG�&UR�
0DJQRQ�PHQ�ZDV�URXJKO\�FRQVWDQW��EHWZHHQ���DQG���
PLOOLRQ��$OO� WKDW� WLPH� WKH\�ZHUH�EXU\LQJ� WKHLU�GHDG
ZLWK�DUWLIDFWV��%\�WKLV�VFHQDULR��WKH\�ZRXOG�KDYH�EXU�
LHG�DW�OHDVW���ELOOLRQ�ERGLHV��,I�WKH�HYROXWLRQDU\�WLPHV�
FDOH�LV�FRUUHFW��EXULHG�ERQHV�VKRXOG�EH�DEOH�WR�ODVW�IRU
PXFK�ORQJHU�WKDQ���������\HDUV��VR��PDQ\�RI�WKH�VXS�
SRVHG� �� ELOOLRQ� 6WRQH� $JH� VNHOHWRQV� VKRXOG� VWLOO� EH
DURXQG��DQG�FHUWDLQO\�WKH�EXULHG�DUWLIDFWV���<HW�RQO\�D
IHZ�WKRXVDQG�KDYH�EHHQ�IRXQG��7KLV�LPSOLHV�WKDW�WKH
6WRQH�$JH�ZDV�PXFK�VKRUWHU�WKDQ�HYROXWLRQLVWV�WKLQN�
a few hundred years�LQ�PDQ\�DUHDV�

9. History Is Too Short
$FFRUGLQJ�WR�HYROXWLRQLVWV��6WRQH�$JH�PDQ�H[LVWHG

IRU� �������� \HDUV� EHIRUH� EHJLQQLQJ� WR� PDNH� ZULWWHQ
UHFRUGV�DERXW�4,000 to 5,000 years�DJR��3UHKLVWRULF
PDQ� EXLOW� PHJDOLWKLF� PRQXPHQWV�� PDGH� EHDXWLIXO
FDYH�SDLQWLQJV�DQG�NHSW�UHFRUGV�RI�OXQDU�SKDVHV��:K\
ZRXOG�KH�ZDLW�D�WKRXVDQG�FHQWXULHV�EHIRUH�XVLQJ�WKH
VDPH�VNLOOV�WR�UHFRUG�KLVWRU\"�7KH�ELEOLFDO�WLPHVFDOH�LV
PXFK�PRUH�OLNHO\��

�³$GDSWHG�IURP�WKH�ZULWLQJV�RI�'��5XVVHOO�+XPSKUH\V��3K�'�
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�KHDG�RQ�LPSDFW�ZLWK�D�IXOO\�ODGHQ�IXHO�WDQNHU
DW� KLJKZD\� VSHHGV� LV� DQ� H[SHULHQFH� ,�ZRXOG
KRSH�IRU�QRQH�WR�VKDUH��*RG�FOHDUO\�KDG�SODQV

IRU�PH³+H�EURXJKW�PH� WKURXJK� LW��'XULQJ� WKH� ILYH
PRQWKV� LQ� WKH� KRVSLWDO�� DQG� IRU� \HDUV� DIWHUZDUGV�� ,
XQGHUZHQW����HSLVRGHV�RI�VXUJHU\�WR�UHFRQVWUXFW�YDUL�
RXV�SDUWV�RI�PH��SDUWLFXODUO\�WKH�ERQHV�LQ�P\�IDFH�

7KHVH� RSHUDWLRQV� RIWHQ� UHTXLUHG� XVLQJ� P\� RZQ
ERQH� IRU� JUDIWLQJ�� ,� QRWLFHG� WKDW� WKH�SODVWLF� VXUJHRQ
ZRXOG�NHHS�JRLQJ�EDFN�WR�WKH�ULJKW�VLGH�RI�P\�ULEFDJH
�WKURXJK�WKH�VDPH�KRUL]RQWDO�VFDU��WR�JHW�PRUH�ERQH
IRU� WKHVH�SURFHGXUHV��2QH�GD\� ,� DVNHG�KLP�ZK\�KH
KDGQ·W�´UXQ�RXW�RI�ERQH�µ�+H�H[SODLQHG�WR�PH�WKDW�KH
DQG�KLV� WHDP� WRRN� WKH�ZKROH� ULE� RXW� HDFK� WLPH�� ´:H
OHDYH� WKH� SHULRVWHXP� LQWDFW�� VR� WKH� ULE� XVXDOO\� MXVW
JURZV�ULJKW�EDFN�µ

'HVSLWH�KDYLQJ�WUDLQHG�DQG�SUDFWLFHG�DV�D�IDPLO\
GRFWRU��,�ZDV�LQWULJXHG��,�KDG�QHYHU�UHDOL]HG�WKLV�EH�
IRUH��7KH�SHULRVWHXP��OLWHUDOO\��´DURXQG�WKH�ERQHµ��LV�D
PHPEUDQH�WKDW�FRYHUV�HYHU\�ERQH³LW·V�WKH�UHDVRQ�\RX
FDQ�JHW�WKLQJV�VWXFN�EHWZHHQ�\RXU�WHHWK�ZKLOH�JQDZ�
LQJ�RQ�D�OHJ�RI�ODPE��7KH�SHULRVWHXP�FRQWDLQV�FHOOV�WKDW
FDQ�PDQXIDFWXUH�QHZ�ERQH��3DUWLFXODUO\�LQ�\RXQJ�SHR�
SOH��́ ULE�SHULRVWHXP�KDV�D�UHPDUNDEOH�DELOLW\�WR�UHJHQ�
HUDWH�ERQH��SHUKDSV�PRUH�VR�WKDQ�DQ\�RWKHU�ERQH�µ

7KRUDFLF� �FKHVW�� VXUJHRQV� URXWLQHO\� UHPRYH� ULEV�
DQG�WKHVH�RIWHQ�JURZ�EDFN��LQ�ZKROH�RU�LQ�SDUW��$�ORW
GHSHQGV�RQ�WKH�FDUH�ZLWK�ZKLFK�WKH�ULE�LV�UHPRYHG��LW
QHHGV�WR�EH�́ SHHOHGµ�RXW�RI�LWV�SHULRVWHXP�WR�OHDYH�WKLV
PHPEUDQH�DV�LQWDFW�DV�SRVVLEOH��$�PDMRU�UHDVRQ�ZK\
WKH�ULE� LV� WKH�LGHDO�VLWXDWLRQ�IRU�VXFK�UHJHQHUDWLRQ�LV
WKDW�WKH�DWWDFKHG�LQWHUFRVWDO�PXVFOHV�SURYLGH�LW�ZLWK�D
JRRG�EORRG�VXSSO\�

:KHQ�WKH�VXUJHRQ�WROG�PH�WKLV��P\�ILUVW�WKRXJKW
ZDV³´:RZ��$GDP�GLGQ·W�KDYH�WR�ZDON�DURXQG�ZLWK
D�GHIHFW�µ�(YH�ZDV�FUHDWHG�DV�́ WKH�/25'�*RG�FDXVHG�D
GHHS�VOHHS�WR�IDOO�XSRQ�$GDP��DQG�KH�VOHSW��DQG�+H
WRRN�RQH�RI�KLV�ULEV��DQG�FORVHG�XS�WKH�IOHVK�LQVWHDG
WKHUHRIµ��*HQ��������6RPH�EHOLHYH�WKDW�PHQ�KDYH�RQH�OHVV
ULE�WKDQ�ZRPHQ��EXW�WKH\�KDYH�WKH�VDPH�QXPEHU��6RPH
DQWLFUHDWLRQLVWV�KDYH�XVHG�WKH�IDFW�WKDW�PHQ�GRQ·W�KDYH
DQ\�PLVVLQJ�ULEV�WRGD\�WR�PRFN�D�´OLWHUDOµ�*HQHVLV�

)RU�\HDUV�EHIRUH�P\�DFFLGHQW��ZKHQ�DVNHG�DERXW
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