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T H E  W A N D E R I N G  S TA R
Mars. The red planet. The fourth rocky world from the sun. A planet flanked 
by Earth and the asteroid belt. 

0DUV�KDV�FDSWLYDWHG�KXPDQLW\·V�LPDJLQDWLRQ�IRU�FHQWXULHV��%HFDXVH�RI�LWV�UHG�FRORU��
PDQ\�HDUO\�FXOWXUHV�VSRWWHG�LW�VKLQLQJ�LQ�WKH�QLJKW�VN\��7KH�SODQHW�LV�PHQWLRQHG�LQ�
$QFLHQW�(J\SWLDQ�ZULWLQJV��DQG�WKH�5RPDQV�QDPHG�LW�DIWHU�WKHLU�*RG�RI�:DU³D�
QDPH�WKDW�VWXFN���

,Q�������*DOLOHR�*DOLOHL�XVHG�WKH�WHOHVFRSH�KH�LQYHQWHG�WR�PDNH�WKH�ÀUVW�
REVHUYDWLRQV�RI�0DUV��DQG�DV�WHOHVFRSH�WHFKQRORJ\�LPSURYHG��VR�GLG�DVWURQRPHUV·�
REVHUYDWLRQV��,Q�������*LRYDQQL�6FKLDSDUHOOL�GUHZ�WKH�VKDSHV�DQG�VKDGRZV�KH�
VDZ�RQ�WKH�SODQHW·V�VXUIDFH��QDPLQJ�WKH�GDUN�IHDWXUHV�KH�VSRWWHG�FDQDOL��WKH�,WDOLDQ�
ZRUG�IRU�ZDWHU�WURXJK��:KHQ�WKH�PDS�ZDV�WUDQVODWHG�WR�(QJOLVK��"canali"�EHFDPH�
FDQDOV��D�ZRUG�ZKLFK�EULQJV�WR�PLQG�DUWLÀFLDO�FRQVWUXFWLRQ��6WDUWLQJ�LQ�WKH�����V��
3HUFLYDO�/RZHOO³D�EXVLQHVVPDQ�ZKR�EHFDPH�LQWHUHVWHG�LQ�DVWURQRP\³SXEOLVKHG�
PDQ\�ZULWLQJV�DQG�GUDZLQJV�RI�VR�FDOOHG�´QRQ�QDWXUDO�IHDWXUHVµ�KH�WKRXJKW�KH�
FRXOG�VHH�RQ�WKH�0DUWLDQ�VXUIDFH��

:RUG�RI�FDQDOV�DQG�DUWLÀFLDO�IHDWXUHV�RQ�0DUV�VSUHDG�DFURVV�WKH�(QJOLVK�VSHDNLQJ�
ZRUOG�OLNH�ZLOGÀUH��OHDYLQJ�PDQ\�ZLWK�WKH�LGHD�WKDW�LQWHOOLJHQW�OLIH�ZDQGHUHG�WKH�
SODQHW·V�VXUIDFH��+�*��:HOOV�SHQQHG�KLV�IDPRXV�QRYHO��:DU�RI�WKH�:RUOGV��LQ�
������DQG�D�VOHZ�RI�QRYHOV�DERXW�DGYDQFHG�0DUWLDQV�IROORZHG��0DULQHU���VHQW�
EDFN�WKH�ÀUVW�JUDLQ\�SLFWXUHV�RI�WKH�VXUIDFH�LQ�������VKRZLQJ�0DUV�DV�D�GHVRODWH�
SODQHW��DQG�WKLV�ZDV�FRQÀUPHG�DJDLQ�ZKHQ�ZH�UHFHLYHG�LPDJHV�IURP�0DULQHU���LQ�
������7KRXJK�0DUV�ZDV�GHVRODWH��LW�ZDV�DOVR�XQLTXHO\�GLYHUVH�ZLWK�FDQ\RQV��GU\�
ULYHUV��DQFLHQW�YROFDQRHV��GXQH�ÀHOGV��DQG�PXFK�PRUH��

0DUV�ZDV�QRW�DOZD\V�WKH�GHVRODWH�ZRUOG�LW�LV�WRGD\��,W�PD\�RQFH�KDYH�KDG�
FRQGLWLRQV�VLPLODU�WR�WKRVH�WKDW�VDZ�WKH�HPHUJHQFH�RI�OLIH�RQ�(DUWK��7KLV�SRVVLELOLW\�
FRQWLQXHV�WR�LQWULJXH�XV�WR�WKLV�GD\�



�

ORBIT LENGTH:�����GD\V�������(DUWK�\HDUV�
AVERAGE DISTANCE FROM THE SUN:�����PLOOLRQ�NP�
�����PLOOLRQ�PLOHV��
DAY (AKA SOL):����KRXUV�DQG����PLQXWHV
RELATIVE SIZE:�$ERXW�KDOI�WKH�(DUWK�
MASS:�$ERXW����SHUFHQW�RI�(DUWK
GRAVITY ON MARS:�������WKDW�RI�(DUWK
AVERAGE SURFACE TEMPERATURE:������&HOVLXV�������)�
NUMBER OF MOONS: 2

M A R S  Q U I C K  F A C T S

&UHGLW��1$6$�-3/�&DOWHFK
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´7KH�ZHDWKHU�RQ�0DUV�LQFOXGHV�
SKHQRPHQD�VXFK�DV�UHJLRQDO�GXVW�
VWRUPV��DWPRVSKHULF�WLGHV��DQG�ZLQWHU�
VWRUP�V\VWHPV��,W·V�VXUSULVLQJ�KRZ�OLWWOH�
LW�YDULHV�IURP�\HDU�WR�\HDU��:LWKRXW�
RFHDQV��WKH�FOLPDWH�V\VWHP�RQ�0DUV�
KDV�D�VKRUW�PHPRU\��ZKLFK�OLPLWV�KRZ�
PXFK�WKLQJV�FDQ�FKDQJH�IURP�RQH�
\HDU�WR�WKH�QH[W��7KH�H[FHSWLRQ�LV�
WKH�PDMRU��SODQHW�HQVKURXGLQJ�GXVW�
VWRUPV��ZKLFK�RFFXU�RQO\�RQFH�HYHU\�
IHZ�\HDUV�IRU�UHDVRQV�XQNQRZQ�µ

—David Hinson

0DUV�GXVW�VWRUP�
&UHGLW��(6$�'/5�)8�%HUOLQ��&&�%<�6$�����,*2
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F O R M AT I O N  T O  D E VA S TAT I O N
$ERXW�����ELOOLRQ�\HDUV�DJR��RXU�VXQ�IRUPHG�IURP�D�GLVN�RI�JDV��7KH�UHPDLQLQJ�
PDWHULDO�EHJDQ�WR�VSLQ�DURXQG�WKH�QHZERUQ�VWDU�DQG�VPDVKHG�WRJHWKHU�WR�IRUP�WKH�
SODQHWV��LQFOXGLQJ�0DUV��

6KRUWO\�DIWHU�WKH�IRUPDWLRQ�RI�WKH�SODQHWV��1HSWXQH�DQG�8UDQXV�GLVWXUEHG�D�ILHOG�
RI�DVWHURLGV�DQG�FRPHWV�RQ�WKH�RXWVNLUWV�RI�WKH�VRODU�V\VWHP�FDOOHG�WKH�.XLSHU�
EHOW��7KHVH�REMHFWV�UDLQHG�GRZQ�RQ�WKH�LQQHU�SODQHWV��OHDYLQJ�FUDWHUV�ZH�FDQ�VWLOO�
VHH�WRGD\�RQ�0DUV��7KLV�SHULRG�ZDV�FDOOHG�WKH�ODWH�KHDY\�ERPEDUGPHQW��%XW�LW�
PLJKW�QRW�KDYH�EHHQ�DOO�GRRP�DQG�JORRP��7KH�VDPH�REMHFWV�IURP�WKH�.XLSHU�EHOW�
PD\�KDYH�GHOLYHUHG�ZDWHU�WR�0DUV�WKDW�IRUPHG�ULYHUV��RFHDQV��DQG�ODNHV�GRWWLQJ�
WKH�SODQHW·V�VXUIDFH��$W�WKH�VDPH�WLPH��WKH�UHG�SODQHW�GHYHORSHG�DQ�DWPRVSKHUH��
ZKLFK�KHOSHG�LW�UHWDLQ�WKH�OLTXLG�ZDWHU�RQ�LWV�VXUIDFH�

0DUV�FRXOG�KDYH�ORRNHG�D�ORW�OLNH�(DUWK³DOEHLW�FROGHU�JLYHQ�LWV�GLVWDQFH�IURP�WKH�
VXQ�

%XW�LW�ZDVQ·W�PHDQW�WR�EH��7KH�SODQHW·V�PDJQHWLF�ILHOG�EHJDQ�WR�ZHDNHQ�DV�WKH�
SODQHW�UDSLGO\�FRROHG�GRZQ��DQG�HYHQWXDOO\��VRODU�ZLQGV�HURGHG�WKH�DWPRVSKHUH��
ZKLFK�HVFDSHG�LQWR�VSDFH��,I�OLIH�GLG�H[LVW�RQ�WKH�VXUIDFH�RI�0DUV��LW�OLNHO\�KDG�WR�
PLJUDWH�XQGHUJURXQG�RU�LW�SHULVKHG��

7KH�SODQHW�LV�QRZ�GHVRODWH�EXW�EHDXWLIXO��'XVW�DQG�VDQGVWRUPV�UDFH�DFURVV�WKH�
VXUIDFH�DQG�LWV�SRODU�LFH�FDSV�VKULQN�DQG�JURZ�ZLWK�WKH�VHDVRQV��0DUV�LV�KRPH�WR�
PDQ\�DPD]LQJ�IHDWXUHV�WKDW�IHHO�DW�RQFH�IDPLOLDU�DQG�DOLHQ�

�,Q�WKH�IDU�GLVWDQW�SDVW��ZH�WKLQN�0DUV�ZDV�ZDUPHU�DQG�ZHWWHU��EHFDXVH�ZH�
VHH�GULHG�XS�ULYHU�FKDQQHOV�DQG�IORRG�FKDQQHOV��6RPHWLPH�DURXQG�����ELOOLRQ�
\HDUV�DJR��0DUV�VWDUWHG�WR�GU\�XS��:H�WKLQN�LW·V�UHODWHG�WR�ORVV�RI�DWPRVSKHUH��
VR�0DUV�GRHVQ·W�KDYH�D�JDV�EODQNHW�WR�NHHS�LW�ZDUP��VRUW�RI�OLNH�D�UHYHUVH�
*UHHQKRXVH�(IIHFW���

—Lori Fenton



�

7KH�=|H�URYHU�LQ�WKH�$WDFDPD�GHVHUW
&UHGLW��'DYLG�:HWWHUJUHHQ��&DUQHJLH�0HOORQ�8QLYHUVLW\

P O T E N T I A L  F O R  L I F E
:KLOH�DQ�DGYDQFHG�DOLHQ�FLYLOL]DWLRQ�KDVQ·W�EXLOW�FDQDOV�RQ�0DUV��WKH�SODQHW�FRXOG�
KDYH�RQFH�VXSSRUWHG�VLPSOH�OLIH��:KHQ�LW�ZDV�\RXQJ��WKH�SODQHW�ZDV�OLNHO\�ZDUPHU��
PRUH�DFWLYH��DQG�FRYHUHG�LQ�OLTXLG�ZDWHU³D�JRRG�UHFLSH�IRU�ELRORJ\�

$GGLQJ�WR�WKH�SRVVLELOLW\�IRU�DQFLHQW�PLFURELDO�OLIH�RQ�0DUV��DVWURELRORJLVWV�KDYH�
UHFHQWO\�GLVFRYHUHG�P\ULDG�OLIH�IRUPV�KHUH�RQ�(DUWK�WKDW�H[LVW�LQ�HQYLURQPHQWV�
RQFH�EHOLHYHG�XQLQKDELWDEOH��7KHVH�VR�FDOOHG��H[WUHPRSKLOHV��OLYH�LQ�DFLGLF�
VSULQJV��VXSHUKHDWHG�URFNV��DUHDV�ZLWK�KLJK�UDGLDWLRQ��DQG�LQ�IULJLG�WHPSHUDWXUHV�
�EHORZ����GHJUHHV�&HOVLXV���3HUKDSV�WKHUH�ZHUH�H[WUHPRSKLOHV�RQ�0DUV�WKDW�OLYHG�
WKURXJK�VRPH�RI�WKH�PRUH�FKDRWLF�DQG�LQKRVSLWDEOH�FOLPDWHV��



�

3UHYLRXV�PLVVLRQV�WR�0DUV�KDYH�
FKDUDFWHUL]HG�WKH�SODQHW·V�SUHVHQW�DQG�
SDVW�KDELWDELOLW\��DQG�WKH�3HUVHYHUDQFH�
5RYHU��ZKLFK�ODQGHG�RQ�WKH�UHG�SODQHW�
RQ�)HEUXDU\�����������ZLOO�EH�WKH�ILUVW�
ELRVLJQDWXUH�IRFXVHG�PLVVLRQ��7KH�
URYHU�ZLOO�VFRXU�WKH�VXUIDFH�IRU�WKH�
PRVW�SURPLVLQJ�VDPSOHV��WDNH�LQLWLDO�
PHDVXUHPHQWV�IRU�ELRVLJQDWXUHV��
DQG�VWRUH�VDPSOHV�IRU�D�IXWXUH�UHWXUQ�
WR�(DUWK�ZKHUH�VFLHQWLVWV�FDQ�WDNH�D�
FORVHU�ORRN�

T H E  I M P O R TA N C E 
O F  A N A L O G 
E N V I R O N M E N T S

�,Q�P\�ILHOGZRUN��,�FDQ
W�JHW�
WR�WKH�H[DFW�FRQGLWLRQV�DV�
0DUV��VR�,�JHW�DV�FORVH�DV�
SRVVLEOH�KHUH�RQ�(DUWK��OLNH�WKH�
$WDFDPD�'HVHUW��%\�VWXG\LQJ�
WKHVH�DQDORJV��,�FDQ�EHJLQ�WR�
XQGHUVWDQG�WKH�OLPLWV�RI�OLIH�LQ�
WKDW�HQYLURQPHQW��,Q�WKH�GULHVW�
SODFHV�RQ�(DUWK��WR�WKH�QDNHG�
H\H�LW�ORRNV�OLNH�WKHUH
V�QRWKLQJ�
DOLYH��EXW�WKHUH�LV�VRPHWKLQJ�
DOLYH�DQG�LW
V�KLGLQJ�WR�VWD\�RXW�RI�
WKH�H[WUHPH�FRQGLWLRQV��

—Kim Warren-Rhodes 
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PA S T  A N D  C U R R E N T  S U R F A C E 
M I S S I O N S  O N  M A R S
(DFK�PLVVLRQ�WR�0DUV�FKLSV�DZD\�DW�WKH�SODQHW·V�SDVW�DQG�SUHVHQW�VHFUHWV��:H·YH�
OHDUQHG�PXFK�IURP�RUELWHUV��ODQGHUV��DQG�URYHUV�WKDW�KDYH�PDGH�LW�WR�WKH�UHG�
SODQHW��%HORZ�LV�D�ORRN�DW�WKH�DPD]LQJ�LQVLJKWV�EURXJKW�WR�XV�E\�WKH�ODQGHUV�DQG�
URYHUV�WKDW�KDYH�PDGH�LW�WR�WKH�VXUIDFH��

VIKING MISSIONS (LANDER):�:KHQ�WKH�WZLQ�9LNLQJ�,�DQG�,,�ODQGHUV�WRXFKHG�
GRZQ�RQ�0DUV�LQ�������OLWWOH�ZDV�NQRZQ�DERXW�WKH�0DUWLDQ�HQYLURQPHQW��7KH�
ODQGHUV�FRQGXFWHG�OLIH�GHWHFWLRQ�H[SHULPHQWV�WKDW�KDG�LQWULJXLQJ�DQG�FRQIOLFWLQJ�
UHVXOWV��:KLOH�VRPH�FRQWLQXH�WR�EHOLHYH�9LNLQJ�IRXQG�HYLGHQFH�RI�ELRORJLFDO�
UHDFWLRQV��PRVW�RI�WKH�VFLHQWLILF�FRPPXQLW\�WKLQNV�QRQ�ELRORJLFDO�HOHPHQWV�FDQ�
H[SODLQ�WKH�UHVXOWV��9LNLQJ�,�ODQGHG�RQ�-XO\�����������LQ�&KU\VH�3ODQLWLD�DQG�9LNLQJ�
,,�RQ�6HSWHPEHU����������LQ�8WRSLD�3ODQLWLD�

PATHFINDER (LANDER AND ROVER): 7KH�3DWKILQGHU�PLVVLRQ�KDG�ERWK�D�
ODQGLQJ�SODWIRUP�DQG�D�VKRH�VL]H�URYHU�QDPHG�6RMRXUQHU�7UXWK��7KH�PLVVLRQ�ZDV�
PDLQO\�D�WHFKQRORJ\�GHPRQVWUDWLRQ�IRU�ODQGLQJ�ZLWK�DLUEDJV��D�WHFKQRORJ\�WKDW�
ZRXOG�EH�VXFFHVVIXOO\�XVHG�IRU�WKH�0DUV�([SORUDWLRQ�5RYHU�PLVVLRQ�WKDW�ODQGHG�
WZLQ�URYHUV�6SLULW�DQG�2SSRUWXQLW\�LQ�-DQXDU\�������3DWKILQGHU�ODQGHG�RQ�-XO\����
������LQ�&KU\VH�3ODQLWLD��WKH�RXWOHW�RI�D�ODUJH�RXWIORZ�SURYLGLQJ�GLYHUVH�URFNV�WR�
VWXG\��,W�FRYHUHG�����P������IW��RYHU����0DUWLDQ�GD\V�

3HUVHYHUDQFH�5RYHU�JXLGHV�LWVHOI�WRZDUGV�WKH�0DUWLDQ�VXUIDFH
&UHGLW��1$6$�-3/�&DOWHFK
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SPIRIT (ROVER):�6SLULW�ODQGHG�LQ�*XVHY�&UDWHU�RQ�-DQXDU\����������7KH�JRDO�
RI�WKH�PLVVLRQ�ZDV�WR�XQGHUVWDQG�ZKHWKHU�HDUO\�0DUV�ZDV�KDELWDEOH�IRU�OLIH�DV�
ZH�NQRZ�LW��7KH�URYHU�ZRUNHG�XQWLO�������FRYHULQJ������NP������PLOHV��LQ�WRWDO��
'XULQJ�WKLV�WLPH��VKH�GLVFRYHUHG�WKH�ILUVW�HYLGHQFH�RI�FDUERQDWHV�IURP�WKH�JURXQG��
VLJQV�RI�D�ZHWWHU�SDVW��DQG�HYLGHQFH�RI�YROFDQLF�ZDWHU�LQWHUDFWLRQ��ZLWK�IXPDUROH�
GHSRVLWV�DQG�KRW�VSULQJV��,PSRUWDQWO\��6SLULW�GHPRQVWUDWHG�WKDW�DOO�WKH�LQJUHGLHQWV�
IRU�OLIH�ZHUH�RQFH�SUHVHQW�DW�WKH�VDPH�WLPH�DW�*XVHY�

OPPORTUNITY (ROVER): 7KH�WZLQ�VLVWHU�RI�6SLULW�ODQGHG�LQ�0HULGLDQL�3ODQXP�
RQ�-DQXDU\�����������6KH�ZRXOG�JR�RQ�WR�VHW�FRXQWOHVV�UHFRUGV�DQG�PDNH�PDQ\�
NH\�GLVFRYHULHV��7KLV�LQFOXGHV�WKH�GLVFRYHU\�RI�KHPDWLWH�VSKHUXOHV��WKH�IDPRXV�
EOXHEHUULHV�WKDW�ZHUH�WKH�ILUVW�HYLGHQFH�RI�HDUO\�ZDWHU�RQ�0DUV��6KH�GLVFRYHUHG�
DFLGLF�DQG�QHXWUDO�HQYLURQPHQWV��J\SVXP��DQG�FOD\V��6KH�ZRUNHG�IRU����\HDUV��
WUDYHUVHG�������NP��������PLOHV���DQG�H[FHHGHG����WLPHV�KHU�GHVLJQHG�OLIHVSDQ��
6KH�VWRSSHG�FRPPXQLFDWLQJ�RQ�-XQH����������

PHOENIX (LANDER):�7KH�PLVVLRQ�ODQGHG�LQ�9DVWLWDV�%RUHDOLV�LQ�WKH�KLJK�
QRUWKHUQ�ODWLWXGHV�RI�0DUV�RQ�0D\�����������DQG�RSHUDWHG�XQWLO�1RYHPEHU���RI�
WKH�VDPH�\HDU��,WV�JRDO�ZDV�WR�FKDUDFWHUL]H�WKH�KLVWRU\�RI�ZDWHU�RQ�0DUV�DQG�
XQGHUVWDQG�LWV�KDELWDELOLW\�SRWHQWLDO��2QH�RI�WKH�VXUSULVHV�RI�WKH�PLVVLRQ�ZDV�VKH�
FDSWXUHG�WKH�ILUVW�0DUWLDQ�VQRZ�IDOOLQJ�IURP�FLUUXV�FORXGV��7KH�ODQGHU�DOVR�EURXJKW�
D�ZHDOWK�RI�QHZ�GDWD�UHJDUGLQJ�WKH�0DUWLDQ�ZHDWKHU��FOLPDWH�F\FOHV��DQG�VXUIDFH�
FKHPLVWU\�

´7KHUH�DUH�WZR�PDMRU�FKDOOHQJHV�WR�H[SORULQJ�0DUV�ZLWK�URYHUV��)LUVW�LV�WKDW�
YDOXDEOH�VFLHQWLILF�WDUJHWV�PD\�EH�LQ�DUHDV�WKDW�DUH�WRR�KDUG�WR�DFFHVV�IRU�
D�URYHU��6HFRQG��URYHUV�DUH�VORZ—3HUVHYHUDQFH·V�WRS�VSHHG�LV�FDSSHG�DW�
DERXW�����PSK��7R�DYRLG�WKHVH�SLWIDOOV��IXWXUH�PLVVLRQV�ZLOO�XVH�IUHH�IO\LQJ�
V\VWHPV�WR�VXSSRUW�URYHU�RSHUDWLRQV��LPSURYLQJ�VDIHW\�E\�SUHYHQWLQJ�WKH�QHHG�
IRU�URYHUV�WR�HQWHU�KD]DUGRXV�RU�GDQJHURXV�HQYLURQPHQWV��DQG�FROOHFWLQJ�
VFLHQFH�GDWD�RUGHUV�RI�PDJQLWXGH�IDVWHU. 6XUYH\LQJ�DQG�HYHQ�VDPSOLQJ�D�
��ð���NP�UHJLRQ�ZRXOG�QR�ORQJHU�EH�D�PDWWHU�RI�\HDUV�EXW�ZHHNV�µ�

—Pablo Sobron



CURIOSITY (ROVER): In April 2023, engineers installed a significant software 
update on Curiosity to enable it to drive faster, and to reduce wear and tear on its 
wheels. Now, Curiosity can do more of what the team calls “thinking while driving.” 
The new software will also enable the engineers to plan the motions of Curiosity’s 
robotic arm more efficiently and point its “head” atop the mast more accurately.

INSIGHT (LANDER): For four years, the InSight Lander monitored “marsquakes,” 
providing details on Mars’ interior, formation, and activity such as meteor impacts. 
The mission ended on Dec. 21, 2022, after the solar-powered spacecraft ran out of 
energy. InSight is characterized by 1) bringing the first seismometer to Mars and 2) 
recording "sounds" of Martian winds on the Red Planet for the first time. InSight 
was the first robotic explorer to study Mars’ crust, mantle, and core. Its mission was 
to uncover how a rocky body forms and evolves to become a planet.

PERSERVERANCE (ROVER): Active since 2020, the Perseverance rover has 
been looking for signs of ancient life on Mars at the Jezero Crater. Jezero formed 
from an asteroid impact almost 4 billion years ago. At over 1,000 days on Mars and 
23 samples collected, the mission team discovered sandstone and mudstone, 
signaling evidence of a history of water in the crater. Beyond Perserverance’s key 
objective of searching for signs of ancient microbial life on Mars and being the first 
mission to collect and cache Martian rock, it also deployed its aerial sidekick, 
Ingenuity, which became the first powered flight on the red planet.

INGENUITY (HELICOPTER): Ingenuity, ‘the little helicopter that could,’ as NASA 
administrator Bill Nelson refers to it, has finally taken its last flight. It made history 
as the first aircraft to make a power-controlled flight on another planet. What 
started as a technology demonstration to perform up to five experimental flights in 
30 days, Ingenuity completed an astonishing 72 flights covering the Martian 
surface for almost three years! Acting as a scout for the Perseverance Rover and 
helping search for life on Mars, Ingenuity paved the way for future flight in our solar 
system.

12



0DUV������3HUVHYHUDQFH�/DXQFK
&UHGLW��1$6$�-RHO�.RZVN\
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I N T R I G U I N G  P R O C E S S E S
)URP�WRZHULQJ�YROFDQRHV�WR�IURVW\�VDQG�GXQHV��WKH�UHG�SODQHW·V�ODQGVFDSH�LV�
PDJQLILFHQW�WR�EHKROG��DQG�WKHUH�DUH�PDQ\�SURFHVVHV�RQ�0DUV�WKDW�ZH�GRQ·W�
yet fully understand.

GULLY FLOW:�7KH�0DUV�5HFRQQDLVVDQFH�2UELWHU��052��VSRWWHG�LQWHUHVWLQJ�
IRUPDWLRQV�RQ�WKH�SODQHW·V�VXUIDFH�WKDW�ORRNHG�OLNH�JXOOLHV��2Q�(DUWK��IORZLQJ�ZDWHU�
FUHDWHV�JXOOLHV��EXW�VFLHQWLVWV��XVLQJ�VSHFWURVFRSLF�PHDVXUHPHQWV�IURP�WKH�052��
KDYH�IRXQG�QR�FRQFOXVLYH�HYLGHQFH�WKDW�OLTXLG�ZDWHU�LV�FDXVLQJ�WKHVH�IHDWXUHV�RQ�
WKH�0DUWLDQ�VXUIDFH��&XUUHQWO\��VFLHQWLVWV�WKLQN�HYDSRUDWLQJ�ZDWHU�RU�FDUERQ�GLR[LGH�
IURVW�FRXOG�EH�WKH�FDXVH��EXW�WKH�SURFHVV�UHPDLQV�D�P\VWHU\����

RECURRING SLOPE LINEAE:�0DUV�H[SHULHQFHV�VHDVRQDO�ODQGVOLGHV³FDOOHG�
5HFXUULQJ�6ORSH�/LQHDH�RU�56/�IRU�VKRUW³WKDW�KDYH�LQWULJXHG�VFLHQWLVWV�IRU�\HDUV��
$�UHFHQW�VWXG\��OHG�E\�-DQLFH�%LVKRS��VXJJHVWV�WKDW�WKH�DFWLRQ�RI�WLQ\�DPRXQWV�RI�
VDOW\��OLTXLG�ZDWHU�EHQHDWK�WKH�VXUIDFH�RYHU�WLPH�LV�WKH�FXOSULW��$OWKRXJK�WKH�052�
KDV�FDSWXUHG�ODQGVOLGHV�RQ�0DUV�ZLWK�LWV�+L5,6(�FDPHUD��ZH�KDYH�QR�LQ�VLWX�
GDWD�VLQFH�QR�URYHU�KDV�ZLWQHVVHG�D�ODQGVOLGH��7KHUHIRUH��-DQLFH�DQG�KHU�WHDP�
XVHG�DQDORJ�HQYLURQPHQWV�RQ�(DUWK�DQG�ODE�H[SHULPHQWV�WR�XQGHUVWDQG�KRZ�WKH�
VDOW\��VXEVXUIDFH�SHUPDIURVW�ZLWK�PLFURVFDOH�EULQ\�ZDWHU�FRXOG�SOD\�D�UROH�LQ�WKH�
GHVWDELOL]DWLRQ�RI�VORSHV�RQ�0DUV�

VOLCANISM THROUGH ICE: 7KH�6LV\SKL�0RQWHV�DUHD�RI�0DUV�LV�KRPH�WR�
FOXVWHUV�RI�IODW�WRSSHG�YROFDQRHV��8VLQJ�VSHFWURVFRSLF�LQVWUXPHQWV�RQ�WKH�052��
VFLHQWLVWV�KDYH�IRXQG�HYLGHQFH�WKDW�WKH�YROFDQRHV�KDG�WR�SXQFK�WKURXJK�D�OD\HU�
RI�LFH�LQ�WKLV�DUHD�RI�0DUV�ELOOLRQV�RI�\HDUV�DJR��7KLV�DFWLYLW\�FRXOG�KDYH�FUHDWHG�
FRQGLWLRQV�DQG�KDELWDWV�LGHDO�IRU�PLFURELDO�OLIH��

SUBSURFACE LAKES:�,Q�������WKH�0DUV�([SUHVV�2UELWHU�IRXQG�HYLGHQFH�
RI�VHYHUDO�VXEVXUIDFH�VDOWZDWHU�ODNHV�EHQHDWK�WKH�SODQHW·V�VRXWK�SROH��6RPH�
VFLHQWLVWV�DUH�VNHSWLFDO�RI�WKH�ILQGLQJV��EXW�LI�WKHUH�DUH�GHSRVLWV�RI�OLTXLG�ZDWHU�
EHQHDWK�WKH�VXUIDFH��RQH�SRVVLELOLW\�LV�WKDW�LW�RULJLQDWHG�IURP�SRODU�EDVDO�PHOWLQJ��
WKH�IULFWLRQ�RI�WKH�LFH�FDS�ZLWK�WKH�URFN\�EDVHPHQW��,W�KDV�DOVR�EHHQ�VXJJHVWHG�WKDW�
ZDWHU�FRXOG�EH�PDLQWDLQHG�LQ�WKH�OLTXLG�VWDWH�LQ�WKLV�UHJLRQ�E\�DFWLYH�YROFDQLVP��
0RUH�GDWD�LV�QHHGHG�WR�YHULI\�RU�IDOVLI\�WKRVH�K\SRWKHVHV�



��

5HFXUULQJ�6ORSH�/LQHDH�LQ�&RSUDWHV�&KDVPD
&UHGLW��1$6$�-3/�&DOWHFK�8QLY��RI�$UL]RQD

RELICT GLACIER: In March 2023, scientists revealed the discovery of a relict 
glacier near Mars' equator. This finding indicates that Mars may have had a more 
watery recent history than previously believed, potentially influencing our 
understanding of the red planet's habitability. SETI Institute and Mars Institute 
Planetary scientist Dr. Pascal Lee explains the significance of this finding: “We’ve 
known about glacial activity on Mars at many locations, including near the equator 
in the more distant past. And we’ve known about recent glacial activity on Mars, but 
so far, only at higher latitudes. A relatively young relict glacier in this location tells 
us that Mars experienced surface ice in recent times, even near the equator, which 
is new,” said Lee.
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S E T I  I N S T I T U T E  S C I E N T I S T S 
W H O  S T U D Y  M A R S

N AT H A L I E  C A B R O L
EXPERTISE: $VWURELRORJ\

Nathalie is an astrobiologist and the Director of 
SETI Institute Carl Sagan Center for Research, 
where she spearheads a new multidisciplinary 
URDGPDS�WR�EULGJH�DVWURELRORJ\�DQG�6(7,��+HU�
UHVHDUFK�IRFXVHV�RQ�WKH�H[SORUDWLRQ�RI�KDELWDELOLW\�
DQG�OLIH�EH\RQG�(DUWK��6KH�KHDGV�SURMHFWV�LQ

SODQHWDU\�VFLHQFH�DQG�DVWURELRORJ\��GHYHORSV�VFLHQFH�H[SORUDWLRQ�VWUDWHJLHV�IRU�
0DUV��DQG�GHVLJQV�URERWLF�ILHOG�H[SHULPHQWV�

J A N I C E  B I S H O P
EXPERTISE: 6SHFWURVFRS\��0LQHUDORJ\��
&KHPLVWU\��3ODQHWDU\�6FLHQFHV��5HPRWH�6HQVLQJ

'U��-DQLFH�%LVKRS�LV�D�FKHPLVW�DQG�SODQHWDU\�
VFLHQWLVW�ZKR�H[SORUHV�WKH�SODQHW�0DUV�XVLQJ�
VSHFWURVFRS\��+HU�LQYHVWLJDWLRQV�RI�&5,60�GDWD�
RI�0DUV�DUH�UHYHDOLQJ�FOD\V�DQG�VXOIDWHV�LQ�WKH�
DQFLHQW�URFNV�WKDW�SURYLGH�LQIRUPDWLRQ�DERXW�WKH�
JHRFKHPLFDO�HQYLURQPHQW�DW�WKH�WLPH�WKH�PLQHUDOV�IRUPHG��6KH�DOVR�VWXGLHV�0DUV�
DQDORJ�URFNV�DQG�VRLOV�DW�D�YDULHW\�RI�ORFDWLRQV�LQFOXGLQJ�YROFDQLF�LVODQGV��FROG�
GHVHUWV��K\GURWKHUPDO�UHJLRQV��DFLGLF�DTXHRXV�VLWHV��DQG�PHWHRULWHV��ZKLFK�DUH�
WKH�RQO\�0DUWLDQ�VDPSOHV�DYDLODEOH�RQ�(DUWK�WR�GDWH��$QRWKHU�FRPSRQHQW�RI�'U��
%LVKRS·V�UHVHDUFK�LV�FROOHFWLQJ�VSHFWUD�XQGHU�0DUV�OLNH�FRQGLWLRQV��ZKLFK�ZLOO�DLG�LQ�
WKH�LGHQWLILFDWLRQ�RI�PLQHUDOV�RQ�0DUV��



��

JXOOLHV�IRXQG�DURXQG�PDQ\�LPSDFW�FUDWHUV�DQG�YDOOH\�ZDOOV��PD\�EHVSHDN�ZDWHU�
WKDW·V�VWLOO�HUXSWLQJ�DQG�IORZLQJ�RQ�WKH�0DUWLDQ�VXUIDFH�WRGD\��*LQQ\�LV�SDUW�RI�WKH�
+L5,6(��+LJK�5HVROXWLRQ�,PDJLQJ�6FLHQFH�([SHULPHQW��WHDP�WKDW�GLUHFWV�WKH�
KLJK�UHVROXWLRQ�FDPHUD�RQ�WKH�0DUV�5HFRQQDLVVDQFH�2UELWHU��QRZ�EXV\�VQDSSLQJ�
SLFWXUHV�RI�WKLV�DOLHQ�ODQGVFDSH�

D AV I D  H I N S O N
EXPERTISE: 3ODQHWDU\�$WPRVSKHUHV

'U��'DYLG�+LQVRQ�ZDV�D�PHPEHU�RI�WKH�5DGLR�
6FLHQFH�7HDP�RI�0DUV�*OREDO�6XUYH\RU��OHDGLQJ�
DQ�LQYHVWLJDWLRQ�RI�WKH�DWPRVSKHUH�WKURXJK�UDGLR�
RFFXOWDWLRQ�VRXQGLQJ��+H�ZDV�LQYROYHG�LQ�DOO�
DVSHFWV�RI�H[SHULPHQW�SODQQLQJ�DQG�H[HFXWLRQ��
DQG�KH�KDG�VROH�UHVSRQVLELOLW\�IRU�UHWULHYLQJ

DWPRVSKHULF�SURILOHV�IURP�WKH�GDWD��7KHVH�H[SHULPHQWV�ZHUH�FRQGXFWHG�IURP�
-DQXDU\������WKURXJK�6HSWHPEHU�������\LHOGLQJ��������SURILOHV�RI�WKH�QHXWUDO�
DWPRVSKHUH�DQG�������SURILOHV�RI�HOHFWURQ�GHQVLW\�LQ�WKH�LRQRVSKHUH��+H�LV�
FXUUHQWO\�D�PHPEHU�RI�WKH�5DGLR�6FLHQFH�7HDPV�RI�ERWK�0DUV�([SUHVV�DQG�1HZ�
+RUL]RQV��DQG�KH�KDV�H[SHULHQFH�ZLWK�UDGLR�RFFXOWDWLRQ�H[SHULPHQWV�WKURXJKRXW�
WKH�6RODU�6\VWHP�

V I R G I N I A  G U L I C K
EXPERTISE: *HRVFLHQFHV

'U��9LUJLQLD��*LQQ\��*XOLFN�H[DPLQHV�HURVLRQDO�
IHDWXUHV�RQ�0DUV��ORRNLQJ�IRU�WKH�WHOO�WDOH�VLJQV�
RI�UXQQLQJ�ZDWHU��6RPH�RI�WKH�PHDQGHULQJ�YDOOH\�
QHWZRUNV�WKDW�ODFH�WKH�0DUWLDQ�ODQGVFDSH�PD\�EH�
SURRI�RI�D�ZDUPHU��ZHWWHU�ZRUOG��RQH�WKDW�H[LVWHG�
ELOOLRQV�RI�\HDUV�DJR��%XW�RWKHU�IHDWXUHV��LQFOXGLQJ
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J O H N  M A R S H A L L
EXPERTISE: 3ODQHWDU\�*HRORJ\

3ODQHWDU\�JHRORJLVW�'U��-RKQ�0DUVKDOO�VSHFLDOL]HV�
LQ�WKH�VWXG\�RI�SDUWLFXODWH�PDWWHU²GXVW�DQG�VDQG�
VL]H�PDWHULDOV�WKDW�FRPSULVH�QHEXODH�FORXGV��
YROFDQLF�HUXSWLRQV��GXVW�VWRUPV��VDQG�GXQHV��DQG�
EHDFK�DQG�ULYHU�VHGLPHQWV��+H�KDV�RYHUVHHQ�
RSHUDWLRQ�RI�WKH�0DUV�:LQG�7XQQHO�DW�1$6$�$PHV
DQG�FRQGXFWHG�D�QXPEHU�RI�ODERUDWRU\�VLPXODWLRQV�RI�0DUV��9HQXV��0RRQ��DQG�
7LWDQ��-RKQ�KDV�EHHQ�LQYROYHG�LQ�GHYHORSLQJ�LQVWUXPHQWV�IRU�WKUHH�0DUV�PLVVLRQV��
IRU�WKH�6SDFH�6KXWWOH�DQG�6SDFH�6WDWLRQ��IRU�WKH�0RRQ��DQG�IRU�DVWHURLG�VDPSOH�
UHWXUQ��+H�KDV�DOVR�GHYHORSHG�D�FRIIHH�FDQ�VL]H�;�UD\�DQDO\]HU�IRU�GHSOR\PHQW�RQ�
WKH�0RRQ�RU�0DUV��-RKQ�ZDV�D�FR�LQYHVWLJDWRU�RQ�WKH�3KRHQL[�PLVVLRQ�DQG�KHOSHG�
LQWHUSUHW�WKH�ILUVW�PLFURVFRSLF�LPDJHV�RI�0DUWLDQ�VRLO�WR�EH�WUDQVPLWWHG�EDFN�WR�
(DUWK�

PA S C A L  L E E
EXPERTISE: 3ODQHWDU\�6FLHQFHV

'U��3DVFDO�/HH�LV�D�SODQHWDU\�VFLHQWLVW�DW�WKH�
6(7,�,QVWLWXWH��+H�LV�DOVR�&KDLUPDQ�RI�WKH�0DUV�
,QVWLWXWH��DQG�'LUHFWRU�RI�WKH�1$6$�+DXJKWRQ�
0DUV�3URMHFW�DW�1$6$�$PHV�5HVHDUFK�&HQWHU�LQ�
0RXQWDLQ�9LHZ��&DOLIRUQLD��+LV�UHVHDUFK�IRFXVHV�
RQ�WKH�KLVWRU\�RI�ZDWHU�RQ�0DUV�DQG�RQ�SODQQLQJ

WKH�IXWXUH�KXPDQ�H[SORUDWLRQ�RI�0DUV��'U��/HH�KDV�OHG�RYHU����H[SHGLWLRQV�WR�WKH�
$UFWLF�DQG�$QWDUFWLFD�WR�VWXG\�0DUV�E\�FRPSDULVRQ�ZLWK�WKH�(DUWK��+H�DOVR�VWXGLHV�
DVWHURLGV�DQG�WKH�WZR�PRRQV�RI�0DUV�
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K I M  W A R R E N - R H O D E S 
EXPERTISE: $VWURELRORJ\��(FRV\VWHP�6FLHQFH��
1DQR&OLPDWH�0RGHOLQJ

$V�DQ�HFRORJLVW�DQG�DVWURELRORJLVW��'U��.LP�
:DUUHQ�5KRGHV�KDV�SLRQHHUHG�WKH�VWXG\�RI�
VRPH�RI�WKH�KDUVKHVW�DQG�PRVW�UHPRWH�GHVHUWV�
RQ�(DUWK��.LP�KDV�D�GHHS�DQG�DELGLQJ�VFLHQWLILF�
IDVFLQDWLRQ�ZLWK�WKH�SX]]OH�RI�OLIH��VSHFLILFDOO\��KRZ�

PLFURELDO�OLIH�VXUYLYHV�DQG�DGDSWV�WR�WKH�KDUVKHVW�FRQGLWLRQV�RXU�SODQHW�KDV�WR�
RIIHU��6KH�OHG�WKH�ILUVW�DVWURELRORJ\�VXUYH\V�RI�WKH�OHJHQGDU\�7DNOLPDNDQ�DQG�KLJK�
DOWLWXGH�GHVHUWV��DQG�VDOW�ODNHV�RI�ZHVWHUQ�&KLQD�DQG�WKH�4LQJKDL�7LEHWDQ�3ODWHDX��
+HU�JURXQG�EUHDNLQJ�ZRUN�HVWDEOLVKHG�WKH�OLPLW�IRU�SKRWRV\QWKHWLF�OLIH�RQ�WKLV�
SODQHW��DQG�VKH�GUHDPV�RI�H[SORULQJ�WKH�GHVHUWV�RI�0DUV�IRU�VLPLODU�VLJQDWXUHV�RI�
H[WDQW�RU�H[WLQFW�EDFWHULDO�OLIH�

R O S A L B A  B O N A C C O R S I
EXPERTISE: $VWURELRORJ\��(QYLURQPHQWDO�
6FLHQFH��0DULQH�*HRFKHPLVWU\��%LRVHGLPHQWRORJ\

'U��5RVDOED�%RQDFFRUVL�EHOLHYHV�where�WR�JR�RQ�
D�SODQHW�WR�ILQG�HYLGHQFH�RI�OLIH�ZLOO�GHWHUPLQH�RXU�
FKDQFH�RI�ILQGLQJ�LW��6KH�LV�FXUUHQWO\�IRFXVLQJ�RQ�
WKH�SRWHQWLDO�KDELWDELOLW\�DVSHFWV�RI�VXUIDFH�QHDU�
VXUIDFH�PLQHUDO�DQDORJ�HQYLURQPHQWV��+HU�EURDG
H[SHULHQFH�LQ�(QYLURQPHQWDO�6FLHQFH�LQFOXGHV�ELRORJ\�DQG�JHRORJ\��PDULQH�
PDPPDOV��VHGLPHQWRORJ\��DQG�RUJDQLF�JHRFKHPLVWU\��
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L O R I  F E N T O N 
EXPERTISE: 3ODQHWDU\�6FLHQFHV

/RUL·V�SULPDU\�UHVHDUFK�LQWHUHVWV�LQFOXGH�DHROLDQ�
JHRPRUSKRORJ\��KRZ�ZLQG�VKDSHV�D�SODQHWDU\�
VXUIDFH��RQ�9HQXV��(DUWK��0DUV��DQG�7LWDQ��UHFHQW�
DQG�RQJRLQJ�FOLPDWH�FKDQJHV��DQG�WKH�PRELOLW\�
RI�ZLQG�EORZQ�VDQG�DQG�GXVW��+HU�UHVHDUFK�
PDNHV�XVH�RI�PDQ\�GLIIHUHQW�W\SHV�RI�LQIRUPDWLRQ��
LQFOXGLQJ�DQDORJ�ILHOGZRUN�RQ�(DUWK��YLVLEOH�DQG�WKHUPDO�LPDJHU\�IURP�VSDFHFUDIW��
ZLQG�SUHGLFWLRQV�IURP�DWPRVSKHULF�PRGHOV��DQG�VLPXODWLRQV�PDGH�LQ�WKH�0DUV�
:LQG�7XQQHO�DW�1$6$�$PHV��/RUL·V�UHFHQW�SXEOLFDWLRQV�GHVFULEH�KRZ�FOLPDWH�
FKDQJH�PD\�KDYH�UHDOLJQHG�ULSSOHV�RQ�0DUV�RYHU�WKH����ND�\HDUV��KRZ�VRPH�
ZLQGEORZQ�IHDWXUHV�XQLTXH�WR�0DUV�JURZ�DQG�PLJUDWH�LQ�ZD\V�GLIIHUHQW�IURP�WKRVH�
RI�GXQHV�DQG�ULSSOHV�RQ�(DUWK��DQG�D�QHZ�GDWDEDVH�RI�PRUH�WKDQ�������SUHYLRXVO\�
XQPDSSHG�GXQH�ILHOGV�RQ�0DUV�

PA B L O  S O B R O N
EXPERTISE: 3ODQHWDU\�6FLHQFHV��$VWURELRORJ\

3DEOR�KDV�VWURQJ�LQWHUHVWV�LQ�URERWLF�VSDFH�
H[SORUDWLRQ�DQG�FRPSDUDWLYH�DQDORJ�VFLHQFH—
WKH�VWXG\�RI�SODFHV�RQ�(DUWK�WKDW�DUH�VLPLODU�WR�
HQYLURQPHQWV�RQ�RWKHU�SODQHWV�DQG�PRRQV��7R�
GDWH��KH�KDV�OHG�RU�FROODERUDWHG�RQ�����SURMHFWV�
IRFXVHG�RQ�WKH�GHYHORSPHQW�RI�LQVWUXPHQWV�DQG

GDWD�SURFHVVLQJ�WRROV�IRU�PLVVLRQV�WR�H[SORUH�WKH�6RODU�6\VWHP��LQFOXGLQJ�0DUV�
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P H I L I P P E  S A R R A Z I N 
EXPERTISE: ,QVWUXPHQWDWLRQ

'U��3KLOLSSH�6DUUD]LQ�IRFXVHV�KLV�UHVHDUFK�DW�
6(7,�RQ�WKH�GHYHORSPHQW�RI�DQDO\WLFDO�;�UD\�
LQVWUXPHQWV�IRU�LQ�VLWX�SODQHWDU\�H[SORUDWLRQ��+H�
ZRUNV�LQ�FORVH�SDUWQHUVKLS�ZLWK�VFLHQWLVWV�LQ�WKH�
([RELRORJ\�EUDQFK�RI�1$6$�$PHV�5HVHDUFK�
&HQWHU��ZKHUH�KLV�UHVHDUFK�ODE�LV�ORFDWHG��

'U��6DUUD]LQ�SOD\HG�D�NH\�UROH�LQ�WKH�GHYHORSPHQW�RI�&KH0LQ��WKH�RQO\�;�UD\�
GLIIUDFWLRQ�LQVWUXPHQW�GHSOR\HG�LQ�VSDFH��0RXQWHG�LQVLGH�WKH�06/�&XULRVLW\�URYHU��
&KH0LQ�KDV�EHHQ�URYLQJ�0DUV�IRU�RYHU���\HDUV��DQG�KDV�SURYLGHG�FULWLFDO�VFLHQFH�
GDWD�WR�WKH�PLVVLRQ�
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3HUVHYHUDQFH�7RXFKLQJ�'RZQ�RQ�0DUV�
&UHGLW��1$6$�-3/�&DOWHFK

S O U R C E S
6SDUURZ��*LOHV��Mars: A View of the Red Planet ��4XHUFXV��������

0DUV�)DFWV��5HWULHYHG�IURP�KWWSV���PDUV�QDVD�JRY�DOO�DERXW�PDUV�IDFWV�

*UHLFLXV��7RQ\���-XO\�������������7KLQJV�WR�.QRZ�$ERXW�WKH�0DUV������ 
3HUVHYHUDQFH�5RYHU�0LVVLRQ�>%ORJ�SRVW@��5HWULHYHG�IURP�KWWSV���ZZZ�QDVD�JRY� 
IHDWXUH�MSO���WKLQJV�WR�NQRZ�DERXW�WKH�PDUV������SHUVHYHUDQFH�URYHU�PLVVLRQ�

https://science.nasa.gov/mission/msl-curiosity/ 

https://science.nasa.gov/mission/insight/ 

https://www.nasa.gov/missions/mars-2020-perseverance/perseverance-rover/nasas-
perseverance-rover-deciphers-ancient-history-of-martian-lake/ 

https://www.nasa.gov/news-release/after-three-years-on-mars-nasas-ingenuity-helicopter-
mission-ends/ 

https://www.seti.org/press-release/remains-modern-glacier-found-near-mars-equator-
implies-water-ice-possibly-present-low-latitudes 



0DUV�([SUHVV�FDSWXUHV�'DQLHOVRQ�&UDWHU�
&UHGLW��(6$�'/5�)8�%HUOLQ��*��1HXNXP���&&�%<�6$�����,*2

23
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