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➭❷⑤s③❼ ⑥❻✉ ➉➒➒↕ ✉⑦⑩⑥✉⑤③ ✉❽❸③❼⑦⑥s❸③ ❿➉➒➒↕➙➂ s⑥ ✈⑦⑩ ✉⑩⑥⑦⑨❽s⑩❻✉①
❻❸✈ ⑥❻✉ ❺⑦⑤➈s③❼⑩ ⑤✉④❸⑤①✉① s③ s❺⑦❼✉⑩ ⑧⑦⑤s✉① ⑩➆⑩⑥✉❺⑦⑥s④⑦❽❽➆ ✈s⑥❻
✈⑦⑧✉❽✉③❼⑥❻ ⑦④⑤❸⑩⑩ ⑥❻✉ ⑧s⑩❷⑦❽ ✈⑦⑧✉⑨⑦③①❶➵ ⑦ ❾❻✉③❸❺✉③❸③ ❽❸③❼
➈③❸✈③ ⑥❸ ⑧s⑩❷⑦❽ ❸⑨⑩✉⑤⑧✉⑤⑩➃ ➫❻✉ ⑨✉⑩⑥ ①⑤⑦✈s③❼⑩ ⑥❻⑤❸❷❼❻ ⑨❽❷✉ ❸⑤ ⑧s❸-

❽✉⑥ ➝❽⑥✉⑤⑩ ⑤✉⑩✉❺⑨❽✉ ❷❽⑥⑤⑦⑧s❸❽✉⑥ s❺⑦❼✉⑩➃
➄ ❷⑩✉➅❷❽ ⑤✉⑧s✉✈ ❸➅ ➸r s❺⑦❼s③❼ ✈⑦⑩
✈⑤s⑥⑥✉③ ⑨➆ ➦✉⑦③ ➍⑦❽➈✉⑤❶➔➣ ✈❻s❽✉ ❸⑥❻✉⑤⑩
❻⑦⑧✉ ①✉⑩④⑤s⑨✉① ❾⑤✉⑧s❸❷⑩ s❺❾⑤❸⑧✉❺✉③⑥⑩
s③ ⑥✉④❻③s➺❷✉⑩➃➡

➄⑥ s③➅✉⑤s❸⑤ ④❸③➻❷③④⑥s❸③ ❿➥➢➂ s③ ➉➒➒↔
➼ ➉➒➁➉❶ r✉③❷⑩ ✈⑦⑩ s③ ⑥⑤⑦③⑩s⑥ ⑦④⑤❸⑩⑩ ⑥❻✉
➦❷③➃ ➫❻✉ ➲➄➄ ❸⑨⑩✉⑤⑧⑦⑥s❸③⑩ ❻⑦⑧✉ ⑨✉✉③
❾⑤✉⑧s❸❷⑩❽➆ ⑤✉⑧s✉✈✉① s③ ①✉⑥⑦s❽❶ ⑦③① ⑦⑤✉
③❸⑥ ①s⑩④❷⑩⑩✉① ❻✉⑤✉➃➔→➔➟

➀❸⑤ ➽⑦⑤⑥ ➥❶ ➯✉⑦⑥❻✉⑤⑨⑦⑤⑤❸✈ ⑦③⑦❽➆⑩✉①
⑥❻✉ ✉➇⑥✉③⑩s⑧✉ ⑧s⑩❷⑦❽ ①⑦⑥⑦ ➅❸⑤ ⑥❻✉ ➉➒➒↕
➙➃ ✉❽❸③❼⑦⑥s❸③ ⑦③① ①✉①❷④✉① ⑥❻✉ ①⑦⑥✉
❸➅ ⑦❾❾⑦⑤✉③⑥ ①s④❻❸⑥❸❺➆ ❼⑤⑦❾❻s④⑦❽❽➆➃
➄⑨✉❽ ❾❽❸⑥⑥✉① ❾❻⑦⑩✉ ①⑦⑥⑦ ➅❸⑤ ⑥❻✉ ③s③✉
➅❸❽❽❸✈s③❼ ✉❽❸③❼⑦⑥s❸③⑩ ⑥❸ ①✉⑥✉⑤❺s③✉
①s④❻❸⑥❸❺➆ ①⑦⑥✉⑩❶ ✈❻s❽✉ ➾④➚s❺ ①✉⑦❽⑥
✈s⑥❻ ⑥❻✉ ⑤✉⑩⑥➃ ➄❽❽ ❽⑦⑨❸⑤s❸❷⑩❽➆ ⑩✉⑦⑤④❻✉①
⑥❻✉ ➦✉④⑥s❸③ s❺⑦❼✉ ①⑦⑥⑦⑨⑦⑩✉ ⑦③① ➄➯➽➛
➜⑦❾⑦③ ❸③❽s③✉ ⑦⑤④❻s⑧✉❶➔➪ ⑥❸ ➝③① ❺⑦⑥④❻✉⑩
⑩❷s⑥⑦⑨❽✉ ➅❸⑤ ❸⑨⑥⑦s③s③❼ ⑤❸⑥⑦⑥s❸③ ❾✉⑤s❸①⑩➃
➾④➚s❺ ✈⑦⑩ ⑤✉⑩❾❸③⑩s⑨❽✉ ➅❸⑤ ⑥❻✉ ⑦③⑦❽➆-

⑩s⑩ ❸➅ ⑥❻✉ ⑨❷❽➈ ❸➅ ⑥❻✉ ①⑦⑥⑦❶ ⑦③① ①⑤⑦➅⑥✉①

  

➶➹ ➘➴➷ ➬➮➱✃❐❒ ➴➷❮❐➬❰➴➷Ï➷

Figure 1. (A) ÐÑÒÑÓÔÑÕ Ö×ØÖ ÙÑÚÛÒÜÔ×ÛÝ ÜÒÔÙÞß×ÛÒÑÔ ×àÞØÑÚá (B) ÐÑ-
ÒÑÓÔÑÕ Ö×ØÖ ÙÑÚÛÒÜÔ×ÛÝ ÝÑÞÙâ×ÝãÙÞÙÑÕ ×àÞØÑÚá Noteä ÐÛÜÔÖ ×Ú ÜååÑÙ-
àÛÚÔ ×Ý ÔÖ×Ú ÞÝÕ ÛÔÖÑÙ ÔÑÒÑÚÓÛå×Ó æØÜÙÑÚç ÜÝÒÑÚÚ ÛÔÖÑÙè×ÚÑ ÚÔÞÔÑÕá
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❲✻❉✺✰ ❳ ❨✷✸ ❩❬❭ ✺❀✾✮✾ ❳❬❪ ❈✳❃✮✵❀❉✽✮✳✵✾❫ ❁❀✮✯ ❴✰❵ ❂✻✮✰✾ ❛❀✿✰❃ ❀❃ ❲✻❉✺✰
❜✸ ❝✰✻❃ ❞✰✰✽✾ ✷✽❉✺❀✾✯✰❂ ✮✯✰ ✻❃❛✽✺✻✵ ✾✰✷✻✵✻✮❀✳❃ ❉✰✮❁✰✰❃ ✮✯✰ ❈✰❃-

✮✵✰✾ ✳✴ ❢✰❃✽✾ ✻❃❂ ✮✯✰ ❣✽❃ ✻✮ ❅❤ ❨❲✻❉✺✰ ❪❭✸✐❥

❦✰ ❊✽❈✯ ✵✰❛✵✰✮ ✮✯✰ ✷✻✾✾❀❃❛ ✳✴ ❧❀❈✯✻✵❂ ♠✻✽❊❫ ❄✰✮✰✵ ♥✵✰❛✳❫❦✻✺-
✮✰✵ ♣✻✻✾❫❦❀✺✺✰❊ q❀✿❀✮✾❫ ❧✳❵ ❄✻❃✮✯✰✵ ✻❃❂ r✳❃ ❄✻✵❴✰✵✸ ♠✻✽❊ s✳❀❃✰❂
✮✯✰ ❣✰❈✮❀✳❃ ❀❃ ❳✉❬① ❨✽❃❂✰✵ ❀✮✾ ②✵✾✮ r❀✵✰❈✮✳✵❫ ♣✰❃✵❵ ❞❈③❁✰❃❭ ✻❃❂
❁✻✾ ✺✻✮✰✵ ✮✳ ✺✰✻❂ ❀✮ ❁❀✮✯ ❂❀✾✮❀❃❈✮❀✳❃✸ ♣✻✻✾ ②✵✾✮ ❈✳❃✮✵❀❉✽✮✰❂ ✮✳ ✮✯✰ ❣✰❈-
✮❀✳❃ ❀❃ ❳✉❪④ ✻❃❂ ✯✻❂ ❉✰✰❃ ❀✮✾ ✺✳❃❛✰✾✮⑤✾✮✻❃❂❀❃❛ ❊✰❊❉✰✵✸

❤✵✰❂❀✮ ❊✽✾✮ ❛✳ ✮✳ ♥❀✻❃✺✽❀❛❀ ✹❂✻❊✳✺❀ ✻❃❂ r✰✮✺✰✿ ⑥❀✰❈✯✳❵ ✴✳✵
❈✳✿✰✵❀❃❛ ✻✺✺ ❳⑦ ✰✺✳❃❛✻✮❀✳❃✾❫ ❁✯❀✺✰ ✮✯✰ ✴✳✺✺✳❁❀❃❛ ✳❉✾✰✵✿✰❂ ✮✰❃ ✳✵
❊✳✵✰⑧ ✹❉✰✺❫ ♥❀✽❃✮✳✺❀❫ ♣✰✻✮✯❫ ❞✻❈✾❵❊✳❁❀❈⑨❫ ❞❈q❀❊❫ ❞✰✺❀✺✺✳ ✻❃❂
❣✽✾✾✰❃❉✻❈✯✸ ⑩❉✾✰✵✿✻✮❀✳❃✻✺ ✻❈✮❀✿❀✮❵ ❁✻✾ ✮❵✷❀❈✻✺❫ ❁❀✮✯ ✾✳❊✰ ❁✰✾✮-
✰✵❃ ✰✺✳❃❛✻✮❀✳❃✾ ✺✰✾✾ ❁✰✺✺ ❈✳✿✰✵✰❂✸ r✰❃❀✾ ❄✽✮ ❁✻✾ ✻❁✻✵❂✰❂ ✮✯✰ ✹✾-

❶❷❸❹❺ ❻❼❽❸❾❺❿➀❺❿❾ ➁➂➃❺➄➅❾➆ ➇➈➈➉➋➌❻➉

See continuation on p. 80 for explanatory notes

Name Location Instruments Elongations+

➍➎ ➏➎ ➐➑➒➓ ➔➒→➣➒↔↕➒➙ ➛➜➝➞➞ ➙➒➟➎➠ ➐➡➢➠ ➤➡➏➠ ➥➠
➦➒➓↔➒➧➠ ➨➎ ➦➩↔↔➒➫ ➝➭➯➞➞ ➙➒➟➎ ➲➡➳
➵➸➞➺↔↕➒➸➻ ➼➑↔➧➎➠ ➔➻➽➎ ➾ ➯➚➛➞➞ ➼➏

➏➎ ➾ ➪➎ ➶➸➑➒➙➹➒➓➻➘➴→➣➷➒➓➑➸➣➷➠ ➯➭➜➞➞ ➴➲➬ ➐➡➤
➐➣➮➒➙➞➸➽➽➱ ➏➒➙➞➸➽➧ ➾ ➝➯✃➞➞ ❐➲➢
➴➎ ➐➻➸➣➷→ ❐➧➽→➣ ➼➑↔➧➎➠ ➼↕↔➩➠ ➪➸➺➸➽ ❒➜➜➞➞ ➙➒➟➎ ➏
➏➎ ➐➻➸➞❮➓→➱ ❰➒➙❮➽➸➠ ➥↕➸➓➧ ➯➜➭➞➞ ➼➏➠ All

➯➛➚➞➞ ➴➲➬
➾ ➛➝➚➞➞ ➦➢➬

Ï➎ ➦➎ ➐➻➣❮➣➮➱ ❰→➣↕❮➙→➸➠ ➐➩↔↕➙➸➓→➸ ➯➚➛➞➞ ➼➏ ➥
➪➎ ➐➻➒➓➸➸➙➱ ➐➙➽➷➒➞➠ ➳➒↕➷➒➙➓➸➽➻↔ ➛➝➚➞➞ ➦➢➬ ➐
➔➎ ➐➒➙↕↔➱ ➵➒→↔↕➘❮➺➘➻➒➽ Ï➒➙Ð➠ ➛➚Ñ➞➞ ➦➢➬ ➐➢➲

Ï➒➓Ð→➩➞
➬➎ ➐➮➩↕↔➩➱ ➢➒➑➩➠ ➍➷→➓➓→➺→➽➒↔ ➛➜➝➞➞ ➐➡Ò➠ ➥➴

➾ ➝➚➚➞➞ ➦➢➬
➪➎ ➐➓➑➒➙↕ ➔➸➮➒ ➨❮➙↕➷➠ Ò➔➠ Ó➦➐ ➛✃Ô➞➞ ➦➢➬ ➏
➨➎ ➐➽↕➷❮➽➧ ➵→Ð➷ Ï➙→➻Ð➒➠ ➳➪➠ Ó➦➐ ➯➚➛➞➞ ➙➒➟➎ ➏
➴➎ ➐➙➸ÕÖ❮➱ ×Ø❮➙➸➠ ➍❮➙↕➩Ð➸➓ ➛✃Ô➞➞ ➦➢➬ ➴
❐➎ ➔➎ ➐➙➻→↕↕→➱ ➤➻ÐÙ➸➙➒➠ ➴→➻➻➓➒↔➒➫ ➛➚Ñ➞➞ ❐➲➢ ➐➡➤➠ ➏➔➴

➾ ➝➚➚➞➞ ➦➢➬
➬➎ Ï➸➙➙➧➱ Ï➙❮➮➒➽ ➵→➓➓➠ ➐➩↔↕➙➸➓→➸ Ñ➯➜➞➞ ➙➒➟➎ ➥➪
❐➎ Ï➸↔➒➧ ➳❮➙Ù→➣➷ ➝➚➭➞➞ ➙➒➟➎ ➳
Ú➎ ➴➎ Ï➸➩➞ ➢➷➒↔↕➒➙ ➯➚➛➞➞ ➴➲➬ ➐Ï➤➏
ÛÙ→↕➷ ➪➎ Ï➸➩➞Ü
➏➎ Ï➒➙↕➙➸➽➻➱ ➦↕➎ ➔➸➩➙➒➽↕ ↔➩➙ ➦ÝØ➙➒➠ ➯➯Ñ➞➞ ➙➒➟➎ ➐Ï
   France
➏➎ Ï❮❮↕↔ ➨➸↔➷→➽Ð↕❮➽➠ ➨➎ ➦➩↔↔➒➫ ➛➝➚➞➞ ➦➢➬ ➏
Ú➎ Ï❮↔➞➸➽➱ ➤➽↔➣➷➒➻➒➠ ➵❮➓➓➸➽➻ ➛✃Ô➞➞ ➦➢➬ ➐➡➢
➪➎ Ï❮➩➻➙➒➸➩➱ ➦➸➩Ð➩↔➠ ➴➐➠ Ó➦➐ ➛✃Ô➞➞ ➦➢➬ ➏➡➥➠ ➲➴
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Figure 2. Ò❮➩➙➘➻➸➧ Ó❰ ➞➸➺↔ Ù→↕➷ ➺➓➸➽➒↕❮➣➒➽↕➙→➣ ➓➸↕→↕➩➻➒↔ ➸➽➻ ➦➧↔↕➒➞ ➥➥ WinJ-
UPOS ➓❮➽Ð→↕➩➻➒↔➠âã ➻➩➙→➽Ð ➛➜➜✃➤ ➑➧ ❐➎ ➏➸↔➺➸➙➙→ Û➛➝➚➞➞ ➦➢➬ ➾ ➦➬✃➘ä➴➤
➣➸➞➒➙➸ Ù→↕➷ Ï➸➸➻➒➙ Ó❰ ➾ ➦➣➷❮↕↕ Ï➏Ñ➭ å➓↕➒➙↔Ü ➸➽➻ ➍➎ Ú➎ ➔➸àà➸➙❮↕↕→ Û➝➯➚➞➞
➙➒➟➎ Ù→↕➷ ➔Ó➛➘➯➴ ➣➸➞➒➙➸ ➾ Ï➸➸➻➒➙ Ó❰ å➓↕➒➙Üá ➻➩➙→➽Ð ➛➜➯➯➨ ➑➧ ❐➎➍➩↕ Û➛➝➚➞➞
➦➢➬Ù→↕➷ ❐➴➲➛➯➐Ó ➣➸➞➒➙➸ ➾➐↔↕➙❮➻❮➽ Ó❰ å➓↕➒➙Ü➎ ➬➷➒ ➦➧↔↕➒➞ ➥➥ ➒➺➷➒➞➒➙→↔ →↔
↔➓→Ð➷↕➓➧ →➞➺➒➙➹➒➣↕➠ ➸↔ ➒➫➺➓➸→➽➒➻ →➽ ↕➷➒ ↕➒➫↕➎
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Figure 3. ÐìÚ➻Ôí➷➻Õ➺ ßîÕ➻Ô ÛÕ➹î➻ ï➱➷ßÕ➚➹Ú ➲➳➳➼ ➮➷➱æ➽➾➚ð ➼➵íí ➸Ø× ñ➘➲➳ êò➾➻
➬➘➳íí óô Ñ➷ÚÚàð ñ➲➵✃ Ý❮➱ ➶Ó➱ ➲➪ ➷➚ï ➘➳➲íí ➸Øð ñ➘➲➳ð ñ➘➵➳ Ý❮➱ ➮➷ì ➲➬æ➲➪
õ ➽➾➚ ➘æ➘➲ëà öîÔ ❮òÚÔ➱❰Ô➱ ß➷Ú ➷ß➷ì Ý➱❮í î❮íÔ➶Ó➱ ❐æ➘➼à ó➱➷ßÕ➚➹Ú Úî❮ß ïÔ➺Õ-
í➷Û ï➷➻Ôð ➷➱➱➷➚➹Ôï Õ➚ Ý❮➾➱÷ï➷ì ÚÔø➾Ô➚➺ÔÚà R. J. McKim

Figure 4. Üí➷➹Ô Ó➷Õ➱Ú ➻➷ùÔ➚ ßÕ➻î➶Ú➻➱❮ï❮➚ úû ê❐✃➳➚íë õ öî❮➱Û➷òÚ Üü ê➘➳➳➳➚íë
ýÛ➻Ô➱Úð ➲➳➘➼ ➸➺➻ ➬æ❐➳à ➬➳➵íí ➱Ôþà õ ÿ❮Õ➚➻ Ø➱Ôì �✁✂✄÷ÿØÙ÷❐➘Ð➬➮÷Ñ ➺➷íÔ➱➷à
öÕíÔÚ Õ➚ úöà A. Wesley
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②r✽■ ✳✸ ❿■✽✻▲ ✺✸✯ ✳✿✷ ✹✮✳✮ ✲❀ ❤✐✷❄✳✲✸❀q✽ ➀✮✳✲✳✐✹✷❄ ✮✯✷ ❅✲❖✷❀ ✳✸ ✳✿✷

❀✷✮✯✷❄✳ ✹✷❅✯✷✷✽

➁✮✯✹✮❄✲❄◆ ➁✲✹✹◆ ➂✷❂❂✲✷✯◆ ➃✐❄❄✷❀✰✮❋✿ ✮❀✹ ❷✷❄❂✷✴ ✮❂❄✸ ❈✮✹✷ ✲❈-

✵✯✷❄❄✲❖✷ ➄❸❹ ❦❂✷❄ ✺✯✸❈ ❄✸❈✷ ✸✺ ✳✿✷✲✯ ✸❁❀ ❉❊ ✸✯ ❸➅ ❁✸✯❧◆ ✰✐✳ ✳✿✷

✳✲❈✷❄❋✮❂✷❄ ❁✷✯✷ ✳✸✸ ❄✿✸✯✳ ✺✸✯ ✐❄✷✺✐❂ ❈✷✮❄✐✯✷❈✷❀✳✽

2007 E. Elongation

❍✿✷✯✷ ❁✷✯✷ ❈✮❀✴ ❋✸❀✳✯✲✰✐✳✸✯❄◆ ❂✷✮✹✲❀❅ ✳✸ ❄✷❖✷✯✮❂ ❈✮✳❋✿✷❄ ❥❹✲❅✐✯✷

⑩q◆ ✳✿✸✐❅✿ ✿✲❅✿✷✯ ✯✷❄✸❂✐✳✲✸❀ ❁✮❄ ❈✸✯✷ ❅✷❀✷✯✮❂❂✴ ✮❋✿✲✷❖✷✹ ✲❀ ❂✮✳✷✯

✷❂✸❀❅✮✳✲✸❀❄✽ ❷✷ ❤✐✸✳✷ ✳✿✷ ❂✸❁✷✯ ❂✲❈✲✳ ✺✸✯ ✳✿✷ ✵✯✸✰✮✰❂✷ ✷✯✯✸✯ ✲❀ ❖✷-

❂✸❋✲✳✴➆ ✳✿✷ ✵✯✸✰✮✰❂✷ ✺✯✮❋✳✲✸❀✮❂ ✷✯✯✸✯ ✲❀ ✵✷✯✲✸✹ ✲❄ ✳✿✷ ❄✮❈✷✽

➇➈➉➋➌ ➍➎➏➉➐➌➑➒➌➑➐ ➓➔→➌➣↔➐↕ ➙➛➛➜➝➞➍➜ (Cont'd)

See continuation on p. 80 for explanatory notes

Name Location Instruments Elongations+

➟➠ ➡➢➤➥➦➧➨➢ ➟➧➥➦➩➫➭➦➢➥➢ ➯➩➲➳➩➵ ➸➺➳➳ ➻➡➵ ➼➽➾➵ ➚➽➪
   ➶➦➭➨➹ ➘➴➷➳➳ ➟➬➯

➮ ➴➺➱➳➳ ✃❐➯
❒➠ ❮➠ ➡➲➭❰➭➳ Ï➢➫❰➳➧➥Ð➵ ➪➠ Ñ➧➲ÒÓ➠ ➘Ô➴➳➳➻➡ ➼➾➡➟➪

➮ ➴➱➺➳➳➟➬➯
❒➠ ➡➲➭➹ ➬➢➲Ò ➟➩➲➲➢➥Õ➦➧➥➵ Ö➘Ô➳➳❒➬❐ ➼➽❐➵ ×ØÙ➬➟

❐➧➠ ❒➤➲❰➭➳
Ú➠ ➯➠ ➡➲➩Õ➧ ✃➦➠ ❒➩➥➥➢Ó➵ ❐➧➲➥Û➭➨➨ ➴➺➱➳➳ ✃❐➯ ➚➡

➮ ➱➺Ô➳➳ ➲➩Ü➠
➟➠ ➡➲➢Ý➦❰ÓÞ ➾➲➢ÐÕ➩➥Ð➵ ➟➢Ð ➡➨➭➳➠ ➘➺➺➳➳➻➡ ❐
ß➠Ø➠ Ø➭➭Ó ❮➭Ó ❐➲➤➫➩Ó➵ ➪➟➵ à✃➼ ➴➺➱➳➳ ➲➩Ü➠ ➼❐
➾➠ Ø➭➨➨ÓÞ ❮➭➥➫➢➥Õ➵ ß➩Ó➦ ✃➤ÓÓ➩á ➘Ô➴➳➳➻➡ ➡➶
➶➠ Ø➭➥➫➧➫ÒÞ ❐➭➥➦➩➲â➤➲➹➵ ➬➩➥➦ ➴➴➴➳➳ ➲➩Ü➠ ➼➽❐

➮ ➴ÔÖ➳➳ ✃❐➯
➼➠ß➠ Ø➩➭➦❰ ❮➧➥Õ ➚➭➦➧➥➵ ➪➧➦➦Ó➠ ➷ã➳➳➻➡➵ ➼➽➚➵ ➡➽➶➵ ➬➟

➴➺➱➳➳➟➬➯
➮ ➴ÔÖ➳➳ ➲➩Ü➠

➟➠ Ø➩ää➨➩Û➧➧Ð ➾➤➲➥➨➩➹➵ ❮➭➥➫Ó➠ ➘➺➺➳➳➻➡ ➟
Ï➠ Ø➢➨➨Þ ➯➤➫Ó➧➥➵➼å➵ à✃➼ ➴➺➱➟➬➯ ➚➡➶➬➟

➮ ➱ÔÔ➳➳ ✃❐➯
❒➠➼➠ Ø➧➨➦ ➾➤➥➦➢➥Õæ➧➲Ð➵ Ø➩➲➦Ó➠ ➱Ô➺➳➳ ➲➩Ü➠ ➾❐
❐➠ Ù➠ Ø➧➧Ò➩➲ ❒➢Ð➫➧➦➵ ➻á➧➥➠ ➴➺➱➳➳➟➬➯ ➼➾
Ï➠ Ø➤➳ç❰➲➩➹ ➾➲➢Ó➦➧➨ è➺➳➳➟➬➯ ➼➾
➯➠ ➶Ò➩➳➤➲➭Þ ➪➭Õ➧➹➭➵ Ù➭ç➭➥ ➱➘➺➳➳ ➼❐➚➵ ➡➽Ù

➮ ➱➸➺➳➳ ➲➩ÜÓ➠
ß➠ Ù➭➩Ó➫❰Ò➩Þ ß➩Ó➦ ❐❰➩Ó➦➩➲➵ Ú➼➵ à✃➼ ➴Ôã➳➳ ✃❐➯ ➚➡➬
➪➠ ❒➠ Ù➭➳➩ÓÞ ❐❰➩➨➳Óæ➧➲Ð➵ ➚ÓÓ➩á ➴➷è➳➳ ✃❐➯ ➼➟
✃➠ Ù➧❰➥Ó➧➥ Ú➨➹➳➧➤➦❰➵ ❒➩é➧➥ ãã➳➳➻➡ ➼➽❐➵ ➚➽➡

➮ ➴ÔÖ➳➳ ➲➩Ü➠
Ï➠ß➠ Ù➧❰➥Ó➧➥Þ ➚Û➩➨➨➵ ✃➤➲➲➩➹ ➴➷è➳➳ ➚➡❮➟

➮ ➱➺Ô➳➳ ✃❐➯
➡➠ ×➠ Ù➧❰➥Ó➦➧➥➩Þ ➾➢➲Ð➢➥Õâ➤➲➹➵ ß➭➲Û➢➫ÒÓ➠ è➺➳➳➟➬➯ ➼➽❐➵ ➡Ø➬➟

➮ ➴➺➱➳➳ ✃❐➯
➟➠ ➬➭➲Ð➭Ó➢ÓÞ ➼➦❰➩➥Ó➵ ➡➲➩➩➫➩ ➴➷è➳➳ ➡➽➶➵ ➬➟

➮ ➱ÔÔ➳➳ ✃❐➯
➼➠ ✃➠ ➬➢ÐÐÞ ❐➧➦➦➩➲➩Ð➵ Ø➩➲➦Ó➠ ➱ÔÔ➳➳ ✃❐➯ ➬➪
➟➠ ➬➢➨➥➩➲Þ ➾➲➧➭ÐÓ➦➭➢➲Ó➵ ➬➩➥➦ ➘➺➴➳➳➻➡ ➼
➾➠➼➠ ➬➢➥ÕÓ➨➩➹ ➟➭➢Ð➩➥❰➩➭Ð➵ ➾➩➲ÒÓ➠ ➘➺➺➳➳➻➡ ➼➽❐

➮ ➴➷è➳➳ ✃❐➯
ß➠ ➬➢é➢➦ÓÞ ✃➢➩â➩➥Õ➩Û➭➨Ð➵ Ø➧➨➨➭➥Ð ➱ÔÔ➳➳ ✃❐➯ ➼➽Ø
✃➠ ➬➧Û➧➨➨➢ÒÞ ❮➤ÐÛ➢ÕÓâ➤➲Õ➵ ➡➩➲➳➭➥➹ ➴➺➱➳➳ ➲➩Ü➠ ➼❐

å➧➨➨➩➲➥ê➼➨â ➻âÓ➹➠➵ ➮ ➸➺➺➳➳ ➲➩Ü➠
➡➩➲➳➭➥➹

➡➠ ❮➭➳ç➩➲➦ ❒➧➲➥â➢➲➥➵ ➼➤Ó➦➲➢➭ ➘➘➺➳➳ ➡
✃➫❰➢➩æÓç➢➩Õ➨➩➲

Ú➠ Ï➠ ❮➭Û➲➩➥➫➩ ✃➩➨Ó➩➹➵ ß➠ ✃➤ÓÓ➩á ➱ÔÔ➳➳ ✃❐➯ ➾➡➬❮
➮ ➘➺➴➳➳➻➡

Ú➠ Ï➠ ❮➭ää➭➲➧➦➦➢Þ ➟➭ÓÓ➭➵ ➶➦➭➨➹ ➱➘Ô➳➳ ➲➩Ü➠ ➼➾❒
ëÛ➢➦❰ Ú➠ ➻➲➩➫➫❰➢➩➨➨➭ì
ß➠ Ù➠ ✃❰➩Ý➩➨Ð ➸➺➳➳ ➼➽❒➵ ➡➵ ➬➽➪
❮➩➭➦❰➩➲â➭➲➲➧ÛÞ ➮ ➘➴➷➳➳➻➡Óí

➴➱Ô➳➳ ✃❐➯
➮ ➱➺Ô➳➳➟➬➯

➟➠ Ï➠ ❮➩Û➢ÓÞ ✃➦➠➼➨â➭➥Ó ➴➴➴➳➳➮ ➡➬➟
ÖÖÖ➳➳ ➲➩ÜÓ➠

Øê➡➠ ❮➢➥Ðâ➩➲ÕÞ ✃Ò➤➨➦➭➥➭➵ ✃Û➩Ð➩➥ ➴ÔÖ➳➳ ✃➪➯ ➼➵ ➡➽➬
➮ ➘➸➺➳➳➟➬➯

➚➠ ❮➧➳➩➨➢Þ ✃➭➫➲➭➳➩➥➦➧➵ ❐➼➵ à✃➼ ➴➱Ô➳➳ ✃❐➯ ➼➾
➪➠ ❮➧➥ÕÓ❰➭Û ➻➨Ð❰➭➳➵ ❮➭➥➫Ó➠ ➷➸➳➳➻➡➵ ➼➽❐

è➺➳➳
➮ ➘➴Ô➳➳➟➬➯

Ú➠ ❮➹➧➥ ➾➢➲➳➢➥Õ❰➭➳ ➴➺➱➳➳ ✃❐➯ ➼
❮➠ ➯➠ ➟➭➫Ð➧➥➭➨Ð ➪➩Ûâ➤➲➹➵ ➾➩➲ÒÓ➠ ➴➴➴➳➳ ➲➩Ü➠
❒➠ ➟➫❐➲➭➫Ò➩➥Þ ✃Ò➩➨➨➢➥Õ➦❰➧➲ç➩➵ ❮➢➥➫Ó➠ ❒➢Õ➢➦➭➨ ➫➭➳➩➲➭ ➬
Ï➠ Ù➠ ➟➫➬➢➳ ➻➤➥Ð➨➩ ➭➥Ð àçç➩➲ ➷ã ➮ ➘➺➴➳➳➻➡Óí ➼➽❐➵ ➚➽➡➵

➾➩➥➩î➩➨Ð➵ ➪➧➲➦❰➭➥➦Ó➠ Ö➘➺➳➳❒➬❐ ➶➽➬➵ ➟
➟➥➢➫❰➧é➧ Ø➭➲➭Ð➢Ó➦➩➵
❐ä➩➫❰ Ï➩ç➤â➨➢➫ ➷➺➳➳➻➡

✃➠ ➟➭ÒÓ➹➳➧Û➢➫ä ➚➫ï➤➩é➢➨➨➹➵ ×➲➭➥➫➩ ➘➺➺➳➳➻➡ ❐➽➪
➮ ➴ÔÖ➳➳❐➭ÓÓ➠

(Continued)
Figure 5. ➯❰➩ é➭➲➢➭➦➢➧➥ ➢➥ ➳➭➲Ò➢➥ÕÓ ➢Ó Ó❰➧Û➥ ➭➦ Ð➢ð➩➲➩➥➦ Û➭é➩➨➩➥Õ➦❰Ó Û➢➦❰➢➥ ➦❰➩
➶Ï ➲➩Õ➢➧➥➵ ➴➺➘➺ ➼ç➲ ➘➠ G. & J.Ackermann
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Date Latitude Angular Period  Velocity
(2007) (°) motion (°) (h) (m/s)
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2009 W. Elongation

❉❊❋●❍■ ❋❑❊▲❍◆ ❖P● ◗❘❙ ❯❲❳ ❨P▲❍❨❩❍● ❬❋❨❩ ❭❭ P❨❩❍●◆❳ ❬❍●❍ ❖P❘❪■

❫❴ ❵❋❛❋❨◆ ❖●P❑ P❪❙❋❪❍ ◆❍❊●❜❩❍◆ ❊❪■ ❑❊■❍ ❋❪❨P ❊❪❋❑❊❨❍■ ❝❞❢

❣❙❍◆ ❫❴ ❩❋❑❤ ✐P❬❍❛❍●❳ P❪❙❴ P❪❍ ❥❊❋● ❦❢❋▲❘●❍ ❧♠ ❬❊◆ ◆❘❋❨❊❫❙❍ ❖P●

❑❍❊◆❘●❍❑❍❪❨❤

Date Latitude Angular Period  Velocity
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Date Latitude Angular Period  Velocity
(2010) (°) motion (°) (h) (m/s)
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Date Latitude Angular Period  Velocity
(2012) (°) motion (°) (h) (m/s)
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2015 W. Elongation
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Date Latitude Angular Period Velocity
(2015) (°) motion (°) (h) (m/s)
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Figure 6. ➈➉✮➋③ ✽✮➌✯➍ ➎⑥✯ ✮➏➉⑥➍✽➐③✯➌➑ ⑦③♥⑥➑➌➏❂ ➒③➏③✯➉➌❈✮➏➌⑥❈➍➓ ✮➏ ✳✸✸❁➔➓
✳✸✸✷→ ➣ ✳✸✰✵→✴ ↔➌♥➏③✯ ➉✮↕➌➉❅➉ ➏✯✮❈➍➉➌➍➍➌⑥❈➍ ✮❈➒ ➙✮❈➒➛➌➒➏➐ ➐✮♥➎➜➉✮↕➌➉❅➉
➝➞→➟✭➠➡ ➞✮✮➒③✯ ➢➤➓ ✿✵✸❈➉ ➣ ✹✸❈➉➓ ②➑➐❅♥③✯➥✻➍➏✯⑥➒⑥❈➓ ✿✹✵❈➉ ➣ ✹✸❈➉ ✮❈➒
➈➦✻②➥➟❅➏③➑➐➓ ✿✿✵❈➉ ➣ ❁✸❈➉✴
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Latitude No. of Mean period Mean velocity
range (°) features (h)        (m/s)
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✮✯✰✻✮ ✳❂✯✵❋✲ ✻❀✮ ❃✷✯❋✵❋✲✾ ✯✮✰✹❀✵❋✲ ✰ ❃✰♥✵❃❂❃ ❈✮✺✷✹✵✻❉ ✰❁✻✮✯ ✸❂❅-

✸✷✺✰✯ ❃✮✯✵✳✵✰❋ ✴✰✸✸✰✲✮❍ ♣❂✯ ✳✰✻✰ ❊✺✰✻✵✻❂✳✮✸ ❖ ✻✷ q▲❖P● ❁✷✯ ✻❀✮ r❍

✮✺✷❋✲✰✻✵✷❋✸ ❊s✮❋❂✸✵✰❋ ❃✷✯❋✵❋✲● ✰❈✮✯✰✲✮✳ ❑❯❣❃❘✸, ✿❀✮✯✮✰✸ ✻❀✷✸✮

❁✷✯ ✻❀✮ ✉❍ ✮✺✷❋✲✰✻✵✷❋✸ ❊s✮❋❂✸✵✰❋ ✰❁✻✮✯❋✷✷❋● ✰❈✮✯✰✲✮✳ ❑▲▲❣❃❘✸✾
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❋✷✯✻❀✮✯❋ ✷✯ ✸✷❂✻❀✮✯❋ ✺✰✻✵✻❂✳✮❍

✈❂✯✴✯✵✸✵❋✲✺❉✾ ✻❀✮✯✮ ✿✮✯✮ ✹✷❋✸✵✳✮✯✰❅✺✮ ✳✵①✮✯✮❋✹✮✸ ✵❋ ✻❀✮ ✻✵❃✮ ✵❋-

terval between Mariner 10 and Pioneer Venus② ✵❋ ✴✰✯✻✵✹❂✺✰✯✾ ✰ ❀✵✲❀

✺✰✻✵✻❂✳✮ ❁✰✸✻ ✹❂✯✯✮❋✻ ✿✰✸ ✸✮✮❋ ❅❉ Mariner 10 ❊✸✮✮ ③✵✲❂✯✮ ❣●❍✐④ How-

✮❈✮✯✾ ❅✷✻❀ ✯✮✸❂✺✻✸ ✸❀✷✿✮✳ ✰ ❀✮❃✵✸✴❀✮✯✵✹✰✺ ✵❋✮❄❂✰✺✵✻❉✾ ✿✵✻❀ ✻❀✮ ✺✷❋-

✲✮✸✻ ✴✮✯✵✷✳✸ ❁✷❂❋✳ ✵❋ ✻❀✮ ❋✷✯✻❀❍ ⑤✵❃✰❉✮ ❀✰✸ ✯✮❈✵✮✿✮✳ ✺✰✻✮✯ ✳✰✻✰ ❂✴ ✻✷

⑥❖❖❣❍⑦⑧ ✈✰❋✹❀✮⑨⑩⑤✰❈✮✲✰ et al❍ ❊⑥❖▲❶● ✯✮✴✷✯✻ ✯✮✹✮❋✻ ✲✯✷❂❋✳⑩❅✰✸✮✳ ✯✮-

✸❂✺✻✸ ✵❋✹✺❂✳✵❋✲ ✻❀✷✸✮ ❁✯✷❃ ✻❀✮ Galileo and VEX ✵❋✸✻✯❂❃✮❋✻✸✾ ❂✴ ✻✷ ✻❀✮

Akatsuki ❃✵✸✸✵✷❋❍✐❷ ③✵✲❂✯✮ ❣ ❃✰❉ ❅✮ ✹✷❃✴✰✯✮✳ ✿✵✻❀ ✻❀✮✸✮❍ ✈✰❋✹❀✮⑨⑩

⑤✰❈✮✲✰ et al❍ ✷❅✻✰✵❋✮✳ ✸✵❃✵✺✰✯ ✯✮✸❂✺✻✸ ✻✷ ❂✸ ✵❋ ✸❀✷✿✵❋✲ ❊✰✲✰✵❋✾ ✳✮✸✴✵✻✮

✺✰✯✲✮ ✸✹✰✻✻✮✯● ✰ ✯✮✳❂✹✻✵✷❋ ✵❋✿✵❋✳ ❈✮✺✷✹✵✻❉ ✰✿✰❉ ❁✯✷❃ ✻❀✮ ✮❄❂✰✻✷✯❍VEX 

✳✰✻✰ ❊✰✹❄❂✵✯✮✳ ❁✯✷❃ ✵✻✸ s❸❹ ✰❋✳ s❺❻❦❺✈ ✵❋✸✻✯❂❃✮❋✻✸● ✿✮✯✮ ✵❋ ✲✮❋-

✮✯✰✺ ✰✹✹✷✯✳❍⑦❼❽⑦✐ ❺❋ ✷❂✯ ✷✿❋ ✸✻❂✳❉✾ ✿✮ ❂❋❁✷✯✻❂❋✰✻✮✺❉ ✹✷❂✺✳ ❋✷✻ ❁✷✺✺✷✿

✰❋❉ ❁✮✰✻❂✯✮✸ ✷❁ ❈✮✯❉ ❀✵✲❀ ✺✰✻✵✻❂✳✮❍

✈✰❋✹❀✮⑨⑩⑤✰❈✮✲✰ et al❍ ✹✷❃❃✮❋✻✮✳ ✻❀✰✻ ✻❀✮ ❃✷✯❋✵❋✲ ✹✺✷❂✳✸ ✸✮✮❋

✳❂✯✵❋✲ ⑥❖▲❤r ✸❀✷✿✮✳ ✹✷❋✸✵✳✮✯✰❅✺❉ ✺✮✸✸ ✻❂✯❅❂✺✮❋✹✮ ✻❀✰❋ ✻❀✮ ✰❁✻✮✯-

❋✷✷❋ ❃✰✯❾✵❋✲✸ ✳❂✯✵❋✲ ⑥❖▲❤✉❍✐❷ ❺❋✳✮✮✳✾ ✻❀✵✸ ✵✸ ✲✮❋✮✯✰✺✺❉ ✻❀✮ ✹✰✸✮

✵❋ ✹✷❃✴✰✯✵❋✲ ✉❍ ✰❋✳ r❍ ✮✺✷❋✲✰✻✵✷❋✸❍

❿➀➁➂➃➂➄➅ ➃➀➅ ➀➄➃➂➆➇➀➁➂➃➂➄➅ ➈➉➋➄➂➌➃➍➇➈➀➋ ➈➁ ➍➎➄

➋➏➀➐➇➍ ➅➇➋➑

❸✷✸✻ ✵❋❁✯✰✯✮✳ ✷❅✸✮✯❈✰✻✵✷❋✸ ✿✮✯✮ ✵❋ ✻❀✮ ▲⑩❃✵✹✯✷❋ ❊➒❃● ✿✵❋✳✷✿❍

❺❋ ✻❀✮ ❺❻✾ ✻❀✮ ✹❂✸✴✸ ✰✯✮ ✲✮❋✮✯✰✺✺❉ ✳❂✺✺ ✰❋✳ ❋✮❈✮✯ ❅✯✵✲❀✻✮✯ ✻❀✰❋ ✻❀✮

✳✵✸❾ ✹✮❋✻✯✮➓ ✸✴✮✹✵➔✹ ❅✯✵✲❀✻ ❁✮✰✻❂✯✮✸ ✰✯✮ ✯✰✯✮❍ ■ ➔❋✮✾ ✯✮✻✵✹❂✺✰✯ ✴✰✻-

✻✮✯❋ ✸✷❃✮✻✵❃✮✸ ✰✴✴✮✰✯✸ ✰✻ ❈✮✯❉ ❀✵✲❀ ✯✮✸✷✺❂✻✵✷❋✾ ❋✷✻ ✹✷❋✳❂✹✵❈✮ ✻✷

❃✮✰✸❂✯✵❋✲ ✻❀✮ ✯✷✻✰✻✵✷❋ ✯✰✻✮❍ ❙✷❋✮✻❀✮✺✮✸✸✾ ❁✷✯ ⑥❖❖✽r ✿✮ ✳✮✳❂✹✮✳

✰ ✻✮❋✻✰✻✵❈✮ ✴✮✯✵✷✳ ✷❁ →❂✸✻ ❂❋✳✮✯ ➔❈✮ ✳✰❉✸ ❁✷✯ ✮❄❂✰✻✷✯✵✰✺ ❅✯✵✲❀✻

✴✰✻✹❀✮✸❍✐ ③✰✵❋✻✾ ❋✮✰✯⑩❀✷✯✵⑨✷❋✻✰✺ ❅✰❋✳✵❋✲ ✹❀✰✯✰✹✻✮✯✵✸✮✸ ❃✰❋❉ ❺❻

✰❋✳ ❋✮✰✯⑩❺❻ ✵❃✰✲✮✸➓ ❄❂✵✻✮ ✳✵①✮✯✮❋✻ ❁✯✷❃ ✻❀✮ ✹❀✮❈✯✷❋⑩✸❀✰✴✮✳ ✳✰✯❾

✰✯✮✰✸ ✵❃✰✲✮✳ ✵❋ ✻❀✮ ➣s❍ ✈✷❃✮ ✷❁ ✻❀✮ ❀✵✲❀✮✯ ✯✮✸✷✺❂✻✵✷❋ ✯✮✳ ✵❃✰✲✮✸

✰✯✮ ✸❀✷✿❋ ✵❋ ③✵✲❂✯✮ ▲❊❢●❍

↔↕➙➛➜ ➝➞➟➙➠➜➡➢➜➡➠ ➤➥➦➜➧➨➠➩ ➫➭➭➯➲➳➝➯ (Cont'd)

See continuation on p. 80 for explanatory notes

Name Location Instruments Elongations+

➵➸ ➵➸ ➺➻➼➼➽➾➚ ➪➽➶➹➽➾ ➘➻➾➴ ❫❭❳➷➷ ➬➮
➱✃➽➽❐➼❒➻❐❮➴❰✃➼❩➶➻❒Ï➻ Ð ❛❪❭➷➷ ➶➽Ñ➸

➺➸➺➻❩❩➽Ï➚ ÒÏ❩❩❒➽❩❬❐➴ ➺❰➴ Ó➵❰ ❛❭❭➷➷ ➵ÔÕ ➪
Ö➸×➸➺➻Ø➼❬❐➚ ➵✃➶Ù➶Ï➼➽➴❰Ú➴ Ó➵❰ ❫❭❳➷➷ ❰❲Û➴ ÜÒ➺

Ð ❛❭❭➷➷ ➵ÔÕ
Ý➸ Þ➸ ➺➽❒Ï❒❒❬➚ ➪❬❒❩➼➹Ï❒❒➽➴ ß➽àá❬➶â➴ ❫❪❛➷➷ ❰❲Û➴ ã❲ß

Ó➵❰ Ð ❫❭❳➷➷ ➵ÔÕ
Ô➸➺➽➶➽❮Ï❩ä➚ Ö➶➽➼❩àÏåä➴ ➺➻❐åä➽➼❩➽➶ ❫❪❛➷➷ ➵ÔÕ ❰Û

Ð ❫❨❞➷➷ ➶➽Ñ➸
Ö➸ ➺Ï❒➽➼➚ æ✃ç➾➹➻❒➽➴ ➱✃➽➽❐➼❒➻❐❮➴ ❭❪❵➷➷ ➶➽Ñ➸ ➺ß

❰✃➼❩➶➻❒Ï➻
➺➸ Ö➸➺❬çç➽➶❒➽➾➚ ➘✃➶➾ ➵❩➸ Û❮➷❬❐❮➼➴ ❫❳❭➷➷ ➶➽Ñ➸ ❰

➵✃è❬❒â
➬➸ ➺➸➺❬❬➶➽➚ Öä❬➽❐ÏØ➴ ❰➶Ïé❬❐➻➴ Ó➵❰ ❛❞❫➷➷Ô➻➼➼➸ ❰
Û➸ ➺❬➶➻❒➽➼ æÏ➹➽➶➻➚ ❰ê✃➻❮Ï❒❒➻➴ Ö✃➽➶❩❬ æÏå❬ ❛❨❪➷➷ ➵ÔÕ ã
➺➸➺❬➶Ï❐Ï➚ ➺Ï❒➻❐➴ ➮❩➻❒➾ ❫❜❴➷➷ ➵ÔÕ ➪
Ò➸➺❬➶➶❬❐➽➚ ❰ê➽➶❬❒➻➴ ➮❩➻❒➾ ❫❜❴➷➷ ➵ÔÕ ➺
➺➸ßÏåä❬❒❒➼➚ ➵ä➽ë➽❒❮ ❨❵❪➷➷➺ÜÕ ➺
➬➸ ßÏ➽åä❬➾ ãì❩❩Ï❐ê➽❐➴ ã➽➶➷➻❐➾ ❫❪❛➷➷ ➵ÔÕ All
Õ➸ í❒Ï➹➽❩❩Ï➚ ➘➻❐êâ❬â➴ Õä➻Ï❒➻❐❮ ❳❨❪➷➷➬ÜÔ ❰➘ÛÞÜÒ➺

Ð ➵❬Ï➻❐❬ ❮➽❒ Ò➻ê❬➴ ➮❩➻❒➾
æ➸ Ö➻❒ê➶➻➹➽➚ ß➽àå➻➼❩❒➽ ✃Ù❬❐ Õ➾❐➽ ❛❭❭➷➷ ➵ÔÕ ➺
æ➸×➸ Ö➻❐❩ä➽➶ ×➻❒ê➶➻➹➽➴ ß❬➶❩ä➻❐❩➼➸ ❵❪➷➷ Ô➬➴ Ý❲➪➴ Þ

Ð ❴❪ ➷➷íã➼
➬➸ Ô➸ Ö➻➶â➽➶➚ ➺Ï➻➷Ï➴ ÝÒ➴ Ó➵❰ ❫❭❳➷➷➬ÜÔ ❰Ô➬ã
Ö➸×➸ Ö➻➶Ï➼ä æ➻Ï❐ä➻➷➴ Ü➽❐❩ ❨❪î❭❪ çÏ❐❬➼➸ ➪
❰➸ Þ➸ Ö➻❩➽➶➼❬❐➚ Ý➻➶➽ä➻➷➴ ➪➻❐❩➼➸ ❫❪❛➷➷ ➵ÔÕ ❰
➬➸❰➸ Ö➽➻åä➚ ➵➽❒➼➽➾➴×➸ ➵✃➼➼➽Ø ❫❛❭➷➷ ❰ÔÛã➪Üß

Ð ❛❭❭➷➷ ➵ÔÕ
ÖÏå ❮✃➺Ï❮Ï íç➼➾➸➴ ❨➸❪❞➷ Ô➻➼➼➸

   France 
Ô➸ Ö➽❒❒Ï➽➶➚ ➘➶✃é Ð Ö➻➶Ï➼➴ Ý➶➻❐å➽ ❫❭❳➷➷Ô➻➼➼➸ ❰Ô➴ ã❲➮➴ Ü➺

Ð ❫❭❪➷➷ã➶➽ê❬➶Ï➻❐
❰➼❩➶❬ï✃➽➶➾➻➼ íç➼➸➴ Ý➶➻❐å➽ ❞❫❪➷➷Ô➻➼➼➸

➮➸ ➵➸ Öä➽❒Ù➼ ×➻➶➶Ï❐ê❩❬❐➴ Ôä➽➼äÏ➶➽ ❫❨❞➷➷ ➶➽Ñ➸ ❰Ô
ß➸ ÖäÏ❒❒ÏÙ➼➚ Ô➶➻➾ð❬➶❮➴ Ü➽❐❩ ❨❜❵➷➷➺ÜÕ ❰
➺➸ Ö❬➶❩➽➶➚ Ö➽❩❩➼ ×❬❬❮➴ Ü➽❐❩ ❨❜❵➷➷➺Üß ❰
ÞñÞ➸ Ö❬✃Ù➽➻✃➚ Ö➽åï✃➽✃➼➽➴ Ý➶➻❐å➽ ❛❭❭➷➷Ô➻➼➼➸ Ô❲➪➴ Ò➺
æ➸ Þ➸ Ö➶➽❩❩➾➷➻❐➚ í➻❮ç➾➴ Ò➽Ïå➼➸ ❫❛❭➷➷ ➵ÔÕ ❰
ÞñÖ➸ Ö➶❬➼❩➚ ò➻❒ç❬❐❐➽➴ Ý➶➻❐å➽ ❫❨❫➷➷Ô➻➼➼➸ ❰
➬➸ Ö✃❩➚ ➘➶Ï➽❒❒➽➴ ß➽❩ä➽➶❒➻❐❮➼ ❫❪❛➷➷ ➶➽Ñ➸ ❰ÛÝ

Ð ❫❛❭➷➷ ➵ÔÕ
➺➸ æ➻❮Ïå➽➚ ➵➻❒Ï➼ç✃➶➾➴×Ï❒❩➼➸ ❫❜❴➷➷ ➵ÔÕ ➺
❰➸ æ❬ç➽➶❩➼❬❐ ➘➶❬❬➷➽➴ ß❬➶ð❬❒â ❫❪❛➷➷➺Üß Ý
❰➸ ➪➸ æ❬çÏ❐➼❬❐➚ ➬➻à❒Ï➼ä➴ ➬➽➹❬❐ ❫❜❴➷➷ ➵ÔÕ Ô
➺➸ ➵➻❒à➻➾➚ Ô➽❐❩➶➻❒ Ô❬➻➼❩➴ ß➵×➴ ❛❪❭ ➷➷ ➶➽Ñ➸ ❰❲➬

❰✃➼❩➶➻❒Ï➻
➬➸ ➵å➻❐❒➻❐➚ æ❬➷➼➽➾➴ ➪➻❐❩➼➸ ❫❪❛➷➷ ➵ÔÕ Ü
ã➸ Þ➸ ➵åä➽è➽➶➚ ➺➻❒❮➽❐➴ ß➽❩ä➽➶❒➻❐❮➼ ❫❪❪➷➷ ➺ÜÕ Ô
æ➸ ×➸ ➵åä➷✃❮➽ ➘➻➶❐➽➼➹Ï❒❒➽ ã❰➴ Ó➵❰ ❨❛❪➷➷ íã ❰ã
æ➸ ➵åä✃❒é➚ òÏ➽❐❐➻➴ ❰✃➼❩➶Ï➻ ❛❫❪➷➷ ➶➽Ñ➸ ❰➺

ß➻➷ÏçÏ➻➴ ❰ð➶Ïå➻ Ð ❭❪❭➷➷ æÔÕ
æ➸ ➵➽❮➶➻❐Ï➚ Ö❬➶❮➽❐❬❐➽➴ ➮❩➻❒➾ ❛❭❭➷➷ ➵ÔÕ ➺
➮➸ ➬➸ ➵ä➻➶Ù➚ ➪➻➷➴ ➵✃➼➼➽Ø ❫❜❴➷➷ ➵ÔÕ Ô
×➸ Ö➸ ➵ä➽➽ä➻❐➚ Ý❒➻ê➼❩➻è➴ ❰Ú➴ Ó➵❰ ❞❪❪➷➷ íã ã
➺➸ ➵➷➶➽â➻➶ ➵à➻❐ ❰➼❩➶❬❐➸ ➵❬å➾➸➴ ❫❭❳➷➷ ➶➽Ñ➸ ã
óà➸ Þ➸ ❰❩➻❐➻åâ❬➹ ➵❒❬➹➽❐Ï➻
Ð æ➸ Ö✃å➽➶ô
❰➸ ➵❐❬❬â ➬❬➹➽➶ ❭❪❪➷➷ ➶➽Ñ➸ ➺
Þ➸ ➵✃➼➼➽❐ç➻åä➚ ➪❬✃❩➽❐➴ ➪❬❒❒➻❐❮ ❫❛❭➷➷ ❰❲➮➴ Ü➺ß

Ð ❫❜❴➷➷ ➵ÔÕ
❰➸ Õ➻➼➼➽❒❒Ï➚ ÒÏ❐å❬❒❐ ❫❭❳➷➷ ➶➽Ñ➸ ❰➘ã
Ô➸ Õ➻➾❒❬➶ ➪➻❐à➽❒❒ ❨❪❫➷➷ íã Ü
➺➸ ➺➸ Õ➻➾❒❬➶➚ Ò➽Ïå➽➼❩➽➶ ❫❪❛➷➷ ➵ÔÕ ❰
❰➸ Õ❬✃êä➚ Û❒êÏ❐➴ ➺❬➶➻➾➴ ➵å❬❩❒➻❐❮ ❫❛❭➷➷ ➵ÔÕ ã
➬➸ ➘➸ ò➸ Õ➾❒➽➶➚ Ý❒➻åâà➽❒❒ ➪➽➻❩ä➴ ➘✃åâ➼➸ ❛❭❭➷➷ ➵ÔÕ ❰ã
Ó❐Ï❬❐➽ ❰➼❩➶❬õ❒Ï Various Various ã➪
➮❩➻❒Ï➻❐Ï óÓ❰➮ô
æ➸ ò➻❐❮➽ç➽➶êä➚ ×Ï❩❩➽➷➴ ß➽❩ä➽➶❒➻❐❮➼ ❫❭❳➷➷ ➶➽Ñ➸ ❰➘
❰➸➹➻❐ Ü➶➻❐➽❐ç➽➶ê➚ ò❒➻➻➶❮Ï❐ê➽❐➴ ❫❛❭➷➷ ➵ÔÕ ❰❲Ô

ß➽❩ä➽➶❒➻❐❮➼ Ð ❛❨❭➷➷ Ô➻➼➼➸

(Continued)
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q ♠♥ ❥❧q ✉ ❧✉✉ ❥s②
q ♠♥ ③❧q ✉ ❧✉❧ ❥s②
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Figure 7.➒♠➓♥➔→➣↔↕➙➛ ➜➙➝➞ →↕♥➟➠↔ ➡Top: latitude vs.➜➙➝➞ ➢↔➠♥➛➙♠➤ ↕↔➠➥♠➙➢↔ ♠♥ ♠➣↔
➔➦↕➧➥➛↔➨ bottom: latitude vs. ↕♥♠➥♠➙♥➝ →↔↕➙♥➞➩➫ ➞↔♠↔↕➓➙➝↔➞ ➧↕♥➓ ➭➒➒♥➯➔↔↕➢➥♠➙♥➝➔➲
➳↔➥➝➔ ➙➝ ❧q➵ ♥➧ ➠➥♠➙♠➦➞↔ ➣➥➢↔ ➯↔↔➝ ➥➞➞↔➞➲ Lower right: rotation period data, at a 

➞➙➸↔↕↔➝♠ ➔➛➥➠↔➫ ➧↕♥➓ Mariner 10 and Pioneer Venus➲➺➻

➼➽➾➚➪ ➶➹➘➪➴➷➬ ➮➱➽➬➪ ➽➴✃❐➽➚❒ ❮➽❰➪Ï ÐÑÑÒÓÔÕ➶

Elongation  Date of dichotomy Anomaly*

 Predicted  Observed*

✉qq②Ö ×➦➝ s➲①♣ ×➦➝ ♣➲r r➲❦➞ ↔➥↕➠➤
✉qq②Ø Ù➛♠ ✉②➲①❦ Ù➛♠ r❧ ❦➞ ➠➥♠↔
✉qq✈Ö ×➥➝ ❧②➲q✉ ×➥➝ ❧r ❦➞ ↔➥↕➠➤
✉qq✈Ø ×➦➝ ①➲①❧ ×➦➝ ❧q ❦➞ ➠➥♠↔
✉q❧qÖ ➒➦Ú ❧②➲①❦ ➒➦Ú ❧✉ ♣➞ ↔➥↕➠➤
✉q❧❧Ø ×➥➝ s➲✉s ×➥➝ ❧✉ ❦➞ ➠➥♠↔
✉q❧✉Ö ➳➥↕ ✉✈➲r❦ ➳➥↕ ✉✉ ②➞ ↔➥↕➠➤
✉q❧✉Ø ➒➦Ú ❧♣➲❧s ➒➦Ú ✉❧ ①➞ ➠➥♠↔
✉q❧rÖ Ù➛♠ r❧➲❧❦ Ù➛♠ ✉♣ ①➞ ↔➥↕➠➤
✉q❧❦Ø ➳➥↕ ✉r➲②r ➳➥↕ ✉✈ ①➞ ➠➥♠↔
✉q❧♣Ö ×➦➝ ①➲rs ×➦➝ ❧ ♣➞ ↔➥↕➠➤
✉q❧♣Ø Ù➛♠ ✉♣➲✉② Ù➛♠ ✉✈ ❦➞ ➠➥♠↔
✉q❧②Ö ×➥➝ ❧❦➲♣① ×➥➝ ✈ ♣➞ ↔➥↕➠➤
✉q❧②Ø ×➦➝ ❦➲✉① ×➦➝ s ❦➞ ➠➥♠↔

Û Ü➣↔ ✉qq②Ö ➞➥♠➥ ➜↔↕↔ ➢♥➠➦➓➙➝♥➦➔➫ ➜➙♠➣ ➥➝ ➦➝➛↔↕♠➥➙➝♠➤ ♥➧ ➝♥♠ ➓♥↕↔ ♠➣➥➝ Ýq➲♣➞➲
Ü➣↔ ♥♠➣↔↕ ➞➥♠➥ ➣➥➢↔ ➥➝ ➦➝➛↔↕♠➥➙➝♠➤ ♥➧ Ýq➲♣❥❧➲q➞➲



✽� ❏✁ ❇✂✁✥✄☎✂♦✆✁✥✄✄♦✝✁ ✶✞✟✱ ✠✱ ✠�✡☛

▼☞✌✍✎✏❆✑✒✓ ✔ ✕✒✖✗✘✒✙✑✖✙✙✚✇✛ ❚✘✒ ✒✖✜✗✒✙✢ ✔ ✇✒✜✗✒✙✢ ✒✓✚✢✣✖✗✍✚✢✜ ✚✤ ❱✒✢❡✜✏ ✦✧✧★ ➊✩✪★✫ ✬✖✙✗ t

✭✮✯✯✯✰✲✳✴ ✵✷✸ ✹✷✺✻✸ ✺✼✾✿✺❀❁ ✻✷✾❂✸❃ ✼✾ ✹✺❄❅❈❉❊❀✺❄ ❅❄✸✼❃ ✺✻ ❊✻❊✺❀❋

❅✷✾❊●✷ ❅✷✸❄✸ ❂✸❄✸ ✻❈●✼❈❍❉✺✼❅ ❃❈■✸❄✸✼❉✸✻ ❑✸❅❂✸✸✼ ✻❈✿❈❀✺❄ ✸❀✾✼●✺-

❅❈✾✼✻▲ ✮✯✯◆❖ P ✮✯◗❘❖ ❂✸❄✸ ❑✾❅✷ ❂✸❀❀ ✾❑✻✸❄❙✸❃❋ ✺✼❃ ❅✷✸ ✺✼✾✿✺❀❁

❂✺✻ ●❄✸✺❅✸❄ ❯✾❄ ❅✷✸ ❀✺❅❅✸❄✲ ✵✷✸ ❯✾❀❀✾❂❈✼● ✸✻❅❈✿✺❅❈✾✼✻ ❄✸❯✸❄ ❅✾ ❂✷❈❅✸

❀❈●✷❅ ✾❄ ❁✸❀❀✾❂ ❍❀❅✸❄ ✭❲◗❘✰ ❃✺❅✺✲ ✵✷✸ ❃❈✻❉❄✸✹✺✼❉❁ ❈✼ ✹✷✺✻✸ ❂✺✻

●❄✸✺❅✸❄ ✺❅ ✻✷✾❄❅✸❄ ❂✺❙✸❀✸✼●❅✷✻✲

❳❄✺●✺❨✻ ✺✼✺❀❁✻✸✻ ✾❯ ❅✷✸ ✭❀✺❄●✸❀❁ ❈✼❃✸✹✸✼❃✸✼❅✰ ❩❬❭❪❬❫ ❴❵❛❜❪❝❞❭

Italiani ✭❢❣❤✰ ❃✺❅✺ ❯✾❄ ✮✯◗✮❖ P ✮✯◗✮❲❋✳✐ ✺✼❃ ✾❯ ✷❈✻ ✹✸❄✻✾✼✺❀

❂✾❄❥ ❯✾❄ ✮✯◗❘❲❋ ❉✾✼❉❀❊❃✸❃▲

❦❧♠❦♥ ♣qrs ✉✈①②③
❦❧♠❦④ ♣q⑤s ②✈⑥✉
❦❧♠⑦④ ⑧s ②✈⑥✉

⑨⑩❶ ❷❶❸❹❺❻❼❷❽❸

❲✸ ✸❾❉❀❊❃✸ ✺✹✹✺❄✸✼❅ ❃✸❯✾❄✿❈❅❈✸✻ ❃❊✸ ❅✾ ❃✺❄❥ ✿✺❄❥❈✼●✻ ❉❄✾✻✻-

❈✼● ❅✷✸ ❅✸❄✿❈✼✺❅✾❄✲ ❿✾❂✸❙✸❄❋ ❅✷✸ ❊✼✸➀❊✺❀ ❄✾❊✼❃❈✼● ✾❯ ❅✷✸ ❉❊✻✹✻

✼✸✺❄ ❃❈❉✷✾❅✾✿❁ ❂✺✻ ✻✾✿✸❅❈✿✸✻ ❂✸❀❀ ✾❑✻✸❄❙✸❃✲ ✵✷✸ ❯✾❀❀✾❂❈✼● ✺❄✸

✿✾✻❅❀❁ ❙❈✻❊✺❀ ❈✿✹❄✸✻✻❈✾✼✻❋ ✻❈✼❉✸ ❈✿✺●✸✻ ✻✷✾❂ ❅✷❈✻ ✸■✸❉❅ ✿❊❉✷

❀✸✻✻ ❉❀✸✺❄❀❁ ❃❊✸ ❅✾ ❅✷✸ ❅❄❊✸ ❅✸❄✿❈✼✺❅✾❄ ❑✸❈✼● ❀✾✻❅ ❈✼ ✹❄✾❉✸✻✻❈✼●✲

➁✸✸ ✺❀✻✾ ➂❈●❊❄✸ ◗✯✲

2007E

➃➄➅ ➆➇ ➈➉➋➌➍ ➎➏➐ ➑➒➓ ➑➓➔➍➌➅➏➑→➔ ➉→➅➣➓↔↕ ➙➄➑ ➐➌➑➒ ➑➒➓ ➛➜ ➒→➔➅ ➎➝➌➞➒➑➝➟
➠→➌➅➑➓➡ ➢ ➎➌➍➌➝➏➔➝➟ ➑→ ➤➏➄➍ ➏➅➡ ➃→➒➅➎➑→➅➓↕ ➡➄➔➌➅➞ ➈➏➟ ➆➥➢➃➄➅ ➆➜ ➃➄➅
➦➇ ➈➉➋➌➍ ➔➓➉→➔➡➓➡ ➧➨➩ ➠➒➏➎➓↕ ➙➄➑ ➑➒➓ ➑➓➔➍➌➅➏➑→➔ ➐➏➎ ➉→➅➣➓↔ ➌➅ ➑➒➓
➎→➄➑➒ ➏➅➡ ➉→➅➉➏➣➓ ➌➅ ➑➒➓ ➅→➔➑➒↕ ➐➌➑➒ ➑➒➓ ➛➜ ➒→➔➅ ➠→➌➅➑➓➡ ➫➭➌➞➄➔➓ ➯➲➜ ➃➄➅
➳➇ ➤➏➄➍ ➎➏➐ ➑➒➓ ➑➓➔➍➌➅➏➑→➔ ➉→➅➉➏➣➓↕ ➑➒➓ ➵➸ ➙➝➄➅➑➓➡ ➏➅➡ ➛➸ ➠→➌➅➑➓➡➜ ➃➄➅
➺➇ ➻➡➏➍→➝➌ ➎➒→➐➓➡ ➏➅ ➵➼➎➒➏➠➓➡ ➑➓➔➍➌➅➏➑→➔➜ ➃➄➅ ➽➢➥➇ ➤➏➄➍ ➏➅➡ ➈➉➋➌➍
➔➓➉→➔➡➓➡ ➑➒➓ ➑➓➔➍➌➅➏➑→➔ ➉→➅➉➏➣➓↕ ➐➌➑➒ ➙→➑➒ ➒→➔➅➎ ➠→➌➅➑➓➡➜

2007W

➾➓➏➑➒➓➔➙➏➔➔→➐ ➐➏➎ ➏➙➝➓ ➑→ ➍➏➚➓ ➏ ➡➌➔➓➉➑ ➓➎➑➌➍➏➑➓ →➪ ➏➠➠➏➔➓➅➑ ➡➌➉➒→➑→➍➟
→➅ ➶➉➑ ➯➨➢➯➹➜

2009E

➶➅ ➃➏➅ ➳ ➐➌➑➒ ➑➒➓ ➑➓➔➍➌➅➏➑→➔ ➉→➅➣➓↔↕ ➾➓➏➑➒➓➔➙➏➔➔→➐ ➫➹➳➇➹➆ ➘➴➲ ➎➏➐ ➑➒➓
➵➸ ➔→➄➅➡➓➡ ➏➅➡ ➑➒➓ ➛➸ ➠→➌➅➑➓➡➜ ➴➒➓ ➎➏➍➓ ➡➏➟↕ ➈➉➋➌➍ ➎➏➐ ➙➔➌➞➒➑ ➉➄➎➠➎
➌➅ ➑➐➌➝➌➞➒➑ ➏➅➡↕ ➏➎ ➑➒➓ ➎➚➟ ➡➏➔➚➓➅➓➡↕ ➑➒➓ ➑➌➠ →➪ ➑➒➓ ➵➜ ➉➄➎➠ ➏➠➠➓➏➔➓➡ ➑→
➉→➅➑➏➌➅ ➏ ➙➔➌➝➝➌➏➅➑ ➠→➌➅➑ ➍➏➡➓ ➑→ ➎➓➓➍ ➓↔➑➓➅➡➓➡ ➙➟ ➌➔➔➏➡➌➏➑➌→➅➇ ➏ ➑➟➠➌➉➏➝
➌➝➝➄➎➌→➅➜ ➶➅ ➃➏➅ ➽↕ ➤➏➄➍ ➏➝➎→ ➎➏➐ ➏➅ ➏➠➠➏➔➓➅➑➝➟ ➠➔→➷➓➉➑➌➅➞ ➵➜ ➉➄➎➠↕ ➐➒➌➝➓
➾➓➏➑➒➓➔➙➏➔➔→➐ ➎➏➐ ➑➒➓ ➵➸ ➔→➄➅➡➓➡ ➏➅➡ ➑➒➓➛➸ ➠→➌➅➑➓➡➜ ➬➓➏➑➒ ➐➏➎ ➏➙➝➓ ➑→
➍➏➚➓ ➏ ➡➌➔➓➉➑ ➓➎➑➌➍➏➑➓ →➪ ➏➠➠➏➔➓➅➑ ➡➌➉➒→➑→➍➟ →➅ ➃➏➅ ➹➯➢➹➦➜

2009W

➮➌➑➒ ➑➒➓ ➑➓➔➍➌➅➏➑→➔ ➎➝➌➞➒➑➝➟ ➉→➅➣➓↔ →➅ ➃➄➅ ➹➆↕ ➻➡➏➍→➝➌ ➎➏➐ ➑➒➓ ➙➔➌➞➒➑➓➔
➵➸ ➠→➌➅➑➓➡ ➌➅ ➪➄➝➝ ➡➏➟➝➌➞➒➑ ➐➌➑➒ ➏ ➮➹➧ ➱➝➑➓➔✃ ➌➅➮➆➧↕ ➅→ ➎➄➉➒ ➌➍➠➔➓➎➎➌→➅
➐➏➎ ➪→➄➅➡➜ ❐➏➅➑➒➓➔ →➙➎➓➔➣➓➡ ➏➑ ➡➏➐➅ ➏➅➡ ➎➏➐ ➙→➑➒ ➒→➔➅➎ ➠→➌➅➑➓➡➜

2010E

➶➅➻➄➞ ➹↕ ❒➌➄➅➑→➝➌ ➎➏➐ ➑➒➓ ➵➸ ➠→➌➅➑➓➡ ➏➅➡ ➏➠➠➏➔➓➅➑➝➟ ➠➔→➷➓➉➑➌➅➞ ➙➓➟→➅➡
➑➒➓ ➎➑➌➝➝ ➉→➅➣➓↔ ➑➓➔➍➌➅➏➑→➔ ➢ ➠➔→➙➏➙➝➟ ➏➅ ➌➝➝➄➎➌→➅↕ ➏➎ ➻➡➏➍→➝➌ ➔➓➉→➔➡➓➡
➏ ➎➍➏➝➝ ➙➔➌➞➒➑ ➵➜ ➉➄➎➠➼➉➏➠ ➫➵➸➸➲ ➑➒➓ ➅➓↔➑ ➡➏➟➜ ➬➓➏➑➒ ➎➏➐ ➑➒➓ ➑➓➔➍➌➅➏➑→➔
➡➓➏➡ ➎➑➔➏➌➞➒➑ →➅➻➄➞ ➹➆➜

2011W

➶➅ ➃➏➅ ➥↕ ➑➒➓ ➑➓➔➍➌➅➏➑→➔ ➐➏➎ ➅➓➏➔➝➟ ➎➑➔➏➌➞➒➑ ➑→ ➈➉➋➌➍ ➏➅➡ ➌➅ ➏➅ ➌➍➏➞➓ ➙➟
❮➡➐➏➔➡➎➜ ❒➌➄➅➑→➝➌ ➎➏➐ ➑➒➓ ➠➝➏➅➓➑ ➓↔➏➉➑➝➟ ➡➌➉➒→➑→➍➌➎➓➡ →➅ ➃➏➅ ➹➆➜

2012E

➈➉➋➌➍ ➪→➄➅➡ ➑➒➓ ➛➜ ➒→➔➅ ➍→➔➓ ➠→➌➅➑➓➡ ➑➒➏➅ ➑➒➓ ➵➜ →➅ ➈➏➔ ➹➽➢➆➦➜ ➾➓➏➑➒-
➓➔➙➏➔➔→➐ ➎➏➐ ➑➒➓ ➵➜ ➒→➔➅ ➙➝➄➅➑➓➡ ➏➅➡ ➑➒➓ ➛➜ ➠➔→➷➓➉➑➌➅➞ →➅ ➈➏➔ ➆➨↕ ➆➆
❰ ➆➧ ➫➠→➎➎➌➙➝➟ ➡➄➓ ➑→ ➎➄➠➓➔➌→➔ ➙➔➌➞➒➑➅➓➎➎➲✃ ➻➙➓➝ ➏➝➎→ ➎➏➐ ➑➒➓ ➛➜ ➒→➔➅
➎➒➏➔➠➓➔ ➑➒➏➅ ➑➒➓ ➵➜ →➅ ➈➏➔ ➆➦➜ ➬➓➏➑➒ ➎➏➐ ➑➒➓ ➑➓➔➍➌➅➏➑→➔ ➎➑➔➏➌➞➒➑ →➅ ➈➏➔
➆➦➢➆➳↕ ➏➎ ➡➌➡ ➾➓➏➑➒➓➔➙➏➔➔→➐ →➅ ➈➏➔ ➆➦➢➆➧➜ Ï➅ ➞→→➡ ➎➓➓➌➅➞ →➅ ➈➏➟ ➹➆↕
➬➓➏➑➒ ➔➓➠→➔➑➓➡ ➌➔➔➓➞➄➝➏➔➌➑➌➓➎ ➏➝→➅➞ ➑➒➓ ➑➓➔➍➌➅➏➑→➔➜

ÐÑÒÓÔ ÕÖ×ÒØÔÙÚÔÙØ ÛÜÝÔÞßØà áââãäåÕã (Cont'd)

Name Location Instruments Elongations+

æq ç✈è éêëìì✉è í✉⑥î✉①②✈èsì ï❧⑦ðð ①✉ñq ò
óq ô✉⑥⑥✉①②✉ëèõ éöêì✈③÷ ø①ùè✉③ ♠⑤⑦ðð úûü òýæ÷ þÿ

� ♠❧❧ðð øÿ
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Figure 8. þë②⑥✉① ëð✈✂✉ì ✒ë⑥î ❦ï⑦ðð ✄æü ✈ès ✑êð✉è✉①✈ ✄ù③è③☎ ✁✈ð✉①✈÷ ❦❧❧⑤
ò✌① ❦q íö⑥✉ ⑥î✉ ✂①✈sê✈② ç✈①ë✈⑥ëöè ëè ⑥î✉ ð✈①ùëè✂ì ✈✁①öìì ⑥î✉ çëìë✠②✉ ì✌✉✁⑥①êðq
✡è ✌✈①⑥ë✁ê②✈①÷ èö⑥✉ îö✒ ⑥î✉ îë✂î ②✈⑥ë⑥ês✉ èö①⑥î✉①è s✈①ù ✠✉②⑥ ëì ✠✉ì⑥ ì✉✉è ✈⑥ ìîö①⑥
✒✈ç✉②✉è✂⑥î ✈ès ⑥î✉ öè✉ ✈⑥ îë✂î ✄q ②✈⑥ë⑥ês✉ ✈⑥ ②öè✂ ✒✈ç✉②✉è✂⑥îq üî✉ ✞ôð✈①ùëè✂ì
✈①✉ ✠✉ì⑥ ✁öè⑥①✈ì⑥✉s ✒ë⑥î ⑥î✉ ✄✁îê②✉① ✞ô ✚②⑥✉①÷ ✠ê⑥ ✈①✉ è✉✈①②③ ✈ì ✒✉②② ì✉✉è ✒ë⑥î
④♣⑤ ✠②ê✉✘çëö②✉⑥ ëè ✁öè✛êè✁⑥ëöè ✒ë⑥î ✈è ✡é✘✠②ö✁ùëè✂ ✚②⑥✉①q üî✉ s✈①ù ✞ô ð✈①ù-
ëè✂ì ✈①✉ ✒✉✈ù②③ çëìë✠②✉ ëè ✠②ê✉ ②ë✂î⑥÷ ✈②⑥îöê✂î ⑥î✉ ✠①ë✂î⑥ ✈①✉✈ì ê✌öè ðës✘sëìù ✈①✉
ëèçëìë✠②✉q D. A. Peach
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Figure 9.➦➧➨➩➫➭ ➯➭➲➳➵ ➸➵➫➺➧➻➼ ➨➳➽➩➳➻➾➳➨➚ Top row: 

➪➶➹➘ ➴➳➾ ➷➬➸➮ (A)➱➷✃ ➪✃❐✃➬ ❒❮❰ (B)➱➪✃ ➪➘❐Ï➘
❒❮ Ð (C)➱ÑÑÒ ➪➘❐➪Ñ ❒❮➮ ➷➪➘ÓÓ ➵➳Ô➚❰ Õ➷Ö➷❰ R. 
J. McKim. Second row❐ ➷Ï➪✃ Ò×➵ Ñ➸ ➪Ñ❐✃ÏØ➪✃❐✃✃
❒❮➮ (D) ➱➪✃ Ù ➱✃➬❰ (E) ➱Ñ➹Ú❰ Ð (F) ➱Ñ➹Ú Ù
➱Ö➬Ò➮ Ñ➪✃ÓÓ ➴Û Ü➫➨➨➚❰ ÕÖ➘✃❰ D.Gray➚ Bottom 
row❐ ➷Ï➪✃ Ò×➵ ➪Ñ➸➮ (G) ÝÞ ➯➭➲➳➵ ➪➶❐➷➷ ❒❮❰ (H) 

➱➷✃ ➪➶❐ÑÏ ❒❮❰ (I) ➱Ñ➹ ➪➶❐✃➪ ❒❮ Ð (J) ➱➬➷Ò
➷Ï❐Ï➪ ❒❮❰ ➪✃➷ÓÓßà❰ Õ➪➹➘❰ P. G. Abel➚

Figure 10. á➭➭➩➨➲➵➫➲➧➻➼ ➫➨×➳➾➲➨ Þâ ➲ã➳ ➾➩➨×➨❰ ➪➶➹✃Ø➷Ï➪✃➚ ❮ã➳ ➧➻➨➳➲➨
➫äÞå➳ Ú➫➩Óæ➨ ➸➵➫➺➧➻➼ ➨ãÞ➺ ➫➸➸➧➲➧Þ➻➫➭ ➸➳➲➫➧➭➨ ➨➩➨×➳➾➲➳➸ ➲Þ ä➳ ➳ç-

➲➳➻➸➧➻➼ â➵ÞÓ ➲ã➳ è➚ ➾➩➨×➚
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❤❜❞r r❜q❥♥❞❜r❜✉❤❥ ❦❧ ❤❛❜ ➔→ ❞❦❤q❤❢❦✉ ①❜❞❢❦♣❹ ➣❦✈❜❿❜❞⑤ ❤❛❜❞❜ ❢❥
❤❛❜ ❝❦✉♥❥ ❦❧ r♥♠❛ r❢✉♥❤❜ ♣❜❤q❢✐ ❢✉ r❦♣❜❞✉ ➔→ ❢rq❣❜❥⑤ q❥ ③❢❣♥❞❜
④②❺⑨ ❥❛❦✈❥❹ ❼❦❤q❝✐❜ ❦♥❤❝❞❜qs❥ ❦❧ ❝❞❢❣❛❤ ♠✐❦♥♣❥ ✈❜❞❜ ❞❜♠❦❞♣❜♣ ❝⑩
VEX q✉♣ ❝⑩ ❣❞❦♥✉♣➓❝q❥❜♣ ❦❝❥❜❞❿❜❞❥⑤ ❤❛❜ ❝❜❥❤ ❜❻qr①✐❜ ❝❜❢✉❣ q
✐q❞❣❜⑤ ❝❞❢❣❛❤ ➔→ ♠✐❦♥♣ ❦❝❥❜❞❿❜♣ ♣♥❞❢✉❣ ⑥❶❶❷❸❹
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✐❦♠q❤❜♣ q❤ ❤❛❜ ✐❢r❝❹ ➌✉ ➔→⑤ ❝❞❢❣❛❤ ✐❢r❝ ♠✐❦♥♣❥ ❦❧❤❜✉ ♠❦✉❤❢✉♥❜ ❢✉❤❦
✐❢❣❛❤ ❝❜✐❤❥ ❢✉♠✐❢✉❜♣ q❤ ❥rq✐✐ q✉❣✐❜❥ ❤❦ ❤❛❜ ❜↔♥q❤❦❞❹ ③❦❞ ❛❢❥❤❦❞❢♠q✐
♠❦✉❤❢✉♥❢❤⑩ q✉♣ ❥❤q❤❢❥❤❢♠q✐ ①♥❞①❦❥❜❥ ✈❜ ♠❦✉❤❢✉♥❜ ❤❦ ❞❜①❦❞❤ ❤❛❜ ❿❢❥♥q✐
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2007E & 2007W

❸❹❺❻❼ ❽❾❼ ❺❹❾❿➀➁ ➂➃ ➄❿➅➆ ➇➈❹ ➉❻❺ ❾➇ ➋➌➍ ❼➅ ➅❺➀➁ ❼➆❾➀➀ ➎❻❼➏ ❹➐➇❹❺❼➑➅❺❼
❽❹❿❹ ❾❺➇➑➎➑➏❾➇❹➒➓ ➌➅❺➇❿❾❿➑➀➁➍ ➅❺ ❾ ➄❹❽ ➅➎➎❾❼➑➅❺❼ ➇➈❹➁ ❾➏➏❹❾❿❹➒ ❹➐➇❹❺❼➑➔❹➓
→➇ ➇➈❹ ➣↔↔↔ ➋➌➍↕ ❽❹ ❺➅➇❹➒➙ ➛➜❻❺➒❹❿ ➇❿❾❺❼➏❾❿❹❺➇ ➝❹❽ ➞❹➐➑➎➅ ❼➟➑❹❼ ➠❾❺➒
➆❻➎➈ ➇➅ ➈➑❼ ➅❽❺ ❼❻❿➏❿➑❼❹➡➍ ➢❾❾❼ ❽❾❼ ❾➤➀❹ ➇➅ ❼❹❹ ➇➈❹ ➎➅➆➏➀❹➇❹ ❿➑❺➥ ➄❿➅➆
→❻➥❻❼➇ ➣➦➧➨➩ ➠➇➈❹ ➀❾➇➇❹❿ ➇➈❹ ➒❾➁ ➅➄ ➋➌➡➓➫➭➈➑❼ ➅➤❼❹❿➔❾➇➑➅❺ ❽❾❼ ❿❹➏❹❾➇❹➒ ➤➁
➯➑➀❼➅❺ ❾❺➒ ➞➎➲➑➆ ❾➇ ➇➈❹ ➎➅❿❿❹❼➏➅❺➒➑❺➥ ❹➀➅❺➥❾➇➑➅❺ ➑❺ ➨➩➩➳➙

Date(s) Observer Angular extension (°)

➵➸➺ ➻➼ ➽➾➚➪➶➪➹ ➘➴➾➺➺➷ ➬➮➸➾➺ ➬➱✃➬➚❐❒➶➚❐
➵➸➺ ➻❮ ❰Ï➾➴➶➺❒ ➻➻ÐÑ
➵➸➺ ➻❮ ➽➾➚➪➶➪➹ Ò➶➚Ó➬Ô ➬➱✃➬➚❐❒➶➚ ✃➶ ÕÖ ✃×➾➚ ➘Ø ➘Ö

➬➱✃➬➚❐❒➶➚ ÙÔ➾Ó➴➬➚✃➬Ï
➵➸➺ ➻Ú Û➪Ü❒➴ ➘➴➾➺➺➷ ➬➮➸➾➺ ➬➱✃➬➚❐❒➶➚❐
➵➸➺ Ý➼ ❰Ï➾➴➶➺❒ ➻ÞßÑØ ➘Ö ➺➶➚Ó➬Ô
❰➸Ó ß Û➪Ü❒➴ ➻➻ßÑ➷ ➘Ö ➺➶➚Ó➬Ô
❰➸Ó à Û➪Ü❒➴ ➻❮ÐÑØ ➘Ö ➺➶➚Ó➬Ô
❰➸Ó ➼➼ Û➪Ü❒➴ ÝÐÐÑØ ➘Ö ➺➶➚Ó➬Ô
❰➸Ó ➼➻ ❰Ï➾➴➶➺❒ ➘Ö ➬➱✃➬➚❐❒➶➚ ➺➶➚Ó➬Ô ✃×➾➚ ÕÖ
❰➸Ó ➼Ý Û➪Ü❒➴ á➱✃➬➚❐❒➶➚❐ ➶âã❒➶➸❐ ✃➶ ➻❮ÐÑØ

➴➶➴➬➚✃❐ ä×➬➚ ➪➶➴å➺➬✃➬ ÝæÐÑ
➪❒Ô➪➺➬ Ó➺❒➴å❐➬Ï çè❒Ó➸Ô➬ ➼Ýç❰éé

❰➸Ó ➼ß ê❒➺❐➶➚ ë❐➸➾➺➺ì ➶➚➺ì ➼æÐÑ ➾Ô➪ ❐➬➬➚➷ â➸✃ ➾✃
✃❒➴➬❐➷ ×➾❒Ôí➺❒➹➬ ➬➱✃➬➚❐❒➶➚❐ ➪➶➚✃í
❒➚➸➬Ï ✃➶ ➚➬➾Ô➺ì ÝæÐÑ

After IC, few reports:

❰➸Ó ➻Ý èÔ➾❐❐➾✃❒ ➘➴➾➺➺➷ ➬➮➸➾➺ ➬➱✃➬➚❐❒➶➚❐
î➪✃ ➼❮ï➼à ð➾➸➴ î➪✃ ➼❮ñ ➹➚➶✃✃➬Ï ➾➚Ï ➬➱✃➬➚Ï➬Ï ➘Ö

➪➸❐å ❐➸❐å➬➪✃➬ÏØ ❐×➶Ô✃ ➬➱✃➬➚❐❒➶➚
❐➬➬➚ ✃×➬ ➚➬➱✃ ✃ä➶ Ï➾ì❐ çè❒Ó➸Ô➬ ➼Ðé

2009E & 2009W

→➒❾➆➅➀➑➍ ò❾❻➆ó➯➑➀❼➅❺ ❼❻➎➎❹❹➒❹➒ ➑❺ ❼❹❹➑❺➥ ➇➈❹ ➎➅➆➏➀❹➇❹ ❿➑❺➥ ❺❹❾❿ ➋➌➍
❽➈❹❺ ❸❹❺❻❼ ❽❾❼ ❾➥❾➑❺ ❼➅➆❹ ➂➃ ➄❿➅➆ ➇➈❹ ➉❻❺➓ ô❿➑➅❿ ➇➅ ➋➌➍ ➇➈❹ ➎❻❼➏ ❹➐➇❹❺-
❼➑➅❺❼ ❽❹❿❹ ❾➥❾➑❺ ❻❺❹õ❻❾➀➓

Date(s) Observer Angular extension (°)

Û➾Ô ➼Ð ð➾➸➴öÛ➪Ü❒➴ ➘➴➾➺➺ ➬➱✃➬➚❐❒➶➚❐
Û➾Ô ➼Þ Û➪Ü❒➴ ➼àÐÑ
Û➾Ô ➼ß ð➾➸➴ ➼àßÑØ Õ÷ çÔ➬Ó➸➺➾Ôé ßÑ➷

➘÷ çâÔ➶➹➬➚é ➼ÐÑ
Û➾Ô ➼æ ð➾➸➴ ➻ÐÐÑ
Û➾Ô ➼❮ ➽➾➾❐ ➻ÐßÑØ ➘Ö ➺➶➚Ó➬Ô
Û➾Ô ➼Ú ð➾➸➴ö ø×➬➺å❐ ➻ÐÐÑ
Û➾Ô ➼Ú Û➪Ü❒➴ ➻➻ßÑ
Û➾Ô ➼à ð➾➸➴ ➻æÐÑ
Û➾Ô ➻Ð ð➾➸➴ ➻❮ÐÑ
Û➾Ô ➻➼ ❰Ï➾➴➶➺❒ ➻æÐÑØ Õ÷ æÐÑ➷ ➘÷ ➻ÐÑ
Û➾Ô ➻➼ ð➾➸➴ Ý➼ÐÑ
Û➾Ô ➻➻ ❰Ï➾➴➶➺❒ ➻ÚÐÑØ Õ÷ æÐÑ➷ ➘÷ ÞÐÑ
Û➾Ô ➻➻ ð➾➸➴ Ý➼ÐÑ
Û➾Ô ➻Ý Ò➶➚Ó❐×➾ä ➻❮ßÑ
Û➾Ô ➻Þ ❰Ï➾➴➶➺❒ Ý➻ÐÑØ Õ÷ ÚÐÑ➷ ➘÷ æÐÑ
Û➾Ô ➻æ ❰Ï➾➴➶➺❒ ÝæÐÑ çè❒Ó➸Ô➬ ➼Ýçðéé
Û➾Ô ➻æ ð➾➸➴ ÝæÐÑ

After IC:

Û➾Ô ➻à ê❒➺❐➶➚ ùú➚ ✃×➬ â➬❐✃➴➶➴➬➚✃❐➷ ✃×➬ ➪➸❐å ➬➱✃➬➚í
❐❒➶➚❐➷ ✃×➶➸Ó× Ï❒❐➪➶➚✃❒➚➸➶➸❐➷ ➴➬✃Öû

2010E & 2011W

→➥❾➑❺ ➇➈❹ ➄❻➀➀ ➎➑❿➎➀❹ ❽❾❼ ❿❹➎➅❿➒❹➒ ➤➁→➒❾➆➅➀➑ ➎➀➅❼❹ ➇➅ ➋➌ü ➇➈❹ ➏➀❾❺❹➇ ❽❾❼
➎➀➅❼❹❿ ➇➅ ➇➈❹ ➉❻❺ ➇➈❾❺ ❾➇ ➋➌ ➑❺ ➨➩➩➳ ➅❿ ➨➩➩↔ ➠❼❹❹ ➭❾➤➀❹ ý➡➓

Date(s) Observer Angular extension (°)

î➪✃ ➼à ❰Ï➾➴➶➺❒ ➻ÐÐÑØ Õ÷ ➻ÐÑ➷ ➘÷ ÐÑ
î➪✃ ➻➼ ❰Ï➾➴➶➺❒ ➻➻ßÑØ Õ÷ ➻ÐÑ➷ ➘÷ ➻ßÑ
î➪✃ ➻❮ ❰Ï➾➴➶➺❒ á➱✃➬➚❐❒➶➚❐ ➶âã❒➶➸❐ ✃➶ ÝÐÐÑØ Õ÷

æÐÑ➷ ➘÷ æÐÑØ Ù➸➺➺ ➪❒Ô➪➺➬ ❐➸❐å➬➪✃➬Ï
î➪✃ ➻à ❰Ï➾➴➶➺❒ á➱✃➬➚❐❒➶➚❐ ➶âã❒➶➸❐ ✃➶ ÝÐßÑØ Õ÷

ÞßÑ➷ ➘÷ ÚÐÑØ Ù➸➺➺ ➪❒Ô➪➺➬ ❐➸❐å➬➪✃➬Ï

After IC:

Õ➶ã Ý ❰Ï➾➴➶➺❒ á➱✃➬➚❐❒➶➚❐ ➶âã❒➶➸❐ ✃➶ ➻ÞÐÑØ Ù➸➺➺
➪❒Ô➪➺➬ Ó➺❒➴å❐➬Ï

Õ➶ã ➼Ð➷ ➼➼ ❰Ï➾➴➶➺❒ ➻ÞßÑØ Õ÷ ➻ÐÑ➷ ➘÷ ÞßÑ

2012E & 2012W

➭➈➑❼ ➇➑➆❹➍ ❼❹➔❹❿❾➀ ➅➤❼❹❿➔❹❿❼ ❽❹❿❹ ❾➤➀❹ ➇➅ ❼❹❹ ➅❿ ➑➆❾➥❹ ➇➈❹ ➎➅➆➏➀❹➇❹ ❿➑❺➥
➅➄ ➀➑➥➈➇➓ ➭➈❹ ➏➈❹❺➅➆❹❺➅❺ ❽❾❼ ➎❾❻➥➈➇ ❺➅➇ ➅❺➀➁ ❾❼ ❸❹❺❻❼ ❽❾❼ ❹❺➇❹❿➑❺➥
➅❺➇➅ ➅❿ ➀❹❾➔➑❺➥ ➇➈❹ ➉❻❺➫❼ ➒➑❼➟ ❾➇ ➇➈❹ þ❻❺ ➦ ➇❿❾❺❼➑➇➍ ➤❻➇ ❾➀❼➅ ❾ ➄❹❽ ➒❾➁❼
❹➑➇➈❹❿ ❼➑➒❹ ➅➄ ➋➌➓

Date(s) Observer Angular extension (°)

Û➾ì ➻➼ Û➪Ü❒➴ ➼àÐÑ
Û➾ì ➻➻ ❰Ï➾➴➶➺❒ ➻ÐÐÑØ Õ÷ ö ➘÷➷ ➼ÐÑ ➬➾➪×
Û➾ì ➻➻➷ ➻ß Û➪Ü❒➴ ➻ÐÐÑØ Õ÷ö ➘÷➷ ➼ÐÑ ➬➾➪×
Û➾ì ➻Þ Õ❒➬➪×➶ì ➻ÞßÑØ ➘÷ âÔ❒Ó×✃➬Ô
Û➾ì ➻æ ❰Ï➾➴➶➺❒ ➻➻ÐÑØ Õ÷ ö ➘÷➷ ➻ÐÑ ➬➾➪×
Û➾ì ➻❮ ❰Ï➾➴➶➺❒ ➻ÞÐÑØ Õ÷ ö ➘÷➷ ÝÐÑ ➬➾➪×

ç➘Ö âÔ❒Ó×✃➬Ôé
Û➾ì ➻à ❰Ï➾➴➶➺❒ ➻❮ßÑØ Õ÷ ÝßÑ➷ ➘÷ æÐÑ ç➘Ö âÔ❒Ó×✃➬ÔéØ

Ó➺❒➴å❐➬❐ ➶Ù Ù➸➺➺ ➪❒Ô➪➺➬
➵➸➚ Ý ø➬➾➪× ➻❮ÐÑ
➵➸➚ Þ Ü➾ÔÏ➾❐❒❐➷ ÷➶➴å➺➬✃➬ ➪❒Ô➪➺➬ ➪➺➬➾Ô➺ì ❒➴➾Ó➬Ï

Ò➾äÔ➬➚➪➬
ö ➘➸❐❐➬➚â➾➪× Cont'd overleaf



✽� ❏✁ ❇✂✁✥✄☎✂♦✆✁✥✄✄♦✝✁ ✶✞✟✱ ✠✱ ✠✡☛☞

▼✌✍✎✏✑❆✒✓✔ ✕ ✖✓✗✘✙✓✚✒✗✚✚✛✇✜ ❚✙✓ ✓✗✢✘✓✚✣ ✕ ✇✓✢✘✓✚✣ ✓✔✛✣✤✗✘✎✛✣✢ ✛✦ ❱✓✣❡✢✑ ✧★★✩ ➊✪✫✩✬ ✭✗✚✘ t

2012E & 2012W (cont'd)

Date(s) Observer Angular extension (°)

✮✯✰ ✲ ✳✴✵✷✸✴ et al✹ ✺✻✼✾✿✵❀✵ ❁❂✴❁✿✵ ❁✿✵✸✴✿❃ ❂✼✸❄✵❅
❈❉❂❄✯✴✵ ❊❋❈✺●●

After IC:

✮✯✰ ❍ ■❂❑❂❀▲ ✺✻✼✾✿✵❀✵ ❁❂✴❁✿✵ ❁✿✵✸✴✿❃ ❂✼✸❄✵❅
❈❉❂❄✯✴✵ ❊❋❈◆●●

✮✯✰ ❖ P❅✸✼✻✿❂ ◗❘❙❯❲ ❳✺ ◗❙❯❨ ✳✺ ❘❙❯
✮✯✰ ❖ ✮✻❩✰▲❀✻✰✵ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ca✹ ◗❪❙❯ ❂✼✸❄✵❅
✮✯✰ ❖ ❫✸❁▲❃✼✻❴❂❁❵ ✺✻✼✾✿✵❀✵ ❁❂✴❁✿✵ ❛✸❂✰❀✿❃ ✻❜▲✵✴❑✵❅
✮✯✰ ❊❋❨ ❊❘ P❅✸✼✻✿❂ ◗❊❙❯❲ ❳✺ ❝ ✳✺ ❊✲❯ ✵✸❁❩

❈❊◗✲✼✼❫■❞●
✮✯✰ ❊❘ ❢❂✯✰❀✻✿❂ ✺✻✼✾✿✵❀✵❨ ❑✵✴❃ ❛✸❂✰❀ ❁❂✴❁✿✵

▲✯▲✾✵❁❀✵❅ ❈◗❙❋✼✼ ✳✺❞●

2013E & 2014W

❣❤✐❥❦❧♠ ✐❧❦♥♣ qrqs♣✉✈♣❤ ✈①♣ ②r❧❧ ✉♠③✉❧♣ ✉❧❦q♣ ✈❦ ④⑤⑥

Date(s) Observer Angular extension (°)

◆✵❁ ◗❘ ❫❁■❂✼ ✳✿❂❄❩❀ ✵❭❀✵✰▲❂✻✰▲ ✸❀❳✺❝✳✺❨ ✲❯ ✵✸❁❩
◆✵❁ ◗⑦❨ ◗❖ P❅✸✼✻✿❂ ✳✺ ✵❭❀✵✰▲❂✻✰ ❊✲❯
◆✵❁ ❋❊ P❅✸✼✻✿❂ ✳✺ ✵❭❀✵✰▲❂✻✰ ◗✲❯
◆✵❁ ❋❊❨ ✮✸✰ ❘ ❢❂✯✰❀✻✿❂ ✳✿❂❄❩❀ ✵❭❀✵✰▲❂✻✰▲ ✸❀ ❳✺ ❝ ✳✺
✮✸✰ ❘ P❅✸✼✻✿❂ ◗❍❙❯ ❁✵✴❀✸❂✰❲ ❳✺ ❪❙❯❨ ✳✺ ❘❙❯❲

❁✻✼✾✿✵❀✵ ❁❂✴❁✿✵ ▲✯▲✾✵❁❀✵❅

After IC:

✮✸✰ ◗◗ P❅✸✼✻✿❂ ✳✺ ✵❭❀✵✰▲❂✻✰ ❊✲❯

2015E & 2015W

❣✈ ④⑤ ♠♥ ⑧⑨⑨⑩❶ ❷✉❸♠❥ ❹❺♠❧q❦♥ ①✐❤ q♣♣♥ ✈①♣ ②r❧❧ ✉♠③✉❧♣❶ ❻r✈ ✐✈ ✈①♠q ✉❦❥-
s✐③✐❻❧♣ ♣❧❦♥❼✐✈♠❦♥ ❦♥❧❽ ③♣❧✐✈♠❾♣❧❽ q❥✐❧❧ ♣❿✈♣♥q♠❦♥q ➀♣③♣ q♣♣♥⑥

Date(s) Observer Angular extension (°)

✮✯✿ ◗⑦➁P✯❄ ❖ ❳❂✵❁❩✻❃ ✳✼✸✿✿ ✵❭❀✵✰▲❂✻✰▲ ▲✵✵✰
P✯❄ ❍ ➂✵✸❁❩ ✺✴✵▲❁✵✰❀ ✵❭❀✵✰❅▲ ❀✻ ❊❖❙❯ ❈➃➄ ❂✼✸❄✵●
P✯❄ ❖ P❜✵✿ ❝ ➅✴✸❄✸ ✳✿❂❄❩❀ ✵❭❀✵✰▲❂✻✰▲
P✯❄ ❊✲ ➆✸❴✴✵✰❁✵ ✺✴✵▲❁✵✰❀ ✵❭❀✵✰❅▲ ❀✻ ◗❙❘❯ ❈➃➄ ❂✼✸❄✵●
P✯❄ ❊❍ ➅✴✸❄✸ ➅✻❀❩ ❁✯▲✾▲ ✵❭❀✵✰❅✵❅

After IC:

P✯❄ ❊❍ P❅✸✼✻✿❂ ✳✺ ✵❭❀✵✰❅▲ ❋❙❯ ❈✵❭❀✵✰▲❂✻✰ ✻✰✿❃
▲✯▲✾✵❁❀✵❅ ❂✰ ❳✹●

P✯❄ ❊❍ ➅✴✸❄✸ ➅✻❀❩ ❁✯▲✾▲ ▲✿❂❄❩❀✿❃ ✵❭❀✵✰❅✵❅
P✯❄ ◗❙ P❅✸✼✻✿❂ ✺✴✵▲❁✵✰❀ ✵❭❀✵✰❅▲ ❀✻ ca✹ ◗◗❙❯
P✯❄ ◗❊ ❳❂✵❁❩✻❃ ✳✼✸✿✿ ✵❭❀✵✰▲❂✻✰▲ ▲✵✵✰

2017E & 2017W

❣✈ ④⑤ ♠♥ ⑧⑨⑨➇ ✈①♣ ②r❧❧ ✉♠③✉❧♣ ①✐❤ ❻♣♣♥ q♣♣♥ ❻❽ ❣❤✐❥❦❧♠❶ ➈✐r❥ ❹❺♠❧q❦♥❶
➀①♣③♣✐q ✐✈ ✈①♠q ✉❦❥s✐③✐❻❧♣ ♣❧❦♥❼✐✈♠❦♥ ♠♥ ⑧⑨➉⑩❶ ♣❿✈♣♥q♠❦♥q ♥♣❾♣③ ③♣✐✉①♣❤
✈①③♣♣➋➌r✐③✈♣③q ❦② ✐ ✉♠③✉❧♣⑥ ❣❤✐❥❦❧♠ ❤♠❤ ✉❦♥q♠❤♣③ ✈①✐✈ ✐ ②✐♠♥✈ ❧♠♥♣ ❦② ❧♠❼①✈
♣❿✈♣♥❤♣❤ ✐❧❧ ③❦r♥❤ ✈①♣ ❤✐③➍ ❧♠❥❻ ❦♥ ❷✐③ ⑧➎❶ ❻r✈ ①✐❤ ❤♠q❥♠qq♣❤ ♣✐③❧♠♣③
q♠❼①✈♠♥❼q ❦② ✈①♠q ♣➏♣✉✈ ✐q ♠❧❧rq❦③❽⑥

Date(s) Observer Angular extension (°)

❫✸✴ ❊❊➁◗❪ ❳❂✵❁❩✻❃ ✳✿❂❄❩❀ ✵❭❀✵✰▲❂✻✰▲ ▲✵✵✰
❫✸✴ ❊❪ ❫❁■❂✼ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ◗❙❙❯
❫✸✴ ❊✲❨ ◗❙ ❫❁■❂✼ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ◗❊❙❯
❫✸✴ ❊✲ ➆✵❴❂▲ ✳✿❂❄❩❀ ✵❭❀✵✰▲❂✻✰▲ ❈➃➄ ❂✼✸❄✵●
❫✸✴ ❊⑦ P❅✸✼✻✿❂ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ca. ◗✲❙❯
❫✸✴❁❩ ❊❖❨ ◗✲ ❢✴✸❩✸✼ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ◗❊❙❯
❫✸✴ ◗◗➁◗✲ ✳✯▲▲✵✰❜✸❁❩ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ca. ◗❙❙❯
❫✸✴ ◗❋ P❜✵✿ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ◗❊✲❯
❫✸✴ ◗✲ P❜✵✿ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ◗❙❙❯
❫✸✴ ◗✲ ❫❁■❂✼ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ◗❊❙❯
❫✸✴ ◗✲ ❫✸❁▲❃✼✻❴❂❁❵ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ca. ◗❪❙❯
❫✸✴ ◗✲ P✷✯❀▲✯ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ca. ◗❙✲❯

After IC:

❫✸✴ ◗❘➁◗❍ ❳❂✵❁❩✻❃ ✳✿❂❄❩❀ ✵❭❀✵✰▲❂✻✰▲ ▲✵✵✰
❫✸✴ ◗⑦ ❫✸❁▲❃✼✻❴❂❁❵ ❬❭❀✵✰▲❂✻✰▲ ❀✻ ca. ◗❋❙❯
P✾✴ ❖ P❅✸✼✻✿❂ ➐✵✴❃ ❛✸❂✰❀ ✵❭❀✵✰▲❂✻✰ ✻❛ ✳✹ ❁✯▲✾❨

✻✰✿❃ ❜❃ ca. ❋✲❯

➑➒➓➔→➓➓➒➣↔

↕➙➛➜ ➝➞➛➜ ➟➞➛ ➠➡➢➜➛➟ ➤➥➛➦ ➜➥➟ ➢➠➠➧➥➢➨➞ ➟➞➛ ➩➫➜ ➨➡➥➦➛➧ ➟➞➢➜ ➭➯➲
➛➳➟➛➜➦➵➥➜ ➥➸ ➟➞➛ ➨➫➦➠➦ ➟➥ ➢ ➸➫➡➡ ➨➵➧➨➡➛ ➨➢➜ ➦➥➺➛➟➵➺➛➦ ➻➛ ➥➻➦➛➧➙➛➤➼
➽➨➾➵➺➲ ➫➦➵➜➚ ➢ ➪➶➹➺➺➘➴➲ ➝➢➦ ➢➻➡➛ ➟➥ ➦➛➛ ➟➞➛ ➨➥➺➠➡➛➟➛ ➨➵➧➨➡➛ ➢➟
➷➬ ➵➜ ➹➶➶➮ ➢➟ ➱➮➯ ✃❐❒ ➦➛➠➢➧➢➟➵➥➜ ❮➢➦ ➥➟➞➛➧➦ ➞➢➤ ➻➛➛➜ ➢➻➡➛ ➟➥ ➧➛➨➥➧➤
➵➜ ➹➶➶❐ ➢➟ ❰➭➯ ➪➶❒Ï➲ ➻➫➟ ➝➞➛➜ ➞➛ ➫➦➛➤ ➟➞➛ ➦➢➺➛ ➵➜➦➟➧➫➺➛➜➟ ➢➟ ➷➬
➢➟ ➟➞➛ ➨➥➺➠➢➧➢➻➡➛ ➛➡➥➜➚➢➟➵➥➜ ➵➜ ➹➶➪➮ ❮❰➭➯ ➪➭❒Ï ➫➜➤➛➧ ➛Ð➫➢➡➡Ñ Ò➜➛
➨➥➜➤➵➟➵➥➜➦➲ ➥➜➡Ñ ➦➞➥➧➟ ➛➳➟➛➜➦➵➥➜➦ ➨➥➫➡➤ ➻➛ ➺➢➤➛ ➥➫➟➼ Ó➞➛ ➹➶➪✃ ➷➬
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ening to a shade of amber-yellow, approaching a gap between 

trees and houses and a clear bit of the skyline formed by the Clwyd 

hills. I watched through 15×70 binoculars… Now dimmer and of 

a deeper shade of orange-yellow, I followed it down to the edge of 

the skyline where it hovered for a fraction of a second on the verge 

of extinction so it seemed, before breaking up into glittering star-

like fragments. To my utter astonishment, the last fragment stood 

on the edge of the hill, a gorgeous sapphire with green facets, and 

as if in salute twinkled and vanished.❢❧➐➑➒➓
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å æçèéê ëì íìî ïðñòñðð èì óì ô õöñ÷ø ùì óìî úûøö öñü÷öýþ ñþÿ �öü÷öýþ öð✁þ✂ñ-
÷é✁þü ✁✄ ☎öþ✆üî å✝✝å✞å✝✝✟✠î J. Brit. Astron. Assocìî 118✡☛☞ ✌☛✍✞✌✎✝ ✡✌✏✏✟☞

✌ æçèéê ëì íìî ïðñòñðð èì óì ô õöñ÷ø ùì óìî ú☎öþ✆ü ✌✏✏✍✑ öñü÷ ñþÿ �öü÷ öð✁þ-
✂ñ÷é✁þü ñþÿ ü✁ðñý ÷ýñþüé÷✠î ibidìî 117✡✌☞ ✎☛✞✒✎ ✡✌✏✏✒☞ ✓Erratum✑ ✔é✂✆ýö ✝ ✞ éþ
�øéçø þ✁ý÷ø éü ✆✕✕öýê✁ü÷ ✞ üø✁✆ðÿ øñ✖ö ✗ööþ ðñ✗öððöÿ æñ✘ ✌å✙

Figure 14. ûøö ð✆þñý ✁çç✆ð÷ñ÷é✁þî ✌✏✏✒ í✆þ å✟ì
Left panel: ✟✏✏êê ýö✚ìî ýöñ✕✕öñýñþçö ✄ýñêöü
✄ý✁ê �ö✗çñê ✖éÿö✁î S. Kowollikì Right: reap-

✕öñýñþçö éêñ✂ö ÷ñ✛öþ �é÷ø ÿé✂é÷ñð çñêöýñ ñþÿ
✌✏✜êê ✢✣ûî D. Niechoyì ✤✁ý÷ø éü ✆✕✕öýê✁ü÷ éþ
ñðð ÷øöüö éêñ✂öüì

Figure 15.ûøö ð✆þñý ✁çç✆ð÷ñ÷é✁þ ✁✄ ✌✏✏✟✥öç åî ÷ñ✛öþ ✄ý✁ê ✢÷✁þöøöþ✂ö�é÷ø ñ ÿé✂é÷ñð
çñêöýñì☎öþ✆ü éü ñ÷ ÷øö ð✆þñý ðéê✗î�é÷ø í✆✕é÷öý ñ✗✁✖ö ñþÿ ÷✁ ÷øö ýé✂ø÷ì B. A. Kingsley

Figure 16. ûøö ð✆þñý ✁çç✆ð÷ñ÷é✁þ ✁✄ ✌✏å✏ æñ✘ å✎ì ✔ý✁ê ðö✄÷ ÷✁ ýé✂ø÷✑ å✏✑☛✜î åå✑å☛î åå✑✍✎ ô åå✑☛✜ ✦ûì
✎✏êê ✧★ ñþÿ ✥✢✩ëì T. Akutsu

Figure 17. ûøö ✌✏å✌ù✕ý ☛ ç✁þ✪✆þç÷é✁þ ✁✄ ☎öþ✆ü �é÷ø ÷øö
✫ðöéñÿöüî ÷ñ✛öþ �é÷ø ñ �éÿö ñþ✂ðö ðöþü ñþÿ ÿé✂é÷ñð çñêöýñì
J. Cooper




