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Abstract It has been recently claimed (Zolotova and Ponyavin, Solar Phys.,
291, 2869, 2016; ZP16 henceforth) that a mid-latitude optical phenomenon,
which took place over the city of Astrakhan in July 1670, according to Russian
chronicles, was a strong aurora borealis. If this was true, it would imply a very
strong or even severe geomagnetic storm during the quietest part of the Maunder
minimum. However, as we argue in this article, this conclusion is erroneous and
caused by a misinterpretation of the chronicle record. As a result of a thorough
analysis of the chronicle text, we show that the described phenomenon occurred
during the daylight period of the day (“the last morning hour”), in the south
direction (“towards noon”), and its description does not match that of an aurora.
The date of the event was also incorrectly interpreted. We conclude that this
phenomenon was not a mid-latitude aurora but an atmospheric phenomenon, the
so-called sundog (or parhelion) which is a particular type of solar halo. Accord-
ingly, the claim about a strong mid-latitude aurora during the deep Maunder
minimum is not correct and should be dismissed.
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1. Introduction

A period of extremely low solar activity which took place during the second
half of the 17th century — beginning of the 18th century (1645—-1715), is called
the Maunder minimum (MM). It is the subject of numerous investigations since
it poses an important observational constraint on centennial evolution of solar
activity (e.g. Sokoloff, m; Charbonneau, 2010). Although the very existence
of the MM is known (e.g. Eddy, m; Eddy, ), the exact level of activity
during that period is still discussed as new data are revealed and some old data
are revisited (Vaquero et al., m; Vaquero and Trigo,m; Vaquero et al., m;
Usoskin et al., ; Svalgaard and Schatten, ). Very recent estimates of the
level of solar activity during the MM based in a revision of historical sunspot
observations clearly imply very low values (Carrasco, Alvarez and V; uero
m; Carrasco and Vaquero, m Usoskin et al m Vaquero et al.,

note that a claim of a moderate level of solar activity during the MM (Zolotova
and Ponyavin, M) was caused by misinterpretation of the data, as shown by
Usoskin et al. (@) Moreover, the existence of the MM and other similar grand
minima of solar activity, which form a special quiet mode of the solar dynamo, is
independently confirmed by cosmo c isotope data for the last millennia (e.g.
Beer, McCracken, and von Steiger, m Steinhilber et al. m Inceoglu et al.,

; Usoskin et al. m Usoskin et al. M)

There are some records of auroras observed during the MM (e.g. Letfus, M),
however all the European records are related to high geomagnetic latitudes where
auroras occur regularly (the auroral oval) even without geomagnetic storms and
sunspots (Vazquez et al., m; Usoskin et al., M) On the other hand, there
are also records from Korean chronicles that may be interpreted as auroras
(Zhang, m; Lee et al., M) However, as noticed by Zhang (@), most of
these events were observed in the southern direction, which contradicts with the
data from the neighboring China and Japan. Accordingly, the nature of these
records is still debated (see discussion in Vézquez et al., ).

A new result of the reanalysis of some data for the period of the MM has been
published recently by [Zolotova and Ponyavin (2016, ZP16 henceforth), who in
particular stated that a strong mid-latitude aurora was observed during Summer
1670, i.e. during the deep phase of the MM:

“The Mazurinsky chronicler Peter Zolotarev (Buganov and Rybakov, 1968)
described the observations of meteors by the Astrakhan guard of archers on
13 July 7178 (the year since the creation of the world, which means 1670)
and auroral observations (“three pillars of different colors, like the heavenly
arc in the cloud, and crowns of many colors on top” as translated by us) of
the same guard (July—August 1670, according to Loysha, Krakovetsky, and
Popov, 1989). Astrakhan is a Russian city located at latitude 46°, which
means a strong geomagnetic storm and appearance of a large activity complex
on the Sun.”

The aurora, discussed by ZP16, would have appeared at mid-latitude at ~ 46°
geographic latitude. For 1670 this location had an ~ 49° geomagnetic latitude
using the archeomagnetic model (Licht et al., m If confirmed, this would
imply a strong geomagnetic storm during the deep phase of the MM and lead
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to a need to revisit our paradigm of the extremely quiet Sun during that time.
However, as we argue in this article, this claim by ZP16 was caused by a misin-
terpretation of the original chronicle record written in the 17th-century Russian
language. With a careful analysis of the chronicle and other historical sources we
show that the event under question can not be an aurora borealis but rather a
day-time optical atmospheric phenomenon, and accordingly the claim by ZP16
should be dismissed.

2. The Original Chronicle

The original record referred to by ZP16 appears in the writing of Piotr Zolotarev,
an eyewitness and a chronicler of the Astrakhan region during the period of
the open rebelion led by famous Stepan Razin (Buganov and Rybakov, M)El
ZP16 erroneously called him as “Mazurinsky chronicler” confusing with another
source in the book by Buganov and Rybakov M) We note that this chron-
icle is known since mid-19th century (e.g. Kostomarov, 1994 and forms the
main source of information about the period around 1670 when Razin and his
troops conquered the big city of Astrakhan on 22 Jundd 1670. Since the city
of Astrakhan was expecting assault, the citizens and defenders put particular
attention to unusual events considered as omens. In particular, during the years
1669-1670, when the rebels were approaching Astrakhan, several omens have
been reported. Some of them were clearly related to earthquakes, unusual noise,
meteors showers, but the sixth omen was interpreted by ZP16 as an aurora.

We note that the translation of the original chronicle record about this sixth
omen, as provided by ZP16 (“three pillars of different colors, like the heavenly arc
in the cloud, and crowns of many colors on top”) is incomplete and misleading.
The relevant part of the chronicle record, directly reproducing the original text,
is shown in Figure[ll Its translation into English was made by us as shown below
(the order of words was changed to correspond to English language):

In the omen of the sixth apparition.

Moscovite streltsy (regular type of soldiers armed with rifles) standing in the
same guard in the Prechistensky Gate, and in the last morning hour, saw
from air, standing in [the direction of the] noon, three pillars of different
colors, as appears in a cloud a heavenly arch, and above them, something like
crowns decorated also by various colors. This apparition was announced to the
Metropolitan bishop, who, the Metropolitan bishop, was also an eyewitness
of this. During the fast of supreme saints (apostles) Peter and Pauld no one
was walking without warm clothes, because there were, during that time,
great cold and rains with ice hail, often in day and night.

1See reference R1 in the electronic supplementary material (ESM) for the original source.
2See reference R2 in ESM for the original source.

3The dates are given according to the Julian calendar (JD) used during that time. The differ-
ence between the JD and the GD (Gregorian date) was 10 days in 1760 so that 20 June, 1760
in JD corresponds to 30 June, 1760 in GD.

4The Peter and Paul fast lasted from 04 June until 11 July 1670.
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Figure 1. A scan of the record related to the discussed phenomenon, from page 212 of Buganov
and Rybakov (1968). The red and blue shadings mark direct mentioning of the time and
direction of the phenomenon, both missed in the translation of ZP16.

The text of the record provided by ZP16 is denoted by italics in the translation
above. One can see that it relates only to a description of the optical phenome-
non. The important facts mentioned in the original record (see Figure [I)) but
not mentioned by ZP16 are denoted in boldface and are related to the timing
and direction of the phenomenon. The second part of the record describes the
unusual meteorological conditions during that time. In the subsequent sections
we analyze this information in full detail.

2.1. Direction

At such low latitude, auroras, if they appear, are observed usually in the northern
direction. While ZP16 did not mentioned this in their study, the original record
(Figure [M)) provides a clear information about the direction of the phenomenon
(standing on [the direction of the] noon). The direction to the noon unambiguo-
usly means south. This was noticed also by Kostomarov (@), who wrote “In
the southern sky, three pillars were sparkled with rainbow colors...”. Thus, the
phenomenon was seen in the south.

2.2. Date of the Event

Although it is not important for the discussion of the origin of the phenomenon,
it is interesting to note that the date of the event in the chronicle and in ZP16 is
not correct. According to Buganov and Rybakov (@), the fifth omen was seen
on the 13 July, and the sixth omen after that, in July—August 1670, as cited by
7ZP16. However, this cannot be true, because the rebels had conquered the city of
Astrakhan during the night from 21 to 22 July, 1760, and there were no muscovite
guards in the city after that. Most likely, this incorrect date was due to a typo
(the record dated as of 13 July should be 13 June, as mentioned in footnote 38 on
e 212 of Buganov and Rybakov, @) This error is corrected by Kostomarov
) and Schperk (@ﬁ, On the other hand, the next record in the chronicle
is dated by 19 June 1670. Accordingly the phenomenon in question took place
between 1419 June 1670.

5See reference R3 in the ESM for the original source.
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We have checked that this period corresponded to the bright Moon phase
between the first quarter on 15 June and the full Moon on 24 June 1670, making
aurora observation even more problematic.

We note that no other catalog gives any hint of an aurora in late June 1670.

2.3. Timing of the Event

Since an aurora is a faint phenomenon, it is important, for a correct inter-
pretation of the chronicle record, that it is visible only during the night and
not during daylight times. The exact timing of the event, i.e. the time of the
day when the phenomenon was observed, was not mentioned and discussed by
7ZP16. However, the original record does give information on that saying that the
phenomenon was observed “in the last morning hour”. This note is, however,
somewhat ambitious since the term of “morning” is not well defined for that
time and may vary depending on the context. At that time the division of a day
into parts was not related to hours in a clock as noiwadays but linked to the
position of the Sun (sunrise, noon, sunset).

Since the phenomenon was likely to occur in mid-late June (see Section 2.2I),
we consider the timing for 19 June 1670. The day-light (sunrise to sunset) was
04:11-19:55 local time, while the full dark night was short 23:31-02:07 local
time, with the twilight between them.

Considering a typical definition of the morning as lasting between the sunrise
and the noon, “the last morning hour” appears between 11:00 and noon local
time, thus, when the Sun is high. However, this definition might not be used by
this particular chronicler. To be sure that the word “morning” is not applicable
to the dark or even twilight period, i.e. before the sunrise, we checked the entire
chronicle by the same author when mentioning the hours of the day. Relevant
examples mentioning morning hours and sunrise are shown below.

Text on page 208 of Buganov and Rybakov @) says (see Figure S1 in
the electronic supplement material, ESM): “In January, day four, an hour before
light, in the day of Saturday, there was quake of earth.”. The same term was used
also in another place on the same page. This suggests that dark or twilight time
before the sunrise was not regarded as morning but denoted by this chronicler
differently.

Text on page 209 (see Figure S1 in ESM), regarding the fourth omen (dated
in the year 1669), says: “In July, day 19, there was another quake of earth,
stronger than that, in the morning, in the end of the first hour.” Here the term
“morning” is used explicitly.

Text on page 211 (Figure S3 in ESM) says about the fifth omen:

“In J ulyﬁ, day 13, in the city’s Kremlin, muscovite streltsy of Alexeev of the
order of Solovtsov were stood in the guard in the Prechistenskie Gate ... for
three hours before light and saw an omen that the sky opened over the entire

Astrakhan and spilled over the entire city like furnace sparks. And about that

omen, the streltsy, when coming back from the guard to the cathedral, told

6The month is a typo, it should be June, see Section

SOLA: ZP16_R2.tex; 12 July 2018; 14:53; p. 5



Solar Physics

to the Metropolitan bishop Ioseph... The bishop, hearing that, was in tears
for long hour, and, when returned back to the cell, said ” This apparition is
such — spills from the heaven the vial of the God’s anger”, and in the morning
[he] told [this] to boyar and voivode duke Ivan Semenovich Prozorovsky with
comrades.”

Neglecting details, let us consider only timing of the events described here. The
guards saw (presumably) a meteor shower three hours before light (i.e. before the
sunrise). After that, they finished their guard shift, returned back and reported
this to the bishop, who first was crying for a long time, then went to his cell
to think over this omen, and only after that, in the morning, told about this to
others. It is quite clear that the term morning is different from before light here
and denotes later time.

Text on page 227 (Figure S4 in ESM) tells about the murder of the Metropoli-
tan Bishop loseph on May-11 1671: “In the morning, in the 6th hour of the day,
they ordered to ring the big bell, not fast..”. In this record, there is a clear
connection of the term “morning” to the clock, i.e. the 6th hour of the day,
which was according to the chronicle, 11 May 1671. The sunrise for that day was
at 04:15 local time, implying that the 6th hour of the day was well during the
sunlight.

From the analysis presented above we conclude that the time mentioned as
the last morning hour unambiguously corresponds to the full daylight, being the
time after the sunrise, likely closer to noon, which makes it impossible to see an
aurora, but appropriate for other atmospheric phenomena.

3. The Origin of the Phenomenon
3.1. Could It Be an Aurora?

We have shown in the previous section that the phenomenon took place dur-
ing the daylight period of a day and in the south direction, which makes it
hardly possible to be an aurora. There are further arguments dismissing its
interpretation as an aurora.

First, if observed in Astrakhan, the aurora must have been seen across popula-
ted areas in North and Central Europe, North America, Northern China, Japan,
and of course in the entire Russia. However, we are not aware of any other
independent report confirming such event (e.g. Vdzquez et al., M) We note
that, according to Schperk (@) there is only one clear confirmed observation
of an aurora in Astrakhan, which took place on 23 January 1872 (see page 381
there).

Second, the description of the phenomenon (Figure [ and its description)
includes three pillars with crown-like heads characterized by rainbow colors. We
note that this description does not match that of an aurora, since rainbow colors
cannot be produced in an aurora, although a combination of green and red can
be potentially described as “rainbow-like”.

Thus, from the very description of the phenomenon it follows that it is
unlikely to be an aurora. Although historical writings may be very imprecise,

SOLA: ZP16_R2.tex; 12 July 2018; 14:53; p. 6



Solar Physics

Figure 2. An example of a sundog phenomenon (Fargo, North Dakota, taken 18 February
2009, taken from Wikipedia, https://en.wikipedia.org/wiki/Sun_dogs).

in combination with the available information on the timing and direction of
the phenomenon, we have a solid ground to exclude the auroral origin of the
phenomenon.

3.2. What Could It Be?

Let us guess what such a phenomenon could be.

First, we note that such optical phenomena are not rare in the city of As-
trakhan which is located so that in its south there is the Caspian sea and a large
salt marsh. As stated by Schperk (@) (see the highlighted text in Figure S5 in
ESM) “In the same year [1670] light pillars were repeatedly observed in the sky.”
Although some following descriptions are related to other phenomena, like ball-
lightning, the event of 16 March [1848] describes a similar phenomenon “.. in 7
in the evening, on the south —west and north —east parts of the sky, fiery pillars
were observed, two in the south —west part of the sky, three in the north —east,
which, after two hours, gradually disappeared.”

Most likely, the phenomenon observed was an atmospheric optical phenomen-
on called sundog (known also as mock suns or parhelia), which is a specific type
of solar halo caused by refraction of sunlight on planar hexagonal ice crystals,
which exist either in clouds or, during cold weather, floating in the near-ground
air forming the icy haze or ‘diamond dust’ (e.g. Greenler, m) The refraction
of sunlight leads to appearance of two ‘pseudo-suns’ located at 22° to the right
and left of the true Sun. In the hazy conditions, the three suns often appear as
pillars with rainbow color separation. An example of a clear sundog appearance
is shown in Figure

We note that the weather was very cold in June 1670 (see Figure [Il and
its discussion). Thus, we conclude that the description and conditions of the
occurrence of the event matches the sundog phenomenon, which is expected to
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appear in the direction of the Sun, south in this case (Section ). Of course,
this is only a speculation which cannot prove the origin of the phenomenon, and
it is not an objective of this work.

4. Discussion and Conclusions

We have shown that the event, claimed by ZP16 to be an aurora observed in
the city of Astrakhan in the summer of 1670, according to a Russian chronicle
(Buganov and Rybakov, m) could not be an aurora borealis. A thorough anal-
ysis of the original text of the chronicle unambiguously imply that the reported
event was observed during the daylight time (likely late morning before the noon)
and in the south direction, which dismisses the aurora interpretation. Neither
was it confirmed from other independent sources. We propose that it was likely
a complex optical atmospheric phenomenon, including parhelia and three light
pillars

We emphasize that the record analyzed here was not made in a scientific
manner but was rather based on a compilation made by a chronicler who was
not specifically interested in scientific scrupulosity. In this particular case we
were lucky to find clear evidences proving that this event was not an aurora, but
even if the description was indistinct, information obtained from amateurs, espe-
cially if not from the actual observers, should be very carefully considered when
confronted with regular and scientific observation of professional astronomers,
as was done by the Paris school of astronomy for the period of the Maunder
minimum (Ribes and Nesme-Ribes, [1993).

Concluding, the claim of Zolotova and Ponyavin M) that a strong geomag-
netic storm and a “large activity complex on the Sun” appeared in 1670, i.e.
during the deep Maunder minimum, should be dismissed as based on a misinter-
pretation of the original historical record. Thus, at present there is no evidence
of high geomagnetic or solar activity during the Maunder minimum.
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T'emBapa 228 4 ne]ﬁwl B cyOOTHHIL 23 ems 23, OBICTH TPACEHHe 3eMIH, Bee 24 XO-
POMEL IOTPsCHHCSA 25 BO BCeM I'pafie AcTapaxade 26, m kyph ¢ HEamecrelt 27 nomanaxm. Ilocaenm sxe TOro
Figure S1. A scan of the original text from page 208 of Buganov and Rybakov (1968). The red oval
highlights mentioning of the timing discussed in the main text.

B werseproM 3HaAMEHMN,
Hrons % 8 19 nems ppyroe 8 Gecrs TpaceEde semum 47, mave m 48 Toro €, mo *® yrpy ma mexo
mepeoro gaca 4%, Boapmm e xuass Heam 9 || Cememormy IIposoporckoii mpaTeue K MpeocBAMEHHOMY 51

Figure S2. A scan of the original text from page 209 of Buganov and Rybakov (1968). The red oval
highlights mentioning of the timing discussed in the main text.

O mATOM BAXEHHN,

Miona 3 B 13 gens B 3° Kpemue ropome 6nam 40 mocraBaens: “! Ha Ka||payxne B llpegncrenckux Bo-
poTex 40 MOCKOBCKME CTPelbUE AneKceeBa IpEkasy ConoBrmosa, KOTopse 2 GEINM OCTABNEHH OT BEICHLI-
KE mirg 43 Kapaynos 42, HpeNE 4 3EaMeHMe, 9TO0 45 HaZo Bceld ACTopaxaHHIO OT-
BopmIoCh 48 HeGo 46 W UPOCHIANOCE *7 W8 Heba Ha Bech rpay 8 mopmo6Ho mewmmM 4% mexpam. U 50 To Bm-
fleBHWe, DPAIIE]] MOCKOBCKAE CTPEJBIEL ¢ Kapayla B c000pEYI0 NepKoBh K 3 mpeocamennomy || Hocudy
METPOLOJHATY, OBeAaN: 52, a 53 B To BpeMa B cobope menw yrpenuiolo. Murpomonur e To 54 ycnsima 55,
7 58 cesen 37 6u1cTE 57 JOAr Yac, ¥ B 58 xexnnmio npmmex 58, rraroname 59; ¢Ce 89, pEeEME TAKOBO —HBNH-~
Aca ¢ Bebecm Gman rEeBa rOCHONHA &4); noBeaer GoapuEy I 62 Boesomam °° xEasio Usa-
ry Cememopmuro Ilposoporckomy ¢ ¢ Topapsmmm® OE ’xe Benmkmit HOBEII crpacTorepmer GoApms 65

Figure S3. A scan of the original text from page 211 of Buganov and Rybakov (1968). The red
ovals highlight mentioning of the timing discussed in the main text.

A "gayrpue ", B 7 6-M wace ™ gua ", Bemenm’® B Gommei *® Komoxox 3BORATE 77 He wacTo,

Figure S4. A scan of the original text from page 227 of Buganov and Rybakov (1968). The red oval
highlights mentioning of the timing discussed in the main text.




Figure S5. A scan of the original text from page 382 of Schperk (1895) related to the discussion of
similar atmospheric phenomena observed in Astrakhan. The red rectangle highlights the explicit

BB NPHIOIKEHIN BB TAON LA V1L, LIDABOKY ONHNCAHIE HAHOONBE BbI-
JAOMAXCA ONTAYECKUX'D ABJEHIi, 3aNHCAHHBIX'S BB XPOHHEKY I'. AcTpa-
xaua: 13-ro Irous 1670 r., 6eiBmie HOYBbIO HA Kapayah crphabner,
CO CTPAXOMDB PA3CKA3bIBAJA, O N0ABHBLIEMCH HOYbI cBETE HALH I0-

POJOMD H O NOCHINABIOAXCA W3 HEro HCKpaxb. Bb aToM® e ropy
HEOAHOKpPaTHO Ha6ajainck cBbroBple croabsl Ha ne6k. 13-ro fAa-

papsa 1848 r., Bp 10'/, 9acors Beuepa, npu BoCXoXh IyHBI, BHAHBI
6BLIA KpacHble TPEYroJbHHKH, cKopo mcyesnysmie. Toro ke roja
16-ro Mapra, BB 7 49acoss Beuepa, na SW n NE croponaxs ne6o-
CKIOHA, HAGIIOIAINCH OTHEHHBIE CTOJORI, B SW uacrn ne6a—/jsa,
a b NE—Tpu, KoTOphle, 10 HCTEYeHid JBYXH YaCOBB, MaJo N0
maJy nagaim mcuesats. 20-ro Anpbas, okoxo 6 gacors Bedepa,
BHJIHBI OBLIH BOKPYI'h COJHUA PAAy:KHALO npkra kpyra. 30-ro Mas,
BB 8'/, 9acoBb Beuepa noasuicA Ha ne6h ecpbramiiica, 6baaro upkra
mAap®b, KOTOPBIA, 6GBICTPO ABHraACh, PA3ChlNAICA HCKPAMH, OCTABUBS
Ha cBoeMb Mberh Ha HECKOABKO CeKyHA'H SpKoe ciaHie, N0 ACYE3HO-
BeHiH Koroparo BmJHAa Oblia cebroBag moaoca BB BEAK XBOCTA.
7-ro Jlexka6pa, B 8 4acoeb yrpa, mo o6kmme cropoHam® COAHOA

mentioning that light pillars in the sky were frequent that year (viz. in 1760).
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Reference (Buganov and Rybakov, 1968) is cited according to:
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pen. B.W. byranos u B.A. Pri6akoB, MockBa, Hayxka, 1968.

Reference (Kostomarov, 1994) is cited as a re-publishing of the original work:
Kocromapos, H.U., Ucropuueckue Mmonorpaduu u uccinenosanus, tun. M.M. CracroneBuua,
Cankr-IletepOypr, T.2, c. 405.505, 1903.
Reference (Schperk, 1895) is cited according to:
[Mnepk, @.D., Ouepku Actpaxanckoro kpas. Kimmmart r. Actpaxanu U ACTpaxaHCKOro Kpas,
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reorpaguueckoro obiiecTsa 1o obmieit reorpaduu, T. 27.)
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