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Abstract 
Oceanic pits are often  unknown due to their enclosed nature and lack of exchange with the surround-
ing environment, and they are often overlooked and neglected by researchers. The study area of the 
current research is a pit located in the Strait of Hormuz, near the south of Greater Tunb Island, which 
has not been previously studied. Its depth is more than 185 meters, with longitude coordinates of 
55.321 degrees East and latitude of 26.122 degrees North. However, the depth of these coordinates 
has been recorded as 68 meters on GEBCO's international website. The seasonal data used are tem-
perature and salinity obtained from one seasonal field measurement of the Persian Gulf Explorer in 
2018 which were measured using a CTD (Conductivity, Temperature, and Depth) instrument with a 
time step of one second. Then the related graphs of temperature, salinity and potential density were 
plotted and analyzed in Ocean Data View (ODV) software package. Moreover, the Brunt-Väisälä 
buoyancy frequency and Turner’s angle were calculated and plotted using ODV. The average values 
of each component were calculated by the weighted averaging method in ODV. The results showed 
that the pit is generally stable. The surface layer of winter had a higher density than the other seasons, 
but the summer unexpectedly had a higher density than the other seasons in the deep trapped water 
of the pit. The results also showed that all three states of stability, instability and double diffusion 
convection occur in all seasons in the pit. The layers which mostly consist of double diffusion con-
vection were observed in the following order: summer, winter, spring and autumn, respectively. The 
salt finger regime in warm seasons (spring and summer) and the diffusive convection regime in cold 
seasons (autumn and winter) had a greater contribution to creating double diffusion convection. The 
strong diffusive regime in warm and cold season  seasons was9% and 4%, respectively, and the weak 
diffusive regime in warm and cold season seasons was 5% and 22%, respectively. Meanwhile, the 
strong salt finger regime in warm and cold seasons was 18% and 8%, respectively and the weak salt 
finger regime in warm and cold seasons was 21% and 9%, respectively. The relationship between 
temperature and stability clearly showed that there was no seasonal thermocline layer in autumn and 
winter. In summer, the thermocline layer is stable and the surface mixed layer was highly unstable. 
Surprisingly, both the most stable and unstable layers were located in deep waters of spring. In gen-
eral, autumn was the most stable season and spring was the most unstable season according to the 
measured data of the Persian Gulf Explorer (2018) in the pit of Strait of Hormuz, near the south of 
Greater Tunb.  
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1    Introduction 
The world's oceans are vast habitats for 
countless creatures that settle, spawn, dig, 
or feed on the seafloor. They also influ-
ence the shape of the ocean floor. How ex-
actly this takes place has been scarcely in-
vestigated so far. In an interdisciplinary 
study, geoscientists, biologists, and ocean-
ographers, have examined crater-like de-
pressions hereafter referred to as pits (Kiel 
University, 2023) on the seafloor (e.g. the 
North Sea). Pits are different from 
trenches. Oceanic trenches are prominent, 
long, narrow topographic depressions of 
the ocean floor (Rowley, 2002), while pits 
are crater-like depressions and poorly un-
derstood because they are not usually de-
picted on  general maps. 
    On the other hand, density plays a key 
role in  the stratification of the ocean water 
column especially pits as a unique en-
closed water column. Factors affecting the 
density of ocean water include tempera-
ture, salinity, and pressure. The effect of 
pressure can only be seen in deep water 
due to the compressibility of the water col-
umn. Therefore, in investigations below 
the depth of 1000 meters, the compressi-
bility effects of the water column are usu-
ally ignored. The stratifications of the wa-
ter column in waters with a depth of less 
than 1000 meters are under the influence 
of two important components of tempera-
ture and salinity with different molecular 
diffusion coefficients (KT=1.4×10-7 m2s-1, 
Ks = 1.4×10-9 m2s-1) (Stewart, 2008). 
When a light package of water is placed 
on top of a heavy water package, the water 
column is statically stable and hence there 
is no tendency to move vertically in the 
water column. But if the heavy flow is 
placed on top of the light flow, the heavy 
one sinks and the light one rises, and the 
water column has an unstable density dis-
tribution. Stability is a measure of the 
amount of work required to move a parti-
cle up or down in the water column. In 
other words, stability can be compared to 
the movement of the water column up and 

down in the form of an oscillation (Jam-
shidi, 2015), whose buoyancy frequency 
is the Brunt-Väisälä buoyancy frequency, 
N, according to equation 1 (Stewart, 2008; 
Kaempf, 2010). 

(1)        𝑁𝑁(𝑧𝑧) = −
𝑔𝑔
𝜌𝜌0
𝜕𝜕𝜌̅𝜌
𝜕𝜕𝜕𝜕

= 𝐸𝐸𝐸𝐸 

If the buoyancy frequency is positive 
(Table 1), the fluid parcel oscillates 
around its initial depth, which physically 
means that when the parcel is displaced 
upwards, it will be heavier than its new 
height and will feel a downward restoring 
force. While returning to its initial height, 
the package gains vertical speed and when 
it reaches the initial level, due to its speed, 
it will move lower than its initial height. In 
the new environment, it will be sur-
rounded by a heavier fluid and will move 
upwards with a positive buoyancy force, 
and the oscillation cycle will be repeated. 
If the buoyancy frequency is negative (Ta-
ble 1), then the displacement of the fluid 
package increases exponentially and static 
instability occurs. If the buoyancy fre-
quency is zero (Table 1), the fluid package 
will be in a neutral state, that is, when 
moving, there is no difference in that new 
location, because no buoyancy force is 
created (Aliakbari Bidokhti, 2018). The 
frequency of buoyancy is the highest in 
the thermocline and the lowest in the deep 
areas and mixed layer (Pedlosky, 2003). If 
instability occurs in a fluid with density 
stratification, the main reason for instabil-
ity is the difference in the faster diffusion 
coefficients of the temperature component 
compared to the salinity component, 
which is 100 times larger than salinity. 
This is because thin layers can lose their 
heat while moving but keep their salinity. 
As a result, the stratified structures created 
in the vertical profiles of salinities can be 
maintained for a longer period concerning 
the vertical profiles of temperatures. 
Therefore, it is expected that the vertical 
structures of layers are more specific in 
the salinity diagrams (Alyasin et al., 
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2013). This feature causes strong move-
ments and mixing in the vertical direction, 
which is called double diffusion with the 
abbreviation DD (Ruddick and Kerr, 
2003). Figure 1 shows the possible states 
of the water column. Figure 1(a) shows the 

stable state and Figure 1(b) shows the un-
stable state. The two other cases (Figure 
1(c) and (d)) show double diffusion con-
vection, which occurs when the distribu-
tion of salinity and temperature of the wa-
ter column have opposite effects on the 
density distribution of the water column.

 
Table 1. Brunt-Väisälä buoyancy frequency and Tu angle ranges (Gill, 1982; Ruddick, 1983, Robertson et al., 1995; 
Stewart, 2008; Kaempf, 2010). 

Buoyancy 
frequency 

Stability 
State 

Turner's angle 
ranges (degree) Description 

N˂0 Statically un-
stable Tu˂-90 and Tu˃90 - 

N=0 Neutral stabil-
ity Tu=-90 or -90 - 

N˃0 Statically sta-
ble 

45˂Tu˂90 
45 < Tu ≤ 67.5 Weak SF  Double diffusion (DD): the salt fin-

ger (SF) regime, the most intense 
state when TU is close to 90 degrees, 
the salinity gradient is an unstable 
factor. 

67.5 ≤Tu < 90 Strong SF  

-45˂Tu˂45 The water column is doubly stable (DS). Temperature and salinity are 
stabilizing factors and diffusion convection (DC) does not occur. 

-90˂Tu˂-45 -67.5≤Tu <- 45 weak DC 

Double diffusion (DD): the diffusive 
convection (DC) regime, the most in-
tense state when TU is close to -90 
degrees, the temperature gradient is 
an unstable factor.  

 
 

(a) Low salinity warm water (b) High salinity cold water 
High salinity cold water Low salinity warm water 

    

(c) Low salinity cold water (d) High salinity warm water 
High salinity warm water Low salinity cold water 

 
Figure 1. Possible combinations of temperature and salinity of the water column. (a) static stability, (b) static instability, 
(c) double diffusion convection (DD) of the type of the Diffusive Convection regime (DC), (d) double diffusion convection 
of the type of salt finger regime (SF). 
 

There are two different types of Salt 
Fingering with the abbreviation SF and 
Diffusive Convection with the abbrevia-
tion DC in double diffusion convection 
(Bidokhti Ali Akbari and Sabbagh 
Kashani, 2003). The physical concept of 
the double diffusion convection process is 
the release of part of the potential energy 
by an unstable vertical gradient of temper-
ature or salinity (Kantha and Clayson, 
2000). The quantification of double diffu-
sion convection is done based on the defi-
nition of Ruddick (1983), the Turner angle 
according to equation (2), which is used 
when studying the stratification of seas 

and oceans and double diffusion convec-
tion. Equations (3) and (4) show the salin-
ity compression coefficient and the tem-
perature expansion coefficient used in 
equation (2), respectively. 

(2) 
tan−1(

𝛼𝛼∆𝑇𝑇 − 𝛽𝛽∆𝑆𝑆
𝛼𝛼∆𝑇𝑇 + 𝛽𝛽∆𝑆𝑆

)

= tan−1(
𝑅𝑅𝜌𝜌 − 1
𝑅𝑅𝜌𝜌 + 1

) 

(3) 𝛽𝛽 =
1
𝜌𝜌
�
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�  𝑇𝑇′𝑃𝑃 

(4) 𝛼𝛼 =
1
𝜌𝜌
�
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�  𝑆𝑆′𝑃𝑃 

Equation (2) can describe the vertical sta-
bility and show how the density of the wa-
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ter column changes with depth by consid-
ering that the density is related to the tem-
perature and salinity. Equation (2) can 
also determine the type of double diffu-
sion convection (Table 1). Double diffu-
sion plays an effective role in spreading 
temperature and salinity in the sea, and its 
effects cause the formation of some layers 
in the sea, which may affect the vertical 
diffusion coefficients of temperature, 
mass and momentum. The process of dou-
ble diffusion occurs in different conditions 
and forms and creates instability and mix-
ing (Stern, 1960). Double diffusion mixes 
the ocean water. Merryfield et al., (1999) 
using a numerical model of the ocean cir-
culation that included double diffusion, 
found that double diffusion mixing, alt-
hough it has little effect on large-scale 
ocean circulations, but it is effective in the 
local distribution of temperature and salin-
ity. There are studies related to the stabil-
ity and double diffusion convection in the 
Strait of Hormuz, such as Mohammad 
Pour et al., (2023), Solgi et al. (2022, 
2023), Azizpour et al. (2017), Ansari et 
al., (2010) are among them. There are very 
few studies about the pit of the Strait of 
Hormuz. In only one study, Koochaknejad 
and Hamzei (2022) studied the distribu-
tion of the winter bloom of Noctiluca scin-
tillans in the Strait of Hormuz, and one of 
their stations was on the position of this pit 
coordinates. In that study, the temperature, 
salinity, and chlorophyll-a were investi-
gated only up to a depth of 100 meters 
only during the winter season. In other 
studies, the existence of this pit of the 
Strait of Hormuz region has not been men-
tioned. The present study was conducted 
to seasonally investigate the stability and 
convection of double diffusion in the pit of 
the Strait of Hormuz, located in the south 
of Greater Tunb Island, which is the first 
of its kind to be proposed in the Persian 
Gulf region. 
 
2    Methods 
2.1    Study area 

The Strait of Hormuz (26 degrees 30 
minutes north and 56 degrees 30 minutes 
east) is a waterway that connects the Per-
sian Gulf to the Gulf of Oman and is im-
portant in terms of research, economy, 
military and politics (Reynolds, 1993). 
The Islamic Republic of Iran is located in 
the northern part of the Strait of Hormuz, 
and Oman and the United Arab Emirates 
are located in the southern part. The aver-
age width of the Strait of Hormuz is ap-
proximately 56 km (Reynolds, 1993). The 
maximum depth of the Strait of Hormuz 
increases from west to east and north to 
south, except for its located pits. In gen-
eral, oceanic pits are one of the unknown 
regions of the earth. Although the maxi-
mum depth of the Strait of Hormuz in-
creases from west to east and north to 
south, and it is relatively well-known in 
terms of bathymetry, the pits of the region 
are poorly understood  and until recently, 
there were no reports of the existence of 
these pits in research. However, local fish-
ermen and captains were aware of their ex-
istence and had military use of them by the 
United States Navy. The pit in the Strait of 
Hormuz is located in the south of Greater 
Tunb Island, with a depth of more than 
185 meters, with longitude coordinates of 
55.321 degrees East and latitude 26.122 
degrees North. However, the depth of 
these coordinates has been recorded at 68 
meters on GEBCO's international website. 
 
2.2. The used data  
In this research, the field data was meas-
ured by the Iranian National Institute for 
Oceanography and Atmospheric Science 
with the Persian Gulf Explorer in 2018 
were utilized. The Persian Gulf Explorer 
is a Research Vessel, IMO 9770402, built 
in 2017 and many studies have utilized its 
measurements e.g. Momtazi and Sepah-
vand (2021), Ghaemi et al., (2021 and 
2022), Kabiri (2022), Abedi et al., (2023), 
Ershadifar et al., (2023).  The location in-
formation of the measured station (Figure 
1) in different seasons of 2018 is shown in 
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Table 2. This station was in the south of 
Greater Tunb Island, as the pit of the Strait 
of Hormuz, where the depth was measured 
at 187 meters. The tidal range varies in dif-
ferent stations (Soyuf Jahromi, 2023) and 
is insufficient to  extract energy in many 
parts of the Persian Gulf (Soyuf Jahromi 
and Emami, 2021). According to the study 
of Hoseini and Soltanpour (2022), the tide 
reaches 30 cm in the area of the studied 
station. Due to the depth of the station, and 

the small the small tidal range, the tidal ef-
fect has been ignored. Sampling was con-
ducted  in all seasons to a depth of more 
than 176 meters. Physical properties in-
cluding temperature and salinity of water 
from the surface to near the bed were 
measured using a CTD (Conductivity, 
Temperature, and Depth) instrument with 
a time step of one second. The device used 
in this exploration was the Ocean Seven 
316 model  made by Idronaut, Italy. 

 

 

 
Figure 2. Locations of the Strait of Hormuz pit, near the south of Greater  Tunb to the Strait of Hormuz and Persain Gulf, 
plotted by ODV. 
 
 

Table 2. The last measured depth at the selected station of the pit of the Strait of Hormuz, 
located in the south of Greater Tunb Island. 

Season Location Last measured depth 
(m) Longitude (°E) Latitude (°N) 

Spring 55.321 26.122 176.78 
Summer 55.321 26.122 179.61 
Autumn 55.321 26.122 186.78 
Winter 55.318 26.121 177.78 

 
 
2.3    The data analysis 
Ocean Data View software package was 
used to analyze the measured data. ODV 
is a computer software program related to 
the Alfred Wegener Institute (AWI) that is 
used to graphically display oceanographic 

and other geographic features and time se-
ries data. This software allows the user to 
store and analyze large data sets on small, 
portable hardware, and can expand and 
extend any existing data set as new data 
becomes available (Schlitzer, 2022). This 
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software is used in various sciences such 
as physical oceanography (Mohammad 
Pour et al., 2023; Payandehi et al., 2023; 
Lashkari et al., 2023), meteorology 
(Aboobackr et al., 2020), chemical ocean-
ography (Gourain et al., 2019), marine bi-
ology (Forsch et al., 2021), marine geol-
ogy (Bao et al., 2019), marine environ-
ment, etc. 

In this research, the data from  the 
global ocean database, which was in-
cluded in the default settings of ODV soft-
ware, was used as the primary basis of the 
field measurement data. First, the data of 
the station, which were in text format, 
were checked in Excel and then imported 
to ODV. The temperature and salinity val-
ues were obtained directly from the field 
data, and the potential density values were 
calculated using the sea water state equa-
tion (TEOS-10), buoyancy frequency 
(equation 1) and Turner's angle (equation 
2) in the software. Then the temperature, 
salinity and potential density were plotted 
as station charts and values of buoyancy 
frequency and Turner's angle were plotted 
as scatter charts according to depth. Also, 
the average values of each component 
were calculated by the weighted averaging 
method. In order to draw pie charts that 
show the frequency of Turner's angle val-
ues, first the calculated values of each 
cross section were extracted from the 
ODV software in the form of a spread-
sheet file in text format. Turner's angle 
values were arranged in ascending order 
and then the percentages of static instabil-
ity, weak and strong Diffusive Convection 
regime, doubly stable, weak and strong 
salt finger regime were calculated and 
plotted as pie charts for each season. 

 
3     Measurement, observation and cal-
culation 
Figure 3 shows the graphs of temperature, 
salinity and potential density anomaly in 

four seasons of the year. The maximum 
temperature was in summer (31.44 de-
grees Celsius) and its minimum was in 
spring (21.74 degrees Celsius); the maxi-
mum salinity occurred in winter (41.11 
psu), while its minimum was in spring 
(37.09 psu). In the summer, the potential 
density has both maximum (28.6 kg m-3) 
and minimum (22.91 kg m-3) values. 

As shown in figure 3 (left), the temper-
ature of the water column in spring and 
summer displays  three mixed layers: 
mixed layer, thermocline mixed layer, and 
deep layer, but in autumn and winter, the 
water column is mixed and forms rela-
tively one single layer. The graphs of sa-
linity (Figure 3, middle) and potential den-
sity (Figure 3, right) show that in terms of 
these two physical properties, the water 
column has three layers in all seasons of 
2018. The warmest waters are located in 
the surface layer in summer, spring, au-
tumn and winter, respectively, and the 
warm trapped waters in depths below 75 
meters occur  in autumn, winter, summer 
and spring, respectively. The surface layer 
has less salinity than the layer with the 
depths more than 75 meters. The salinity 
of the surface layer decreases from au-
tumn, winter, to summer and spring, re-
spectively. In trapped waters with the 
depths greater than 150 meters, winter and 
summer have the highest salinity, and au-
tumn and spring have less salinity in the 
depths. The potential density in the sur-
face layer is higher in winter, autumn, 
spring and summer, respectively. In the 
depths greater than 75 meters, which are 
the trapped waters of the pit, the density in 
summer, spring and winter is more than 
the density in autumn (Table 3). In autumn 
and winter, the pattern of potential density 
is more closely related to  salinity, and 
therefore, in these two seasons, the salinity 
of the pit has a greater contribution to the 
change of potential density. 
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Figure 3. Seasonal variations of temperature (left), salinity (middle) and potential density (right) according to depth. 

 
    Figure 4 shows the seasonal changes of 
buoyancy frequency and Turner's angle 
according to depth. In spring, the least un-
stable layers are observed at a depth of 36-
75 meters. The diffusive convection re-
gime is seen sporadically at depths of (6, 
9, 12, 13, 29, 30, 31, 74, 86, 97 and 124 
meters) and the salt finger regime is ob-
served from the surface up to 175 meters. 
In the summer, there are very few unstable 

layers in the first 100 meters. The most un-
stable layers are observed at depths more 
than 100 meters. The diffusive convection 
regime occurs at  depths of 18 to 56 me-
ters, and below that, layers consisting of 
the diffusive convection regime occasion-
ally appear at depths of (69, 70, 98, 101, 
113, 114, 121, 149 and 160 meters). The 
finger regime is observed at depths of 12 
to 176 meters, although it is very scattered 
up to a depth of 67 meters. 

 
Table 3. comparison of seasonal changes of temperature, salinity and density in the surface layer and the deep layer of 
the pit of the Strait of Hormuz, located in the south of the Greater Tunb Island, based on the measurement data of the 
Persian Gulf Explorer, 2018. 

Variable Layer Seasons (left to right: Maximum to Minimum) 

Temperature 
Surface mixed layer (Depth less than 

20 m) Summer Spring Autumn Winter 

Deep layer (Depth more than 75 m) Autumn Winter Summer Spring 

Salinity 
Surface mixed layer (Depth less than 

20 m) Autumn Winter Summer Spring 

Deep layer (Depth more than 75 m) Winter Summer Autumn Spring 

Density 
Surface mixed layer (Depth less than 

20 m) Winter Autumn Spring Summer 

Deep layer (Depth more than 75 m) Summer Spring Winter Autumn 
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Figure 4. Seasonal changes of buoyancy frequency (top) and Turner's angle (bottom) according to depth. From left to right: 
spring, summer, autumn and winter. 
 
 
    In autumn, the most unstable layers are 
seen at depths of 4 to 35 meters, and insta-
bility is then observed only at depths of 
148 to 151 meters. The salt finger regime 
is visible at at different depths (such as 4, 
23, 26, 35, 146, 147, 148, 152, 153, 154 
and 155 meters). The diffusive convection 
regime is observed only at depths of  3 to 
49 meters. A comparison between the dif-
fusive convection and the salt finger re-
gimes in the autumn shows that from the 
surface to the depth of 49 meters, the role 
of the diffusive convection regime is more 
prominent than the salt finger regime. 
In winter, diffusive convection regime is 
observed at depths of 6 to 13 meters and 

37 to 65 meters, while the salt finger re-
gime extends from the surface up to 178 
meters. Table 4 shows that the more stable 
layers are formed in spring, winter, sum-
mer and autumn, respectively. And the 
most unstable layers are observed in 
spring, summer, winter and autumn. 
Figure 5 shows the frequency of Turner's 
angle. In all seasons, double stability has 
the highest percentage of abundance in the 
water column, which is the maximum in 
autumn (79%) (indicated by the red color 
in Figure 5). The highest static instability 
is related to the spring (28%), which is 
more than twice the other seasons (Figure 
5, indicated by the purple color). 
.
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Table 4. Seasonal changes of maximum and minimum buoyancy frequency. 
Season Spring Summer Autumn Winter 
Maximum of buoyancy frequency (rpm) 75.61 33.95 15.58 44.57 
The depth corresponding to the maximum of buoyancy fre-
quency (meters) 

169.9 47.4 49.82 64.29 

Minimum of buoyancy frequency (rpm) -61.45 -27.61 -4.75 -21.88 
The depth corresponding to the minimum of buoyancy fre-
quency (meters) 

170.48 1.33 3.95 0.98 

    
Spring Summer Autumn Winter 

 
Figure 5. The frequency percentage of Turner's angle in different seasons of 2018. 

 
Table 5. Seasonal changes in  the frequency (in percentage) of stability, instability and double diffusion convection 
events in the pit of the Strait of Hormuz. 

The type of phenomenon Spring Summer Autumn Winter 
Strong Weak Total Strong Weak Total Strong Weak Total Strong Weak Total 

doubly stable 48 58 79 65 

The dou-
ble diffu-
sion con-
vection 

salt finger 
regime 10 10 20 8 11 19 4 2 6 4 7 11 

diffusive 
convection 

regime 
2 2 4 7 3 10 4 8 12 0 14 14 

Dominant 
type salt finger regime salt finger regime diffusive convec-

tion regime 
diffusive convec-

tion regime 
Total 24 29 18 25 

Static instability 28 13 3 10 
 
    According to Table 5, the most layers 
consisting of double diffusion convection 
are observed in summer (29%), winter 
(25%), spring (24%), and autumn (18%), 
respectively. Based on table 5, in warm 
seasons (spring (20%) and summer 
(19%)) the salt finger regime plays a 
greater role in creating double diffusion 
convection, while  in cold seasons (au-
tumn (12%) and winter (14%)), the diffu-
sive convection regime is more signifi-
cant. In spring, the share of weak and 
strong salt finger regimes is equal, in sum-
mer, the share of weak salt finger regime 
is predominant, in autumn and winter, the 
share of weak diffusive convection regime 
is more than the strong one. In other 
words, the strong diffusion regime in the 

warm and cold seasons is9% and 4%, re-
spectively, and the weak diffusion regime 
in the warm and cold seasons is5% and 
22%, respectively. Conversely,  the strong 
salt finger regime in warm and cold sea-
sons is 18% and 8%, respectively, 
while  the weak salt finger regime in warm 
and cold seasons is 21% and 9%, respec-
tively. According to the information pre-
sented in Table 4, the most stable and un-
stable layers are observed in the deep 
trapped water of the pit in spring. 
 
4    Discussion 
Examination of the frequency of buoy-
ancy (Table 3) shows that the most unsta-
ble layers are located in the surface waters 
of the pit in summer, autumn and winter,  
 

28%

2%
2%

48%

10%
10% 13

% 3%
7%
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%

11
%

8% 3%
8% 4%

79%

2%
4% 10%

14%
0%

65%

7%4%
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while in spring, they are found in the deep 
waters of the pit.. In autumn and winter, 
thermocline layers are not created inside 
the pit. The most stable layers occur in 
summer and in the thermocline layer, but 
in spring, the deep layer of the pit is more 
stable. According to Pedlosky (2003), the 
buoyancy frequency generally exhibits the 
highest values in the thermocline and the 
lowest in the deep waters and mixed layer. 
The data (Figure 3) clearly indicate that 
the thermocline was stronger in summer 
than other seasons, therefore, according to 
Pedlosky (2003), it can be expected that 
the frequency of buoyancy would be more 
in summer, but the occurrence of stable 
buoyancy in the deep waters of the pit in 
spring, may be related  to salinity and sea-
sonal changes and further investigation is 
required. 
    Investigating the double diffusion con-
vection in the pit of the Strait of Hormuz 
showed that this area is favorable for cre-
ating both diffusive convection and salt 
finger regimes. The presence of both dif-
fusive convection and salt finger regimes 
has been reported in the wintertime 
ROPME 2006 exploration (Mohammad 
Pour et al., 2023), the winter 2012 and 
spring and summer 2013 (Azizpour et al., 
2017) in the Strait of Hormuz although 
they did not investigate the pit, their find-
ings align with  the present study. 
    Based on Table 5, it is evident that the 
water column inside the pit is doubly sta-
ble in all seasons, and the water column of 
the pit is more stable than unstable (au-
tumn, 79%; winter, 65%; summer, 58%; 
and spring 48%, respectively). The rest of 
the water column has double diffusion 
convection and instability. In all seasons, 
double diffusion convection is observed 
more than instability in the water column 
of the pit, except for spring (Table 5). In 
warm seasons (spring and summer) the 
salt finger regime and in cold seasons (au-
tumn and winter) the diffusive convection 
regime has a greater contribution in creat-

ing double diffusion convection. Addi-
tionally, Solgi et al. (2022, 2023) reported 
that with increasing in temperature and 
surface current in the Strait of Hormoz, the 
role of the salt finger regime becomes 
more prominent compared to the cold 
months in the Strait of Hormoz, which 
aligns well with the results of Table 4 of 
this current study of the pit. Therefore, it 
is confirmed that in the studied pit, the dif-
fusive convection regime plays a more 
prominent role in cold seasons such as au-
tumn and winter. Ansari et al., (2010) also 
stated that cold seasons are favorable for 
creating the diffusive convection regime 
and there are no necessary conditions for 
creating the diffusive convection regime 
in warm seasons. However, the results of 
Figures 4 and 5 of this study prove that 
both types of regimes are formed, but the 
dominant contributions of warm and cold 
seasons are different. In other words, in 
warm seasons (spring and summer) the 
salt finger regime and in cold seasons (au-
tumn and winter) the diffusive convection 
regime is the dominant regime of double 
diffusion convection. 
    In other words, in warm seasons (spring 
and summer), the salt finger regime and in 
cold seasons (autumn and winter), the dif-
fusive convection regime has a greater 
contribution to creating double diffusion 
convection. Moreover, the relationship be-
tween temperature and stability clearly 
shows that there is no seasonal thermo-
cline layer in autumn and winter. In sum-
mer, the thermocline layer is stable, while 
the surface mixed layer was highly unsta-
ble. Surprisingly, both the most stable and 
unstable layers are located in deep waters 
of spring. 
 
5    Conclusion 
The present research aimed to study  the 
seasonal stability and double diffusion 
convection in the pit of the Strait of Hor-
muz located in the south of Greater Tunb 
Island and showed that the water column 
of the pit in spring and summer exhibit 



Seasonal changes of stability and double diffusive processes ….                                                                                        41 

 
 

three mixed, thermocline and deep layers. 
However, in autumn and winter it is rela-
tively one single layer (mixed in terms of 
temperature). In terms of salinity and po-
tential density, a three-layered structure 
(mixed, halocline/pycnocline and deep 
layers) can be seen in all seasons of the 
water column. 
    In the surface layer, the warmest waters 
are related to summer. While in deep 
trapped waters, the coldest waters are 
from autumn, not winter. In the surface 
layer, the salty water of the pit exists in au-
tumn, whereas in deep trapped waters, the 
salty water of the pit exists in winter than 
other seasons. Additionally, the winter of 
the surface layer has a higher density than 
other seasons, but in deep trapped waters, 
summer shows the higher density than 
other seasons (Table 3). 
    The most stable and unstable layers in 
the depths of the trapped waters are ob-
served in spring. The most (doubly) stable 
layers and the least unstable layers are re-
lated to autumn, and the most unstable lay-
ers and the least (doubly) stable layers are 
related to spring. In other words, in gen-
eral, autumn was the most stable season 
and spring was the most unstable season 
according to the measured data of the Per-
sian Gulf Explorer (2018). The highest 
diffusion convection is related to summer, 
while the least convection is related to au-
tumn. 
  
References 
Abedi, E., Seyfabadi, J., Saleh, A., & Sari, A. 

(2023). Mesozooplankton communities re-
lated to water masses in the Persian Gulf 
and the Gulf of Oman.Marine Pollution 
Bulletin, 188, 114571. 

Aboobackr, V.M., Shanas, P.R., Al-Ansari, E. 
M.A.S, Kumar, V.S., & Vethamony, P. 
(2020). The maxima in northerly wind 
speeds and wave heights over the Arabian 
Sea/Persian Gulf and the Red Sea derived 
from 40 years of ERA5 data, Climate Dy-
namics, 56, 1037-1052.  

Alessi, C.A., Hunt, H.D., & Bower, A.S., 
(1999). Hydrographic data from the U. S. 

Naval  Oceanographic Office: Persian 
Gulf, Southern Red Sea, and Arabian Sea 
1923– 1996 (No. 99).,  WHOI-99-02. 
Woods Hole Oceanogr. Institution, Woods 
Hole, Mass., p. 54 .  

Aliakbari Bidokhti, A.A. (2018). Basics of 
fluid dynamics, 2nd edition, Tehran Univer-
sity Press: Tehran. 

Alyasin, S. M., Aliakbari Bidokhti, A.A., & 
Ahmadi, F. (2013). The study of tempera-
ture and salinity inversion and double dif-
fusive convection in Caspian Sea, Iran 
physics conference, 277-280. (in Persian) 

Ansari, N., Hassanzadeh, S., Rezaei Latifi, A., 
& Nohagar, A. (2010). Investigation of 
double diffusion convection in Strait of 
Hormuz using 3D COHERENCE model, 
13th Marine Industries Conference, Kish 
Island. (in Persian) 

Azizpour, J., Chegini, V., & Siadatmousavi, 
SM. (2017). Seasonal variation of the dou-
ble diffusion processes  at the Strait of  Hor-
muz. Acta oceanologica Sinica. (36), 26-
34.  

Bao, R., Blattmann, T.M., Mclntyre, C., Zhao, 
M., & Egliinton, T.I., (2019). Relation-
ships between grain size and organic car-
bon C14 heterogeneity in continental mar-
gin sediments. Earth and Planetary Science 
Letters, 505, 76-85.  

Bidokhti Ali Akbari, A.A., & Sabbagh 
Kashani, Z. (2003). The double diffusion 
convection and the temperature inversion 
in Persian Gulf and Oman Sea Waters. 
Journal of the Earth and Space Physics, 
29(1), 33-45 (in Persian). 

Ershadifar, H., Saleh, A., Kor, K., Ghazilou, 
A., Baskaleh, G., & Hamzei, S. (2023). 
Nutrients and chlorophyll-a in the Gulf of 
Oman: high seasonal variability in nitrate 
distribution. Deep Sea Research Part II: 
Topical Studies in Oceanography, 208, 
105250. 

Forsch, O.K., Hahn-woernle, L., Sherrell, 
R.M., Roccanova, V.J., Bu, K., Burdige, 
D., Nernet, Vernet M., & Barbeau, K.A., 
(2021). Seasonal dispersal of fjord meltwa-
ters as an important source of iron to 
coastal Antarctic phytoplankton, Biogeo-
sciences. 18 (23), 6349-6375.  

Ghaemi, M., Abtahi, B., & Gholamipour, S. 
(2021). Spatial distribution of nutrients and 
chlorophyll a across the Persian Gulf and 



42                                                                         Mohammadpoor et.al.  Iranian Journal of Geophysics, Vol 19 NO 6, 2026 

the Gulf of Oman. Ocean & Coastal Man-
agement, 201, 105476. 

Ghaemi, M., Mohammadpour, G., Hamzei, S., 
& Gholamipour, S. (2022). Spatial and 
temporal characterizations of seawater 
quality on marine waters area of the Per-
sian Gulf. Regional Studies in Marine Sci-
ence, 53, 102407. 

Gill A.E. (1982). Atmosphere-Ocean Dynam-
ics. New York: Academic Press. 

Gourain, A., Planquette H., Cheize, M., Le-
maitre, N., Barraqueta, J. M., Shelley, R., 
Lherminier, P., & Sarthou, G., (2019)., In-
puts and processes affecting the distribu-
tion of particulate iron in the north Atlantic 
along the GEOVIDE (GEOTRACES 
GA01) section. Biogeosciences. 16(7), 
1563-1582.  

Hoseini, S.M., & Soltanpour, M. (2022). Nu-
merical Study of Influencing Factors on 
Tidal Wave Propagation in the Persian 
Gulf. Ocean Science Journal, 57, 642–671. 

Jamshidi, S., (2015). Seasonal Variability in 
Stability and Stratification of Water Col-
umn in the Southern Caspian Deep Sea. 
Journal of Oceanography, 6 (22), 83-95. 
(in Persian) 

Kabiri, K. (2022). Estimation of the Secchi 
disk depth from the NASA MODIS-Aqua 
diffuse attenuation coefficient data in the 
northern Persian Gulf and the Gulf of 
Oman: A spatiotemporal assessment. Re-
gional Studies in Marine Science, 52, 
102359. 

Kaempf, J. (2010). Advanced ocean model-
ling: using open-source software. 
Springer-Verlag berlin Heidelberg: New 
York. 

Kantha L.H., & Clayson C.A. (2000). Small 
scale processes in  geophysical fluid flows. 
Elsevier. Academ Press: Indiana.  

Kiel University (2023). Millions of mysteri-
ous pits in the ocean decoded, Available on 
December 21, 2023. ScienceDaily. 
https://www.sciencedaily.com/re-
leases/2023/12/231221012817.htm 

Koochaknejad, E., & Hamzei, S., (2022). Dis-
tribution of winter blooms of Noctiluca 
scintillans in the Strait of Hormuz (Case 
study based on the results of research 
cruise of Persian Gulf Explorer-winter 
2017). Journal of Oceanography, 12 (48), 
67-78. (in Persian) 

Lashkari, S., Soyuf Jahromi, M., & Hamzei, 

S., (2023). Seasonal changes of the Persian 
Gulf water mass in the Gulf of Oman. Jour-
nal of Oceanography, 14 (53), 103-122. (in 
Persian) 

Merryfield, W.J., Holloway, G., & Gargett. 
A.E.  (1999). A global ocean model with  
double-diffusion mixing, Journal of Physi-
cal Oceanography. 29 (6), 1124–1142. 

Mohammad Pour, F., Hamzei, S., & So-
yufjahromi, M. (2023). Winter study of the 
stability and Double diffusion convection 
in the east of the Strait of Hormuz, Hydro-
physics, 8(2), 33-46. (in Persian) 

Momtazi, F., & Sepahvand, V. (2021). Ghost 
shrimps (Crustacea, Decapoda, Axiidea) of 
the Persian Gulf explorer Cruise collec-
tion. Bulletin of Basrah Natural History 
Museum, 7(1), 1-7. 

Payandehi, Y., Soyufjahromi, M., & Hamzei, 
S. (2023). Temperature, salinity and den-
sity changes of northern waters of the Per-
sian Gulf in spring due to the foundations 
of Persian Gulf Explorer (2019). Hydro-
physics, 9(1), Accepted Manuscript (In 
Persain). 

Pedlosky, J. (2003). Waves in the ocean and 
atmosphere: Introduction to wave dynam-
ics, Springer-Verlag berlin Heidelberg: 
New York. 

Reynolds, R.M. (1993). Physical oceanogra-
phy of the  Gulf, Strait of Hormuz, and the 
Gulf of Oman—  Results from the Mt 
Mitchell expedition. Marine  Pollution Bul-
letin. 27, 35-59.  

Robertson, R., Padman, L., & Levine, M.D., 
(1995). Fine structure, microstructure, and 
vertical mixing processes in the upper 
ocean in the western Weddell Sea. Journal 
of Geophysical Research. 100(C9), 
18517–18535 .  

Rowley, D.B., (2002). Rate of plate creation 
and destruction: 180 Ma to present. Geo-
logical Society of America Bulletin. 
114(8), 927–933.  

Ruddick,  B., & Kerr O., (2003). Oceanic ther-
mohaline  intrusions: theory. Progress in 
Oceanography. 56(3-4), 483–497.  

Ruddick, B.R., (1983). A practical indicator of 
the stability  of the water column to double-
diffusive activity. Deep Sea Research Part 
A. Oceanographic Research. 30(10), 
1105–1107.  

Schlitzer, R. (2022). Ocean Data View, 
https://odv.awi.de, 2021. 

https://www.sciencedaily.com/releases/2023/12/231221012817.htm
https://www.sciencedaily.com/releases/2023/12/231221012817.htm


Seasonal changes of stability and double diffusive processes ….                                                                                        43 

 
 

Solgi, M., Mohammad-Mahdizadeh, M., Ali 
Akbari Bidokhti, A. A., & Hassanzadeh, S. 
(2022). Fluctuations of temperature and 
thermal energy in the place of double dif-
fusion structures in the Strait of Hormuz. 
Nivar, 46(118), 117-133. doi: 
10.30467/nivar.2023.389044.1239 (in Per-
sian) 

Solgi, M., Mohammad-Mahdizadeh, M., Ali-
akbari Bidokhti, A.A., & Hassanzadeh, S. 
(2023). Simulation of sound propagation in 
the environment of the salt-fingering struc-
ture in the east of the Strait of Hormuz. Ira-
nian Journal of Geophysics, 17(2), 105-
125. doi: 10.30499/ijg.2023.364415.1462 
(in Persian) 

Soyuf Jahromi, M., & Emami, M. (2021). The 
role of different positions of tidal turbines 
for energy extraction in Qeshm channel. 
International Journal of Coastal, Offshore 
and Environmental Engineering(ijcoe), 
6(5), 1-9. doi: 
10.22034/ijcoe.2021.152602 

Soyuf Jahromi, M., (2023). Tidal components 
along the north of Oman Gulf and Persian 
Gulf. International Journal of Coastal, Off-
shore and Environmental Engineer-
ing(ijcoe), 8(4), 36-48. doi: 
10.22034/ijcoe.2024.419460.1043 

Stern, M. E., (1960). The “salt-fountain” and 
thermohaline convection. Tellus, 12,172– 
175. 

Stewart, R.H. (2008). Introduction to physical  
oceanography. 


	Seasonal changes of stability and double diffusive processes in the pit of the Strait of Hormuz
	2    Methods
	3     Measurement, observation and calculation
	4    Discussion
	5    Conclusion
	References

