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Blogpost series: Cobalt Strike: Decrypting_Traffic
Encrypted Cobalt Strike C2 traffic can be obfuscated with malleable C2 data transforms. We
show how to deobfuscate such traffic.

This series of blog posts describes different methods to decrypt Cobalt Strike traffic. In part 1
of this series, we revealed private encryption keys found in rogue Cobalt Strike packages. In
part 2, we decrypted Cobalt Strike traffic starting with a private RSA key. And in part 3, we
explain how to decrypt Cobalt Strike traffic if you don’t know the private RSA key but do have
a process memory dump.

In the first 3 parts of this series, we have always looked at traffic that contains the unaltered,
encrypted data: the data returned for a query and the data posted, was just the encrypted
data.

This encrypted data can be transformed into traffic that looks more benign, using malleable
C2 data transforms. In the example we will look at in this blog post, the encrypted data is
hidden inside JavaScript code.

But how do we know if a beacon is using such instructions to obfuscate traffic, or not? This
can be seen in the analysis results of the latest version of tool 1768.py. Let’s take a look at
the configuration of the beacon we started with in part 1:
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Figure 1: beacon with default malleable C2 instructions

We see for field 0x000b (malleable C2 instructions) that there is just one instruction: Print.
This is the default, and it means that the encrypted data is received as-is by the beacon: it
does not need any transformation prior to decryption.

And for field 0x000d (http post header), we see that the Build Output is also just one
instruction: Print. This is the default, and it means that the encrypted data is transmitted as-is
by the beacon: it does not need any transformation after encryption.

Let’s take a look at a sample with custom malleable C2 data transforms:
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Figure 2: beacon with custom malleable C2 instructions
Here we see more than just a Print instruction: “Remove 1522 bytes from end”, “Remove 84

bytes from begin”, ...

These are instructions to transform (deobfuscate) the incoming traffic, so that it can then be
decrypted. To understand in detail how this works, we will do the transformation manually
with CyberChef. However, do know that tool cs-parse-http-traffic.py can do these
transformations automatically.

This is the network capture for a single GET request by the beacon and reply from the team
server (C2):
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M Wireshark - Follow HTTP Stream (tcp.stream eq 0) - capture.pcapng — O et

GET /jquery-3.3.1.min.js HTTP/1.1 2
Referer: http://code.jquery.com/

Accept: text/html,application/xhtml+xml,application/xml;q=8.9,%/*;q=0.8
Accept-Encoding: gzip, deflate

Cookie: _ cfduid=ID27BB98pAzgeaSIpeBqxNUTrMedZKE204e UYs FowkKltB8zoowN@12FCEJSI2dOVAg-
Wil¥ZsZXGDuULNtgKqozKeHvSMDdvry a7 Id2komJABFIMBRESE TxypgFwiBocsumkjy4Wln94cl8ZpjdBSnpat
2TalxNmerKvSkwsBOk

User-Agent: Mozilla/5.8 (Windows NT 6.3; Trident/7.8; rv:11.8) like Gecko

Host: animalszet.com

Connection: Keep-Alive

Cache-Control: no-cache

HTTP/1.1 288 0K

Date: Wed, 3 Nov 28621 13:11:19 GMT

Server: NetDNA-cache/2.2

Content-Length: 5628

Keep-Alive: timeout=18, max=188

Connection: keep-alive

Content-Type: application/javascript; charset=utf-8
Cache-Control: max-age=8, no-cache

Pragma: no-cache

f*! jQuery v3.3.1 | (c) JI5 Foundation and other contributors | jquery.org/license */!
function(e,t){"use strict";"object"==typeof moduleli"object"==typeof module.exports?
module.exports=e.document?t(e, !8) :function(e){if (!e.document)throw new Error("jQuery
requires a window with a document™);return t(e)}:t(e)}({"undefined"!=typeof window?
window:this,function(e,t){"use strict";var
n=[],r=e.document,i=0bject.getPrototypedf,o=n.s5lice,a=n.concat, s=n.push,u=n.index0f,1
={},c=1.to5tring, f=1.hasOwnProperty,p=F.toString,d=p.call{0bject),h={},g=function
e(t){return"function"==typect t&&"number"!=typeof t.nodeType},y=function e(t){return
null!=t&&t===t.window},v={type:!8,src:!8,noModule: !8};function m{e,t,n){var
i,o=(t=t||r).createElement ("script”);if{o.text=e,n)for(i in
vin[i]&&(o[i]=n[1]};t.head.appendChild(o).parentNode.removeChild(o) }function x(e)
{return null==e?e+"":"object"==typeof e||"function"==typeof e?
1[c.call{e)]||"object™:typeof elvar b="3.3.1",w=function(e,t){return new
w.fn.init(e,t)}, T=/*[\s\UFEFF\xA8]+| [ \s\WFEFF\xAB]+3/
gi;w.fn=w.prototype={jquery:"3.3.1",constructor:w,length:8,toArray:function(){return
o.call{this}},get:function(e)}{return null==e?o.call(this):e<@?
this[e+this.length]:this[e]},pushStack:function(e)}{var
t=w.merge(this.constructor(),e);return t.prevlObject=this,t},each:function{e)}{return
w.each(this,e)},map:function{e){return this.pushStack({w.map(this,function(t,n){return
e.call({t,n,t}}))},slice:function(}{return
this.pushStack({o.apply(this,arguments)}},first:function(){return
this.eq(®)},last:function(){return this.eq{-1)},eq:function(e}{var
t=this.length,n=+e+({e<@?t:8);return this.pushstack({n>=8&&n<t?[this[n]]:
[1)},end:function(){return this.prevObject] |
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Figure 3: reply transformed with malleable C2 instructions to look like JavaScript code
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What we see here, is a GET request by the beacon to the C2 (notice the Cookie with the
encrypted metadata) and the reply by the C2. This reply looks like JavaScript code, because
of the malleable C2 data transforms that have been used to make it look like JavaScript
code.

We copy this reply over to CyberChef in its input field:
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Figure 4: CyberChef with obfuscated input
The instructions we need to follow, to deobfuscate this reply, are listed in tool 1768.py’s
output:

Bx@88b Malleable C2 Instructions
Transtorm Input: [7:Input,4,1:1522,2:84,
Print
Remowve :

Figure 5: decoding

¥OR with 4-byte random key

instructions

So let’s get started. First we need to remove 1522 bytes from the end of the reply. This can
be done with a CyberChef drop bytes function and a negative length (negative length means
dropping from the end):
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Figure 6: dropping 1522 bytes from the end

Then, we need to remove 84 bytes from the beginning of the reply:
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Figure 7: dropping 84 bytes from the beginning
And then also dropping 3931 bytes from the beginning:
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Figure 8: dropping 3931 bytes from the beginning

And now we end up with output that looks like BASE64 encoded data. Indeed, the next
instruction is to apply a BASE64 decoding instructions (to be precise: BASE64 encoding for

URLS):
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Figure 9: decoding BASE64/URL data

The next instruction is to XOR the data. To do that we need the XOR key. The malleable C2

instruction to XOR, uses a 4-byte long random key, that is prepended to the XORed data. So

to recover this key, we convert the binary output to hexadecimal:
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Figure 10: hexadecimal representation of the transformed data

The first 4 bytes are the XOR key: b7 8571 17

We use that with CyberChef's XOR command:

Download CyberChef & Last build: 2 monthe ago

Operations Recips BmF npe
b @mn
To Hax
D Apply to each line

Froe Hex
Hex 1o PEM Drep bytes

Stant Lengih ¥
B " i 8| |"function
To Hewdump w.fn.initie,

Drop bytes & n

Shact gt

£%1 Jgusey v3.3.1 | {€) 15 Foundat:
strict”;"object”==typecf moduleS“cbject”==typeof wodule.exportsirodule. exports=
[1F{ 18 document) theow neu Error(”jQuery requires 3 window uith a docusset™)jreturn T(e)
window:this,function{e, t){ “use strict®;
[1,r=e.docusent, L=Object . getPrototypelt oen. s10ce, den, concat, se
=1.tostring, f=1.hasOunProperty, p=f . toString,d=p. call (Object:

var 1,0m{t=t||r).createElanant | script”

[query:"3.3.17, constructor:u, length: @, tokera,
o.call(this)secadthis[estnis. Lengs
S ©.previbjectathis, 1}, each: Functi
15 . pushStack(w.map{ this, function

Opticns i About / Suppart ()
+ D i =
{"use

+function(e)
deFlned” I=typeot windou?

n and other contributors | Jquery.crgilicense */!fumction(
<document e, |
el

var ne

push, e, indexdf,
h={},g=function ef
ypeof t.nodefypel,yefunction e{t}{return mulllets windou}, ve
1# {0 taxtes,n}for(l In vin[1]88

d(o) Hunction x(e){return nulle=eles"":"object™
war be"3.3.17, uefunction{a, t){return new

. frew. prototypes

Mreturn®function=stypeof
pe: 18, $re: 18, nokodule: 18} function

typeaf

t.head. appendChild(o} . parenthiode . resovechil
typect e?1[c.call{e)]| | eegect™: typoot

this[e]}

.nj{return g.call{t.n,t]}]}}.slice:functiant ) {return

To: Hax Cantent e e i3 pushStack(a, apply(this, srgusents) )}, First: function( ) {return this.eq(9)}, last: function(){return
15.ag(-1) },8q: function(e){var T=this.length,nesa+{acBit:a);razurn this.p thizn]]:[])}.end: )

From Hex Contant e 0 {return this.prevobject||this.constructor)}, pushis,sortin.sart, splicesn. splice}, . exterdew. fn, extend=function{ ) {var
8,5,0,7,4,0,amargueents[8] | |{},5=1, umarguments . Langth s#ar("boolean” etypoot aBE[L=a,amargusants[s]

Hex Density chart Alghabet {1as++), “object”=etypect a|lgial|| 1 semniBB{anthis, 5- - ;50504 )i F (nulll a{emarguments[=] 11 for(t in ein=alt], ales

#-Za-z8-9- T (Pee[t])BA(1ABREE(w, ISPIAIA0bTRCTr)| | (ExArray. 1sArray(r))) P17 {1n11, conbharray . I5Array(a) B0t B, 15811 nbJact(n) F

Farga ASN.1 ha string o= .

Output wew B0 @ o

Hex 1o Object Identifier B Remove non-alphabet chars

Dhyject Identifier 1o Hex

HoR n
HTML To Taxt '
ey .
b7 85 71 17 i
Fath expression
Schem.
*Fath axpression Standard [ rout preserving
Disassambde x85
To Hex & n

Escape string
Byies per fine
e

Fird / Replace
From Basob2

HASSH Client Fingerprint

Rl m -
HASSH Server Fingerpeint Aute Baka

B0 B0 00 GA|SE 61 7a 18 16 @F @c 00 73 &% IF O 4a 21 79 1 63 a3 43 bb 31 25 3d a7 7d o0 54 &0 b 79 2 ¢7 ae 56 13 08 be

3 16 36 5@ b9 25 Ta Sb 42 23 0 BA 1a 78 b 44 BF 16 19 37 2a o3 T3

Figure 11: XORed data

Notice that the first 4 bytes are NULL bytes now: that is as expected, XORing bytes with

themselves gives NULL bytes.

And finally, we drop these 4 NULL bytes:
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Figure 12: fully transformed data

What we end up with, is the encrypted data that contains the C2 commands to be executed
by the beacon. This is the result of deobfuscating the data by following the malleable C2 data
transform. Now we can proceed with the decryption using a process memory dump, just like
we did in part 3.

Bl @NVISO_Labs - O X

ba4
.dm D

Figure 13: extracting the cryptographic keys from process memory
Tool cs-extract-key.py is used to extract the AES and HMAC key from process memory: it
fails, it is not able to find the keys in process memory.

One possible explanation that the keys can not be found, is that process memory is
encoded. Cobalt Strike supports a feature for beacons, called a sleep mask. When this
feature is enabled, the process memory with data of a beacon (including the keys) is XOR-
encoded while a beacon sleeps. Thus only when a beacon is active (communicating or
executing commands) will its data be in cleartext.

We can try to decode this process memory dump. Tool cs-analyze-processdump.py. is a tool
that tries to decode a process memory dump of a beacon that has an active sleep mask
feature. Let’s run it on our process memory dump:
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. B @MVISO_Labs - cs-analyze-processdump.py rundli32.exe_211103_141122.dmp — O >

sdump.py rundl

Figure 14: analyzing the process memory dump (screenshot 1)
E¥ @NVISO_Labs — O x

Figure 15: analyzing the process memory dump (screenshot 2)
The tool has indeed found a 13-byte long XOR key, and written the decoded section to disk
as a file with extension .bin.

This file can now be used with cs-extract-key.py, it's exactly the same command as before,
but with the decoded section in stead of the encoded .dmp file:
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Figure 16: extracting keys from the decoded section
And now we have recovered the cryptographic keys.

Notice that in figure 16, the tool reports finding string sha256\x00, while in the first command
(figure 13), this string is not found. The absence of this string is often a good indicator that
the beacon uses a sleep mask, and that tool cs-analyze-processdump.py should be used
prior to extracting the keys.

Now that we have the keys, we can decrypt the network traffic with tool cs-parse-http-
traffic.py:

Bl @MNVISO_Labs - O *

Figure 17: decrypting the traffic fails

This fails: the reason is the malleable C2 data transform. Tool cs-parse-http-traffic.py needs
to know which instructions to apply to deobfuscate the traffic prior to decryption. Just like we
did manually with CyberChef, tool cs-parse-http-traffic.py needs to do this automatically. This
can be done with option -t.

Notice that the output of tool 1768.py contains a short-hand notation of the instructions to
execute (between square brackets):
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https://github.com/DidierStevens/Beta/blob/master/cs-parse-http-traffic.py

from eng
from b
from b

dom

,application/xml;q=8.9,%/*%;

,application/xml;q=6.9,%/%;

Build Outpu
XOR with 4-byT
64 URL

Figure 18: short-hand notations of malleable C2 instructions
For the tasks to be executed (input), it is:

7:Input,4,1:1522,2:84,2:3931,13,15
And for the results to be posted (output), it is:
7:Output,15,13,4

These instructions can be put together (using a semicolon as separator) and fed via option -t
to tool cs-parse-http-traffic.py:

12/14



EE @MNVISO_Labs — O X

37:0utput,15

Figure 19: decrypted traffic

And now we finally obtain decrypted traffic. There are no actual commands here in this
traffic, just “data jitter”: that is random data of random length, designed to even more
obfuscate traffic.

Conclusion

We saw how malleable C2 data transforms are used to obfuscate network traffic, and how
we can deobfuscate this network traffic by following the instructions.

We did this manually with CyberChef, but that is of course not practical (we did this to
illustrate the concept). To obtain the decoded, encrypted commands, we can also use cs-
parse-http-traffic.py. Just like we did in part 3, where we started with an unknown key, we do
this here too. The only difference, is that we also need to provide the decoding instructions:
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. B8 @NVISO_Labs - O >

se-http-traffic.py -t 7

:Input,4,1:1522 ;7:0utput,15,13,

3 GET)

st 111 GET)

A\Demoz

Figure 20: extracting and decoding the encrypted data
And then we can take one of these 3 encrypted data, to recover the keys.

Thus the procedure is exactly the same as explained in part 3, except that option -t must be
used to include the malleable C2 data transforms.
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